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PATEICIBA PAR “VELAMAJAM GRUTIBAM”

Parfrazgjot pazistama inovatora, Apple dibinataja Stiva Dzobsa vardus par punktu
savieno$anu pagatné, lai nokliitu labaka nakotng, es redzu ka Sie 4 gadi mana “varona celojuma”
(Joseph Campbell) atvedusi lidz punktam, kad uz ikdienu un profesionaliem izaicinajumiem
raudzisos no daudzveidigakiem skatu punktiem ka lidz Sim. Ne tikai skati$os, bet palidz&su ari
citiem uzlikt §1s dazadas “brilles” un izvertet atbilstosakas konkrétiem merkiem.

Runa ir par vertigam zinaSanam un atzinam, kas gutas, izstradajot promocijas darbu, dazas
no tam — pa$a nosléguma posma, kad ka pilotam jaiekapj gaisa kugi un japaskatas uz savu
veikumu no augsas, meklgjot atbildi — nevis vai, bet ka vél vairak stiprinat pétijuma zinatniskas
novitates pielietojumu mana ikdienas praks€ un kadu socialo ietekmi tas atstas uz sabiedribu
kopuma.

Tadel saku milzigu paldies daudziem iesaistitajiem, kas katrs paveica savu labako misiju,
lai atbildes uz Siem jautajumiem es biitu atradusi:

tentirprofesorei Dr. sc. ing. Andrai Blumbergai par ieskatu sisteémiskas domasanas
pasaulg, kas paver vél 1idz galam neapjaustas iesp&jas stradat ar sociali sarezgitam sistémam;

profesorei Dr. habil. sc. ing. Dagnijai Blumbergai par apbrinojamo pacietibu un
uztic€Sanos, ka arl pieskirto izveéles brivibu pétijuma t€mas izvele, kas man sniedza
motivaciju sarezgitakajos darba izstrades brizos;

pétijuma iesaistito organizaciju, Tpasi planosanas regionu un pasvaldibu parstavjiem, ar
kuriem kopa tika aprobétas sabiedriski nozimigas metodes klimatatbildigas sabiedribas
attTstibai;

Dr. oec. Renatei Lukjanskai, kas pirms daudziem gadiem izteica legendaro frazi “Ja gribi
izsist savus stikla griestus, iestajies doktorantiira”;

profesorei Dr. sc. ing. Jilijai Guscai, sadarbiba ar kuru man lava iepazit vides
inZenierzinatnes, saredz&t to praktisko pienesumu manas profesionalas gaitas un atvért durvis
uz pasauli, kura vel ir tik daudz cilvécei vajadzigas un vertigas zinasanas!

Un, protams, tuviniekiem, kas atbalstfja un palidzgja saglabat lidzsvaru, lai man $ajos
cetros gados neviena (!) bridi neienaktu doma padoties.

Patiesiba gaidu ar nepacietibu, kad p&tljuma ietvaros sasniegtos rezultatus varésu turpinat
pielietot, lai kopa ar domubiedriem var€tu veidot labaku parvaldibas praksi Latvija
klimatatbildigas sabiedribas attistibai!
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Anotacija

Promocijas darba p@tfjuma objekts ir daudzveidigu metozu pieejamiba klimatatbildigas
nakotnes sabiedribas attistibai, kas ir atkariga ne tikai no zinatnes un industrijas
sasniegumiem vides tehnologiju attistiba un valsts atbalsta mehanismiem, bet arT individu
izglttotibas un Iidzdalibas pieauguma klimata parmainu mazinaSanas procesos. Tomér ar
ilgtspgju saistitos izaicinajumus nevar atrisinat tikai ar atsevisku cilvéku ieguldfjumu — ir
nepiecieSama kolektiva riciba, pasakumi kuras veicinasanai jau ir paradijusi savas vajas vietas.

P&dgjos gados tick izstradatas inovativas metodes un pieejas, lai risinatu klimata parmainu
izaicindjumus ar aktivu sabiedribas iesaisti. Starp §im metodém ir tadi tehnologiskie risinajumi
ka nopietnas speles datu ieguvei un mentalo modelu analizei un citi cilv@kresursu attistibas
instrumenti, piem&ram, izglitojoSas un iesaistoSas mijiedarbibas metodes. Daudzveidigu
metozu pielietojums veicina attieksmes mainu pret strauji picaugosam klimata parmainam, un
bagataka maciSanas mijiedarbiba, ko nodroSina atgriezeniskas saites iegiiSana reallaika
formata, varétu stimulét ilgstosakus efektus.

Nemot véra Apvienoto Naciju organizacijas ilgtsp&jigas attistibas mérku analitiku
vertejumu, lidz pat 65 % no ilgtsp&jigas attistibas mérku 169 apak$mérkiem ir saistiti ar
pasvaldibu kompetencé esofam darbibam, lidz ar to tieSi vietvaras un planoSanas regionu
administracijas klist par izskiroSo posmu So mérku sasniegSana.

Petijuma izvirzita hipotéze ieklauj pienémumu, ka daudzveidigu riku pieejamiba sniedz
ieguldijumu klimatatbildigas sabiedribas attistiba un iedarbojas uz tris individa uzvedibu
ietekm&josiem aspektiem: informéSana un izglitoSana, individu attieksmes un nodoma
demonstrésana un ricibu stimul&josa vide. Pielietojot zinatniskas pieejas, ir iesp&jams izstradat
un aprobét satura un formata zina daudzdimensionalas metodes, kas pielietojamas regionala un
vietéja limeni, atbalstot pasvaldibu centienus darba ar vieté§jo kopienu virziba uz
klimatneitralitati, nemot véra kopienas parstavju atSkirigos uzskatus un uzvedibas modelus
klimata parmainu jautajumos. Piedavato metozu komplekss paver pavisam jaunas iespgjas
partnerorganizacijam ka publiska, ta komercsektora izveleties atbilstosako vienu vai vairakas
pieejas, lai veicinatu cilvekresursu attistibu ilgtsp&jas konteksta, salagojot ar organizacijas
vajadzibam un resursiem.

Petijuma rezultati ne tikai apstiprina izvirzito hipotezi, bet art demonstrg pirmos rezultatus,
kas pozitivi novertéti starp p&tijuma dalibu némusam partnerorganizacijam Latvijas regionos.
Ta var klut par pilnigi at8kirigu un ietekmigu pieeju sabiedribas parvaldes darba ar kopienu cela
uz klimatneitralitates mérku sasniegSanu.

Promocijas darbs balstits uz devinam kontekstuali saistitam zinatniskam publikacijam, kas
public@tas zinatniskajos zurnalos un pieejamas starptautiskas datu bazes. Petijuma vertetas
socialo un vides inZenierzinatnu sinergija balstitas pieejas, kas paver iesp&ju turpmakiem
petijumiem, lai stiprinatu starpdisciplinaras pieejas klimata parmainu mazinaSanas centienos.
Promocijas darbs ir izstradats latvieSu valoda. Ievada definéts darba mérkis un uzdevumi,
pamatota izveletas t€mas aktualitate un sniegts parskats par rezultatu aprobaciju konferences
un publikacijas. Darba sniegts literatiiras apraksts, raksturotas petijuma metodes, atspoguloti
rezultati un sniegti secinajumi un ieteikumi.



Abstract

The subject of this doctoral thesis is the exploration of diverse methods for the development
of a climate-responsible future society. This development depends not only on scientific and
industrial advancements in environmental technologies and state support mechanisms but also
on increased public education and participation in climate change mitigation processes.
However, sustainability challenges cannot be resolved through individual contributions only —
collective action is essential, and efforts to promote such action have already revealed
weaknesses.

In recent years, innovative methods and approaches have been developed to address climate
change challenges through active public engagement. Among these methods are technological
solutions such as serious games for data collection and mental model analysis, alongside other
human resource development tools, including educational and interactive engagement methods.
The application of diverse methods fosters changes in attitudes towards rapidly accelerating
climate change, while enriched learning interactions, supported by real-time feedback, may
generate more long-lasting effects.

According to analysts evaluating the United Nations’ Sustainable Development Goals
(SDGs), up to 65 % of the 169 sub-targets are linked to activities within the competence of
municipalities, making local and regional administrations critical players in achieving these
goals. The research hypothesis suggests that the availability of diverse tools contributes to the
development of a climate-responsible society by impacting three aspects of individual behavior:
information and education, the demonstration of attitudes and intentions, and an environment
that stimulates action. By applying scientific approaches, it is possible to develop and test
multidimensional methods, both in content and format, that are applicable at regional and local
levels, supporting municipalities in working with local communities towards climate neutrality,
while considering the diverse perspectives and behavioral patterns of community members on
climate change.

The proposed set of methods offers new perspectives for stakeholders in both the public
and commercial sectors to select the most appropriate approach or combination of approaches
to foster human resource development in the context of sustainability, aligning with
organizational needs and resources. The research findings not only confirm the hypothesis but
also demonstrate initial results that have been positively evaluated by participating stakeholders
in the regions of Latvia. This could lead to a novel and impactful approach to governance in
guiding communities toward achieving climate neutrality goals.

The dissertation is based on nine contextually related scientific publications, published in
academic journals and available in international scientific databases. The research assesses
approaches grounded in the synergy of social and environmental engineering, paving the way
for further studies to strengthen interdisciplinary efforts in climate change mitigation. The
dissertation is written in Latvian. The objectives and tasks of the work are defined in the
introduction, the relevance of the chosen topic is justified, and an overview of the validation of
results through conferences and publications is provided. The work also includes a literature
review, a description of research methods, results, conclusions, and recommendations.
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IEVADS

Promocijas darba aktualitate

Klimatatbildigas sabiedribas veidoSana izSkiro$§a nozime ir izglitotam, motivétam un
kopienas interesgs balstitus [émumus pienemt spgjigam individam, kura attiecksme un uzvediba
attieciba pret vidi ne tikai butiski ietekmeé dazadu atbalsta pasakumu efektivitati [1], [2] , bet
ar1 veido sarezgiti mainamus priekSstatus [2] par sabiedribas normam [3], jo tas péc bitibas
saknojas uzvedibas kultiira [4].

Pétijuma aktualitate ir pamatojuma ar to, zinatnes un industrijas sadarbibas rezultata
izstradatas tehnologijas un uz klimata parmainu mazinasanu veérstie publiska sektora atbalsta
instrumenti ka iniciativas neuzrada v€lamos rezultatus [5] un dinamiku. Individu mentaliem
modeliem pieversta uzmaniba ir Tpasi aktuala laika, kad Eiropas “Zala kursa” ietvaros sasniegtie
rezultati ir nepietickami un tas norada uz nepiecieSamibu péc jaunam metodém, kas apvieno
tehnologijas un atbalsta mehanismus ar metodisku pieeju individu attiecksmes un uzvedibas
mainai lémumu pienemsana par labu klimatneitralai ricibai.

Par p@tijuma nepiecieSamibu liecina tas, ka pieaug pieprasijums p&c sist€miskiem
risingjumiem [6], kas ir atbilsto$i laikmeta garam, mainot socidalo normu [7] un uzvedibas
kultiiru, pielagojoties sabiedribas segmentu atskirigajam profilam.

Klimatatbildigu sabiedribu veidojoSos rikus ir jaintegre ne tikai vides un klimata parmainu
izglitiba, bet arT kulttiras un radoso industriju aktivitates, kas aptver daudz plasaku interesu loku
un mijiedarbibas iesp&jas, piem&ram, personiska izaugsme, teritorijas sociali ekonomiska
attistiba un produktivitate un citi procesi, kur sabiedribas parstavji var Istenot savas pilsoniskas
intereses.

Teémas aktualitati iezim& ari izaicindjums - ka vides izglitibas zinaSanu un izpratnes
veicinasanas aktivitates pielagot dazadam socialajam disciplinam, aptverot plasaku, taja skaita
lidz §im gruti sasniedzamu mérka grupu loku.

Turpmaka izpSte un attistiba $aja joma bis liela mera atkariga no socialo un vides
inZenierzinatnu sadarbibas kvalitates cela uz priekSnoteikumiem klimatatbildigas sabiedribas
attistibai. Saja procesa ir svarigi nemt véra galveno ne tikai mérka grupu, bet arl rezultatos
ieinteres€to pusu [8] jeb partnerorganizaciju (pa$valdibas, uzpe€mumi, nevalstiskas
organizacijas, planoSanas regioni, valsts institiicijas) specifiskas vajadzibas un merkus,
integr&jot petijuma ietvaros izstradatas metodes sist€miskos risinajumos organizaciju ietvaros.

Pétijuma aktualitate ir saistita arT ar to, ka paslaik teor&tiska un praktiska petnieciba Saja
joma ir agrind attistibas stadija [9] un literatira nav visaptveroSu pétjjumu par
starpdisciplinaram pieejam socialo un inZenierzinatnu joma klimatatbildigas sabiedribas
attistibai viet&ja un regionala Iimeni [10].

Darba merkis un uzdevumi

Darba mérkis ir izveidot un parbaudit laikmetam atbilstoSas metodes partnerorganizaciju
darbam ar daudzveidigam mérka grupam, lai veicinatu tadas sabiedribas attistibu, kas ir



informéta un izglitota klimata parmainu jautajumos un spgj uznemties atbildibu par savu
attieksmi un uzvedibu, sniedzot ieguldijumu klimatneitralitates merku sasniegSana.

Lai sasniegtu pétijuma mérki, tika izvirziti §adi uzdevumi:

1) analiz&t un izveértét individu uzvedibas modelus un informétibu par klimata parmainam,
identific€t nepilnibas pasreiz€jos centienos, ka arl apzinat potencialos attistibas virzienus
klimatatbildigas ricibas veicinasanai,

2) izstradat un aprob&t metozu un pasakumu kopumu darbam ar daudzveidigam meérka
grupam, lai veidotu ietekmi uz izpratnes pakapi, nodomu un ricibu klimata parmainu
jautajumos. P&tljuma ietvaros veidotais metozu komplekss veicinas individu izglitoSanu,
iesaisti, kritiskas domasanas attistibu un jaunas pieredzes gisanu klimatneitralitates konteksta,

3) pielietot zinatnisko jaunradi, lai stiprinatu centienus sasniegt klimatneitralitates mérkus,
piedavajot teorija pamatotus un praktiski parbauditas pieejas darba ar mérka grupam.

Pétijuma hipoteze

Darba tiek izvirzita hipotéze, ka daudzveidigu riku pieejamiba sniedz ieguldijumu
klimatatbildigas sabiedribas attistiba un iedarbojas uz tris individa uzvedibu ietekmgjoSiem
aspektiem:

1) inform@Sana un izglitoSana — ar klimata parmainu jautdjumiem saistita informacija
adaptéta un integréta sabiedribai pieejamos daudzveidigos pasakumos, balstoties uz individu
interesu loku (ar klimata parmainam saistitie kulttiras un radoso industriju produkti, sabiedribas
iesaiste teritorijas ilgtsp&jigas attistibas planosana, ar vides zinatn€m saistitas muzizglitibas
témas, kritiska domasana, organizacijas kulttra virziba uz klimatneitralitati u.c. jomas);

2) individu attieksmes un nodoma demonstrésana — dazadu mijiedarbibas riku (sadarbiba,
koprade, rezultatu vizualizacija, kritiska domasana u. c.) pielietojums publiskos pasakumos
jauno normu pienemsanai;

3) ricibu stimul&josa vide — apzinatu uzvedibu rosinoSa fiziska un kultirvide, kas veido
atbalstosu fonu individa pasizpausmei.

Par hipot€zes apstiprinajumu liecinas tas vai un cik liela méra piedavatas metodes aptvers
visus tris augstak mingtos aspektus un sniegs vertigu ieguldijumu partnerorganizaciju darba ar
sabiedrbu klimatneitralitates jautajumos. Atseviska pétljuma jautajums ir — kuras tie§i mérka
grupas ir uzskatimas par vispiemérotakajam izstradato riku pilnvértigai aprobacijai. Saja
petijuma ka papildus pienemums izvirzits, ka pasvaldibas, uznémumi un jauniesi ir adaptivas
mérka grupas, balstoties uz to pieejamibu resursiem, uz rezultatu virzito domasanu un — vélmi
veidot jaunas normas.

Zinatniska novitate

Darba zinatniska novitate ir ses$as zinatniskas pieejas balstita piecu riku izstrade, analize un
aprobacija klimatatbildigas pieejas stiprinasanai sabiedriba:

1) Energijas kopienu digitalais dvinis,

2) Simulacijas spéle (analogais formats digitalam dvinim),
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3) Ilgtspg&jas hakatons,

4) “Nakotnes organizacijas spéle”,

5) Sisteémiskas domasanas darbnica.

Latvija starpdisciplinari riki klimatatbildigas sabiedribas attistibai ir nepietickami pétiti,
tad€] metodologija ietver socialo un inZenierzinatnu sinergiju $o riku izveidei. Tadejadi darbs
blis nozimigs papildinajums jaunu pieeju ievieSanai cela uz klimatneitralitates mérku
sasniegSanu Eiropas “Zala kursa” ietvaros.

Praktiska novitate

Piedavata metodika, kas ir darba zinatniskas vertibas pamata, jau p&tjjuma veikSanas laika
ir kluvusi par praktisku instrumentu ilgtsp&jigas attistibas strat€giju izstradé planosanas regionu
un pasvaldibu Itmeni, jo piedava daudzveidigas pieejas darba ar viet&jo kopienu to virzibai uz
klimatneitralitati.

Nosleédzot izpetes dalu un apkopojot rezultatus, promocijas darba aprob&tas metodes biis
ieguldijums publiska un privata sektora organizaciju ilgtsp&jas mérku sasniegsana, jo piedavas:

1) plasaku auditorijas iesaisti, balstoties uz jaunu saturu un formu,

2) ieklaujosaku darbu ar atSkirigi domajosam merka grupam,

3) atbalstu sociala kapitala attistibai organizaciju ieksieng, tiecoties uz klimatneitralitati,

4) labakas sabiedribas parvaldes iespgjas klimata parmainu mazinaSanas jautajumos,

5) mijiedarbibas rikus klimatbildigas attiecksmes ka jaunas normas veicinasanai sabiedribas
uztverg, rezultata piedavajot harmoniskaku sarezgitu socialo sistému pielagosanos
jaunajai realitatei.

Sim pétijumam ir biitiska nozime, jo tas palidz labak aptvert dazadu intere$u grupas un
mainit to domasanas paradigmu un tam ir nepiecie$ami socialo un inzenierzinatnu sadarbiba
balstiti risinajumi.

Aprobetas metodes Tpasi biis aicinatas izmantot tas 24 Latvijas paSvaldibas, kas ir
pievienojusas perspektivajam Eiropas Savienibas Pilsétas méru paktam klimata un energétikas
joma, centienos, lai nodro$inatu labaku nakotni saviem iedzivotajiem, lidztekus brivpratigi
apnemoties Istenot ar klimatneitralitati saistitos merkus — izstradatie 1iki lauj efektivak
mijiedarboties ar viet€jo kopienu un, pielietojot daudzveidigas pieejas, sekmet sabiedribas
apzina izpratni par nepiecieSamibu pielagoties jaunajiem apstakliem.

P&tljuma rezultati ir izmantojami ar kultlras un izglitibas vajadzibam vietvaru un
planosanas regionu limeni, ka arT ar citiem dzives kvalitates aspektiem saistitas sabiedribas
attistibas jomas, Tpasi pasakumu un apmacibu r1koSana, kas veltita ilgtsp&jas jautajumiem, tapat
arT specialistu sagatavosana $ajas disciplinas.

Jau tagad pétijuma t€zes, metodiskas pieejas un taja ieklautas publikacijas ka avoti tiek
izmantoti pedagogiskaja, sociala un akadémiskaja darba, autorei sadarbojoties gan ar Latvijas
un citu valstu universitasu studentiem, gan ar dazadam sabiedribas grupam un ekspertiem visos
Latvijas planosanas regionos, pieméram, lidzdaliba Latvijas Republikas Labklajibas ministrijas
metodiska materiala sagatavosana socialiem darbiniekiem sadarbibas un ilgtsp&jas jautajumu
risinasana kopiena (“Metodiskais materials socialam darbam kopiena”), kur ieguldijums veikts
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dialoga un sadarbibas pieeju dazadoSanai kopiena ar mérki apzinaties savas atticksmes un
ricibas sekas un ietekmi uz ilgtsp&jigu teritorijas sociali ekonomisko attistibu. Nemot véra ANO
ilgtspgjigas attistibas mérku analitiku vert&jumu, Iidz pat 65 % no ilgtsp&jigas attistibas merku
169 apaksmérkiem ir saistiti ar pasvaldibu kompetence eso$am darbibam, 11dz ar to tiesi vietgjas
pasparvaldes limenis klust par iz§kiroSo posmu §o mérku sasniegs$ana.

Neatnemama $1 pétfjuma sastavdala ir arT publikacija “Domasana un radoSums” Latvie$u
valodas agentiiras zinatniski metodiskaja izdevuma “TAGAD”, kura misija ir sniegt atbalsta
rikus visparizglitojoSo skolu pedagogiem darba ar skoléniem rado$o prasmju attistibai, kas
turpmakajas dzives gaitas veicina daudzveidigu piceju pielietojumu sarezgitu, taja skaita, ar
klimata parmainam saistiti jautajumu risinasana [11].

Biitiska praktiska nozime darbam ir autores centienos izstradat un nodrosSinat laikmeta
prasibam atbilsto$u saturu ES, valsts, regionala un pasvaldibu limena partneru (Eiropas
Parlaments, Latvijas Nacionalais kultiiras centrs, planoSanas regioni, paSvaldibas, izglitibas
iestades, uzne€meéju apvienibas u. c.) rikotos publiskos pasakumos, kuru mérkis ir aktivi iesaistit
savas mérka grupas ilgtspjas jautdjumu risinasana. Lidzsvarots socialo un inzenierzinatnu
disciplinu pielietojums interaktivo riku pielietojuma ir vienigais autorei zinamais $ada veida
formats Latvija.

Petijuma ietvaros izstradatie riki aprobéti sadarbiba ar dazadus sektorus parstavosam
organizacijam:

1) publiskais sektors: Latvijas Nacionalais kultiiras centrs, planosanas regioni (Vidzeme,
Zemgale, Latgale un Riga), pilsétu un novadu pasvaldibas (Riga, Rézekne, Talsi,
Livani, Daugavpils, Jelgava, Jirmala, Ventspils, C&sis, Dobele, Preili),

2) Publiska sektora kapitalsabiedribas: “Rigas namu parvaldnieks”, “Liepajas namu
apsaimniekotajs”, “Elektroniskie sakari”,

3) nevalstiskais sektors: Latvijas Socialas uznéméjdarbibas asociacija, Eiropas Digitalas
inovacijas centrs, Dienvidlatgales NVO atbalsta centrs.

Petfjuma rezultats ir praktiski pielietojams arT privata sektora, kas veic iev@rojamas
investicijas savu darbinieku inform&Sana par ilgtsp&jas jautdjumiem un rosinasana uz
klimatneitralu ricibu, lai sniegtu ieguldijumu uznémuma ar klimatneitralitati saistttu veiktsp&jas
raditaju uzlabosana.

Pétijuma aprobacija

Promocijas darba rezultati ir prezentéti piecas konferenc€s un publicéti devinas
zinatniskajas publikacijas. P&tljuma atzinas ir apspriestas un demonstrétas $adas starptautiskas
konferences:

1) V. Brakovska “Green Culture in the Smart City as a supportive environment for the

sustainable company” // 9th Annual Entrepreneurship and Innovation Conference,
Estonian Entrepreneurship University of Applied Sciences, 2021.

2) V. Brakovska and A. Blumberga, “The Influence of Young People on Household
Decisions on Energy Efficiency in Latvia,” //International Scientific Conference of
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Environmental and Climate Technologies — CONECT 2023, Riga Technical University,
2023

3) V. Brakovska, R. Vanaga, G. Bohvalovs, L. Fila, and A. Blumberga, “Multiplayer game
for decision-making in energy communities,” //Sustainable Energy Planning and
Management, Aalborg University, 2023.

4) V. Brakovska “From Energy Communities to Collective Synergy in Business:
Knowledge Transfer for Addressing Social Dilemmas in Entrepreneurship” //3rd IEEE-
TEMS International Conference on Technology and Entrepreneurship (ICTE), Kaunas
University of Technology, 2023.

5) V.Brakovska, R.Vanaga, G.Bohvalovs, A.Blumberga, D. Blumberga “Climate
Conscious Communities: Navigating Transformation through Simulation Games and
Creative Engagement” // International Scientific Conference of Environmental and
Climate Technologies — CONECT 2024, Riga Technical University, 2024.

Zinatniskas publikacijas

1) G. Bohvalovs, R. Vanaga, V. Brakovska, R. Freimanis, and A. Blumberga, “Energy
Community Measures Evaluation via Differential Evolution Optimization,”
Environmental and Climate Technologies, vol. 26, no. 1, pp. 606-615, Jan. 2022,
https://doi.org/10.2478/rtuect-2022-0046

2) V. Brakovska, R. Vanaga, G. Bohvalovs, L. Fila, and A. Blumberga, “Multiplayer game
for decision-making in energy communities,” International Journal of Sustainable

Energy Planning and Management, vol. 38, pp. 1-13, Jul. 2023,
https://doi.org/10.54337/ijsepm.7549

3) A. Kalnbalkite, V. Brakovska, V. Terjanika, J. Pubule, and D. Blumberga, “The tango
between the academic and business sectors: Use of co-management approach for the

development of green innovation,” Innovation and Green Development, vol. 2, no. 4, p.
100073, Dec. 2023, https://doi.org/10.1016/j.igd.2023.100073

4) V. Brakovska and A. Blumberga, The Influence of Young People on Household

Decisions on Energy Efficiency in Latvia, Environmental and Climate Technologies,
vol. 28, no. 1, pp. 45-57, 2024, https://doi.org/10.2478/rtuect-2024-0005

5) A. Blumberga, 1. Pakere, G. Bohvalovs, V. Brakovska, R. Vanaga, U. Spurins, G.
Klasons, V. Celmins, D. Blumberga, «Impact of the 2022 energy crisis on energy
transition awareness in Latvia», Energy, Volume 306, 2024, 132370, ISSN 0360-5442,
https://doi.org/10.1016/j.energy.2024.132370

6) V. Brakovska, “Domasana un radosums”, Zinatniski metodisks izdevums "TAGAD",
Latvijas valodas agentira, ISSN 1407-6284 - Jan 1, 2018 (11),

https://maciunmacies.valoda.lv/wp-
content/uploads/2019/10/TAGAD _1.2018 web_small.pdf
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7) Autoru kolektivs, “Metodiskais materials socialam darbam kopiena”, Latvijas

Republikas Labklajibas ministrija, ISSN 2661-5371, 2023,
https://www.lm.gov.lv/lv/media/24606/download?attachment

8) Under review: Brakovska, V., Vanaga, R., Bohvalovs, G., Blumberga, D., Blumberga,

A. Climate Conscious Communities: Navigating Transformation through Simulation
Games and Creative Engagement. CONECT 2024: XVII International Scientific
Conference of Environmental and Climate Technologies: Riga Technical University,
2024, 50.-50.1pp. ISBN 978-9934-37-065-6. ISSN 2592-9704.
https://doi.org/10.7250/CONECT.2024.032

9) Under Review: A. Blumberga, V. Brakovska, R. Vanaga, G. Bohvalovs and R.

Freimanis, Single player game for decision making in energy communities, Energy
Proceedings, Vol 29, 2024, ISSN 2004-2965, https://doi.org/10.46855/energy-
proceedings-11276

Promocijas darba struktiira

Promocijas darbs ir 9 kontekstuali saistitu zinatnisku publikaciju kopa, kas publicétas

dazados akadémiskos izdevumos un pieejamas citéSanai starptautiskas datubazes, taja skaita,
Web of science un/vai Scopus datu baze. Petijuma galvena uzmaniba versta uz metodém, kas

veicina klimatatbildigas nakotnes sabiedribas attistibu, izmantojot seSas zinatniskas pieejas (1.

att.).

4 N

[ Sistemdinamikas ] Energijas kopienu Dalibnieki:
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pétijuma mérka pienemsanas
sasniegSanai analizes metode

1. att. Promocijas darba struktiira.
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Petfjuma merkis ir izstradat piecus modelus, kuri orientéti uz klimatneitralitates virziena
attisto$u individu izaugsmi. So modelu izstradé un aprobacija piedalas dazadas mérka grupas,
ka arT organizacijas un eksperti no dazadiem sektoriem.

Promocijas darba ir ieklauts ievads un tris nodalas: literatiiras apskats, p&tijuma metodes,
rezultati un diskusija. Darba ievada ir noradits merkis un uzdevumi. levada izvirzita hipotéze
un aprakstita promocijas darba zinatniska nozime un praktiskais pielietojums. Talak sniegta
informacija par pétljumu rezultatu aprobaciju, piedaloties starptautiskas zinatniskas
konferences, izstradajot zinatniskas publikacijas, ka art prakse istenojot un izvertgjot petijjuma
ietvaros izstradatas metodes.

Pirma nodala ir veltita literatliras analizei par klimatneitralitati veicinoSas sabiedribas
attistibu saistitiem izaicinajumiem un iesp€jam, lai identific€tu nepilnibas petnieciba par
individa uzvedibas aspektiem klimata parmainu mazinasanas jautajumos. Otra nodala
aprakstita p&tfjuma metodologija, kas balstita seSu zinatniski pamatotu pieeju pielietojuma
piecu metozu izstradei un aprob&Sanai. Tresa nodala ietver rezultatus un to analizi izvirzitas
hipotézes konteksta. Secinajumi p&c iegiito rezultatu analizes ir izklastiti nosleéguma dala.
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1.LITERATURAS APSKATS

Klimata parmainas ir viens no 21. gadsimta globalajiem izaicinajumiem, kas prasa talitgju
ricibu, lai veicinatu ilgtsp€jigu resursu pielietojumu un attistibu, ka arT dzives kvalitates
uzlaboSanos sabiedriba. Energétikas sist€émas visa pasaulé piedzivo butiskas parmainas, ko
izraisa fosila kurinama resursu samazina$anas, klimata izmainas, k@ arT tehnologiskie,
institucionalie un politiskie procesi. Eiropas Savienibas ilgtermina klimata strategijas mérkis ir
lidz 2050. gadam sasniegt oglekla neitralitati, veicot parkartojumus energétikas sektora. Tas
nozimé pareju no centralizétam energijas sisttmam uz decentralizétakam struktaram [12]. Arl
Mitsubishi korporacija sava celvedi uz klimatneitralu sabiedribu nosaka, ka butiski ir divi
galvenie elementi — energijas un digitala transformacija, kas sevi ietver augsti produktivu un
pa$pietickamas, decentralizétas kopienas [13]. Pieejamas tehnologijas lauj palielinat
energoefektivitati un raZot energiju no atjaunojamiem energoresursiem gan €ku, gan kopienu
Iiment [14], [15]. Tomér sabiedribas klimatatbildiga attistiba kltst par arvien aktualaku
diskusiju tematu politiskaja, socialaja un ekonomiskaja Itmeni [16]. ArT jaunakie zinatniski
tehnologiskie risinajumi un politikas iniciativas ir iestrégusi lémumu pienemsanas procesos un
konservativos uzvedibas modelos; inovaciju izplatiba sabiedriba notiek I&ni, kas tadejadi
apdraud klimata mérku sasniegSanu. Izpratne par klimata parmainam un to pienemsana ir loti
svariga, lai cilv@ki pienemtu videi atbildigu uzvedibu un atbalstitu politiskas darbibas, kuru
mérkis ir samazinat siltumnicefekta gazu emisijas [17]. Klat par klimatatbildigu individu
nozime ne tikai péc iesp&jas vairak samazinat siltumnicefekta gazu emisijas, bet arT kompensét
visas atliku$as emisijas. Klimatatbildigas nakotnes sabiedribas izveide ir atkariga no vairakiem
faktoriem, tostarp ilgtsp&jigu energijas izmantoSanu, pardomatu resursu parvaldibu, ka arT
sabiedribas izglitotibas un lidzdalibas pieaugumu klimata parmainu mazinaSanas procesos [18].

P&dgjos gados tiek izstradatas inovativas metodes un pieejas, lai risinatu klimata parmainu
izaicindjumus ar aktivu sabiedribas iesaisti. Starp §im metodém ir tadi tehnologiskie risinajumi
ka nopietnas sp€les datu ieguvei un analizei un citi cilvékresursu attistibas instrumenti,
pieméram, izglitojoSas un iesaistoSas macibu metodes [19]. Eksperiment€Sana un maciSanas
arvien vairak tiek uzskatita par instrumentiem, lai ieviestu inovaciju parvaldibas pieejas
ilgtspgjigakas sabiedribas veidoSana un ta ir novérojama dazados formatos, piemeram, speles
vai koprades procesos [20].

Ka liecina petfjumu rezultati, valsts un pasvaldibas pieliek piiles, lai veidotu atbalsta
pasakumus energoefektivitates joma un veicinatu oglekla neitralu kopienu veido$anos un Sie
pasakumi piedava iedzivotajiem dazadas izvéles iesp&jas, taCu nesniedz pilnigu izpratni par
katra individa léemuma nozimi ka ieguldijumu klimata parmainu mazinasana [21]. Pedgjo 100
gadu laika attistitajas valstis ir izveidojusies sabiedriba, kas ir pieradusi pie pat€rina un resursu
iz8kerdeSanas. Nozimiga loma ir lielakai izpratnei par pat€rina ietekmi uz vidi un
nepiecieSamibai pardomat patérina paradumus, lai individu uzvediba biitu atbildiga pret
klimatu. Ir nepiecieSsama individuala un kolektiva riciba, lai samazinatu atkritumu daudzumu,
veicinatu ilgtsp&jigu partikas razoSanu un pat@rinu, ka arT izveidotu ilgtsp&jigas transporta
lietoSanas sistemas. Sabiedriba triikst zinaSanu par sist€mas elementiem un to mijiedarbibu, kas
izraisa zemu klimata parmainu pienemsanas Itmeni un galu gala neefektivu atbalsta instrumentu
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izmantoSanu energoefektivitates uzlabosanai [22]. Nepietickami augsts izglitibas un izpratnes
Itmenis par klimata parmainam un to sekam var biit Skérslis klimatatbildigas sabiedribas
attistibai. Individa informétiba klimata parmainu jautajumos ir viens no izskiroSiem faktoriem,
lai stiprinatu individu izpratni un motivaciju rikoties [23]. Sabiedribas lidzdaliba parmainu
procesos ir svarigs solis klimatatbildigas sabiedribas attistiba [24].

Lai arT berni un jauniesi ir galvenie ieguv&ji no visiem centieniem ietekmét klimata
parmainas, maz ir zinams par bérnu zina$anam un attieksmi saistiba ar energijas patérina
samazinasanu. P&tijumi liecina, ka skolas vecuma jaunieSu izpratni par energoefektivitates
jautajumiem un velmi iesaistities klimata parmainu mazinasanas procesos ietekm& vinu
mijiedarbiba ar gimenes locekliem, draugiem, skolu un socialajiem medijiem. Skiet, ka tiesi
vecakiem un skolotajiem ir biitiska ietekme uz bérnu energéetikas pratibas attistibu un tapec vini
tiek uzskatiti par galvenajiem ietekmes agentiem [25].

Daudzi vecaki uzskata, ka vinu vértibas ietekmé bérni. Tomér dazi pétijumi sniedz tieSus
pieradijumus par vertibas nodoSanu pretgja virziena [26]. Lidz Sim veiktie p&tfjumi atklajusi,
ka energgtika ir t€ma, par kuru majas reti tiek runats ar berniem. Skolas aktivitasu iespaida bérni
bija vairak motivéti taupit energiju [27].

Pamatojoties uz "Fridays For Future" kampanas pieredzi, ir secinats, ka skolas un citas
kulturas vai izglitibas iestades piedava jaunieSiem iesp&ju darboties kolektivi, nodroSinot
viniem vidi socializacijai un identifikacijai ar citiem, kuri iesaistiti vides problému risinaSana.
Sadas vietas var but efektivas labvéligas uzvedibas veicina$anai. Labs piemérs ir macibu
programmas, kuru mérkis ir veicinat jauniesu lidzdalibu pilsoniskajas aktivitatés un vinu spgju
akttvi veidot ilgtsp&jigu nakotni. Kopuma ir biitiski veicinat sistematisku Iidzdalibu jauniesu
vid, pasi to vidi, kuri vel nav sasniegusi balsoSanas vecumu [28] .

Petfjumi uzsver, cik bitiski ir nodro§inat atgriezenisko saiti par to, ka konkr&tas darbibas
veicina viet€jo un globalo vides mérku sasnieg8anu. NepiecieSami ari dzilaki petfjumi, kas
pieveérstos psihologiskajiem procesiem, kas veicina pret vidi atbildigu uzvedibu [29]. Dati
liecina - jo vairak cilveki ir inform@ti par svarigam vides saglabaSanas témam, jo izteiktaka ir
vinu iesaiste vides jautdjumos [30]. Svariga ir arT izmantoto datu vakSanas metozu
daudzveidiba, kas iesaista pusaudzus un palidz vinus ieinteresét dazadu projektu aktivitates.
Tas parada vairaku metozu vienlaicigas izmantoSanas vertibu $aja vecuma grupa [31].

Probleémas nevar atrisinat tikai ar atsevisku cilvéku ieguldijumu, bet ar kolekttvu ricibu, un
politikiem ir pienakums aizsargat vidi un visu ekonomisko sisteému, kas jau ir paradijusi savas
vajas vietas [32]. Pétijumos iesaistitiec pusaudzi katru dienu dazadas pakapés iesaistas videi
draudziga uzvediba, un tas ir atkarigs no vinu atticksmes pret $Sim aktivitattm. Tomer
domingjosas gimenes normas, kas atspogulojas vinu vecaku uzvediba, pauz vismaz tikpat lielas
uzvedibas variacijas ka pasu pusaudzu attiecksme [33]. P&tfjumi liecina, ka atticksme pret vidi
un uzvedibu veidojas ap 7 gadu vecumu, pieaug lidz 10 gadu vecumam, izlidzinas lidz 14 gadu
vecumam un p&c tam atkal samazinas [34], [35]. Vides uzvediba attistas no bérnibas lidz agrai
pusaudza vecumam un sak nostiprinaties no 10 gadu vecuma, turpretim attieksme pret vidi
nemainas vismaz agrina pieaugusa vecuma [36].

Ka tiek atziméts literatiiras avotos, plasi izplatitas spéles uzvedibas mainai un macibam var
biit piemérotas ar saistitam jomam, piem&ram, vides aizsardzibai un ar dzivesveidu saistitiem
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veselibas jautajumiem [37]. Daudzveidigu metozu pielietojums veicina attieksmes mainu pret
vides problémam, un bagataka macisanas mijiedarbiba, ko nodroSina spéles izveide reallaika
formata, var€tu stimulét ilgstosakus efektus [38]. Petfjumi liecina, ka uz b&rniem verstas
energétikas izglitibas programmas var palielinat energijas taupisanas uzvedibu gan bérnu, gan
vinu vecaku vida [39].

“Zini savu energijas raditaju” (Know Your Energy Numbers) ASV bazéta energétikas
izglitibas programma, kas izstradata, lai palidzétu pusaudZiem un vinu gimen&m izprast vinu
energijas dzivesveidu un datus. PEtTjums parada, ka dalibnieki bija (i) pozitivi par izglitibas
programmam energétikas joma, (ii) deva prieksroku energijas vizualizacijam, kas lava viniem
skatit savas majas energijas datus dazados mérogos un velgjas uzlabotakus skatus (piem&ram,
ierices limena sadalijumus) un (iii) ) tika iesaistiti praktiskas aktivitates ar elektroinstrumentiem
[40]. Pozitivas izmainas zinaSanas, uzvediba un attieksmé liecina, ka ripigi izstradata
energgtikas izglitibas programma var risinat problémas, kas saistitas ar bérnu izglitoSanu par
energijas taupisanu un klimata parmainam skolas vecuma, pat ja programmas ilgums ir iss [41].

Vai jauniesi ir pietiekami informéti, lai varétu ietekmet majsaimniecibas izvéli, izspelgjot
dazadas metodes, kuru mérkis ir stimulét klimatatbildigas sabiedribas attistibu? Balstoties uz
iepriek$ minéto literatiiras apskatu, ir nepiecieSams veikt kvalitativo izp&ti par Latvijas regionos
dzivojoso jaunieSu informétibu par energoefektivitates pasakumiem un kadu pieredzi vini
guvusi savas majsaimniecibas - vai siltumenergijas rékini tiek parrunati ar tuviniekiem un vai
ir gataviba mainit ikdienas paradumus, kas saistiti ar energijas paterinu.

Publicétaja literatiira ir pausts viedoklis par klimata parmainu izglitibas pieaugoso nozimi
darba ar sabiedribu, tomér petnieki sistematiska literatiras analizé atklajusi, ka no 86
petljumiem, kur vertdta klimata parmainu izglitibas ietekme, tikai 19 darbos ta apliikota ar
faktisko uzvedibu (galvenokart, uz otrreiz&jo parstradi, atkritumu $kiro$anu vai energijas
taupiSanu) vai ar normam saistitiem uzskatiem [42]. Mazaka dala p&tjjumu balstas uz zinatniski
pamatotam mijiedarbibam, kas liecina par svarigiem triikumiem pé&tniecibas darba saistiba ar
uzvedibas ekonomiku klimata parmainu konteksta.

Lai gan sadarbiba ir biitiska jebkura uz ilgtsp&ju versta kopiena, taja pastav vairakas socialas
dilemmas. Viens no tiem ir savtigu intereSu parakums par kop€jam interes€m, un tas var
izpausties ka kopiena, ta organizacijas [imeni [43]. P&tfjumi liecina, ka ir nepiecieSami riki, lai
demonstretu klimata parmainu slieks$na noteiktibu un mazinatu pret kopienas interesem verstu
lémumu pienemsanu [44] [45].

Vel viens $kérslis ir investicijas, kas nepiecieS$amas parejai uz klimata zina atbildigu
sabiedribu — tas var bat finansiali un ekonomiski sarezgiti. Ilgtsp&jigas tehnologijas un
infrastrukttira var but darga, un dazadam valstim un regioniem var biit ierobeZotas finansialas
un resursu iesp&jas veikt Sos ieguldijjumus. Ja netiek ieverota sistematiska riciba, tas siita
sabiedribai signalu par citam, svarigakam politikas veidotaju prioritatém [46]. Lai to noveérstu,
iedzivotaji ir jainformé vislabakaja iesp&jamaja veida. Tradicionalas pieejas vides izglitibas
pasakumu, apmacibu, konferencu organiz€Sana ir mazak piemérotas tur, kur sabiedribas
iesaiste ir zema. Joprojam ir vajadzigi pétfjumi par piemerotam pieejam, lai izveidotu
vajadzigas kompetences jauno metozu lietoSanai un ilustrétu to izmanto$anas sekas sabiedriba
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[47]. Viens no trilkumiem - bieZi vien ir maz atsauces uz praktisko pielietojumu un iesaistito
dalibnieku motivaciju.

Ka tiek atziméts zinatniskaja literatiira, uz sp€lém balstita maciSanas izmanto spéles ka
zinasanu nodosanas lidzekli [48], [49]. Jo Ipasi simulacijas spéles ir daudzsolosa pieeja [50], jo
ieglitds zinasanas var tieSi pielictot un pielietot konkrétaja konteksta [51] un Iémumu
pienemsana [52], transformgjot riku no spéles par digitalo dvini un veidojot jaunu pieeju, lai
pielagotos klimata parmainam [53]. Lomu simulacijas spéles ir lielisks veids, ka izglitot un
veicinat izpratni par dazadam vides problémam, ka arT iesaistit dalibniekus praktiska un
interaktiva maci$anas procesa.

Simulacijas modelésana tiek plaSi izmantota, lai atbalstitu lémumu pienemsanu dazadas
sabiedribai aktualas jomas un ar tas parvaldibu saistitos uzdevumos [54]. Spélu veidoSanas
principi ir praktiski pielietojami ne tikai izklaides industrija — tie tiek uzskatiti par pilnveértigiem
rikiem ari citds jomas [55]. Akadémiskie pétjjumi ir pieradijusi lomu spéles simulaciju
prieksrocibas 1émumu pienemsana un socialaja macibas klimata parmainu un vides politikas
joma. Vides inZenierzinatnu metodes var izmantot, lai gan uzbuveétu $adu speli, gan art
novertetu tas efektivitati un dalibnieku iegiitas zinasanas. Nopietnas sp€les piedzivo strauju
izaugsmi ka riks, kas apvieno izpratni un sadarbibu viena platforma, piesaistot sp&létajus, kuri
mekl€ risinajumus energijas resursu optimizéSanai [56]. Tas veido sinergiju, apvienojot tris
dizaina elementus (uz modeliem balstita planoSana, tieSsaistes diskusija un elektroniska
balsosana) [57]. Simulacijas sp€lu nozime pieaug, jo maciSanas tiek aplikota ka aktivs,
konstruktivs, uz sevi vérsts, emocionals, socials un situacijas process. Tapec simulacijas spéles
piedava labu iesp&ju stiprinat individu ka pret klimatu atbildigas sabiedribas parstavju
kapacitati, padarit vinu attiecksmi atvertaku un mazinat distanc@Sanos no kolektivo interesu
jautajumiem [56]. Simulacijas sp€lu priekSrocibas ir, pieméram, teorijas un prakses
savienojamiba, daliba simulacijas spélé atvieglo jaunu inovativu ideju piepemS$anu un var
veidot holistisku izpratni par jauniem jédzieniem [51]. Simulacijas sp€le nodroSina realu
apstaklu sajiitu, neietekm&jot pasu realitati. AtSkirtba no nepareizu lémumu sekam, spéles vide
nav realu seku un tadgjadi tiek nodroginata liela radosa briviba [58]. Sis un citi lidzdalibas
dizaini ir kluvusi plasi populari kopienas dalibnieku mijiedarbibas konteksta, tacu lidz $im tie
maz ietekm@jusi nopietnu spélu izstrades procesus [59]. Neskatoties uz pieaugoso interesi, soli
pa solim sniegtas vadlinijas joprojam ir reti sastopamas attieciba uz lomu spéles praktisko
izstradi un ievieSanu, kas kave §1s daudzsolosas pieejas pienemsanu un ievieSanu [60]. Viens
no iemesliem - tradicionalaja sp&lu teorija biezi tiek pienemts, ka dalibnieks ir pilnigi racionals,
un darbibas tiek veiktas, izmantojot ta riciba esoSo pilnvertigo informaciju. Tomer realaja
pasauleé ir griti nodroSinat dalibnieka informacijas pilnigas racionalitates un pilniguma
nosactjumus [61].

Vel ieprieksgjie petijumi ir atklajusi, ka paSnovertéjuma veik$anas biezums un regularitate
ir pozitivi korelé ar maciSanas sniegumu [62] un palidz aktivi iesaistities macibu procesa,
paaugstina sasniegumus, veicina pasmacisanos un attista metakognitivas prasmes [63]. Ja §is
spéles tiek pielagotas individa vajadzibam, macibu rezultats ir vél augstaks [64].

Apskatot zinatnisko literatliru, autore secina, ka metodes galvenais panakumu faktors ir
spéles satura parne$ana uz pa$a individa intereseém. Tas jo Tpasi attiecas uz gadijumiem, kad
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téma ir cie$i saistita ar ieklaujosas vides attistibu individiem. Detalizéta realu mijiedarbibas
procesu atveidoSana tiek izmantota ari, pieméram, Energétikas kopienu veidoSana kopienas
intereSu veicinasanas nodro$inasanai.

Lai veicinatu “zalo” inovaciju ilgtsp&ju, visam pusém ir kritiski jaizveérteé sava loma
meérkauditorijas izglitoSana un janem véra dazadi faktori, kas ietekmé kopigos sasniegumus
[35][65], [66], piem&ram, zinasanu parneses un izglitojosu ietekmi, ka arT labako inovaciju
praksi un uz ilgtsp&jibu orientetas izglitibas lomu. Petnieku uzdevums ir rast konceptuali jaunas
pieejas miisdienu izglitibai un jaiesaistas dialoga ar industriju, paraléli izvértgjot ari sancensibu
starp augstakas izglitibas iestadém [67] un alternativu izglitibas platformu piedavato
potencialu. Sabiedriba noveérojama paradigmas maina ir ietekmg&jusi arT akadeémisko sektoru,
kur§ reagé uz arvien pieaugoSo politikas veidotaju un nozares pieprasijumu péc atbilsto§am
macibu pieejam, art “zalo radoSumu” [68] — p&tijumi ar liecina, ka akadémiskajam personalam
ir jauzlabo savi rezultati [69], [70], tostarp sadarbiba, kopradisanas un kopparvaldibas pieejas
izmanto$ana.

“Zalas iniciativas” ir dala no pilsoniskas uzvedibas [71], [72] un literatiira ir redzama

=a”

ieverojama plaisa pétijumos, kas fokus€jas uz “zalas” jaunrades jeédzienu ka svarigu zalo
iniciativu virzitajspeku organizacijas. Par to liecina arT neseni sistematiskie literatiiras
parskatiem par zalo radoSumu viesmilibas un pakalpojumu nozarés [73], [74]. ArT Sis jédziens
zinatniskaja literatira joprojam nav izpétits, jo tikai ierobeZots skaits p&ttjumu to apliko [75],
[76], [77]. Nemot vera pieaugosas bazas par ilgtsp&jibas nodroSinajumu dazados sektoros, ir
janover$ §1 nepilniba ari literatiira, sniedzot plasaku ieskatu "zala radoSuma" praktiska
pielietojuma organizacijas.

Neraugoties uz zinatnes un tehnologiju attistibu, pastav bitiskas nepilnibas klimata
parmainu mazinasanai nepiecieSamo risinagjumu ievieSana. Ka tiek atziméts pé&tjjumos,
sabiedribas izpratnes un lidzdalibas trukums attieciba uz ilgtsp&jigu attisttbu un energijas
parvaldibu ir btisks izaicinajums [78]. Lai arT iedzivotaju interese par atjaunojamo resursu
izmantoSanu pamazam ir augusi, joprojam ar mainigiem panakumiem, IpaSi savstarpgji
vienojoties, tiek Tstenoti energgtikas politikas atbalsta pasakumi sabiedribas aktivakai
lidzdalibai energoefektivitates pasakumu Tsteno$ana [79]. Sabiedriba biezi vien ir maz
informéta par savu lomu klimata parmainu mazinasana, kas apgriitina pareju uz mentalo modeli
ilgtspgjigam dzivesveidam.

Vienlaikus pétijumi atkldj, ka tehnologiskie risinajumi biezi vien tiek attistiti bez
pietickamas cilvéku iesaistes, tadéjadi mazinot So risindjumu efektivitati ievieSanas posma.
Energoresursu sistémas visa pasaulé piedzivo radikalas parmainas tehnologisku, institucionalu
un politisko parmainu, fosila kurinama resursu izstk$anas un klimata parmainu, ka arT globalo
energgtikas krizu dél [80]. Sadalito energoresursu palielina$ana viet€ja limeni prasa centraliz&to
energosistému reorganizaciju [12]. Energétikas kopienas ir iedzivotaju brivpratigi izveidotas
biedribas, kam ir kopiga interese par energoefektivitates pasakumiem un atjaunojamo energijas
avotu pielietojumu, lai mazinatu patérinu un energijas izmaksas un palielinatu energétisko
neatkaribu [81]. Energétikas kopienas atvieglo privato investiciju piesaisti atjaunojamas
energijas raZo$ana, nodroSina elastibu ar pieprasijuma-reakcijas un uzglabasanas tehnologijam,
ka arT palielina sabiedribas atbalstu $adiem projektiem [82]. Minétas iesp&jas seko “Tirai
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energijai visiem eiropieSiem” tiesibu aktu kopuma politikas sistéma, lai parietu no fosila
kurinama uz tiraku energiju [83]. Pareja palidz samazinat siltumnicefekta gazu emisijas, jo
pasreizgja situacija &kas ir atbildigas par 40 % no ES energijas patérina un 36 % no ar energiju
saistitajam SEG emisijam, un 75 % €ku nav energoefektivas [84].

Cilveki ir biitiska energijas kopienas sastavdala, un tadél ir nepiecieSams plasi veicinat vinu
lidzdalibu ilgtsp&jigas energijas sistémas [85], [86]. Musdienas individi sevi vél neredz ka
energijas kopienu dalibniekus — tas ir drizak likumdev&ju vai pétnieku veidots normativs
jédziens. Socialo zinatnu pétnieki uzsver nepiecie$amibu mainit skatfjumu uz sabiedribu
kopuma — no pasiviem individiem, kuru uzvedibu ietekm& politikas un tehnologiskie
risinajumi, uz aktiviem lidzdalibniekiem energijas parejas procesa. Uzmanibas parlik$ana no
atseviskiem individiem uz kopienam ir viens no veidiem, ka sekm@t sabiedribas iesaisti.

Kultoras un radoso industriju ieguldijums globalo izaicinajumu risinasana un unikalais
pienesums darba ar sarezgitam socialam sistémam ir pamanits [87], tacu ne pilnvertigi
novertets. lemesls p&c autores domam ir saistits ar socialo zinatnu ne tik attistito kompetenci
sistematiska datu ieguve un analizg, kas, savukart, vides inZenierzinatn@s ir pamats p&tniecibai
un zinatniskajai jaunradei. Toties kultiiras un radoSo industriju unikalais vertibas piedavajums
ir nestandarta domasana [88], sp&ja uzrunat un apvienot atskirigi domajosus individus un
prasme stiprinat jebkuras organizatoriskas izpausmes pievilcibu visdazadakas auditorijas acTs,
tad@jadi rosinot vélmi mala stavetajiem kliit dalu no radosa procesa — ja ne uzreiz, tad lielaka
dala to izdara pakapeniski. Ne tikai Eiropas jaunais Bauhaus, kas ir viens no piemé&riem ka
kulttirvesturiskais mantojums ir tieSa norade celam uz ilgtsp&jigu resursu parvaldibu un
klimatneitralitates mérku sasniegSanu [89], bet arT tadi termini ka, piemeram, “aktualitates
radosa interpretacija” un “radoSa atticksme pret aktualitati” [90], palidz iesaistitos individus
motivet un bagatinat mijiedarbibas metozu daudzveidibu ar tadiem elementiem ka, pieméram,
audiovizualie materiali, saukli publicitates uzlabosanai, dalibnicku iesaistes formati un
nestandarta atribiiti.

Pétnieki norada, ka “nav vienas stratégijas, lai atrisinatu klimata krizi" [91]. Tadel, paraléli
tehnologijam, atbalsta mehanismiem un atbildigai pilsétplano$anai, ir nepiecieSamas jaunas
pieejas ar darba ar sabiedribu, lai veidotu ietekmi uz tas attieksmi un uzvedibu. Literatiiras
avoti apliecina, ka izglitibas sisttma un valdibu istenotas politikas ne vienmér piedava
risinajumus sistemiskas un ilgtsp&jigas domasanas praksei sabiedriba. Tadel ir nepiecieSamas
jaunas pieejas un praktisku riku pieejamiba sabiedribas izpratnes veicinasanai par klimata
parmainam.

Sadi petijumi ir svarigi, lai veicinatu sabiedribas izpratni par tas lomu klimatneitralitates
meérku sasniegS§ana un sniegtu jaunas metodes sabiedribas iesaistei S$ajos procesos. Ir
nepiecieSama pieejamiba metozu daudzveidibai klimatatbildigas nakotnes sabiedribas attistibai
piedavajot inovativus risinagjumus, kas ietver gan tehnologisko attistibu, gan sabiedribas
lidzdalibas iesp&jas[92], [93].

Pieméram, autores pétijuma apskatitais energiju kopienas digitalais dvinis ir metode, kas
lauj ne tikai simulét energijas patérinu un efektivitati, bet ari sniedz individiem iesp&ju
uznemties aktivu lomu energijas resursu parvaldiba. Savukart, lomu simulacijas spéle un
dizaina domasanas pieeja palidz organizacijam attistit cilvékresursus, veicinot ilgtsp&jigas
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nakotnes sabiedribas attistibu. Sis un citas metodes ir bitiskas, lai mazinatu plaisu starp
tehnologisko attistibu un sabiedribas izpratni par klimata parmainam [94].

Citi sistematiskie literatiiras petjjumi liecina, ka visas Cetras parskatitas intervences —
socialais salidzinajums, apnemsanas (iejaukSanas kopums, kas lauj individiem Sodien sevi
ieslégt darbiba, ko vini apnemas veikt rit [95]), merku noteikSana un mark&$ana — var bitiski
samazinat privato majsaimniecibu energijas patérinu. Tomer no visam minétajam intervencém
apnemsanas un mérku noteikSana vel nav plasi pétitas, un esosie pétijumi liecina par biitiskiem
metodologiskiem triikumiem [96], [97].

Ir dazadas pieejas klimatatbildigas sabiedribas veidoSanai, kuras var salidzinat péc to
pieejas sabiedribas iesaistiSanai un izglitoSanai. Biezi vien §im pieejam ir tradicionala pieeja,
pieméram, konferences un seminari. Salidzinot tas ar dazados mijiedarbibas rikos balstitu
macisanos, var secinat, ka tie piedava aktivu lidzdalibu, motivaciju un iesp€ju eksperimentet
drosa vidg, kas lauj individiem izprast to ricibas ietekmi bez realam sekam. Nopietnas spéles
un citi petjjuma piedavatie interaktivie riki, kas apvieno izpratni ar sadarbibu, ir Ipasi pieméroti
energijas resursu optimizacijai un sabiedribas motivéSanai iesaistities ilgtsp&jigas sabiedribas
veidoSana, pie tam neparedz abstraktu un praks€ gruti pielietojamu ietvaru. To apliecina ar1
pétijumi par dazadam izglitojosam intervencém, kuru mérkis ir mazinat nodoma un ricibas
plaisu, pielietojot tadas stratégijas ka atgriezeniska saite, modeléSana, pamudinajumi un
apnemsanas [98].

Saja literatiiras apskata izklastitais parada, ka ir nepiecieSamas jaunas un inovativas
metodes, kas verstas uz attieksmes un uzvedibas mainu [99], lai veicinatu sabiedribas aktivaku
iesaisti klimatatbildigas sabiedribas attistiba, sniedzot atbalstu ari partnerorganizacijam to
darba ar savam mérka grupam. P&tfjuma piedavatas piecas metodes, kas ietver digitalus un
analogus risinajumus darba ar dazadam sabiedribas grupam un sniedz praktiskus risinajumus,
balstoties gan uz tehnologiskam inovacijam, gan uz cilvéka attiecksmes un uzvedibas mainu,
radot izpratni par klimata parmainu mazinasanas nepiecieSamibu un ilgtsp&jigu attistibu.
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2.METODOLOGIJA

Promocijas darba ir izmantotas seSas zinatniskas pieejas, lai aprob&tu izstradatas metodes
klimatatbildigas sabiedribas attistibai. 2.1. att€la redzamas pé&tfjuma izmantotas zinatniskas

pieejas.
Zinatniskas pieejas

Sistemdinamikas

Energijas kopienu
digitalais dvinis

Dizaina domasanas

Simulacijas spele ]

KoprazZoSanas

[ ]
[ ]
[ ]
[ Daudzkritériju lemumu J
[ ]
[ ]

darbnica

pienemS$anas analizes

N
[ Sistéemiskas domasanas

Ilgtspejas hakatons ]

Datu ieguves

Nakotnes

Bibliometriska organizacijas spéle

2.1. att. Promocijas darba izmantotas zinatniskas pieejas jaunu metozu attistibai.

Zinatniskajas pieejas balstito metozu pielietojums var but secigs, ja ir versts uz
pakapeniskas ietekmes veidoSanu, sakot no informéSanas I1dz individa ricibu stimul&josas vides
veidoSanai petjjuma izveéletajas meérka grupas. Savukart, ja nepiecieSams Tstenot tikai viena
veida ietekmi, tad var tikt izv€l&ts atbilstoSais riks.

Peétniecibas darba gaita tika izmantotas arT promocijas darba autores profesionalas darbibas
ietvaros giitd pieredze intensiva darba ar dazadam sabiedribas grupam un ilgtsp&jas attistiba
iesaistitam publiska un privata sektora organizacijam.

Darba ietvaros papildus sociologiskam aptaujam atsevisku metozu aprobacija iesaistitas tris
meérka grupas (2.1. tab.) — paSvaldibu darbinieki, uznéme&ji un jaunieSi (t.sk. vides
inzenierzinatnu studenti).

2.1. tabula
P&tfjuma iesaistitas mérka grupas un to izvéles pamatojums
Nr. | Sabiedribas grupa Pamatojums
1. | Pasvaldibu darbinieki, jo Tpa$i attistibas planosanas, | Administrativo resursu parvaldiba
kultiiras un izglitibas jautajumos Ilgtsp&jas procesu attistiba kopiena
2. | MVU ar personalu virs 10 darbiniekiem Produktivitates riki personala attistibai
uznémuma ilgtsp&jigas darbibas konteksta
3. | Jauniesi vecuma no 14 lidz 25 gadiem Mentalais modelis ietekmes veidoSanai

Izvéle pamatota ar autores praktisko pieredzi darba ar mingtajiem segmentiem un
novérojumiem par daudzveidigiem formatiem S$o meérka grupu potencialai ietekmei uz
klimatatbildigas sabiedribas attistibu - pieeja administrativajiem resursiem uz ilgtsp&ju vérstu
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aktivitasu planosanai un Tstenosanai vietgja kopiena (pasvaldibu darbinieki), motivacija iepazit
jaunus r1kus darba ar personala virzibu uz klimatneitralitati (uznémeji), ka ar1 vélme veidot savu
ietekmi klimata parmainu mazinaSana (jauniesi).

Pétijuma izvEletas zinatniskas pieejas tiek pielietotas ne tikai metozu attistibai un
efektivitates novert§jumam, bet ar1 datu vizualizacijas ka ietekmes pan€miena lomas
novert§jumam gadijumos, kad jaiedarbojas uz individu attieksmi un uzvedibas kultiiru. Tas tiek
veikts ar merki piedavat jaunus formatus uztveres normu demonstréSanai un nostiprinasanai
plasaka sabiedriba [100].

Izveletas pieejas metodes var padarit ne tikai izglitojoSas, bet ari izklaidgjosas, sniedzot
mérka grupam dzilaku izpratni tam &rti uztverama veida par vides inZenierzinatnu nozimigumu
un praktisko pielietojumu klimata parmainu mazinasana. Autores ieskata p&tjjuma ietvaros
veidoto metozu pielietojums sniedz optimalus un praktiskus risinajumus, kas rosinas socialo un
vides inZenierzinatnu sinergiju sabiedribas sekmigakai parejai Eiropas “Zala kursa” ietvaros.

2.1. Sociologiskas aptaujas

Sociologiskas aptaujas ir biezi izmantota pieeja akadémiskajos p&tjjumos sociologijas joma.
ST metode ietver datu savaksanu, uzdodot respondentiem jautajumus par dazadiem socialiem
fenomeniem, uzskatiem, uzvedibu vai pieredzém. Sociologiskds aptaujas var but gan
kvantitativas, balstitas uz skaitliskiem datiem, gan kvalitativas, balstitas uz dzilakas izpratnes
iegliSanu, izmantojot padzilinatas intervijas.

Sociologisko aptauju formati ir dazadi un atkarigi no izpétes subjekta un mérka. Tie ietver
anketas rakstiskai aizpildiSanai, tieSsaistes aptaujas interneta, telefoniskas aptaujas mutisku
atbilzu iegiiSanai un tieSas intervijas ar respondentiem. Tipiski mérki, ko var izvirzit izp&tes
ietvaros, ir tendencu un uzvedibas izpéte sabiedriba, parliecibu un viedoklu noskaidrosana
dazados aktualos jautajumos, sociala mijiedarbiba, kas peta attiecibu dinamiku gan individuala,
gan grupu Itment, ka arT p&tniecibas instrumentu izstrade un validacija.

Sociologiska pétijuma veik$anai ir jaizvélas atbilstoSa metode, jaizstrada precizi jautajumi
un jaiegist pietickams datu apjoms, kas nodrosina p&tijuma uzticamibu un precizitati. Turklat,
ir jaievero &tiskie principi, pieméram, respondentu privatuma aizsardziba un brivpratiga
lidzdaliba.

Sociologisko aptauju kvantitativais un kvalitativais raksturs lauj daudzveidigi iegat datus
un tos izmantot sareZgitu socidlo sistému izpétei. Saja pétijuma tiek izmantotas abas datu
ieguves pieejas. Literatiiras analizes posma tiek parskatiti aktualie p&tijumi darba ar individu
attieksmi pret klimata parmainas jautdjumiem un ar to saistito uzvedibu. Dokumentu izp&te
balstas uz zinatnisko literatiru, energétikas nozares datiem, normativajiem aktiem un
sabiedrisko domu.

Divas aptaujas tika veiktas no 2021. gada 17. lidz 21. septembrim un 2023. gada 27.-28.
martam, izmantojot datorizétas timekla intervijas metodi. Aptauju lauka darbus nodroSinaja
petijumu centrs SKDS. Kopgjo iedzivotaju skaitu veido vairak neka 1,5 miljoni Latvijas
iedzivotaju vecuma no 18 lidz 75 gadiem. Paraugu nemsanai tika izmantota kvotu izlases
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metode. Abas aptaujas tika izmantotas identiskas anketas ar mérki sasniegt 1000 respondentus.

Anketas dati sastav no pieciem tematiskiem blokiem, kas uzskaititi 2.2. tabula.

2.2. tabula
Sociologiskas aptaujas tematiskie bloki
Iedzivotaju
sabiedriska
Respor}dentu_ Energoefektivitates sl Energoefektivitates o
raksturojums péc = Energoefektivitates R sabiedriska
sociali Brakse maj (.)k]u, uzlabosanu . }lZvlabO.] umu aktivitate,
- . €ku un kopienu IR . ievieSanas iespéju PP
demografiskajiem - ol noteicosie faktori ~ - 0" _ | iesaistiSanas
. ITmen1 apraksts ekas [imeni . .
parametriem dazada veida
kopienas
pasakumos
dzimums, vecums, | siltuma un faktori, kas ictekmé vieno$anas ar vides talkas,
tautiba, izglitiba, elektroenergijas cilvéku izveli veikt vai | kaiminiem par komandu
dzivesvieta, taupisana, energijas | neveikt energoefektivitates sporta spéles,
nodarbinatibas razoSana, mobilitate | energoefektivitates paaugstinasanu talakizglitiba,
statuss, gimenes (videi draudzigs uzlabojumus sava daudzdzivoklu maja, | kopigas
stavoklis, majokla | transports, maja vai éka: ietekme | €kas parvaldnieka apkaimes
veids, biivniecibas | transporta uz vidi, dzives izvéle, kapnu telpu aktivitates,
gads, koplietoSana) kvalitate, sava remonts, €kas fasades | sabiedriskas
TpaSumtiesibas uz nekustama Tpasuma remonts, €kas jumta | apsprieSanas,
majokli, vertiba, finansu nomaina, &kas loga nevalstiskas
apsaimniekoSanas ieguldijumi un maina nomaina, organizacijas,
veids, personiska atmaksasanas periods, | saules panelu religiskas
iesaistiSanas pieejamais valsts uzstadiSana, ekas draudzes,
majokla atbalsts apkures veida maina, | politiskas
parvaldisana uzlabojumiem, velosipedu novietnes | partijas u.c.
ekspertu konsultacijas | uzstadisana u.c.

Datu apstrade veikta, izmantojot SPSS statistikas programmatiiras pakotni

. Dazos aptauju

jautajumos tika izmantotas piecu punktu Likerta atbildes alternativas [101], [102]. Likerta tipa
jautajumu datiem tika veikti vairaki testi, lai salidzinatu abu aptauju rezultatus. Pirmkart, tika
ieviests neatkarigu paraugu t-tests videjo vienlidzibas noteiksanai. Parasti t-tests uzrada labu
jaudu [103], tacu dazi ir iebildusi pret ta izmantoSanu Likerta tipa vienibam, jo atbildes un to
raditie kartas dati ir diskreti [104]. Tapec ka neparametrisks alternativs Mann-Whitney U tests
tika veikts, parbaudot, vai abi paraugi ir no populacijam ar vienadu sadalfjuma funkciju. Mann-
Whitney U tests neizmanto lidzeklus un standarta novirzes. Ta vieta ta palaujas uz visu abu
paraugu novérojumu sarindo$anu un atbilstoso rangu summu salidzinasanu [105].

Aprobacijai paredz&to riku izstradei nepiecieSamais saturs izriet no 2021. gada veiktas
izp&tes un sociologiskaja aptauja ieglitajiem datiem, ka ari to interpretacijam par iedzivotaju
attieksmi pret energoefektivitates jautajumiem. Otrais sociologiskas aptaujas posms 2023. gada
paredz sociologisko datu iegfiSanu, lai raksturotu izmainas iedzivotaju energoefektivitates
praks@s un atticksmé klimata parmainu jautajumos p&c 2022. gada, kad energijas resursu cenas
bitiski ietekm@ja majsaimniecibu izdevumu struktiiru.
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2.2.Sistemdinamikas metode

Metode ir Masaciisetsas Tehnologiju institita (MIT) profesora Dzeja Vaita Forestera
izstradata metodika, kas apvieno kvalitativo un kvantitativo analizi [106] un sakotngji tika
veidota uznémumu vaditajiem, lai palidz&tu izprast razo$anas procesus, tacu Sobrid tas plasak
sastopams pielietojums ir politikas analize un TstenoSana privata un publiska sektora.

No citam komplekso sist€ému pétisanas metodem ta atSkiras ar atgriezeniskas saites vadibas
un krajumu un plismu ka pamatelementu izmantoSanu, kas lauj Skietami vienkar$as sistémas
ieklaut apjomigu nelinearitati.

Izmantojot datorsimulacijas programmas (pieméram, Stella Architect vai Vensim),
parametri vai stratégijas var tikt pielagoti, lai simulétu un prognozétu, ka dazadi sist€émas
elementi mijiedarbojas un maina savu uzvedibu noteiktos apstaklos laika gaita [107]. Tas palidz
izstradat jégpilnas stratégijas sarezgitu problému risinajumiem situacijas, kad sist€mas
uzvedibu nevar pilniba izskaidrot ar tas elementu uzvedibu, jo sist€mai un tas elementiem ir
atSkirigas Tpasibas. Sistémas dinamikas modela attistiba demonstréta 2.2. attgla.

| Galveno robezfaktoru izvéle |

v

| Atgriezeniskas saites diagramma |<—

v

| Matematiska modela izveide |

v

| Modela testeSana |

Vai modelis
atbilst?

Prognozu atjaunosana

2.2. att. Sistemas dinamikas modela attistibas procesa posmi [108].

Sisteémas dinamikas metodologijas soli ir sekojosi:

1) merka un sisteémas robezu noteikSana: identific€ galvenos robezfaktorus un mainigos
lielumus sisteéma, kas ietekme risinamo problému,

2) strukturala analize: noskaidro atgriezeniskas saites mehanismus un atgriezeniskas saites
cilpas starp mainigajiem, ka ari izveido krajumu pliismas diagrammu,

3) matematisko vienadojumu izstrade: izveido matematiskos modelus, kas atspogulo
plismas diagramma paradito mainigo lielumu attiecibas un pieskir konstantes vertibas,

4) metodes parbaude: test€ un modific€ metodi Iidz bridim, kad ta ir parbaudita un iztur
parbaudi,
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5) simulacija: izmanto datorsimulacijas programmatiiru, lai simul&tu sist€ému un parskatitu
rezultatus, lai noteiktu labako problémas risinajumu un sniegtu pieme&rotus ieteikumus [109].

Pétfjuma ietvaros sisttemdinamikas metode tiek izmantota ne tikai sarezgitu socialu sistému
savstarp&jo savienojumu izp&tei. Autores skatijuma tikpat bitisks ir $is metodes ieguldijums
izglitiba, veicinot individu kritisko domasanu un laujot labak izprast pienemto lémumu tiesas
un netieSas sekas. Sisteémiskas domasanas arhetipi un pazimes ir vertigs, tacu reti sastopams
izglitojoss riks sabiedriskaja telpa, un, pec autores domam, ta bitiskakais ieguldijjums ir
iedarbiba uz individu apzinu un atticksmi. Tapéc sistémdinamikas metode tiek pielietota ne
tikai datu ieguvei un analizei, bet arT individu informé&Sanai, izglitosanai un apzinas veidoSanai.

Zinatniskas pieejas aprobacija tiek veikta, izstradajot divus izpildijuma zina atSkirigus rikus
— tehnologijas balstitu un analogu saskarsmes formu. Analoga formata izveide ir pamatota ar
nepiecieSamibu paaugstinat ar digitaliem rikiem saistTto ieguvumu pieejamibu auditorijai ar
atskirfgu digitalo prasmju Itmeni, tad€jadi nodrosinot pétijuma mérku sasniegSanu darba ar
dazadam sabiedribas grupam. Abi riki ietver simulaciju energijas kopienas attistibai, kuras
pamata ir individu sadarbiba kopiga merka, pieméram, CO; izmeSu samazinaSanas,
sasniegSanai.

Energijas kopienas digitalais dvinis

Eiropas Savienibas klimata parmainu mazinasanas politika defin energijas kopienas ka
vienu no risinajumiem klimatneitralitates mérku sasniegiana. Sim noliikam izstradati digitali
riki lauj petniekiem labak izprast sabiedriba domingjoSos uztveres un uzvedibas modelus, lai
veidotu atbilstoSas rekomendacijas politikas veidotajiem. Vienlaikus $ie zinatniskie sasniegumi
digitalo risinajumu joma var tikt sekmigi izmantoti ar1 sabiedribas apzinas veidoSanai un klait
par nozimigu instrumentu sabiedribas straujakai transformacijai cela uz klimatneitralitates
mérku sasniegSanu, piemé&ram, sniedzot iesp&ju individiem novertet dazadu oglekla neitralitates
risinajumu ietekmi un klimata parmainu mazinasanu.

Uz sisttmdinamikas metodi balstits digitalais riks - Energijas kopienas digitalais dvinis —
tiek veidots ka platforma sadarbibai un kopigu 1émumu pienemsanai energoefektivitates joma
potencialam energijas kopienam, kas sastav no vairakam daudzdzivoklu dzivojamam &kam
viena dzivojama kvartala ietvaros. Riks arT var sniegt novertgjumu par to, kuram klimata
energétikas politikam ir liclaka ictekme uz energijas parejas risindjumu veicinasanu.

Rika izveides merkis ir sniegt iesp&ju lietotajiem novertet savu lémumu ietekmi uz
individualajam un kolektivajam interesem un pielagoties, Iidz pienemtie 1@mumi apmierina
energijas kopienas vajadzibas. Izspéles ietvaros tiek nodroSinata mijiedarbiba starp lietotajiem
un datu atspogulojums, kas ir optimals resursu patérins no laika un tehnologiju viedokla, rosina
lémumu parskatiSanu, lai sasniegtu izvirzito kopienas mérki, piemeéram, CO; izmeSu
samazinasanu.

Rika izspéles ietvaros dalibnieki tiek iepazistinati ar hipot€tisku situaciju un ieprieks
defin&tu sasniedzamo kolektivo mérki, laujot tiem izvéleties mérka sasnieg$anas lidzeklus [56]
- energijas taupi$ana, energijas razoSana vai transporta resursa koplietoSana (2.3. tab).
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Energoefektivitates pasakumu veidi [56]

2.3. tabula

Energijas taupiSana

Energijas raZo$ana

Transporta lieto§ana

Logu nomaina
Ventilacijas nomaina
Elektroieri¢u nomaina

Jumta, sienu un pagraba siltinasana

Saules paneli

LietoSanas biezums
Brauks$anas attalums
Auto koplietosana

Tadgjadi riks veic butisku funkciju, vizualizgjot reallaika dazadus 1émuma pienemsanas

raditajus (2.4. tab.). Tas nodroSina spelétajiem vertigu izglitojosu vidi, kura vini var iepazities
ar savu un citu simulacijas dalibnieku pienemto [émumu sekam, ka arT to ietekmi uz kopienas
ieguvumiem un zaud&umiem. Dalibnieki pievienojas rika spélei, ievadot izdomatu,
neidentificgjamu lietotajvardu un komandas nosaukumu. Simulacija norisinajas péc audio

vizualu vadliniju noklausiSanas, kuras tika izskaidroti rika pamatprincipi un darbibu seciba.

2.4. tabula

Leémumu pienemsanas raditaji, ieklaujot gan individualos, gan kopienas mérkus [56]

Specifiskie merki

Finan$u raditaji

Ipatsvars

Absoliitie raditaji

Siltumenergijas patérins,
kWh/m?

Apkure, kWh/m?
Elektroenergijas paterins,
kWh/m?

Energijas patérins,
kWh/m?

Investicijas, EUR/m?

Izmaksas, EUR/gada
Siltumenergijas izmaksas
EUR/ gada

Transporta izmaksas,
EUR/ 100 km
Investicijas, EUR
Ietaupijums, EUR/ gada
Atmaksasanas laiks, gadi

Izmainas siltumenergijas
patérina, %

Izmainas
elektroenergijas patérina,
%

Izmainas
elektroenergijas
izmaksas, %

Siltumenergijas patérins,
kWh

Transporta energijas
patérins, kWh
Siltumenergijas emisijas,
t

Elektroenergijas
emisijas, t

Transporta emisijas, t
Sarazotas siltumenergijas
parpalikums, kWh
Sarazotas
elektroenergijas
parpalikums, kWh

Paspietieckamiba, %
Paspatérins, %
Izmainas transporta
lietosana, %

Datu vizualizacija un mijiedarbiba starp sp&létajiem paaugstina informetibu un izglitotibu,
kas ir butisks aspekts individa klimatatbildigas apzinas veicinaSanai. Autoresprat, Sada rika
izsp€les process var veicinat stimul&josas vides izveidi, kas sekmé klimatbildigakas ricibas
pienemsanu nakotng, pasi attieciba uz energoefektivitates pasakumiem. Rika efektivitates
novertgjumu sniedz ta lietotaji, un rezultati ir aprakstiti 3. nodala.

Energijas kopienas digitala dvina vispargjo struktiiru veido sistemdinamikas modelis, ko
demonstré vienkarSota shéma [110] ar galvenajam sastavdalam (2.3. att.). Ta pamatstrukttra
ietilpst pieci savstarpgji saistiti sektori: apkures energijas patérins, elektroenergijas patérins,
transporta energijas patérin$, energijas razoSana un uzglabasana viet§ja Iimeni no
atjaunojamiem energijas avotiem, ka arT energija no siltumapgades rajona un elektrotikla.

Modelis aprékina energijas bilanci gan €kas, gan kopienas limeni, izmantojot standarta
klimatiskos datus ar simulacijas laika posmu viens ménesis. Energija var tikt raZota uz vietas,
izmantojot saules panelus un kolektorus, siltumstiknus, uzkrajosas termoakumulacijas tvertnes,
elektriskos akumulatorus un elektriskos transportlidzeklus.
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2.3. att. Simulacijas rika izmantotas energijas kopienas vienkarSota shéma ar galvenajam
sastavdalam [110].

Ar&ja saules energijas razo$ana, ar atbilsto$u mijiedarbibu ar elektrotiklu, ir pievienota ka
papildu alternativa politikas simulacijas rika, lai novertétu §i risinagjuma iesp&jamo ietekmi.
Tomegr citas argjas atjaunojamas energijas generésanas tehnologijas §Ts modela versijas ietvaros
nav ieklautas, nemot veéra, ka Latvija prieksroka tiek dota lieliem fotoelektrisko panelu laukiem,
nevis, piem&ram, v&ja elektrostacijam.

Katrs no pieciem sektoriem ietver dazadus ievades mainigos ar noklusgjuma vertibam
(pieméram, tehnologiju tehniskie parametri, izmaksas, ara klimats, emisijas faktori) un
mainigos, kurus lietotdjs var pielagot (pieméram, energijas cenas, degvielas veidi, iekstelpu
klimats). Katra sektora galvenie darbibas raditaji ilustré dazadu intervences pasakumu ietekmi
uz energijas pieprasijumu, transporté$anu, razo$anu un uzkrasanu uz vietas, tostarp kopgjas
investicijas, atmaksasanas laiku, energijas patérinu un siltumnicefekta gazu emisijas. Galvenie
energijas kopienas darbibas raditaji ietver kop&jo energijas patérinu, energijas izmaksas,
emisiju limenus, ikméne8a energijas bilanci, atmaksa$anas laiku un citus &ku parametrus.
Detalizéta modela struktiira ir pieejama raksta “Energétikas kopienas pasakumu novertgjums,
izmantojot diferencialas evoliicijas optimizaciju” pievienotaja publikaciju kopa.

Lietotajs var izveleties vienu no se$am ieprieks definetam €ku kategorijam, kuru pamata ir
Latvija visizplatitakas standartizétas daudzdzivoklu ekas, kas celtas no 1950. Iidz 1980. gadam.
Eku apsildama platiba tiek klasificgta ka maza, vid&ja un liela, un jumta platiba ir klasificéts ka
mazs un liels. 2.5. tabula ir sniegti €ku arhetipi un to parametri [23] ietver €kas norobezojoso
konstrukciju laukumus (A), siltuma pretestibu (R), siltuma zudumu koeficientu (Hc) un stavu
skaitu eka (F).
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2.5. tabula

Eku norobezojoSo konstrukciju raksturlielumi ieprieks noteiktam eku kategorijam [110].

E.lkas Maza Maza Videja Videja Liela Liela
lielums

Jun{ta Maza Liela Maza Liela Maza Liela
platiba

Gridas 3 3 6 6 9 9
Kapnu telpas 2 3 4 6 8 12
Jumta plafiba 300 450 600 900 1200 1800
(Ar), m

Dzivojama 900 1350 3600 5400 10800 16200
platiba, m

e 9 9 18 18 27 27
augstums, m

rTn‘3lp“mS W, 2700 4050 10800 16200 32400 48600
Ellfm‘ (Sr), 825 1125 1650 2250 3075 4275
Se/V,m! 031 0.28 0.15 0.14 0.09 0.09
Si/ Ar 2.75 2.50 2.75 2.50 2.56 2.38

Datu ieguvei tiek izmantota Stella Architect programmatiira, kuras ietvaros tiek izveidota

lietotaja saskarne. ST saskarne lauj spélétajam ievadit datus un uzsakt izspéli, ievérojot sniegtas

vadlinijas, kas tiek prezent€tas gan audiovizuala, gan rakstiska formata (2.4. att.).

ENERGY e
COMMUNITY possr-—wees
GAME

been developed by Riga
) Inshitute of Energy

o B ,

ENERG?

YOU AREBUILDING A  [[READY ) comwuniTy

st s £

“u"" w @ BETWEEN (73] @

BUILDING RESULTS@ &

SWITCH

BUILDINGS

e

Hoat consumption

2.4. att. Digitala rika lietotaja saskarnes lapa [56].

Rika lietotaja saskarne, kas att€lo pasakumus, ko var istenot kopienas Iimen, valsts [Tmena

politiku un galvenos darbibas raditajus katram &kas veidam un kopienai, ir ilustréta 2.6. attela.

St saskarne ietver dazadus energoefektivitates pasakumus pieprasijuma pus€, pieméram, &kas

norobezojoso konstrukciju siltumnoturibas uzlabos$anu, iekstelpu temperatiiras pazeminasanu,

paradumu mainu, tehnikas modernizaciju, viedo tehnologiju un ventilacijas sistému

uzstadiSanu.

Tapat taja ir ieklauti pasakumi transporta (auto koplietoSana, ikdienas nobraukums, nedélas

automa$inu izmantoSana), k@ arT tehnologijas energijas raZo$ana uz vietas (saules fotovoltaiskie

paneli un kolektori) un akumulacija (elektriba un siltums).

2.5. att€ls demonstre lietotaja saskarni, kura lietotajs var izveidot energétikas kopienu no

iepriekS noteiktam €kam ar tris €kas apsildamo platibu izm&riem un divu izm@ru jumta

laukumu. Lietotajs var arT izvél&ties apkures veidu.

30



Please, choose energy community building types:

Small Buu;:llngs Average Buildings Large Buildings
(Area < 1000 m2) (Area 1000-3000 m2) (Area> 10000 m2)
Buildings Buildings Buildings
With small roof area: 5 With small roof area: 2 With small roof area: 6
With large roof area: 3 With large roof area: 1 With large roof area: 3

Please, choose energy community heat supply type:

Building heat supply o
@ District Heating

Natural Gas
Firewood
Briguettes
Electricity

Other

2.5. att. Lietotaja saskarnes ievades lapa, kur lietotajs var izveidot energijas kopienu no
ieprieks defingétam ekam [110].

Turklat tiek nemti véra atjaunojamie energijas avoti arpus uznémuma (v&ja turbinas un
saules paneli), ko kopienas Iimeni var kombinét, lai palielinatu kop&jo energijas patérinu un
sasniegtu noteiktas kopienas oglekla emisiju samazinasanas mérkus. Valsts Iimena politikas
ietver siltumenergijas un elektroenergijas cenas, investiciju subsidijas €ku energoefektivitates
pasakumiem, investiciju subsidijas elektriskajiem transportlidzekliem, investiciju dotacijas
saules energijas instalacijam uz jumtiem (saules paneli un saules kolektori), parpalikumu saules
elektroenergijas pardoSanai par tirgus elektroenergijas cenu, Neto energijas mériSanas sistémas
saules energijas parpalikumu [111], Zalo sertifikatu ievieSanu, defingjot tikla elektroenergijas
izcelsmi [112], emisiju nodoklus un kopgjas energijas izmaksas no fosila kurinama, izmainas
aizdevuma termina un procentu likme.

Detalizétaks apraksts ir sniegts pievienotajos zinatniskajos rakstos “Vairaku spélétaju spéle
lémumu pienemsanai energétikas kopienas” un “Energgtikas kopienas pasakumu novért&jums,
izmantojot diferencialas evoliicijas optimizaciju” pievienotaja publikaciju kopa.

Lietotajiem tiek sniegta iesp&ja pielagot savu uzvedibu, pieméram, mainot telpas
temperatiiru. Tapat vini var veikt izmainas energijas taupiSanas vai raZzoSanas pasakumos p&c
saviem ieskatiem, piem&ram, pielagojot saules panelu proporciju un izvérSanas intensitati uz
€kas jumta (2.6. att.). P&tfjumi rada, ka paspaterina attiecibai nav obligati jabut tuvu 100%, lai
ieguldfjums saglabatos ekonomiski dzivotsp&jigs [113]. Tapéc lietotajiem tiek dota briviba
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mainit §o apgabalu un proporciju péc saviem ieskatiem, lai optimiz&tu energijas izmantoSanu

un razosanu.
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2.6. att. Rika lietotaja saskarne pasakumiem, ko var veikt kopienas ITmen, valsts ITmena
politikas un galvenie darbibas raditaji katram &kas veidam un kopienai [56].

Rika integrétais sisttmdinamikas modelis ietver socialo dilemmu, kas rodas, lidzsvarojot
individualas (ekonomiskas) intereses, pieméram, ietaupijumus un atmaksaSanas laiku, ar
kopienas interesém, pieméram, siltumenergijas, elektribas un transporta emisiju samazinasanu.
St dilemma tiek ietekméta no neviendabigas patérétaju motivacijas, socialas mijiedarbibas un
individualajiem adopcijas [émumiem laika gaita.

Speletajiem jaizverte savi [emumi, apsverot to ietekmi uz visu kopienu vairaku sesiju laika,
un japielagojas, lai panaktu [émumu, kas apmierina visas kopienas (iesaistito sp€létaju) vélmes.
Izstradatais riks nodroSina reallaika izsekoSanu un atspogulos$anu par visu spelétaju uzvedibu
viena izspelg, laujot redzet, ka individualie lémumi ietekme kopienas kop&jo iznakumu un vidi.
Detalizéts rika apraksts pieejams raksta “Vairaku sp@létaju spéle l@mumu pienemsSanai
energétikas kopienas” pievienotaja publikaciju kopa.

Simulacijas spéle ka analogs formats

Zinatniska petnieciba veicina vides inzenierijas ieguldjjumu klimatneitralitates mérku
sasniegSana, sniedzot ne tikai ieskatu dazadu metozu ietekmé uz klimata parmainam, bet ar1
veicinot daudzveidigu risinajumu pieejamibu un izp&tes darbu ar dazadam sabiedribas grupam
[114]. ST pétijuma ietvaros, balstoties uz sistémdinamikas pieeju, izveidota Energijas kopienas

32



digitala dvina analoga versija — lomu simulacijas spéle, kas ir pieejama plasakai auditorijai,
nemot vera tas digitalo prasmju atskirTgo ITmeni.

Rika izveides meérkis ir uzlabot lietotaju sp&ju sadarboties situacijas, kad individualas
intereses japielago kolektivam interesém klimatparmainu mazinasanas konteksta, kas var prasit
izmainas sakotngja nostaja.

Izpetei izveleti tadi aspekti ka individa inform&tiba un izglitotiba klimata parmainu un
energoefektivitates jautajumos, attiecksme un uzvediba, savtigo un kolektivo interesu
ievéroSana, ka ari iesaiste kolektivos, taja skaita koprades, procesos [115], tadejadi nodrosinot
lidzsvarotu socialo un inZenierzinatnu ieguldijumu mérka grupu domasanas un uzvedibas
modelu izzinasana.

Sis riks sniedz vértigu ieskatu socialo sistému mijiedarbibas sarezgitiba cilvekiem, kuri nav
tieSi saistiti ar energetikas jomu, laujot saprast sisttmdinamikas pamatprincipus un attistit
prasmi tos pielietot sadarbibas veidosSanai ar atskirigi domajosiem individiem.

Rika galvenais uzdevums ir ne tikai veicinat lietotaju izglitotibu, bet arT rosinat interesi par
vides inZenierzinatn@m ka praktiski pielietojamu disciplinu, kas ir biitiska izsveértu nakotnes
lemumu piepemsana klimatatbildigas uzvedibas konteksta. Simulacijas spéles elementu
raksturojums ir redzams 2.6. tabula.

2.6. tabula
Simulacijas spéles izveides posmu raksturojums
éles izvei . . . s
Speles ve des Uzdevumi Sasniedzamie rezultati
posmi
Socialo lomu definstana Definéti segmenti un macisanas
- A L o merki
Spéles lomu Individualo prioritasu noteikSana ’
gl&taju) profil Kvalifikacij fingsan. _ .
.(spe'e aju) profilu vahikacyas d chinesana Definétas starta pozicijas, no
izveide Zinasanu robezu definéSana o . -
oo o . kuram izriet uzvediba un tas
Macisanas mérku noteiksana .
maina
Simulacijas spéles Hipotgtiskas situacijas izveide Definéti ierobezojumi un scenarija
scenarija izveide letvara, kura darbojas dalibnieki, definéSana attistibas virzieni
o _y Sagatavots kopienas savstarpgjas
L Saskarsmes kultiiras Tpatnibu definéSana & 'S kopienas TPe)
Simulacijas . M mijiedarbibas nosacTjumu
g Kopienas apraksta sagatavoSana . g
mijiedarbibas aspektu L - I .. raksturojums un teritorijas
. S Teritorijas attistibas planoSanas politikas o - ..
raksturojuma izveide L —x attistibas planoSanas politikas
prioritasu definésana S
prioritates

Simulacijas speles struktiira ietver trTs biitiskus aspektus, kas tiesi ietekme individu:

1) zinaSanas par klimata parmaindm un energoefektivitates pasakumiem: spéles
dalibniekiem tiek sniegta informacija par klimata parmaindm un energoefektivitates
pasakumiem, kas palidz pienemt pardomatus lémumus

2) scenariju kopums: $is aspekts ietver kopienas dalibnieku uzvedibu un individualo mérku
raksturojumu, poziciongjot katru spéles dalibnieku realos kopienas apstaklos, kur vinu izveli
ietekme citu dalibnieku argumenti un uzvediba

3) ricibu atbalstosa vide: ta ir vide, kas ietver pasvaldibas defingtas prioritates un politiku
klimata parmainu mazina$anai, ka ari pieejamo infrastruktaru, tehnologijas un materialo bazi,
kas veicina dalibu energoefektivitates pasakumos.
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Simulacijas spéles uzbtive ir detalizgti aprakstita 2.7. tabula un sastav no trim sesijam, kuru
ietvaros riks nodrosina dazadu macisanas meérku sasniegSanu [116]. Pirms simulacijas spé€les
dalibnieki tiek izglitoti par klimatneitralitates mérkiem un energijas kopienam. Spéles laika vini
iegilist zinaSanas par dazadiem energoefektivitates pasakumiem, ka ari sistémiskas domasanas
arhetipiem un pazimém, kas veicina pardomatu lémumu pienemsanu un ietekme citu dalibnieku
attieksmi un uzvedibu.

2.7.tabula

Simulacijas spéles struktiira

0. Vispargjie

uzstadijumi
1.Sagatavo$ana

Macisanas mérkis nr 1:

Ilgums: lidz 2 stundam 6 lomas 1 moderators

3.P&cparbaude

Ievades dati

zinasanas par
klimatneitralitati

Jautajumi un atbildes

Atgriezeniska saite
par procesu

2. Izpilde Spéeles 1.sesija Spéles 2.sesija Speles 3.sesija
Macisanas mérkis nr
8: zinasanas par
radoSiem
risinajumiem
Macisanas mérkis nr
9: zinaSanas par

Macisanas merkis nr 2:
zinasanas par
sistémisko domasanu

Macisanas mérkis nr 5:

Ievada informacija par spéli energijas kopienam

Macisanas meérkis nr 3:
zinasanas par

Macisanas mérkis nr 6:

R .. zinasanas par
Simulacijas sesijas

energoefektivitates argumentacijas transformacijas
pasakumiem makslu teoriju
. Atgriezeniska saite par Atgriezeniska saite par Atgriezeniska saite
Izvert&jums .. .. .
1.sesiju 2.sesiju par 3.sesiju
Macisanas mérkis nr
Atgriezeniskas . Macisanas merkis nr 4: Macisanas merkis nr 7: 10: zinaSanas par
. Teorija - _ S . I
saites posms datu analize kultiira un uzvediba informacijas
paneliem
S . . . .. Alternativais
Optimizacija | Alternativais scenarijs Alternativais scenarijs scenariis

Izspeles sakuma dalibniekiem tiek sniegtas vadlinijas, kas ietver kop&jo meérki, sp€les
norises kartibu, ilgumu un secigi izkartotos uzdevumus, ka art katras lomas raksturojumu.
Katram dalibniekam tiek pieskirta loma, kas ietver energoefektivitates prakses ka individualos
mérkus un prioritates attieciba uz paSvaldibas piedavatajiem labumiem pozitivas ricibas
gadijuma.

Simulacijas spele dalibniekiem tiek pieSkirta viena no se§am lomam (2.7. att.), katrai no
kuram ir konkréts sociala portreta raksturojums, balstoties uz nodarbosanos, personisko
parliecibu (noliedzos$a, konservativa, progresiva pieeja) un attiecksmi pret klimata parmainam
(skeptikis, neitrals, optimists). Lomu apraksti ir papildinati ar vizualiem att€liem un rakstura
iezZim&m, lai dalibniekus rosinatu labak iejusties te€la. L1idzigi ka digitala rika izspéles gadijuma,
dalibniekiem ir japanak kopigs mérkis — CO2 emisiju mazina$ana, vienojoties par vienu vai
diviem energoefektivitates pasakumiem, kurus Tstenot kopigi.
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Lauksaimnieks Andris
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Vides akfiviste amona

Skolotéja Zané

2.7. att. Simulacijas spéles lomas.

Katra sesija dalibniekiem tiek sniegtas vadlinijas par vinu ricibu atbilstosi katrai lomai.

Izaicinajumu spéles dalibniekiem veido katras lomas specifiskie individualie merki un

motivacija sadarboties (2.8. tab.). Informacija par pargjam lomam dalibniekiem tiek atklata
pakapeniski, tadgjadi simul&jot redlas dzives situacijas, kad individi atrodas ierobeZotas
informacijas apstaklos. Sada pieeja veicina dalibnieku nepieciesamibu savstarpgji komunicét,

lai iegitu plasaku informaciju par citu sp€létaju ricibas iemesliem.

2.8. tabula
Simulacijas spéles lomu sakotng&jas prioritates
Nr. Kopigais mérkis: CO: Vientula | Dabas Lauk- Skolo- ?:ll:_- Pa?:sldi-
emisiju mazinasana seniore | aktiviste | saimnieks taja nilis deputite
1. Katras lomas primarais meérkis sadarbibai
1.1. | Energijas taupiSana + + N + N +
1.2. | Energijas razoSana N + N + N +
1.3. | Resursu koplietosana + - - + - +
2. Katras lomas primara motivacija iesaistities (nodro$inati ieguvumi pasvaldibas)
2.1. | Sporta laukuma izbtve - N N N + N
2.2. | Brivdabas estrades remonts + + + + N +
2.3. | Teritorijas apzalumosana + + + + + +
2.4. | Elektro auto pieslégums N N + - +
Kur:
“+” - pozitiva attiecksme,

[1R13

- negativa nostaja,

“N” — neitrala atticksme

Pirmaja sesija dalibnieki pienem l€émumus informacijas trukuma apstaklos. Otraja sesija
dalibnieki tiek informéti par citu dalibnieku iesp&jamo prioritasu raksturu, bet nav informéti par
principalo iebildumu jautajumiem. Ja dalibnieks pienem lémumu, kas aizskar cita dalibnieka

principialos jautajumus, vin§ zaud€ ieguvumus un iespgju izteikties pedeja sesija, tadejadi
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motivgjot ripigi izsvert [émumus. Tresaja sesija dalibnieki tiek sadaliti tris grupas, kur vinu
uzdevums ir izveleties, kurus no pret&ji noskanotajiem dalibniekiem veletos parliecinat
darboties kopienas intereses, ka arT sniegt pamatojumu par savu izveli.

Dalibniekiem uzdevums ir praktizet ieprieks definétas un vinu lomam atbilstoSas uzvedibas
un komunikacijas strat€gijas un parliecinat pargjos lomu turétajus rikoties saskana ar kopigam
interes€m, izmantojot dazadas nestandarta pieejas un argumentacijas tehnikas. P&c katras
sesijas dalibnieki sanem atgriezenisko saiti par savu [émumu ietekmi uz kopg&jo spéles merki,
ka arf diskut€ par ricibu, tas pamatojumu un sekam, kas veicina maciSanas mérku sasnieg$anu.
Labakie lemumu pieneméji sanem punktus, kas tiek fikseti rezultatu tabula.

Lai palielinatu dalibnieku iesaisti, tiek nodroSinati dazadi speles mehanikas elementi,
piem&ram, ieguvumi (punkti) un priekSrocibas, sazinas formati, sadarbiba, lémumu
pienemsanas laiks, statuss, gritibas pakape, pielagoSana un izslégSana. Viens no $kérSliem
sadarbibai ir komunikacijas kultliras Tpatnibas un ar tiem saistitie izaicinajumi. Lai simulétu
realos apstaklus un veidotu speles dinamiku, petijuma ietvaros izveidota arT speletaju vispareja
saskarsmes politika (2.8. att.).

v

Dabas

; Skolotaja
akfiviste ( \ - J
-
-
Santehnikis |4 ~
N~ |
|
|
A\ 4
 SEEEE— 1
v
Seniore -~ -
Lauksaim- S~a
. \ ) -
nieks | Deputate
Apzim&jumi:
Regulara sazina Reta sazina = = = Sliktas attiecibas == = = :

2.8. att. Simulacijas spéles lomu savstarpgjas saskarsmes dinamika [116].

Sociologiskajas aptaujas iegiitie dati un sistémdinamikas pieeja tiek izmantoti dazadu
simulacijas spéles scenariju attistibai, ietverot individu uzvedibas Ipatnibas un iesp&amos
klimata parmainu mazinasanas pasakumus. Sie scenariji lauj dalibniekiem labak izprast savu
lomu sekmigas sadarbibas veidoSana, veidot klimatatbildigaku attiecksmi un veicina savstarp&ju
sadarbibu vide, kura mijiedarbojas daudzi dalibnieki ar dazadam attieksm&m un uzvedibu. Péc
izspeles dalibniekiem ir sniegta iesp&ja diskutét par iespg&jamiem nakotnes l@mumiem un to
ietekmi uz vidi, kas veicina dzilaku izpratni par sekam un ilgtermina perspektivu.
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Sistemiskas domasSanas darbnica

Sabiedribas atskirigais informétibas, izglitibas un izpratnes limenis par atbildigu ricibu
klimata parmainu mazinasanas jautajumos rosina pieprasijumu péc dazadam izglitojosa satura
metodém. Sie riki, tostarp interaktivas darbnicas, palidz individiem pienemt optimalus
lemumus ka dalibniekiem sareZzgitas socialas sistémas, pastavot lielai nenoteiktibai un
daudziem ietekmg&josiem faktoriem. Kritiskas domasanas un c€lonu un seku analizes prasmes
ir biitiskas, lai attistitu klimatbildigu sabiedribu.

Petfjuma ietvaros, sisteémiskas domasSanas darbnicas tiek izmantotas ka treSais riks
sisttmdinamikas modela zinatnisko aspektu aprobésanai praksg. So darbnicu mérkis ir sniegt
dalibniekiem vienkarSotu ieskatu sarezgitu sisttmu problému risina$ana, lai veicinatu vinu
prasmi iegiit, strukturét, analiz&t un izvertet informaciju, kas nepiecieSama dzilakai problemu
izpratnei un optimalu lémumu pienemsanai.

Darbnicas ir 3 stundu garuma un paredz intensivu mijiedarbibu starp dalibniekiem, lai atri
apmainttos ar lémumprojektiem un analiz&tu tos no sisteémiskas domasanas viedokla. Tas palidz
mazinat vai noverst riskus, kas var rasties no konkrétiem nakotnes 1émumiem. Dalibniekiem
tiek skaidroti pamatprincipi ka atgriezeniskas saites cilpas, laika aizture un nelinearas
attiecibas, lai padzilinatu izpratni par sarezgitu sisttmu dinamiku. Detaliz&ta sisteémiskas
darbnicas struktiira apskatama 2.9. tabula.

2.9. tabula

Sistémiskas domasanas darbnicas struktiira

Nr. Aktivitate Laiks,
min

1. Dalibnieku informé$ana un izglitoSana
Merkis: iepazistinat dalibniekus ar sistémdinamikas pamatiem, izmantojot vienkarsus un viegli
saprotamus piemerus
Ievadlekcija 20
1.1.1. | Iepazistinasana ar sistémiskas domasanas jédzienu, arhetipiem un pazimém. Praktiski
piem@ri no ikdienas dzives un darba situacijam.

1.1.2. | Interaktivas prezentacijas

Prezentacijas tiek izmantoti vizualizacijas riki, pieméram, PowerPoint ar dinamiskam
infografikam, lai att€lotu sisteému darbibu un to komponentes

1.1.3. | Grafiku un diagrammu izmanto$ana

Tiek paraditi piemeri atgriezeniskam sait€m, cilpu diagrammam un sisteu kartém, lai
ilustrétu sarezgitas sistémas

1.2 Interaktiva izglito§anas 40
Dalibnieki tiek iesaistiti diskusija, kas veérsta uz pagatnes [émumu pienemsanu un to
sekam. Var tikt veikta interaktiva viktorina, lai parbauditu dalibnieku sapratni par
sisttmdinamikas pamatprincipiem.

22 Attieksmes un nodoma maina

Merkis: veicinat dalibnieku izpratni par to, ka sistémiska domasana var palidzet mainit vinu pieeju
problému risinasana un lémumu pienemsana.
2.1. Grupas darbs un diskusijas 30
Dalibnieku sadaliSana 3-4 cilvéku komandas, lai apspriestu konkrétas problémas un
piemérotu sistémdinamikas principus $o problému analizé

2.2. Parskats un diskusija 30
Prezentacijas no katras grupas par vinu atzinam un priekslikumiem. Kolektiva
diskusija par apspriestajiem scenarijiem un to iesp&jamajam sekam.
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2.9. tabulas turpingjums

3. Stimulgjosa vide ricibai
Merkis: veidot vidi, kura dalibnieki tick motivéti piemérot sisttmdinamikas principus prakse un
pienemtu informetus lémumus

3.1. Praks@ un vajadzibas balstitu problémjautajumu risinaSana 20
Katrs dalibnieks izv€las no savam vajadzibam izrietosu problémjautajumu konteksta ar
klimata parmainu mazinaSanu un piedava veidu ka sisttmdinamika var tikt veiksmigi
pielietota

3.2 Reala laika dati un vizualizacija

Katrs dalibnieks izvirza pienémumu - kadus reallaika datus nepiecieSams izmantot, lai
veicinatu optimalu [émumu pienemsanu un veidotu parmainas apkartgjo individu
uztverg, izmantojot vizualizacijas rikus

3.3. Patstavigais uzdevums 40
Dalibnieki sanem uzdevumu izstradat un prezentét istermina un ilgtermina risinajumus
konkrétam problémjautajumam, nemot veéra sisttmdinamikas arhetipus un pazimes
Var tikt izveidota diskusiju grupa socialajos tiklos, dodot iesp&ju dalibniekiem dalities
ar sasniegtiem rezultatiem un sekot lidzi savas idejas progresam péc darbnicas
nosléguma

4. Noslégums un atsauksmes 10
Merkis: apkopot darbnicas rezultatus, dalities ar galvenajiem secinajumiem un
piedavat resursus talakai izglitibai (simulacijas riki, pieméram, Stella Architect vai
Vensim). Tiek iegttas dalibnieku atsauksmes un priekslikumi turpmakajiem
uzlabojumiem.

Darbnicas ar pieméru palidzibu tiek raksturoti un vélak pielietoti tadi sisteémiskas
domasanas arhetipi ka pieauguma robezas, “veiksmigo veiksme”, uzmanibas noveérSana,
“peldosie” mérki, koplietosanas tragédija un citi arhetipi, kas lauj apzinaties sarezgitu problému
c€lonus, identificét atkartojosus modelus, un izstradat ilgtsp&jigus risindjumus, balstoties uz
sistémisko skatTjumu uz problémam un to savstarp&jam saistibam.

Darbnicas ar piem&ru palidzibu tiek raksturotas un velak pielietotas dazadas vides
inZenierzinatn@s sastopamas sist€émiskas domasanas pazimes [117]:

1. Sodienas problémas nak no vakardienas risinajumiem.

Viegls risinajums parasti liek atgriezties sakumpunkta.

Celoni un sekas atrodas talu viens no otra gan laika, gan telpa.

Jo stipraks spiediens tiek izdarits uz sistému, jo stiprak ta spiez preti.

Istermina risindjums var biit sliktaks par padu problému.

Mazas izmainas var radit lielus rezultatus, tacu §Ts izmainas var biit griiti ieraugamas.
Atrak ir 1énak.

Uzvediba paliek labaka pirms pasliktinas.

P =N kWD

9. “Vainu - vainu” izvéle.

10. “Zilona sadaliSana uz pusém nerada 2 zilonus”.

11. Argjo ienaidnieku nav.

Iepazistoties ar §Tm pazimém, dalibnieki gust dzilaku izpratni par to, ka sarezgitu problemu
risinajumi nereti rada jaunas problémas (pazimes nr. 1 un 5), un ka Tstermina pieejas biezi vien
ir mazak efektivas neka ilgtermina risinajumi (pazimes nr. 4 un 5). Tiek arT izcelta
nepiecieSamiba izprast c€lonu un seku attalumu gan laika, gan telpa (pazime nr. 3), ka arf tas,
ka Skietami mazi, bet pardomati soli var radit butiskus sisteémiskus uzlabojumus (pazime nr. 6).

Atgriezeniska sait€ iegiitie dati un sistémdinamikas metode tiek izmantoti, lai izsekotu
potencialo 1émumu iesp&jamam sekam, balstoties uz zinasanam par sist€miskas domasanas
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arhetipiem un pazim&m. Darbnicu ietvaros giita pieredze var palidz&t dalibniekiem veidot
klimatatbildigaku attieksmi un veicina savstarp&ju sadarbibu vidg, kura darbojas sarezgitas
socialas sisteémas. Nosléguma dalibnieki diskute par iesp&jamiem nakotnes lémumiem un to
ietekmi uz vidi, kas veicina dzilaku izpratni par sekam un ilgtermina perspektivu.

Iegutie dati par rika noverte§jumu tiek izmantoti, lai analizétu darbnicas ietekmi uz
dalibnieku iesaistes un izpratnes Iimeni klimatneitralitates jautajumos, ka ar1 vinu spgju
identificét un potenciali Istenot ilgtsp&jigus risinajumus. legiitie rezultati sniedz vertigu
informaciju par darbnicas ka metodes efektivitati un tas potencialo ietekmi uz individu izpratni

par klimata parmainu jautajumiem.

2.3.Mijiedarbibas metodes

Uz sadarbibu vérsta lidzdaliba ka mijiedarbibas metode ir kluvusi par atzitu pieeju darba ar
meérka grupam, jo ta veicina daudzveidigaka ieintereséto personu loka iesaistiS8anos situacijas
analizes un lémumu pienemsanas procesos, nodrosinot lidzsvarotakus pilinus tadas uz klimata
neitralitati verstas vertibas veidoSana, kur galvenais ieguvéjs ir vide un sabiedriba.

2.9. attels demonstré tris biitisku elementu (kopprojektésanas, koprades un koprazoSanas)
sinergiju, kas ir nozimigs ieguldijums klimatatbildigas sabiedribas veidosana [118].

Ieintereséto pusSu pieredze un Iidzraditas
vertibas ' Sabiedriba

Dali$anas ar pieredzi un izpratni
Personalizacija, attiecibu veido$ana

Akadémiskais

sektors

Institucionalais Iesaistes
atbalsts stratégijas

Piemérota
infrastruktiira

Cilvekresursu
atbalsts

K K

o o

P P Ekologiskas
Teintereséto r R vides resursi
Pll§ll_ s'es“ rsi o KOPRADE A Utzlaboti fiziskie

Zmasanasf J Z un socialie resursi
ekspertize, gaidas 2 g Paaugstinata

T A funkcionalitate

E N

§ A

N

A

Spé&ju ekosistema
Industrija _ Atvertainovacijaskultirvide Valsts parvalde
ZinaSanuun ekspertizes optimizacija

Inovacijas ekosistémas parvaldiba

2.9. att. Analitiskais ietvars sistematiskajam parskatam par kopprojektgsanas, koprades un
kopraZosanas sinergiju [118].
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Fizisko aktivitaSu un sp€lu pieredzes sajaukums, ko veicina tehnologiskie sasniegumi,
piever§ uzmanibu arT petnieciba [119]. Savstarpgjas mijiedarbibas formatam, kas ietver
kopprojektesanas, koprades un koprazoSanas elementus, ir izSkiroSa nozime lietotaju
iesaistiSanas veicinasana [120]. Tadél pétijuma pielictotas un turpmak apskatitas divas
metodologiskas pieejas — kopprojektésanas (dizaina domasana) un kopraZoSanas (hakatons)
metodes, kuru savstarpgja integracija lauj veidot pamatu efektiviem mijiedarbibas rikiem.

Dizaina domasana

Dizaina domasana ir sociala tehnologija, kas atvieglo macamu un mérogojamu metozu
paradiSanos [121] un ta tiek izmantota, lai risinatu sarezgitas problémas, ka ari virzitu
starpnozariskas inovacijas [122]. Dizaina domasana ka metode ir pielietota jau kops 1950.—60-
ajiem gadiem un akadémiskaja literattira ta ir plasi apskatita un pozicionéta ka 1) metodologija,
2) projektétaju domasana un 3) prakse balstita (iedzivinata) domasana.

2.10. attéls demonstré dazadas §1s metodes pielietojuma perspektivas.

Dizaina
domasana
Metodologija P;o;elftetaju Iedzivinata
omasana prakse
Informacijas | Abduktiva | Veseluma Variaciju Jegas Visaptveross
apstrade sprieSana radiSana atlase veidoSana dizains

2.10. att. Dazadas dizaina domasanas perspektivas [123].

Abdukcija ir domasanas process, kura tiek piedavata vislabaka iespg&jama hipoteze, lai
izskaidrotu novérotos faktus. Salidzinot ar deduktivo vai induktivo sprieSanu, abduktiva
domasana koncentr&jas uz iesp&jamo skaidrojumu veidoSanu, kas nav noteikti pieraditi, tomer
ir ticami, balstoties uz pieejamo informaciju. Veseluma radisana ka termins atsaucas uz uztveri
un procesu, kura dalas tiek apvienotas, lai raditu jégpilnu veselumu, kas ir vairak neka tikai
atsevisko dalu summa. Jegas veidoSana attiecas uz procesu, kura individi vai grupas interpreté
un pieskir nozimi sarezgitam vai neskaidram situacijam, lai labak izprastu notikumus un
pienemtu [émumus. Visaptveross dizains nozimé projekt€Sanas pieeju, kas aptver visu sist€ému,
nemot vera visus elementus, kontekstu un mijiedarbibu, lai izveidotu pilnigu, labi pardomatu
risinagjumu [123].

Ka metodiska pieeja dizaina domasana ir sastopama plasa spektra inZenierzinatnés un ari
socialas zinatnés [124], [125], [126]. Ka sabiedribas iesaistes metode ta plasak tiek izmantota
ped&jos 20 gados un tai ir bitiska nozime individu izglitoSana, ka ar1 kritiskas domasanas
veicinaSana. Dizaina domasana tiek izmantotas aktivas maciSanas strat€gijas, piemeram, grupu
sadarbiba un praktiska maci$anas, kas uzlabo izglitojama radoSumu problému risinasana [127].
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Turklat ta var sekmét uzvedibas modelu veidosanu un attistit organizacijas kulttiru, tadgjadi
veicinot digitalo transformaciju un inovacijas mérku sasniegSanu [128], [129]. Tomér
mehanismi, ar kuriem organizacijas izmanto dizaina domasanu, lai virzitu parmainas un sp&ju
veido$anu, joprojam ir empiriski nepietiekami izpétiti [130], [131].

Dizaina doma$ana tapat ka kvalitativas izp&tes metodes paver jaunas iespgjas, lai izmantotu
abu jomu stipras puses, lai ieviestu efektivus jauninajumus.

Petijuma pielietota dizaina domaSanas metode aizgiita no dizaina domasanas modela, ko
izveidoja Hasso-Plattner Dizaina institiits Stenforda. Stenfordas skolas modelis izcel
nepiecieSsamibu visu risinajumu centra izvirzit cilvékus. Modelis maca procesa iesaistitajiem
just Iidzi saviem lietotajiem, uzdot jegpilnus jautajumus, apstridét pienémumus, generét plasu
iesp&amo risinajumu klastu, iesaistities prototipa veidoSana un parbaudit risinajumus ar
realiem lietotajiem [132]. Stenfordas skolas modeli izmantotie pieci dizaina domasanas posmi,
ka paradits 2.11. att€la, ir: empatija un iejusanas, problémas defin€sana, idejas un risinajumi,
prototip€Sana un test€Sana.

Prototi-
péeSana

2.11. att. Dizaina domasanas metodes soli [132].

Nav viena labaka dizaina domasanas procesa. Tadél Stenfordas skolas modela elementi tick
integréti Apvienotas Karalistes Dizaina padomes 2003.gada izstradataja pieeja “Dubultais
dimants”, kur viss kopg&jais process ietver divas atseviskas fazes — divergento un konvergento
[133], ka tas ir redzams 2.12. att€la. Pirmaja posma (divergenta pieeja) uzsvars ir uz risinajumu
virzienu kvantitati, lai tiktu atklatas jaunas iesp€jas, savukart, otraja posma (konvergenta pieeja)
tiek izvelets un attistits viens risinajums, lai sniegtu vertibu gala lietotajiem.

Kas ir problémas, kas ir
jarisina?

Kads ir §1s problémas
risinajums?

prétes Probléma Risinajums
tema

2.12. att. “Dubulta dimanta” pieeja dizaina domaSana [133].

S pétijuma ietvaros ir pielietota dizaina domasanas metode, pamatojoties uz Britu dizaina
padomes "dubulta dimanta" pieeju un Britu padomes dizaina domaSanas metodologiju
"Nakotnes pilsetas spele," ko 2006. gada izstradaja vadosie eksperti radosas ekonomikas joma

41



no Viet&jo ekonomisko stratégiju centra (Centre for Local Economic Strategies) Lielbritanija.
Sis metodes jau tiek plasi pielictotas sabiedribas iesaistei dazadu pilsétplanosanas un attistibas
jautajumu risinasana, tau nav bijusas plasi izmantotas klimatneitralitates mérku sasniegSanas
konteksta.

Eksistgjosa rika pilnveide ka autores izv€le ir pamatota ar spéles metodologijas un formata
augsto novertgjumu petijuma meérka grupu vidi gan publiskaja, gan privataja sektora. Taja pasa
laika ir konstat€ta nepiecieSamiba pielagot speli laikmeta garam un ilgtsp&jigas attistibas
vajadzibam, ko apstiprina ari Iidz §im sanemta atgriezeniska saite no spéles dalibniekiem, kuri
piedalijusies vairak neka vienu reizi. Dalibnieki pasi izcel sp&les nozimigumu jaunu zinasanu
ieglisana, [emumu pienemsanas procesa kvalitates uzlabo$ana, aktualas mijiedarbibas metod@s
komanda un starp komandam spéles ietvaros. Spéle tiek organizeta 1-2 dienu formata ar 30—
40 dalibniekiem, kas tiek sadaliti 6-8 komandas. ‘“Nakotnes pilsétas spéles” metodologija
ietvertie 10 soli, kuri redzami 2.13. att€la, virza individu no problémjautajumu konteksta
dzilakas izpratnes lidz praktiski parbauditiem un uzlabotiem risinajumiem [134].

1.s0lis:
9.solis:  globalie - 2.solis:
nosléguma zleh ]y vietgjie
prezentacijas izaicinajumi

8.solis: 3.solis:
ideju testéSana 10.solis: aspekti

balsoSana
7.solis:
gatavo$anas
testéSanai

4.solis:
idejoSana

6.solis: 5.solis:
ideju Tsrunas prioritates

2.13. att. Dizaina domasanas metodologijas ‘“Nakotnes pils€tas spele” 10 soli [134].

Esosas spéles metodologija balstas uz plasaku datu analizi, sadarbibu komanda un ar
argjiem partneriem, viedoklu apmainu, sacensibu principu ar balsojuma palidzibu, ideju
generéSanu, prioritizé€sanu un prezentéSanu, ka arT atgriezeniskas saites sniegSanu, iegiiSanu un
analizi. Labakas idejas tiek parbauditas reala vide.

Petfjuma ietvaros tiek piedavata uzlabota dizaina domasanas ka procesa pieeja — “Nakotnes
organizacijas spéle”. ST spéle ir paredzéta organizacijam publiskaja vai komercsektora un ir
vérsta uz darbinieku informétibas, atticksmes un uzvedibas modelu mainu attieciba uz
organizacijas ietekmi uz vidi.
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Esosa rika struktiira tiek papildinata ar diskusiju ka datu ieguves veidu, lai noveértétu
dalibnieku zinaSanu Iimeni, attieksmes un uzvedibas izmainas. Kvalitativa datu analize lauj
identificet metodes efektivitati dazados izglitoSanas aspektos, piem&ram, ilgtsp&jigu [émumu
sekas un ieguvumi. Tas palidz dalibniekiem labak izprast ar cilvékresursiem saistitus riskus
organizacijas ilgtspgjigai attisttbai un nepiecieS$amibu p&c pielagoSanas stratégijam.
Identificgjot un analizgjot organizacijas ievainojamibas faktorus, spéles dalibnieki var macities,
ka labak aizsargat organizaciju un tas infrastruktiiru no klimata parmainu sekam.

2.10. tabula redzamie elementi veido dinamisku mijiedarbibu starp dalibniekiem,
nodros$inot ietekmi uz dalibnieku izglitoSanu, atticksmes parskatiSanu un ricibu stimul&josas
vides attistibu.

2.10. tabula
“Nakotnes organizacijas speles” elementi un to ietekme
. . Ietekme uz procesa vai rezultatu Uzlabojumi | Pienesums
Nr. Integrétie elementi A - = o e
efektivitati rika satura | organizacijai
1. | Individa inform&$ana un izglito$ana
1.1. | Datu analitika BalstiSanas uz faktiem un skaitliem veido
izpratni par realo situaciju un lauj salidzinat X
ar saviem lidz§ingjiem prieksstatiem
1.2. | Pieeja vesturiskiem Plasaka izpratne par problémjautajumiem
datiem no X
iepriek$&jam spélem
1.3. | Komandu veidosana Sastopoties ar atSkirigiem uzskatiem, tos
péc dazadibas principa | analiz&jot, var paplainat savu redzesloku X
2. | Attieksmi un nodomu mainit sp&jigs individs
2.1. | Sparings Izaicinot citas komandas un sanemot
pretjautajumus, var izvertet savu prieksstatu
atbilstibu realai situacijai un to X x
nepiecieSamibas gadijuma mainit
2.2. | Diskusija par jaunam Datos balstitu tendencu apskats liek izvertét
normam un veértitbam savu piederibu vienai vai otrai sabiedribas X X
grupai
2.3. | Datu analitikas IesaistiSanas procesa ietver ricibu, kas ir
vizualizacija pamanama ari plasaka sabiedriba un var X X
sekmét tas attieksmes mainu
2.4. | Datu ieguve par Sava viedokla maina parskatama (isa) laika
individa attieksmi ar perioda var sekmét atvertibu atticksmes
klimata parmainam mainai ari citos jautajumos X X
saistitos jautajumos
pec spéles
2.5. | Lemumu pienemsana | Daudzkritériju lémumu pienemsanas analizes
pielietojums x x
3. | Ricibu stimulgjosa vide
3.1. | Koprade plakatu Lidzdarbosanas jaunu vértibu radisana un
izveidé nakamo spéles | kopiga vestijuma formulésana var veidot
dalibnieku piesaistei emocionalo saikni starp dazadi domajosiem X X
individiem, kas uzlabo kopigu [émumu
pienemsanas potencialu
3.2. | Mijiedarbiba ar Praktiskas aktivitates organizacija spéles
sabiedribu ideju ietvaros var veicinat spélétaju ticibu realam X
testeSanas faze parmainam
3.3. | Starpdisciplinaru Daudzveidigaka sadarbiba ar individiem, kam
pieeju izmantoSana ir atskirigs viedoklis X X
rezultata sasniegSana
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Integrgjot §1s pieejas "Nakotnes organizacijas spele", tiek uzlabota tas izglitojosa vertiba un
veicinata dalibnieku dzilaka izpratne un iesaiste klimata parmainu mazinasana.

Mingto elementu pielietojuma ierobezojumi: informacijas ieguvei un ideju test€Sanai
atvéletais laika ietvars, spéles dalibnieku skaits, motivacija iesaistities ideju kvalitates
uzlabos$ana un spéles organizatora uzstadfjumi un ierobezojumi.

Metodes izstrades merkis ir nodro§inat drosu vidi daudzveidigu viedoklu apmainai un
izsvertu lémumu pienemsanai, veidojot atbalstoSu platformu individa ricibai ar noliku
lidzsvarot individualas un kolektivas intereses. Tas tiek panakts ar dinamiskas mijiedarbibas
nodro§inasanu starp dalibniekiem individuala un komandu Iimeni, koncentrgjoties uz
izaicindgjumiem klimata parmainu jautajumos, ideju generéSanu, optimalo risindgjumu izvéli ar
daudzkriteriju lemumu pienemsanas analizes metodi un parbaudi realos apstaklos. Tadgjadi tiek
veicinata dalibnieku izglitoSana un nostajas parskatiSana, sastopoties ar to ietekmé&joSiem
faktoriem. Jaunie satura un aktivitasu organizacijas elementi tiek pielagoti, lai uzlabotu dizaina
domasanas procesa un rezultatu efektivitati.

KoprazZo$anas metode

Zinatniskaja literattira hakatons tiek apskatits ka mijiedarbibas metode, kur noteikta laika
nogriezni dalibnieki ar dazadu pieredzi un ekspertizi darbojas kopa, iesaistoties strukturétas
aktivitatés ar mérki izveidot kopigu iniciativu konkrétas problémas risinajumam atbilstosi
pasakuma rikotaja tematiskajam uzstadijumam [135], [136], [137], [138]. Dalibnieki dalas
savas zinaSanas, prasmes un idejas, lai raditu praktiskus risinajumus un procesa ietvaros liela
nozime ir vertibas radiSanai sadarbiba un atverta diskusija. Hakatoni var tikt rikoti ka istermina
pasakumi, kas ilgst vienu vai divas dienas vai arT veidoti ka ilgtermina koprades process, kas
var péc rikotaju uzstadijumiem turpinaties vairakas nedglas.

No organizacijas viedokla hakatons tiek struktur&ts un vadits, ievérojot noteiktus procesus
un norises kartibu. Tas ietver uzdevumu definéSanu, dalibnieku piesaisti un atlasi, darba sesiju
planosanu un TstenoSanu, ka ari sasniegto rezultatu prezentaciju un novért€Sanu. Retakos
gadijumos tiek monitorétas komandas, kas turpina darbu pie hakatona izstradatas idejas pec ta
formala nosléguma. Tadgjadi hakatons ka metode nodroSina sist€misku pieeju virzibai no
problémas lidz risinajumam un ta ievieSanai.

Autore uzskata, ka hakatons ka izplatits un labi iepazits mijiedarbibas riks, 1idz §im nav
pilnvertigi izmantots attieksmes un uzvedibas kultliras mainas jautajumos. Pilnveidojot ta
formatu, var meérktiecigak rosinat jaunu ar klimatneitralitati saistitu normu veidoSanos un
izplatibu plasaka sabiedriba.

KopraZo$anas metodes un hakatona ka tas aprobacijas rika uzmanibas centra ir dinamisks
mijiedarbibas process starp dalibniekiem un ta ietvaros tiek veikta situacijas analize, generéts
un aprobets ideju kopums, attistita tikloSanas, resursu koplietoSanas, komunikaciju un citas
socialas prasmes, ka ar1 iegiita informacijas apmainas un sadarbibas pieredze. Tiek pielietoti ar1
dazadi sp€les mehanikas elementi, ieskaitot punktu vakSanu un uzvarétaju noteikSanu
(2.14. att.) un tas kopuma veido stimulgjosu vidi individu turpmakai ricibai.
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Ilgtsp&jas hakatona izstrades merkis ir veidot stimul&josu vidi individa ricibai, balstoties uz
izpratnes uzlaboanu klimata parmainu jautajumos un saistito risindgjumu attistiba. Sis
koprazoSanas formats ir piemérots sistematiskai datu ieguvei un atspogulojumam ar
vizualizacijas 1iku palidzibu, laujot dalibniekiem novértét izmainas sava atticksmé péc rika
izspéles.

Hakatons

Hakatona mérka . . . - VerteSanas
noteikana lerobezots laika resurss Darbs komanda Sacensiba Kritgrij

| ‘ | | ‘ |
/ PIRMS hakatona \ / Hakatona ietvaros \ PEC hakatona

| Meraliennesans | | Fona informéacijas sniegSana Biezi: pasakuma
- izvertéjums

Datu ieguve

| Uzsaukums daltbniekiem |

Reti: monitorings par idejam,
kas tiek attistitas

. Ideju generésana
Dalibnieku atlase un g

Vadlijas daltbniekiem pirms
hakatona

Ideias prototinéSana

|dejas testéSana

registracija |
| Rezultatu prezentacija

|
|
|
Mentorings |
|
|
|

Komandas darba vértéSana

| BalsoSana |

k Uzvarétaju apbalvosana

2.14. att. Hakatonu raksturojo$ie elementi.

Lai gan tradicionalie hakatoni atpazistami ar problému “uzlausanas” pieeju, tie veicina art
uz kopienam balstitu maciSanos un starpdisciplinaru sadarbibu, tapec Sis zinasanu koprazosanas
veids var nodro$inat institucionalu impulsu [139], kas lauj giit parnozarisku, vairo savstarpgju
uzticibu un laika gaita stiprina attiecibas starp dalibniekiem [140]. Tadgjadi hakatoni kliist par
potenciali iedarbigam aktivam maci$anas metodém, jo veido metodologisku pamatu
padzilinatam, ilglaicigam un jégpilnam macibam, kas apvieno teoriju un praksi.

Pétfjuma ietvaros veidotais riks tiek fokus€ts uz jaunieSu iesaisti klimata parmainu
jautajumu risinasana, sadarbojoties ar publisko sektoru (valsts vai pasvaldibu iestadém) un
akademisko un komercsektoru. ST pieeja var rosinat jaunieSu motivaciju izvéléties vides
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inzenierzinatnes ka nakotnes izglitibu vai profesiju, piedavajot iesp&ju biit saskarsme ar zinatni,
petniecibu, ka arT politikas veidotajiem un ieviesgjiem praktiska Itment. Detaliz&ta ilgtsp&jas

hakatona struktiira un iesaistito pusu loma apskatama 2.11. tabula.

2.11. tabula
Ilgtsp&jas hakatona aktivitates un iesaistitas puses
Iesaistitas puses
Nr. Posmi Aktivitates Publiskais | Privatais | Jau- | Akadémiskais
sektors sektors niesi sektors
Sagatavo-
1. | sanas faze Plano$ana un partneru piesaiste X X X
Tematiska Konkrétas vides izaicinajumu
2. | fokusa definéSana, uz ko koncentréties X X X
noteik§ana hakatona laika
s Tiessaistes aptauju veikSana pirms
TieSsaistes . . .
. norises potencialo dalibnieku
3. | aptauju L . . X X
o (jaunie$u) vida ar mérki noteikt
veik$ana . R . ’ .
vinu zina$anu un izpratnes limeni
Iepazistinasana ar mérkiem un
Atklasanas kriterijiem
4. _ _ Lo X X X X
pasakums Sadarbibas partneru iesaiste
Stimul&josas vides nodrosinasana
5 Komandu Dalibnieku sadalisanas komandas . «
" | veidosana
Mentoru pieskirSana
Atbalsta riku Ir}frgstrlikturas un Vld? S
nodrogi- pieejamibas un nodro§inasana
6. — Metodiskais atbalsts X X X
nasana e . .
_ sistémdinamikas pamatu izpratnei
komandam L
un daudzkrit€riju lemumu
analizes metodes pielietojumam
. Risinajumu izstrades sesijas
Ideju _ L oo
< _ Sakotn&jo ideju prezentacija
7. | genergSana _ - X X X
o Mijiedarbibas koordinésana starp
un attistiSana _
komandam
Tehniska un tirgus izpéte
Prototipu Izejma}?er_lvalu un aprikojuma
8. | . nodro$inasana X X X
izstrade L
Prototipu izstrade
Progresa atskai$u monitorings
Nosléguma | Komandu nosléguma
9 | faze prezentacijas X X X X
Ziirijas darba nodro§inasana
Balsojums Labako ideju noteik$ana un
10. | un . X X X
“ apbalvosana
apbalvosana
Atbalsta programmas (pieméram,
_ akseleratori)
Péc- . - M
Atsauksmju analize un uzlaboSana
11. | hakatona I X X X X
aktivitates Prakses un darba iespéjas
Publicitate plassazinas lidzeklos
Sadarbibas tikla veidosana

46



Akadeémiska un privata sektora partneru loma ir nodrosinat nepiecieSsamas kompetences
risinajumiem, kas v@rsti ne tikai uz ilgtsp&jas hakatona merku sasniegSanu, bet arT uz formata
pievilcibas veicinaSanu jaunieSu mérkauditorija.

Autores piedavatie uzlabojumi ilgtsp&jas hakatona organizatoriskaja struktiira (2.15. att.)
ietver ne tikai datu ieguvi un analizi p&c hakatona, bet arT vairaku elementu integréSanu, lai
stiprinatu rika ietekmi uz klimatatbildigu uztveri un ricibu.

Sie uzlabojumi ietver:

1) uzdevumu defin€Sana un monitorings pirms un p&c pasakuma,

2) resursu koplietoSanas un citu klimatneitralitati veicino$u uzvedibas formu dazadosana,

3) pasakuma dalibnieku ka kopienas attistiba ar socialo saiSu uzturésanas palidzibu,

4) sistemiskas domasanas jédziena skaidroSana un ieklauSana informativa materiala veida.

Sie elementi kopuma veicina ilgtspgjas hakatona efektivitati, nodroinot, ka tas ne tikai
sasniedz savus mérkus, bet arT aktivi iesaista un iedvesmo dalibniekus, veicinot ilgtermina
klimatneitralitates uzvedibu un izpratni.

Hakatons
Hakatona lerobezots —
_ . Darbs - Veértésanas
mgrl;a laika komanda Sacensiba kiiteri
noteikSana resurss
PIRMS hakatona Hakatona laika PEC hakatona

DiagnosticgjoSs tests par

attieksmi un eso$o uzvedibu

“Atro rezultatu” aktivitate |

Uzdevums, kas javeic pirms
hakatona (datu ieguve,
priekSizpéte, solo iniciativa
utt)

Resursu koplietoSana
ka norma

levads
sistémiskaja domasana

Resursu koplieto$ana ka
eksperimentala aktivitate

Kopienas un savtigo intereSu
domasanas trenin

Radosa aktivitate
“dzive péc hakatona”
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Diagnosticgjoss tests par
attieksmes un uzvedibas
status quo péc pasakuma

“Kaskades princips”
— informacijas izplatiSana

Aktivitate publiska telpa
(socialos tiklos, kopiena) par

Péc-hakatona sacensiba —
kopienas interesu
aktualizéSana

Hakatona kopienas
attistiba

k fiziska vai digitala vide

2.15. att. Hakatona organizatoriska struktiira.



Lai stiprinatu koprazoSanas metodes pievilcibu jaunieSu ka meérka grupas vidi, tiek
izmantoti spéles mehanikas elementi (piemeram, $kersli, sacensibas, lomas, punkti), ka arT
kulttras un radosajas industrijas sastopamus uzdevumus — komandu vestljuma vizualizacija,
tradicionalo piepémumu apstridésana un citi radoSi formati informacijas pasnieg$anai vai
procesa dazadoganai. Sie elementi palidz mazinat risku, ka dalibnieku motivacija samazinas vai
izsikst hakatona laika vai p&c ta nosléguma.

Rezultata uzlabotais hakatona formats ne tikai nodrosina aizraujoSu atmosfeéru, bet art
motivé dalibniekus turpinat iesaistities un veikt uzdevumus péc hakatona, piedaloties dazadas
aktivitateés, piemeram, aptaujas, atgriezeniskas saites sniegSana par “kaskades” principa
ievéroSanu, p&c-hakatona sacensibas un aktivitates socialajos tiklos. Tas lauj izvertet izmainas
dalibnieku attiecksme un uzvediba, ka arT noverot multiplikativo efektu, ja dalibnieki pec iegitas
pieredzes veic aktivitates vietgja kopiena vai citas mérka grupas.

2.4. Bibliometriska metode

Bibliometriska metode ir plasi sastopama dazadas zinatniskas pétijumu jomas un tas pamata
ir akad€misko publikaciju satura un cit§jumu analize, kas lauj noteikt popularakas te€mas,
zinatnisko darbu un to autoru ietekmi un pétniecisko jomu attistibu. ST metode ir Tpasi noderiga
pie liela skaita publikaciju, kas saistitas ar konkr&tu t€mu un kuras ir laikietilpigi un neefektivi
analizét bez tehnologiju palidzibas. Jomas, kur ir mazak ka dazi simti p&tfjumu, var tikt
piemeroti sistematiski parskati, savukart, ja ir 500 vai vairak pétijumu, efektivakam darbam
nepiecieSams izmantot bibliometriskas analizes [141].

Bibliometriska metode lauj novertet zinatnisko darbu nozimigumu, tomer janem véra ar
cit€jumu kvalitates vai zinatnisko darbu vértéjuma subjektivitati saistitie izaicinajumi.

Akademisko pétijumu resursi, piemé&ram, Scopus, Web of Science un Google Scholar
nodrosina plaSas iesp€jas zinatnisko publikaciju meklesanai dazadas jomas. P&tnieciba §is
datubazes lauj identificét jaunakas publikacijas un analiz&tu tendences pétfjumu jomas noteikta
laika perioda. Katrai no min&tajam datu bazém ir savas priekSrocibas un ierobezojumi:
SCOPUS un Web of Science datu bazes pievérs galveno uzmanibu zinatniskajiem zurnaliem
un augstas kvalitates publikacijam, savukart, Google Scholar var ietvert plasu publikaciju
spektru, ieskaitot neakad@miskus darbus. Tade] ir butiski izveleties piem&rotako datu bazi un
racionali argument€t bibliometriskas analizes avota izv€li un interpretaciju.

VOSviewer ir bezmaksas programmatiras riks bibliometrisko tiklu veidoSanai un
vizualize€$anai, tam piemit sp&ja apstradat liela apjoma informaciju, nodroSinot uztveramu un
daudzpusigu analizi [142]. Digitalo riku ir izstradajis Nis Jans van Eks (Nees Jan van Eck),
pétnieks Leidenas universitaté Niderland€ un tas ir kluvis par plasi pielietotu ar1 zinatnisko
publikaciju vizuala karté$ana, atvieglojot ari publikacijas sastopamo atslégas vardu apstradi.
Otrs biezi sastopams riks bibliometrija ir CiteSpace. Ar VOSviewer izveidotas vizualizacijas ir
labak uztveramas un lietotajam draudzigakas. Savukart, CiteSpace priekSrociba ir vizualizaciju
vertgjosa analizeé, piemeram, klasteru mezglu analize, izmantojot klasteru parlikprogrammu
[143], [144].
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P&tijuma metode sastav no Cetriem soliem un ir apskatama 2.16. attéla:

1) zinatnisko rakstu atlase no Scopus datu bazes, balstoties uz izvirzitajiem kriterijiem,
2) informacijas apstrade ar vizualizacijas programmu,

3) rezultatu analizi, balstoties uz izvirzitajiem kritérijiem,

4) secinajumiem.

lzvirzitie disciplinu ierobeZojumi

Atlastti zinatniskie Informacijas apstrade Rezultatu
raksti Scopus ar VOSviewer = Secinajumi
o _ analize
datubazé programmatdru

2.16. att. Bibliometriska metode.

Lai nodrosinatu, ka izgiita literattra ir cie$i saistita ar So p&tfjumu un sniegtu ieguldijumu
darba mérka sasniegSana, Scopus mekl&taja kategorija “Article title, Abstract, Keywords” tika
ierakstttas §adas atslégas vardu kombinacijas:

1) “Climate” AND “Society” AND “Methodology” AND “Behavior”,

2) “Climate” AND “Society” AND “Behavior”,

3) “Climate” AND “Society” AND “Attitude”,

4) “Climate” AND “responsible” AND “society”,

5) “Climate” AND “change” AND “mitigation” AND “Attitude”.

Parstaveto disciplinu ierobezojumi publikaciju atlasei: izvél€tas publikacijas kateogorijas
vides zinatnes, socialas zinatnes, inzenierzinatnes, energija, psihologija maksla un humanitaras
zinatnes un lémumu pienemsanas disciplina.

Meklesana tika veikta 2024. gada 13.februar un analizei izvélétie dokumenti ir publicéti
Scopus datubaze starp 2014. un 2024.gadu, lai nodrosinatu aktualo p&tijjumu analizi. Kopuma
$im pétijumam ka primarais datu avots tika izgiita datu kopa, kura bija 2219 attiecigie raksti.

2.5.DaudzKkritériju lemumu pienemsSanas analizes metode

Viens no promocijas darba uzdevumiem ir izstradat un izveértét metozu un pasakumu
kopumu, kas biitu piemérots darbam ar daudzveidigam meérka grupam. Uzdevuma izpildei
pétljuma ietvaros izstradatas metodes ka alternativus risindjumus nepiecieSams novertet pec
vispargjas efektivitates un piemé&rotibas krit€rijiem, kuru kvantitativos un kvalitativos
parametrus nosaka partnerorganizacijas parstavosie eksperti, lai tadejadi varétu izvéléties
metodes atbilstosi vienam vai vairakiem ieprieks definetiem merkiem:

1) mérka grupas inform&S$aa un izglitosana,

2) attieksmes un nodoma demonstrésana,

3) ricibu stimul&josas vides veidosana.
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Daudzkritériju léemumu pienemsanas analizes metode ir sistematiska pieeja, kas lauj izvertet
un salidzinat dazadus lémumu variantus, nemot véra vairakus, arT pretrunigus, kritérijus. So
metodi 1981. gada izstradaja Hvangs C.L. (C.L. Hwang) un Juns K.P. (K.P. Yoon) [145] un
ta ir Tpasi noderiga situacijas, kad nepiecieSams izsvért dazadus faktorus un kompromisus,
pieméram, metodes pielietojumam atvéletais laiks, ievieSanai nepiecieSamie resursi, merka
grupas lielums u. c. krit&riji.

Petfjuma izmantota TOPSIS (Technique for Order of Preference by Similarity to Ideal
Solution) metode, kas ir populara daudzkriteriju lémumu pienemsanas analizes metode, kas
palidz izveléties labako risinajumu, balstoties uz alternativu tuvumu idealajam risinajumam un

Nemot veéra nepiecieSamibu pielietot zinatnisku pieeju arpus akadeémiskas vides, TOPSIS
metodei ir vairakas priekSrocibas, pieméram, neierobezotu skaitu krit€riju un alternativu
izmantoSana, salidzinoSi vienkar$s aprékinu process, kam nav nepiecieSama specializéta
programmatiira. Turklat, tas rezultati lauj efektivi un parskatami salidzinat alternativas.

Sakuma tiek identificéti un definéti kriteriji (Ci — C;), raksturo riku efektivitati un
piemé&rotibu rika ievies€jiem:

1) informg&josa un izglitojosa vertiba — noverte, cik efektivi riks nodrosina informaciju un

veicina dalibnieku izpratni par klimata parmainu jautajumiem,

2) individa attieksmes un nodoma demonstracija — cik liela méra riks lauj individiem paust

savu nostaju un uzklausit citu dalibnieku viedoklus,

3) stimulgjosas vides veidoSana — novertg, cik efektivi riks lauj individam aktivi istenot savu

nodomu metodes ievieSanas laika vai izteikt apnemsanos ricibai pec aktivitates,

4) piemerotiba darbam ar daudzveidigam meérka grupam — izverté metodes pielagojamibu

auditorijam ar dazadu profilu un interesém,

5) izspéles ilgums — nosaka laika resursus, kas nepiecieSami metodes Tstenosanai,

6) partnerorganizaciju iesaistes pakape — novert® nepiecieSamo cilvekresursu apjomu

organizatorisko darbu veikSanai un saistito administrativo slogu,

7) auditorijas aptvere — cik liels dalibnieku skaits vienlaikus var iesaistities metodes

nodro$inataja procesa.

So kritériju novértésana lauj identificét labakas iesp&jas p&tijuma ietvaros izstradato metozu
pilnveidei, nodroSinot to optimalu pielagosanu publiska vai komercsektora organizaciju
vajadzibam darba ar mérka grupam, lai veicinatu ilgtsp&jigu darbibu un klimatneitralitati.

Balstoties uz TOPSIS analizes metodi, tiek izveidota lémumu pienemsanas matrica (X), kur
katra rinda sastav no piecam metodém, un katra kolonna — septiniem kriterijiem, ka redzams
2.1. formula. Katrs elements x;j norada metodes i vertibu attieciba uz kriteriju j.

(2.1,

cCi, C, C3 Cy Cy Cg Oy
Ay oz T2 T3 T Tis Tie  Tar
Ay mo1 T2 T3 T T Tag Ty
Az ®31 T3 ®33 T34 Ty T3s T3y
Ay Ty Tap Ty3 Ty Tas Tae T4y
As x50 T2 X33 Ts4 Tss  Tse  TsT
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kur:

Ai...As— salidzinamas alternativas (metodes);

C\...C;— kriteriji, pec kuriem tiek veikta salidzinasana;

x;— alternativas 7 (i no 1 1idz 5) sniegums/vértiba p&c kritérija j (f no 1 1idz 7).

Katram krit€rijam tiek noteikts ta individualais svars w; (2.2. formula). Svarus nosaka
ekspertu sniegtais vertg§jums. Visu kriteriju svaru summai jabiit vienadai ar 1.
2.2)

w; =1

n

i=1
Lai nodrosinatu, ka dazadi kriteriji tiek verteti Iidzvertigi, katrs sakotngjas matricas

elements tiek normalizéts, izmantojot §adu 2.3. formulu.

2.3)

a:ij

Z?ll x?j

Tij =

kur r;j ir normaliz&ta vertiba, x;j ir sakotng&ja vertiba, un m ir alternativu skaits.

Talak tiek aprékinata normaliz&ta sverta matrica, izmantojot 2.4. vienadojumu, kur
normaliz&tas vertibas tiek reizinatas ar atbilsto$a krit€rija svaru, ieglistot normaliz&to svérto
vertibu.

(2.4

V=W T

Normalizéta sveérta lémumu pienemsanas matrica (2.5. formula) ir pamats turpmakai
TOPSIS analizei.
(2.5.)

Cl Cz 03 C4 Cs 06 C7
A v vz vz Y4 Vs Ve Vit
A2 V21 V22 V23 V24 V25 V26 V27
Az v vz v Un U U3 37
Ay v Vg Vi3 Vg Vg5 Vs V47
As vs1 Us2 Us3 Usa Uss Use Vst
kur:
X ir normalizgta sveérta lémumu pienemsanas matrica,
A apzimge alternativas,
C apzime kritérijus,
vij ir normaliz&ta sveérta vertiba.

Talak tiek noteikts katra krit€rija idealais pozitivais (A™) un idealais negativais (A°)
risinajums (2.6. un 2.7. formula). Idealais pozitivais risinajums ir risinajums, kura katra kriterija
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vertiba ir optimala (maksimala vai minimala, atkariba no ta, vai kriterijs ir labveligs vai
nelabveligs), savukart idealais negativais risinajums ir sliktakais iesp&jamais variants katram
kriterijam[145].

(2.6.)
+ + ,+ +
AT ={v],vy,...,u,,}
kur  v; = max(vi;) ja j ir labveéligs kritérijs
un vj* = min(v;;) jaj ir nelabveligs kriterijs
(2.7))
A ={v;,vy,...,v,}
kur v; = min(vi;) ja j ir labvéligs kritérijs
un v; = max(vi;) jaj ir nelabveligs kriteérijs
1

Talak tiek aprekinati attalumi no katras izstradatas alternativas lidz pozitivajam idealajam
risingjumam (D;") un negativajam idealajam risinagjumam (Dy), kas redzami 2.8. un 2.9.
formulas.

2.8)
Df = \ zm:(vz‘j —v;)?
= (2.9.)
D = (vij — vy )?
5

legtistot rezultatu, tiek aprekinats relativas tuvibas indekss (Ci) katrai alternativai
(2.10.formula):

(2.10.)

D
Ci= v
D] + D;

Nosléguma riki tiek sakartoti p&c relativas tuvibas indeksa (C;) dilstosa seciba. Riks ar
augstako (C;) vertibu tiek uzskatits par labako risinajumu. P&dgja posma tiek interpretéti
rezultati un sniegti ieteikumi par to, ka uzlabot rikus. Tiek piedavati ieteikumi, balstoties uz
novertesanas rezultatiem, kas var ietvert riku struktiiras izmainas, jaunas pieejas ievieSanu vai
uzlabojumus riku satura.

52



3. REZULTATI UN DISKUSIJA

Saja nodala ir apkopoti 2. nodala aprakstito sedu zinatnisko pieeju rezultati pielietotos
piecos klimatatbildigas sabiedribas attistibu veicinoSos rikos, kas ir apskatami 3. attela.

~
Energijas kopienu Informésana un izglitosana
digitalais dvinis
[ Simulacijas spéle }
~ Klimatatbildigas
Nodoma un attieksmes = :
Sistémiskas domasanas demonstratana nakotnes sabiedribas
darbnica i attistiba
J
[ Iigtspejas hakatons }
) Ricibu stimulgjosa vid
Nakotnes icibu stimulgjosa vide
organizacijas spéle
J
N

3. att. Promocijas darba aprobétie moduli.

3.1. Sociologisko aptauju rezultati

Divu sociologisko aptauju veikS$anas mérkis bija analizét Latvijas iedzivotaju paSreizgjo
energoefektivitates praksi un attieksmi klimata parmainu jautajumos - energijas taupiSanu un
razoSanu, videi draudzigu transportu, modernu atjaunigo energoresursu ievie$anu un energijas
kopienu veidoSanas potencialu starp majoklu ipasniekiem viena €ka vai blakus €kas, ka art
identificgt potencialas iesp&jas klimatatbildigas ricibas veicinaSanai, lai tas integrétu
izstradatajos mijiedarbibas rikos.

Abas aptaujas tika izmantotas identiskas anketas, un tas sasniedza 1005 respondentus, tacu
bija at8kirigas izlases. Pirma aptauja tika veikta 2021. gada, kad nekas neliecinaja par iesp&jamu
karu Eiropa un strauju cenu pieaugumu. Lidz ar to 2023. gada nebija iesp&jams identificet jau
apsekoto paneli atkartotam aptaujam. Lidz ar to abu aptauju noverojumus nevar saistit ar
unikalu respondentu, bet tie sniedz ieskatu, ka attieksme ir mainijusies. Dati tika svérti,
izmantojot valsts statistiku par dzimumu, tautibu, vecumu un regionu ka svéruma parametrus.

Aptaujas pirmaja dala galvena uzmaniba tika pieversta energoefektivitates pasakumiem,
kurus potenciali vartu ieviest vai vismaz saistit ar respondentu majam. Konkréti, cilveékiem
tika jautats, kadu apkures energijas taupiSanas praksi vini ir pien€musi vai plano ieviest sava
dzivojama vieniba. Lidzigi jautajumi tika uzdoti par elektroenergijas taupiSanas praksi.
Visbeidzot, vairaki jautajumi attiecas uz respondentu transportu un ikdienas braucieniem.

2021. gada veiktais pétijums atklaja, ka energoefektivitates ievieSana majsaimniecibas reti
kad konsekventi veicina progresivakas energoefektivitates prakses pienemsanu. Datu analize
par kaskades I[émumiem vai secigiem modeliem energoefektivitates pasakumu pienemsana
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sniedza ierobezotus pieradijumus. Turklat tika konstatéts, ka izpratne par klimata parmainu
c€loniem nepalielina cilveku gatavibu investét vai mainit uzvedibu klimata parmainu
jautajumos. Tehnologiju ievieSana izSkiro$a nozime ir atticksmei pret vidi, kas izpauzas
energijas taupiSanas prakse vai daliba vides nevalstiskas organizacijas.

Lai ieglitu apl€ses par energoefektivitates pasakumu izplatibu Latvija, tika apliikoti Cetri
galvenie energoefektivitates pasakumu veidi. Tie ietvéra energijas taupiSanas praksi
majsaimniecibu ITmeni, kas aptver gan elektroenergijas, gan siltumenergijas taupi$anas praksi
€kas Itmeni, koncentr&joties uz apkures sistému, energijas raZzoSanu &kas IimenT un individualas
parvieto$anas paradumus. Sie pasakumu veidi un prakses tika izvéleti, lai aptvertu galvenos
prieks$nosacijumus un nakotnes iesp&jas, ko majsaimniecibas var&tu apsvert energijas kopienu
veidoSanas un nakotnes ricibas planu izstrades procesa.

Atbildes liecina, ka visplasak pienemtie energoefektivitates pasakumi notiek
majsaimniecibu Iiment (3.1. att.).

Siltinati vai mainiti logi @0--20--40--6()=1'
Energoefektivs apgaismojums -----: "
Energoefktiva liela sadzives tehnika -----=|
Energoefktiva maza sadzives tehnika @---H-
Siltinatas arsienas @--r 1-_'
Siltuma regul&Sana (termostats u.tml.) --—1_ -
Videi draudzigs transports --d_
Siltinats jumts @-r 1__'
KoplietoSanas transports -H-

Saules paneli@ | Visi
@ Privatmaja
Elektroauto (1) ® Daudzdzivoklu majas (<9

Véja generatori @ @ Daudzdzivoklu majas (10< dzivokli)

3.1. att. Energoefektivitates pasakumu pienemsanas raditaji (procentos).

Lielaka dala Latvijas iedzivotaju dzivo majoklos, kuros ir siltinati vai nomainiti logi (72%),
energoefektivas gaismas (63%) un energoefektivas (vismaz A pakape péc ES elektroiericu
mark&juma) galvenas ierices (ledusskapis, televizors u.c., 62%). Savukart, to pasakumu
pienemsanas raditaji, kas vismaz prasitu sadarbibu starp dazadam majsaimniecibam, ja tie tiktu
pienemti daudzdzivoklu majas, vai majsaimniecibu sadarbiba no vairakam €kam, ja pasakumi
tiktu ieviesti efektivos energoblokos, ir daudz zemaki.

Energoefektivas transporta iespgjas, kuras var labi integrét efektiva energijas kopiena,
Latvija nav popularas. Nelielam skaitam cilvéku ir elektromobili (1%) un tikai dazi cilveki
regulari izmanto transporta (velosipédu, motorolleru, automasinu) koplietoSanas pakalpojumus
(20%). Pat visparigaks jautajums par to, vai ikdienas parvietoSanas lielakoties notiek,
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izmantojot videi draudzigu transportu (sabiedriskais transports, velosipéds, elektromobilis),
sniedza tikai 28% pozitivu atbilzu.

Ir dazas ieverojamas atskiribas, vertgjot energoefektivitates pasakumu ievieSanas raditajus
starp daudzdzivoklu maju iedzivotajiem un tiem, kuri dzivo individualos majoklos. Pirmkart,
attiectba uz arsienu un jumta izolaciju individualo majoklu pienemsanas raditaji ir ievérojami
augstaki. Individualas dzivojamas vienibas dzivojoSie 2,1 reizi biezak neka cilvéki no
daudzdzivoklu dzivokliem dzivoja €ka ar izoleétam sienam un 2,7 reizes biezak individualiem
majokliem ir siltinats jumts. Savukart, daudzdzivoklu namos dzivojoSie biezak izmanto
energoefektivas transporta iesp&jas. Tresdala no tiem (33%) parsvara ikdiena izmanto videi
draudzigu transportu, savukart individualos majoklu iedzivotaji - tikai 15%. Tapat
koplietoSanas pakalpojumus izmanto 23% daudzdzivoklu maju iedzivotaji pretstata 12%
individualos dzivoklos dzivojoSo.

Galvenas atskiribas energoefektivitates pasakumu ievieSanas tempos starp Latvijas
teritorijam ir saistitas ar transportu un parvieto$anos. Nav parsteidzosi, ka vairak cilveku, kas
dzivo Riga — vienigaja vieta Latvija ar salidzino$i augstu iedzivotaju blivumu — medz izveleties
videi draudzigas parvietoSanas iesp&jas, kas ietver arT sabiedrisko transportu. Ari Riga ir
nedaudz vairzk cilvéku neka citas vietas, kas regulari izmanto transporta koplietoSanas iesp&jas.
Tas vismaz dal&ji vartu biit saistits ar vairakam iesp&jam.

Aptaujas respondentiem pie katra ieklauta energoefektivitates pasakuma bija iesp&ja
izveleties, vai plano to darit tuvakaja laika (2-3 gadi), talaka nakotn€ vai nav planots to ieviest.
Bija arT iesp&ja noradit, ka ir griiti sniegt precizu atbildi. Kopuma visizplatitaka alternativa
energoefektivitates pasakumu pienemsanai ir to nepienemsana. Ipasi tajos gadijumos, kad
adopcijas raditaji ir zemi, lielaka dala cilvéku, kuri nav veikusi konkrétu energoefektivitates
pasakumu, noradija, ka neplano to darit ar turpmak (3.2. att.).

Siltinati vai mainiti logi (72)

Energoefektivs apgaismojums @

Energoefktiva liela sadzives tehnika (ledusskapis, TV u.c.) @

Energoefktiva maza sadzives tehnika (t€jkanna u.c.) @
Siltinatas arsienas

Siltuma regul&Sana (termostats u.tml.) @

Videi draudzigs transports @

Siltinats jumts @

Koplietosanas transports (velosip&di, skrejriteni, auto) @

Saules paneli o 84

Elektroauto n

V&ja generatori @ 9

@ Teviests ® Nav @ Pilanots (2-3 ® Planots (talaka

3.2. att. Plani pienemt energoefektivitates pasakumus (procentos).
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Dati arT lauj noskirt to respondentu atbildes, kuri noradija, ka ir majoklu Tpasnieki, kuros
vini dzivo, no tiem respondentiem, kuri ir tikai Tpasniecku gimenes locekli vai dzivo majoklos,
kas nepieder viniem vai kadam no gimenes locekliem. Dati liecina, ka Ipa$niekiem ir nedaudz
augstaki energoefektivitates pasakumu ievieSanas raditaji, kas saistiti tieSi ar viniem
piederosajiem majokliem (izolacija, apkures reguléSanas ierices utt.), bet zemaks
energoefektivitates pasakumu ievieSanas ITmenis.

Salidzinot daudzdzivoklu maju kvartalu iedzivotaju un individualos majoklos dzivojoso
planus, tiek ieglitas vairakas véra nemamas atzinas. Pirmkart, ekas limena siltuma taupiSanas
pasakumu ievieSanas raditaji ir augstaki starp cilveékiem, kuri dzivo individualajos majoklos.
Turklat arT individualajos majoklos dzivo salidzinosi vairak cilveku, kuri tuvakaja laika plano
veikt minétos pasakumus. Pieméram, siltinat jumtu &kai planoja 32% cilvéku, kas dzivo
individualaja majoklT un attiecigi 18% cilvéku, kas dzivo &kas ar vismaz 10 dzivokliem.
Otrkart, tie cilveki, kas apsver iesp&ju kIt par energijas razotajiem, parasti dzivo individualos
majoklos. Pieméram, saules panelus planoja uzstadit 29% individualo maju iedzivotaju,
pretstata tikai 3% cilvéku, kas dzivo daudzivoklu &kas ar vismaz 10 dzivokliem.

Visbeidzot, Tpasnieku un Tpasnieku gimenes loceklu atbildes ir loti lidzigas jautdjumos, kas
attiecas uz majoklu energetikas pasakumu planiem. IpaSnieku ipatsvars, kuri plano kadas
darbibas $aja joma, parsniedz planotaju patsvaru to cilveku vida, kuri tikai dzZivo majoklos un
kuriem tie nepieder, ka arT nav saistiti ar dzivoklu Ipasniekiem.

Cilvekiem, kas piedalijas aptauja, tika sniegts to faktoru saraksts, kas potenciali varétu
ietekmét 1@émumus par energoefektivitates uzlabojumiem (attieciba uz apkuri, ventilaciju,
apgaismojumu, karsta tidens piegadi u.c.). Respondentiem tika ltigts novertet katra faktora
nozimigumu piecu punktu Likerta skala no 1 (nemaz nav svarigi) lidz 5 (loti svarigi). Faktori,
ko cilveki uzskatija par svarigakajiem savos lémumos, bija iesp&jas samazinat ikménesa
maksajumus par elektribu, apkuri un tdeni, ka ari iesp&jas samazinat uzturé$anas izmaksas
(3.3.att.).

Opportunities to reduce service bills

(electricity, heating, water)

Opportunities to reduce maintenance costs

Opportunities to improve quality of living conditions

Availability of state or municipality
financial support measures

Immediate investment needed

Payback period of investment

Time needed to organize
the implementation of improvements

Opportunities to increase property value

Recommendations (experts)

Opportunities to reduce long-term
negative environmental impact

Bank credit availability
Recommendations (relatives, friends, acquaintances)
Recommendations (building managers)

Recommendations (municipality)
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3.3.

att. Energoefektivitates uzlaboSanas ievieSanas 1émumus ietekméjosie faktori (procentos).
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So divu faktoru vidgjais vértéjums bija attiecigi 4,4 un 4,2. Siem faktoriem sekoja
neskaidrak definéta veélme pec dzivesvietas (dzives apstaklu kvalitate), ceribas, ka par to biitu
jamaksa kadam citam (valsts vai paSvaldibas finansials atbalsts) un v€l viens ar ienesigumu
saistits faktors — uzlabojumu realizé$anai nepiecieSamas tiilitéjas investicijas.

Visiem trim faktoriem vidgjais vertéjums bija 4,1. Faktori, kurus cilveki noveértgja ka mazak
svarigus, bija paSvaldibu, namu apsaimniekotaju un radinieku ieteikumi. Salidzino$i maz bija
ari tadu cilveku, kuri par butiskiem energoefektivitates paaugstinaSanas l€mumus
ietekméjosiem faktoriem uzskatija banku kreditu pieejamibu un iesp&ju samazinat negativo
ietekmi uz vidi.

Kopuma $kiet, ka cilveki parsvara verté energoefektivitates pasakumus privato izmaksu un
ieguvumu izteiksmé&. Vini arT nelabprat palaujas uz ieteikumiem, pasi, ja tie nak no publiska
sektora iestadém, pieméram, pasvaldibam vai namu apsaimniekoSanas organizacijam. Ir
cilveki, kas uzskata, ka ekspertu ieteikumi ir svarigi, tacu izpratne par to, kurs ir kvalificéts ka
eksperts, respondentu vidi var but atSkiriga.

Gan cilvekiem, kuri dzivoja ekas, kuram nebija autonomas apkures sisteémas, gan cilvekiem,
kuriem bija autonoma apkures sist€ma, bet kuras darbina fosilais kurinamais un biodegviela,
tika lGigts novertet savu gatavibu pariet uz moderniem atjaunojamiem energijas avotiem (sauli,
vEju vai geotermalo energiju). No respondentiem, kuriem bija autonoma apkures sistéma, 56 %
konceptuali atbalstija pareju. Salidzindjumam, atbalsts parejai to cilveéku vidi, kuriem bija
centrala apkure, bija mazak izteikts — to atbalstija tikai 46 %.

Sociologiska pétijuma meérkis bija arT izpéfit cilveku motivaciju, kad vini pienem vai
nepienem noteiktus energoefektivitates pasakumus. P&c tam tie tika izmantoti, lai izstradatu
digitalo dvini ka Iémumu pienemsanas palidzibas riku, kas nem veéra §is atskiribas.

Aptaujas rezultati liecina, ka izpratne par atjaunojamiem energoresursiem Latvija ir
salidzinos$i zema — 67 % respondentu norada, ka viniem nav vai ir loti ierobeZota izpratne par
$iem resursiem. Sis fakts liecina par iespgjamu pieprasijumu péc detalizétakas informacijas, kas
apraksta katra atjaunojama energijas avota socialo ietekmi. Turklat stimulu rikoties,
pamatojoties uz informaciju par socialajam izmaksam, varétu palielinat ar brivpratigu oglekla
tirgu ievieSanu un oglekla kreditu pieskirSanu iedzivotajiem, kuri izvélas samazinat oglekla
emisijas. Tomér, negativs aspekts ir tas, ka Latvija cilvéki par prioritati uzskata privatas
izmaksas un ieguvumus, nevis socialos. Tadel socialo izmaksu akcent&$anai, izmantojot tikai
brivpratigus privatos emisiju samazinasanas mehanismus, varétu biit ierobezota ietekme uz
valsts méroga rezultatiem.

Privatas izmaksas un ieguvumi

Lai atbalstitu lémumu pienemsanu saistiba ar energijas patérinu, razo$anu un energijas
avotu izvéli, politikas veidotdji, energijas piegadataji un pétnieki strada pie informativu
paligmaterialu un interaktivu Iémumu pienemsanas riku izstrades. So centienu pamata ir atzina,
ka energgtikas 1émumi biezi vien ir sarezgiti, ar ilgtermina sekam un vairakiem mérkiem.
Logiski konsekventa un uz pieradijumiem balstita fona informacija var padarit Sos lémumus
parskatamakus un mazak balstitus uz emocijam.

57



Aptaujas rezultati liecina, ka ar1 Latvija iedzivotaji butu ieintereséti $ada informacija.
Jautajot par faktoriem, kas ietekme vinu l@émumus par energoefektivitates paaugstinasSanu
majsaimniecibas, respondenti ka svarigakos noradija iesp&jas samazinat ikménesa maksajumus
par elektribu, apkuri un @ideni, ka arf uzturéSanas izmaksas.

Ir arT pieradijumi, ka cilveki, kuriem pasiem vai kuru gimenes locekliem pieder majoklis,
kura vini dzivo, vairak sliecas apsveért izmaksas un ieguvumus, kas saistiti ar majokla
energoefektivitates investicijam. Sis grupas parstavji energoefektivitates investiciju ietekmi uz
ipasuma vértibu verté augstak (3,7 skala no 1 Iidz 5) neka iedzivotaji, kuri tikai € majokli
(3,3). Tomer starp grupam nav lielas atkiribas, ja nem véra citu izmaksu un ieguvumu faktoru
svariguma verte§jumus. leprieksgjie petijumi liecina, ka cilvéki meédz palauties uz ieprieks
veidotiem viedokliem un selektivi meklet informaciju, kas apstiprina vinu uzskatus.

Visbeidzot, 2021. gada aptauja noradija uz iedzivotaju zemo izpratni par atjaunojamajiem
energoresursiem, kas norada uz nepiecieSsamibu veidot izglitojoSu saturu, lai palielinatu
sabiedribas izpratni par klimata parmainam un iesp&jam veicinat energoefektivitati.

2022. gada marta energijas cenas butiski picauga energétikas krizes dél. Vislielakais cenu
pieaugums bija dabasgazei, Skeldai un malkai. Neliels relativais pieaugums attiecinams uz
dizeldegvielu, kokskaidu granulam un elektroenergiju.

Reaggjot uz energijas cenu pieaugumu, 2022. gada bija pieejams valdibas atbalsts
elektroenergijas un centralizétas siltumapgades izmaksu segsanai [147]. Majsaimniecibam,
kuras elektribu izmanto telpu apkurei, elektroenergijas tarifs, kas parsniedz 0,16 EUR/kWh,
tika samazinats par 50 %. Dabasgazes maksa tika samazinata par 0,03 EUR/kWh par patérinu
virs 221 kWh meénest. Centralizetas siltumapgades tarifs tika samazinats par 50 % no starpibas
starp apstiprinato un vidgjo siltumenergijas tarifu (68 EUR/MWh). Tapat tika kompensé&tas
biomasas granulu un brikeSu iepirkuma izmaksas, ja izmaksas parsniedza 300 EUR/t. Katra
majsaimnieciba ar malkas krasni vai katlu bez pirkuma éeka sanéma 60 EUR kompensaciju.
Kompensacijam atveletais finans&jums bija gandriz 340 miljoni eiro [148].

Abu sociologisko pétijumu rezultati sniedz vairakas batiskas atzinas, kas sniedz
ieguldijumu promocijas darba aprob&to mijiedarbibas riku satura izstrade. Pirmkart, aptaujas
atklaj, ka Latvijas iedzivotaji biezak veic energoefektivitates pasakumus, kas saistiti ar
individualu ricibu (piem&ram, logu siltinasana vai energoefektivu iericu izmanto$ana), bet reti
sadarbojas kopienas ItTment. Tadel mijiedarbibas riku saturs javeido ta, lai sekmé&tu kopienu
sadarbibu un kolektivu ricibu energoefektivitates uzlabosana.

Otrkart, aptaujas liecina, ka ekonomiskie faktori, piem&ram, izmaksu samazinasana, ir
galvenais motivgjoSais faktors energoefektivitates uzlabojumiem. Tapéc izstradajot
mijiedarbibas rikus, ir svarigi ieklaut ekonomisko ieguvumu model&Sanu un apsprieSanu, ka art
demonstret ilgtermina izmaksu samazinaSanas potencialu.

2023.gada aptaujas rezultati liecina, ka sabiedribas attiecksme un izpratne pret oglekla
neitralitati nav IpaSi mainijusies kara un energétikas krizes dél. Lielaka dala procentualo
izmainu bija klidas robezas 95 % ticamibas Iimen1. V&l viens svarigs aptaujas jautajums, kas
aplukots Saja petijuma, ir faktori, kas ietekm& v€lmi sadarboties ar kaiminiem un veidot
energgtikas kopienas. Attiecigais jautajums ir definéts §ada forma: ‘“Pienemsim, ka jums un
josu kaiminiem &ka bija jaizlemj par kadu &kas apsaimniekoSanas vai labiekartoSanas
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jautajumu. Cik viegli vai griti jums bitu panakt vienoSanos? legiitos rezultatus var aplikot
pievienotaja raksta [110]. Eku apsaimniekoSanas un labiekarto$anas jautajumi, par kuriem
respondenti uzskatija visvieglak vienoties ar kaiminiem, bija “kapnu telpas uzkopsana” (23 %
aptaujato noradija, ka ta butu “loti viegli”’) 2023. gada, savukart 21 % to apstiprinaja 2021.
gada) un “ekas apkartnes sakopsana” (19 % atzim&ja “loti viegli” 2023. gada un 16 % 2021.
gada). No otras puses, problémas, par kuram vienoties ar kaiminiem butu visgriitak, bija “saules
panelu uzstadiSana” (tikai 3 % aptaujato uzskatlja to par “loti viegli” jautajumu, par kuru
vienoties 2023. gada un 2021) un “apkures sistémas veida maina” (5 % no “loti viegli” atzimes
2023. gada un 4 % 2021. gada). Atbilstosi respondentu sniegtajam atbildem dzivoklu Tpasnieku
lidzdaliba majoklu apsaimniekoSana nav T1pasi mainijusies — 2023. gada majoklu
apsaimniekoSana piedalijas 71 % respondentu, bet 2021. gada — 66 %, kas atbilst kltdu
robezam.

Kopuma skiet, ka dzivoklu Tpasnieku paSu uzradita kapacitate vienoties par daziem &ku
apsaimniekoSanas un labiekartosanas jautajumiem ir nedaudz pieaugusi, tomér neparsniedzot
atbilstosas kliidas robezas. Jebkura gadijuma paSu uzradita spgja vienoties par kopigiem
pasakumiem joprojam ir loti zema.

Tapat ka attieciba uz faktoriem, kas ietekmé energoefektivitates pasakumu pienemsanu un
atjaunigo energoresursu lietoSanu, ranzéSanas secibu izmantoSana lava parbaudit 2021. un
2023. gada sniegto atbilzu atSkiribas. Prakse apnemsanas uzlabot koplietoSanas sabiedrisko
telpu, pieméram, kapnu telpu uzkopSana, eku apkartnes kopsana vai kapnu telpu atjaunoSana ir
iedzivotdju kopigo vértibu raditajs. Sis kopigas vértibas, darbibas un apspriezu procesi, kas tiek
ieviesti, pienem un nostiprina svarigus l€mumus un finansialas saistibas, pieméram,
energoefektivitates pasakumus.

3.2. Energijas kopienu digitalais dvinis

Sistémdinamikas pieeja balstitais digitalais 11ks "Energijas kopienas digitalais dvinis"
pétijuma ietvaros nodro§indja interaktivu vidi, kas lava dalibnieckiem sadarboties energijas
patérina optimizacija un resursu parvaldiba, tadejadi veidojot priekSnoteikumus ilgtsp€jigas
energoefektivitates uzlabosanas prakses attistibai kopienas Iiment.

TesteSanas méerkis bija parbaudit gan rika funkcionalitati, gan art ta ietekmi uz lietotaju
atticksmes un lémumu mainu. Sakotn&ji izstradata simulacijas rika test€Sanai tika izveleti
akademiska sektora parstavji, kuri tiek uzskatiti par kompetentiem energoefektivitates
joma[56]. Vinu atsauksmes norada uz rika potencialu pielietojumam l€mumu pienemsanai
majsaimniecibu limeni realitatei pietuvinatos apstaklos. Tas skaidrojams ar to, ka izveleta
meérka grupa sevi identificé ka dzivoklu Tpasniekus, kuriem japienem l€émumi par savu majoklu
energoefektivitati un to vertibas uztur€Sanu vai paaugstinasanu nekustama IpaSuma tirgi.
TesteSana piedalijas 29 dalibnieki, kuri p&c testéSanas aizpildija novertéjuma anketas, sniedzot
savu viedokli par rika funkcionalitati un ta turpmako pielietojumu .

Otra primara mérka grupa bija vides inZenierzinatnu studenti, kuri izstradato riku pozitivi
verteja konteksta ar klimata parmainu mazinasanu saistitu l@mumu pienemsana, tadejadi
iesaistoties klimatneitralitates mérku sasniegSana konkréti defingjamu pasakumu Iment.
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P&c rika aprobacijas minétajas rika test€Sanas grupas, sekoja pétijuma ietvaros izveletas
sabiedribas grupas — daudzdzivoklu namu apsaimniekoSanas uznemumi, attistibas jautajumu
specialisti pasvaldibas, ka arT jaunieSi. Kopuma 241 dalibnieks piedalijas 8 pasakumos,
sadaloties 6 komandas pa 4-5 spélétajiem katra.

Digitala dvina simulacijas rezultati liecina, ka tieSsaistes 11ks veicina dalibnieku lémumu
pienemSanu un sadarbibu, neskatoties uz sarezgitu parametru kopumu, kas prasa
koncentrédanos uz iepriek$gjo sesiju rezultatiem. Sis riks lauj lietotajiem eksperimentgt ar
savam izvelém un redzet reallaika rezultatus. Rika interaktivitate veicina socialo maciSanos
vidg, kura dalibnieki ieglist jaunas zinasanas, balstoties uz savu ricibu.

Rika izspéles ietvaros komandas aizvadija 4-9 sesijas, kuru skaits bija atkarigs no komandas
dinamikas un iek$gjas vienosanas, ko nodrosinaja rika integréta térzetava. Spelétaju uzdevums
bija defingts rika sakotngjos uzstadijumos — samazinat CO; [imeni. Lielakais samazinajums bija
par 80 % (no 604 t uz 123 t) kopuma 9 sesijas, savukart mazakais bija par 43 % (no 889t uz
506t) 4 seansu kopsumma (3.4. att.).
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3.4. att. Simulacijas laika raditas kumulativas CO: emisijas, tn/gada [56].

Izvert§jot iegiitos datus, var secinat, ka visas komandas centas sasniegt rika vadlinijas
definéto uzstadijumu, tapéc var uzskatit, ka komandas dalibnieki ar rika starpniecibu sp&ja
sadarboties, lai sasniegtu mérki, kas veicina energijas kopienas attistibu.

Ka vel vienu pamatparametru spelétaji izvirzija izmaksu samazinasanu — arT tas p&c ceturtas
sesijas samazinajas par 4 miljoniem. par 2,6 miljoniem eiro. Lielakais samazinajums par 98 %
(no 9,7 miljoniem eiro uz 0,2 miljoniem eiro) kopuma 6 sesijas, bet mazakais — par 41 % (no

60



0,65 miljoniem eiro uz 0,38 miljoniem eiro) kopuma 6 sesijas. Datu apstrade liecina, ka abi
augstak mingtie raditaji ar katru sesiju samazinajas, iznemot vienu komandu, kurai p&dgjas
sesijas laika pieauga izmaksas (3.5. att.).
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3.5. att. [zmaksu samazinaSanas dinamika simulacijas laika, EUR [56].

Savukart, kopgjais investiciju apjoms ar katru sesiju pieauga, vidgji sakot no 1,2 milj.
2. sesija lidz 1,9 miljoniem 4. sesija. Lielakais pieaugums bija 91 %, bet mazakais — 25 %.
Komanda izdarija izveli, kas samazinaja kop&jo investiciju apjomu par 40 %, vienlaikus
saglabajot pozitivu CO2 emisiju un izmaksu samazinajuma tendenci (3.6. att.).
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3.6. att. Investicijas energoefektivitates pasakumos simulacijas laika, EUR [56].
Vidgjais investiciju atmaksasSanas laiks bija 5 - 6 gadi, kur spéles beigas augstakais bija 11
gadi un zemakais 2 gadi. Tris komandam spéli izdevas pabeigt ar 0 gadu atmaksasanas laiku,
divam 9. sesija, vienai 6. sesija (3.7. att.).
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3.7. att. Investiciju atmaksasanas laiks simulacijas laika [56].

Izspeles ietvaros tika noverots, ka rika ieklauto iesp&ju skaits mainit savus ieradumus,
pieméram, pazeminat telpas temperatiiru, ir salidzino$i minimals. Noradita telpas temperatiira
svarstfjas no 18 lidz 24 gradiem péc Celsija, kas liecina par sp&létaju zemo v€lmi pazeminat
ikdienas komfortu, ta vieta izv€loties citus pasakumus energoefektivitates uzlaboSanai,
vienlaikus apzinoties, ka temperatiiras pazeminaana var samazinat energijas pat€rinu
(3.8. att.). Tas sniedz vertigu informaciju autorei par aspektiem, ko integret citos mijiedarbibas
rikos, lai veicinatu diskusiju un sadarbibu ar energoefektivitati saistitu praksu uzlaboSanai.

Viena komanda p&dgja sesija piekrita samazinat temperatiiru par 1-2 gradiem. Viens
dalibnieks to izdarija 5. karta, samazinot par vienu gradu, bet pedgja karta to izdarfja vél 3
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speletaji, ka rezultata vidgja temperatiira pazeminajas, salidzinot ar sakotngjam izvélem. Visu
komandu spéletaji ar savu izveli samazinaja temperatiiru par 27,5 %.

Temperature [*C]
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3.8. att. Temperatiiras pazeminasanas lemuma gadijums komanda.

Simulacijas rezultati liecina, ka sp€létaji mainija savus lémumus, pamatojoties uz
vieno$anos par kopiga mérka sasniegSanu (pieméram, CO; samazinasanu) un ka turpmakajas
nodarbibas guva apstiprinajumu, ka sp&letaji ir gatavi vienoties kolektivo interesu varda.

Kopuma tieSsaistes anket€Sanas ietvaros 81 % pozitivi novertgja riku ka metodi
informacijas iegliSanai un sadarbibai, savukart par&jie respondenti noradija, ka pozicionétais
formats (spéle, sacensibas) nelauj to uztvert ka pielietojamu realos apstaklos, tomér, ja tie
sniedz parliecibu par apstradato datu ticamibu, tad to vartu vertet pozitivak. Komentgjot
sanemto aprékinu saprotamibu, 48 % atbild&ja apstiprinosi, 18 % noliedzosi, savukart dazi
noradija, ka nav iedzilinajusies aprékinu skaidrojuma. Lidzigas atbildes tika sniegtas ari par
aprékinu ticamibu [56].

55 % apliecinaja, ka audio vizualas vadlinijas bija izsmeloSas rika lietoSanai, 16% atzina,
ka nav pilnvertigi iepazinuSies ar vadlinijam, savukart pargjie noradija uz vairaku uzlabojumu
nepiecieS$amibu, pieméram, skaidrojums jasniedz nedaudz 1&nak un nepiecieSami papildus
informacijas avoti atsevi§ku terminu dzilakai izpratnei.

67 % dalibnieku r1ka atspoguloto informaciju novertgja ka viegli uztveramu, savukart 14 %
atbild&ja noraido$i, skaidrojot to ar t€rz€Sanas istabas funkcionalitati, nepiedavajot iesp&ju
vienlaikus redzet visu kopienas dalibnieku rezultatus, nepiecieSamiba vizuali redz&t kopgjo
merki visas spéles garuma, ka arT vélme redz&t skaidrojumus, ka individualie parametri mainis
kopienu l@mumu rezultatus. Ka papildus izskangja velme redzEt pasreiz€jos atbalsta
mehanismus energétikas kopienu kopigu aktivitagu ievie$anai [56].
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3.9. attela ir atspogulotas petfjuma ieklauto dalibnieku atbildes uz jautajumu par dazadu
sadarbibas formatu ietekmi uz motivaciju iesaistities CO2 izmeSu samazinasana. Jautajums tika

uzdots péc rika izspéles.

Cik nozimigi ir $ie sadarbibas formati, lai jis iesaistitos CO, izmeSu samazinasana? (%)
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3.9. att. Pétjjuma mérka grupu vértgjums sadarbibas formatu nozimigumu p&c rika izspéles.

No atbildém izriet, ka gandriz puse (48 %) uzskata digitalos rikus uzskata par loti
nozimigiem, lai blitu motiveti iesaistities klimatneitralitati veicino$as aktivitates, otra vieta
(42 %) atstajot kopigas iniciativas energoefektivitates pasakumiem un atgriezeniskai saitei par
perspektivu ricibu.

Merka grupas tika aicinatas sniegt atbildi par primaro rika pielietojumu (3.10. att.) un
rezultati liecina, ka metodi vislabpratak pielietos paSvaldibu parstavji savu mérka grupu
parliecinasanai, savukart, gandriz treSdala jaunieS$u noradija, ka riku nepielietos. P&c autores
domam, nemot veéra rika specifisko nozimi (vieno$anas par kopigiem energoefektivitates
pasakumiem) jaunieSiem V&l nav aktuala, jo vini ikdiena neuznemas riipes par &ku
energoefektivitates uzlaboSanu un komunalo maksajumu veikSanu.

Kadam noltikam galvenokart pielietosiet digitalo dvini?
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3.10. att. Mérka grupu atbildes par rika primaro pielietojumu.
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Uznémgji ka augstako vertejumu sniedza rika pielietojumam lémumu pienemsana (25 %) —
tas norada, ka Sai mérka grupai digitali risinajumi, kas lauj veikt optimalus lémumus, balstoties
uz datiem, ir noderigi stratégiskaja plano$ana un $adu riku ievie$ana sekmes §is mérka grupas
sp&ju pielietot ar procesa digitalizaciju saistitus pan€mienus ilgtsp&jas principu ievie$ana sava
organizacija, iesaistot ar1 personalu.

Atbildot uz jautajumu, vai Sis riks potenciali lautu kvartala dzivojamo maju iedzivotajiem
pienemt optimalu léemumu, 41 % atbild&ja apstiprinosi, 19% noraidija, bet pargjie apsverumi
bija saistiti ar spélétaju individualam interesém (pieméram, fiskala ietekme uz majsaimniecibas
budzetu) un nepieciesamibu nodrosinat izsekojamus datus (pienemto [@mumu rezultatus) visas
izspéeles laika [56].

Atbildot uz jautajumu par to, kas visvairak ietekm&tu merka grupas gatavibu lietot digitalo
dvini [émumu pienemsanai (3.11. att.), paSvaldibu parstavji norada uz vizualizacijas funkciju,
kas aktuala darba ar pasvaldibas mérkauditoriju, savukart, uznéméjiem svarigaka Skiet
informacijas precizitate, bet jaunieSiem — iespgja iepazities ar kopigo centienu rezultatiem CO;
izmeSu samazinasana.

Kas visvairak ietekm&tu manu gatavibu lietot So riku [émumu
pienemsanai virziba uz klimatneitralitates meérku sasniegSanu?
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3.11. att. Mérka grupu atbildes par rika lietosanu ietekmgjosiem faktoriem.

Merka grupu atbildes norada uz nepiecieSamibu nemt véra dazadu sabiedribas grupu
vajadzibas konteksta ar to privatiem vai profesionaliem mérkiem — tadejadi rosinot iesaisti uz
sadarbibu verstu risinajumu lieto$ana.

Aptaujas nosléguma respondenti noradija, ka izstradatais 11ks ir piemerots sp&létajiem ar
priek§zinaSanam energoefektivitates jautajumos, kuri ir motiveti rikoties situacijas uzlaboSanai,
tau péc pirmas izspéles (pienemtajiem lémumiem) komandai biitu jauzsak diskusija par
rezultatiem un ka tos kopigi uzlabot. Komentgjot rika ictekmi uz energijas kopienas veidosanu,
respondenti noradija, ka riks palidz labak izprast izdaritas izv@les un to ietekmi uz
energoefektivitates raditajiem, spelétaju motivaciju un uzvedibas dazadibu vienas kopienas
ietvaros cela uz kopiga mérka sasniegSanu, model&jot dazadus scenarijus un redzot kop&jos
rezultatus reallaika, ka arT dod iesp&ju kopienam planot aktivitates, kas uzlabo kopgjo situaciju
un veicina energétisko neatkaribu. Ka papildu vertibu aptaujatie noradija realas situacijas

65



atspogulojumu — ka viena individa izvéle var ietekmét visas kopienas situaciju. DaZi spelétaji
noradija, ka vinu motivacija rikoties bija lielaka energijas patérétaja statuss.

Izstradata metode lava speletajiem iesaistities reala 18émumu pienemSanas procesa par
dazadam energoefektivitates praksém un izméginat dazadas iesp&jas kopiga mérka
sasniegSanai. Salidzinot ar ieprieks izstradato viena spélétaja spéli, kura tika izmantoti fikseti
ievades dati, vairaku spélétaju riks lava manuali ievadit datus par €kas energijas pieprasijuma
parametriem, laujot rezultatiem pietuvinaties realajiem apstakliem.

Rezultati liecina, ka spélétajiem btu atskirigs uzvedibas modelis, ja vini p&c katras sesijas
neieglitu informaciju par citu spelétaju izveélém un to ietekmi uz kopiga merka sasniegSanu.

Rika test€Sanas laika tika padzilinata interese par dazadiem parametriem un to ietekmi uz
tadiem instrumenta integrétiem raditajiem ka kop€jais energijas patérins, sarazotas energijas
daudzums, energétiska neatkariba, nepiecieSamo investiciju skaits un atmaksasanas. perioda.
Autore pielauj, ka speletaju gataviba iedzilinaties un spelét spéli pec iesp&jas tuvak realitatei ir
skaidrojama ar konkreto apstaklu kontekstu - energoresursu krizi un ar to saistito straujo cenu
kapumu [56].

Ta ka metodes pielietojumam attieciba uz ta atspoguloto datu precizitati realos apstaklos
pastav ierobezojumi (nepiecieSams pielagot specifiskiem ar energoefektivati saistitiem
aspektiem, pieméram, atbilsto$§ajam maju tipam, kombin&tai energijas pat€rina iekartu
lietoSanai un klimatiskajiem apstakliem u.c.) un spéletaja uzvediba mainas atkariba no
informacijas, ko vin$ iegist rika izspeles laika, darbojoties socialas dilemmas principam
(individualas pret kopienas interes€m), rika pielietojums Sobrid sniedz ieguldijumu
metodologijas vertibu noteico$ajos aspektos — individu inform&$ana un izglitosana, nodoms un
stimulgjosas vides veido§ana klimatatbildigai attiecksmei nakotn&.

Autore rosina klimatneitralitati veicinoSu pasakumu planosanas konteksta izstradat un
padarit publiski pieejamus tadus digitalus rikus, kas sniedz iesp&ju salidzinat anonimizétus, vél
praksg neistenotos 1emumus individu starpa, lai sabiedribas parstavjiem ir iesp&ja vizuali redzet
viedoklu dazadibu un tendences. Ka analogija minama sociologisko aptauju rezultati, kas tiek
demonstreti plassazinas lidzeklos, tomer tas nesniedz iesp&ju katram savu lémumu un nodomu
klimata parmainu mazinasanas konteksta salidzinat ar citu lémumiem. Sada brivpieejas rika
izveide un pieejamibas nodros§inasana lautu uzkrat datus un analizet sabiedribas dazado grupu
interesi par iesp&jam iesaistities klimatneitralitates mérku sasniegSana.

Piedavatais riks tika parbaudits un aprob&ts Rigas Tehniskas Universitates Vides
aizsardzibas un siltuma sisttmu institita, Rigas Namu parvaldnieka, Liepajas Namu
apsaimniekotaja un Vidzemes planoSanas regiona rikotajos pasakumos, kas vérsti uz
daudzdzivoklu dzivojamo maju iedzivotdju energopratibas uzlaboSanu un Energijas kopienu
attistibu.

3.3. Simulacijas spele

S pétijuma ietvaros ka analogais formats 3.2.nodala aprakstitajam digitalajam rikam tika
izveidota simulacijas spéle. Sada formata izveides nepieciesamibu raksturo atikirigs digitalo
prasmju Iimenis dazadu sabiedribas grupu vid, 1idz ar to ierobezojot visaptverosu digitalu riku
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pielietojumu pétijuma mérka sasniegSanai. Lai stiprinatu lomu spéles ka formata efektivitati
attiectba uz pétijuma izveletas mérka grupas atdevi klimatbildigas ricibas konteksta, satura
veido$ana izmantoti bibliometriskas metodes rezultati — publikacijas min&to jaunako tendencu
un ar klimatatbildigu uzvedibu saistito jédzienu ieklauSana spéles struktiira.

3.12. att. ir demonstréta saikne starp rakstiem, kur tiek izmantoti vardi “klimata parmainas”
un “atticksme” (atlastti raksti, sakot ar 2014. gadu). Scopus datubaze tika indekseti 2219 raksti
un attéla redzamais minimalais vardu atkartoSanas biezums ir desmit reizes.
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3.12. att. Bibliografijas (hronologiska) vizualizacija ar vardu salikumu “klimata parmainas"
un “atticksme” kop§ 2014. gada (minimalais vardu atkartoSanas biezums — 10 reizes).

Simulacijas spéles satura veidoSana izmantoti ar terminu “attieksme” saistiti vardi
“pienémumi”, ‘“zinaSanas”, ‘“sociala pienemsSana”, “socialas normas”, “uztic€Sanas”,
“sabiedribas viedoklis”, “izp&te”, “uzvediba”, “izglitiba” un “izpratne par riskiem”, jo, p&c
autores domam, tie sniedza ieguldijumu sarezgitu socialo sistému transformacija. Min&to
terminu pielietojums simulacijas spélé apskatams 3.1. tabula.

3.1. tabula
Bibliometriskas metodes identific€to terminu pielietojums simulacijas spéle
Nr. | Termins Pielietojums
1. | Piepémumi Spéja izvirzit pienémumus par citu prioritatém
2. | Zinasanas Zinasanu apjoms par energoefektivitates rikiem un to ietekmi
3. | Sociala pienemsana | Sadarbiba ar citadi domajosiem individiem un to pienemsana kopiena
4. | Socialas normas Jaunu socialo normu defin&$ana atbilstosi spélé definétam parmainam
5. | UzticéSanas Spéja uzticéties citiem spelétajiem, pienemot lémumus
6. | Sabiedribas Spéja uzklausit citu speletaju viedokli un parskatit savu nostaju
viedoklis
7. | Izpéte Veikt alternativu izpéti pirms lémuma pienemsanas
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8. | Uzvediba Speletaju sp&ja analizet savu un citu spélétaju uzvedibu
9. | Izglitiba Spéja apzinaties nepiecieSamibu péc izglitosanas, lai pienemtu labakus lémumus
10. | Izpratne par riskiem | Sp&ja definét, analiz&t un mazinat iesp&jamos riskus

Simulacijas spéles ietvaros gandriz visi dalibnieki atzinigi novertgja zinasanas, ko vini
sanéma pirms un p&c sesijas, kas uzlaboja izpratni gan par klimata zina atbildigas sabiedribas
veidoSanas ietekmi uz kopienas dzives kvalitati nakotng, gan par to, ka katrs individs var
iesaistities klimata parmainu mazinasanas pasakumos (3.13. un 3.14.att.).
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3.13. att. Merka grupu vertgjums par izpratni par klimata parmainu ietekmi uz dzives
kvalitati.
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3.14. att. Merka grupu vert€jums par izpratni par iesaistisanas iesp&jam klimata parmainu
mazinasana.
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Tapat dalibnieki atzinigi novertgja punktu skaitiSanas sistému un Ipasi atziméja definéto
Skérslu un sistemiskas domasanas nozimi, kas biitiski uzlaboja simulacijas spéles ka procesa
pievilcibu. Dalibnieki pozitivi novertéja to, ka katrda karta bija dazadi uzdevumi, kas
nepalielinaja rutinu un saglabaja interesi visu sesiju spé€lésanas laika.

Dazado socialo lomu klatbiitne lava atveidot dzives situacijas, kuras cilvékiem ar dazadu
pieredzi un uzskatiem jaatrod vislabakais problémas risinajums. Pec dalibnieku atsauksmem,
nepiecieSamiba sadarboties apstaklos, kur doming loti dazadas intereses, lava parveértet savas
savtigas intereses un upurét tas kolektivo intereSu varda, izjitot atbildibu par savas un
lidzcilveku dzives kvalitati nakotné (3.15. att.).
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3.15. att. Meérka grupu individualo intereSu parvertésana kolektivo intereSu varda.

Rezultati liecina, ka mérka grupas salidzinosi lidzigi nav gatavas pilniba upurdt savas
intereses sabiedribas varda, tacu, giistot daudzveidigu informaciju un atbalsta instrumentus, ir
gatavas parvertét personigo ieguvumu labumu un dalu no resursiem novirzit kopigu mérku
sasniegSanai. P&c autores domam, $ads [émums pienemts, redzot, citu dalibnieku uzvedibu, ka
tas redzams digitala dvina izspeles gadijuma 3.6. attgla.

Petijuma tika identificéti $adi faktori, kas ietekmé&ja sp€létaju uzvedibu un pienemtos
lémumus (3.16. att.):

a) izpratne par klimata parmainu straujumu — dalibnieki var€ja novertét situacijas
nopietnibu un iepazities ar izmantojamo instrumentu dazadibu,

b) tehnologiju strauja attistiba padara resursu koplieto$anu daudz realaku — nojaucot fiziskas
robezas un apvienojoties kopigas vertibas,

¢) daudzkriteriju léemumu pienemsanas analizes pielietosana - analogas simulacijas spelem,
kur sarezgiti aprékini nav pieejami reallaika, §Ts analizes pielietoSana ir noderiga operativu
lémumu pienemsSanai un sniedz pamatojumu vienai vai otrai izvélei,

d) sistemiskas domasanas nodrosinasana ka ievadinformacija simulacijas sp€les sakuma
lauj dalibniekiem izprast vinu attiecksmes, l€émumu un uzvedibas nozimi kopé&ja kopienas
transformacijas procesa.
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Steémiskas domasanas nodrosinasana ka 3
ievadinformacija simulacijas spéles sakuma i 31.3% 25,0%
Daudzkriteriju lémumu analizes pielietosana 19,8% 20,8% 18,1%

Tehnologiju strauja attistiba padara resursu koplietoSanu _
daudz realaku 15,7% 18,8% 16,7%

Izpratne par klimata parmainu straujumu 28,9% 29,2% 40,3%
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3.16. att. M@rka grupu novertgjums faktoriem, kas ietekméja vinu attieksmi spéles gaita.

Tapat dalibnieki atzinigi novert&ja simulacijas spélu pieejamibu cilvekiem ar atskirigu
digitalo prasmju Iimeni, tadgjadi neizslédzot atseviskas sabiedribas grupas no iesaistiSanas un
jaunas pieredzes guSanas. PaSvaldibu darbinieki noradija uz potencialu pieprasijjumu pec
lidzvertigiem praktiskiem, viegli pielagojamiem rikiem ar dazadu sareZzgitibas pakapi.

Zinasanu un izpratnes stiprinasana par klimata parmainam un nepiecieS§amo ricibu stiprina
parliecibu un motivaciju dazados segmentos nodot savu jauno pieredzi, tadé]l metode ir
pielietojama sabiedribas iesaistes pasakumos, kas saistiti ar klimatneitralitates meérku
sasniegSanu.

Metode tika aprobéta Latvijas Nacionala kultiiras centra, R€zeknes novada pasvaldibas un
Dienvidlatgales NVO atbalsta centra rikotajos pasakumos, kas versti uz ilgtsp&jigiem
risinajumiem darba ar kultiiras aktivitaSu dazadoSanu un pilsoniskas sabiedribas attistibu.

3.4. llgtspejas hakatons

Koprazosanas pieejas aprobacijai, tika 1stenots eksperimentars hakatons, kuru organizgja
Rigas Tehniskas universitates (Latvija) Energosistému un vides instittits. T2 galvenie dalibnieki
bija gan augstskolas akadémiskais personals, gan studenti, gan arT atkritumu apsaimniekoSanas
uznémums.

Hakatona mérkis bija veicinat idejas par sarezgitu atkritumu veidu parstradi un izstradat
inovativus otrreizgjas parstrades risinajumus. Hakatona laika tika noteikts viens Kritérijs: atrast
un pamatot iesp&ju izmantot konkrétu atkritumu veidu jauna augstas pievienotas vertibas
produkta razoSana. Pasakuma pamata ir razoSanas cikla cikliskums, kas pozitivi ietekmé
uzneémuma ekonomiku.

Darba grupu (studentu) uzdevums bija izstradat biznesa planu problematiska atkritumu
veida parstradei. Izstrade sastavéja no situacijas analizes, alternativu un tehnologisko
risinajumu mekléSanas un izverteSanas, ekonomiska pamatojuma un potencialo intelektuala
Tpasuma tiesibu apzinasanas.
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Komandu sastava dazadiba lava simulét situacijas no realas dzives, kad cilvékiem ar
atSkirigu dzives pieredzi un uzskatiem ir jaatrod optimalais problémas risinajums. P&c
dalibnieku atsauksm&m, nepiecieSamiba sadarboties loti konkurences vide starp komandam
lava tam uznemties iniciativu sareZgitas situacijas, justies atbildigiem un uznemties saistibas.
Sada pieredze pozitivi ietekmé cilveka raksturu, laujot vinam atvérties un izprast savas sp&jas
un iespgjas.

Hakatona ka izglitojoSas aktivitates ietvaros komandas stradaja ar Sadiem griti
parstradajamiem atkritumu veidiem:

a) atkritumu izcelsmes degviela - cietie sadzives atkritumi, kuru apstradé ir izveidota
viendabiga degvielas masa. To var izmantot ka papildu degvielu energijas raZzo$anai
termoelektrostacijas vai sadedzinat energijas razo$anai specialas iekartas,

b) lietotas riepas - ekonomiski izdevigu parstrades tehnologiju iespgjas,

c) stikla Skiedra — $ada veida atkritumi regulari tieck nogadati hakatona dalibnicka
poligona. Nemot to vera, uzn@mums var prognoz€t pieprasijumu pec apstrades
pakalpojuma.

Hakatons lava studentiem efektivak un vizuali apgtt izglitojoSa rakstura saturu, kas arf ir
versta uz vides inovaciju izstradi. Metodes saturs ietver jauno profesionalu konkurétspgjai vides
zinatnu joma nepiecieSamo kompetencu attistiSanas elementus.

Pasakums sastav&ja no trim posmiem, kas bija veltiti vienam no trim atkritumu veidiem.
Katra solt piedalijas tris komandas. Péc sasniegtajiem rezultatiem ekspertu zurija noteica
finalistu, kuram uzn€mums atlava piedalities plasa hakatona.

Lai ar1 konkurence katra posma bija nieciga, katra komanda demonstréja azartu.
Dalibniekus vadija komandu sacensiba un v€lme nodrosinat kvalitattvu sniegumu.

Vertiga pieredze un rezultats bija komandu padzilinata izpéte par intelektuala Tpasuma
tiesibam. Komandas var&ja novertét savu risinadjumu novitati un salidzinat tos ar esoSajam
tehnologijam. Dazas komandas bija arT ieinteresétas iesaistities uznéméjdarbiba un klat par
uznémuma sadarbibas partneriem.

Balstoties uz §1s pieredzes rezultatiem, tika secinats, ka daudzpusgjas sadarbibas rezultata
studenti vargja nostiprinat §adas prasmes:

1) darbs ar zinatnisko literattiru un dazadiem informacijas avotiem,

2) izmantot digitalos rikus iesp&ju un scenariju analizei,

3) inovativu tehnologisko risindgjumu izstrade,

4) biznesa domasana vides tehnologiju komercializacijai,

5) tada projekta izveide, kas atbilst ilgtsp&jigas attistibas mérkiem attistiba,

6) parliecinosa rezultatu prezentacija,

7) komandas darbs, sadarbiba un kopigas valodas atrasana stresa apstak]os.

Gadijuma izpéte izstradata un izmantota metode lauj butiski uzlabot sadarbibu starp
akadeémisko sektoru un nozari, sagatavojot topoSos vides inZenieru specialistus zalas inovacijas
komercializacijas prasibam. P&tljuma galvena uzmaniba pieversta partnerattiecibu veidosanai
starp akade@miskajam aprindam un nozari ka priek$noteikumu zalo inovaciju attistibai [149].

Pétijuma turpmaka gaita tika Tstenoti 3 hakatoni, kuru ietvaros kopuma 71 dalibnieks
iepazina sistémdinamikas metodes principus un sarezgitu sistému problému risinajumu dazadas
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pieejas. Tas lava analiz€t sistému struktiiru un gt dzilaku izpratni par sistémas uzvedibas
celoniem, kas lauj labak risinat noverotas sistémas problematisko uzvedibu [150].

Pétfjuma ietvaros veiktas aptaujas rezultati [151] liecina, ka jauniesi Latvijas regionos ir
informéti par energétiku efektivitates pasakumi un atbildes sniedz ieskatu giitas pieredzes
dazadiba. Respondenti demonstréja parsteidzosi plasas zinasanas par dazadiem pasakumiem,
kas veicina energoefektivitati majoklos — kopuma tika minéta 21 dazada aktivitate, kas p&c
jaunieSu domam veicina energoefektivitati majas (3.2. tab.).

3.2. tabula
Biezak mingtie energoefektivitates pasakumi jaunie$u skatfjuma [151]
Nr. Energoefektivitates uzlabosanas pasakumi Ipatsvars (%)
1. Saules paneli 12,4
2. Eku siltind$ana, t.sk. majas renovacija 12,4
3. Ekonom@t energiju, t.sk., slégt lauka gaismu, izraut no kontaktiem ierices 10,5
4. Sienu siltinasana 9,5
5. Logu nomaina 8,6
6. Jumta siltina$ana/ uzlabo$ana/ maina 7,6
7. Eku apsilde izmanto zalo energiju, t.sk. siltuma sikni 6,2
8. Pagraba un gridas siltinaana 4,8
9. LED spuldzes, to kvalitate 3,8
10. Durvju siltinaSana/ maina 2,9
11. Apkures sistémas izvele/ atjaunosana, t.sk. centralas apkures ierikoSana, krasnu
parbtive 32
12. Virtuves tehnikas vecums un energoefektivitate 2,8
13. Radiatoru maina 2.4
14. Ventilacija, durvju turéSana ciet uz telpam, kur ir konstanta temperatira 2,4
15. V§&ja generatori (piejiiras apgabalos) 1,9
16. Samazinat vai regulét apkuri un uzturét vid€jo temperatiiru 1,9
17. Jaunakas tehnologijas, iesk. kustibu sensorus, radiatoru sensori 1,9
18. Silta tidens caurulu siltinaSana 1,4
19. Apsildamas gridas 1,4
20. Patérina analize 1,0
21. Neparkurinasana 1,0
Kopa 100

No aptaujatajiem vairakums mingja pagrabu, arsienu un jumtu izolaciju un energijas
razofanu (galvenokart — saules panelus, dazos gadijumos - zemes un V&a energijas
izmanto$ana). PlaSs atbilzu klasts ictver energijas taupiSanas pasakumus. Tas liecina, ka
jaunie§i ir netiesi informéti par prioritarajiem virzieniem ES energétikas joma, visticamak,
ikdiena sava majsaimnieciba vai skola veicot energijas taupisanas pasakumus.

Respondenti biezi (piektais visbiezak uzskaititais) noradija uz logu nomainu ka vienu no
energoefektivitates pasakumiem — diskusija atzistot, ka ar to ir nacies saskarties, jo vini dalu
savas ikdienas pavada telpas, kur kvalitativai studiju apguvei ir svarigs arl mikroklimats un
temperatiira. Salidzino§i liela dala piemin videi draudzigas energijas izmantoSanu apkures
nodrosinasanai — aptauja demonstréja respondentu izpratni par fosila kurinama kaitigo ietekmi
uz vidi, ka arT zinaSanas par atjaunojamo resursu nozimi klimata parmainu mazinaSanai
nakotng. Interesanti, ka vairaki respondenti noradija uz ardurvju nomainu ka
energoefektivitates pasakumu - tas diskusijas tika mingts ka svarigs siltuma zudumu avots, un
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pozitivi vertgjams ir fakts, ka jauniesi tam piever§ uzmanibu. Tapat vairaki respondenti mingja
vEja generatorus ka energijas avotu, veicot piezimi par to lietderibu piejiiras regiona.

Vairaki respondenti min&jusi radiatoru nomainu un centralas apkures renovaciju, diskusija
atzistot, ka $ada prakse tiek izmantota vinu majsaimniecibas. Tas ir mazak izplatits
energoefektivitates veicinasanas pasakums, ko galvenokart isteno maju renovacijas projektos.

Lidzigs skaits respondentu noradija uz jaunako tehnologiju izmantoSanu, pieméram,
kustibu sensoriem un radiatoru regulatoriem energijas zudumus samazinasanai. Respondenti ar
§im un lidzigam tehnologijam ir saskarusSies izglitibas iestadés un citos publiskas infrastruktiiras
objektos.

Aptaujatie apliecina, ka moderno tehnologiju ievieSana veicina vinu apzinatibas praksi un
pakapeniski to var parnest uz lietotaju dzives apstakliem, pienemot 1€mumus par optimaliem
energoefektivitates risinajumiem. Tikai dazi aptaujatie noradija uz iesp&ju samazinat vai regul&t
apkuri un vid&ja temperatiira telpa — salidzinot ar citiem energoefektivitates pasakumiem, $o
aktivitati pienem mazak lietotaju, un tas sakrit ar talak pausto viedokli par nevéleSanos
samazinat istabas temperattiru, lai gan tas var batiski ietekm@t energijas patérinu. V&l mazaks
skaits respondentu mingja energijas patérina analizi — respondenti atzina, ka nav pilniba
iepazinusies ar komunalo maksajumu izpéti, tapec viniem nav iesp&jas pamatoti argumentét par
klimatatbildigas uzvedibas veicinasanu vinu majsaimnieciba.

Ka praktiskus pasakumus, ko var definet ka ikdienas ieradumus, jauniesi mingja “nedrikst
parkurinat” vai “nepiepildit pilnu ledusskapi” un “netérét parak daudz tidens”, ar ko jauniesi
saskaras savos majoklos. Neskatoties uz plasu uzskaitfjumu, respondenti ka risinajumus
nepiedavaja kopienas sadarbibas aktivitates energijas patérina mazina$ana vai resursu
koplietoSana, piem&ram, koplietoSanas automasinu izmantosana.

Jautajums “Vai jus biitu gatavs dzivot mazak siltas telpas (minus 2—3 gradu robezas), lai
samazinatu CO; emisijas?” izcel ar paradumu mainu saistitos izaicinajumus arT gados jaunaka
paaudzg, kuru uzskata par vides jautajumos daudz aktivaku un gatavaku iesaistities cina par
klimata parmainu mazinaSanu. Vairak neka puse (58 %) respondentu atbildgja, ka nav gatavi
pazeminat istabas temperatiiru sava dzivesvieta, lai panaktu klimata neitralitati meérka noliikos
(3.3. tab.).

3.3. tabula
Biezak minétie energoefektivitates pasakumi jaunieSu skatijuma

Nr. | Jautajums Ja (%) Neé (%)

1. | Vai jus butu gatavs dzivot mazak siltas telpas (minus 2-3 gradu robezas), lai 42 58
samazinatu CO; emisijas?

2. | Vai Tu zini - kads ir komunalo izmaksu apjoms ménesi Tava majsaimnieciba 56 44

3. Vai vienas €kas iedzivotdji var biit gan energijas patérétaji, gan razotaji? 91 9

4. | Vaiar saviem tuviniekiem parruna energijas taupiSanas pasakumus sava majokli 58 42

5. | Ka Tev $kiet — vai Tu vari ietekmé&t savu tuvinieku energijas lietoSanas 60 40
paradumus

Sis atbildes mudindja respondentu grupu pétit sikak, jo viens no priek$noteikumiem
klimatatbildigas sabiedribas attistibai nakotng ir skaidra izpratne par l@mumu un ricibas
motiviem. Diskusija izskangja tris tipiskakie apgalvojumi, kapec ir tik liels to jaunieSu
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Tpatsvars, kuri nav gatavi samierinaties ar temperatiiras pazeminasanos. Pirmkart, to ietekmé&
tuvinieku attieksme un uzvediba, otrkart — jaunie$i nav atbildigi par komunalo maksajumu
veikSanu, tapéc neizprot paaugstinato finansialo slogu, treskart, atbildot uz $o jautajumu,
jaunieSiem, tapat ka pieaugusajiem, ir sociala dilemma — ar sadzives komfortu saistitas savtigas
intereses doming par sabiedribas interesém (ieguldijums klimata parmainu mazina$ana).

Vairak neka puse (56 %) aptaujato norada, ka zina komunalo izmaksu apméru sava
majsaimnieciba, jo, lai arl par to atbildibu neuznemas, tomér apzinads majsaimniecibas
finansialo stavokli. Gandriz tikpat daudz (58 %) jaunie$u apstiprina, ka diskuté energijas
taupiSanas pasakumus sava majsaimnieciba.

Jautajums par pielagoSanos jauniem apstakliem nozim€ ikdienas paradumu mainu
(piem@ram, dzivot mazak siltas istabas, kopigs transports, brauciena vida apstajas, lai uzladetu
elektribu auto utt.) tika uzdots un jauniesi tika aicinati novertet, cik liela méra jauniesi un vinu
gimenes locekli ir atverti savu ikdienas paradumu mainai ar mérki atbalstit CO, emisiju
samazinajums pasaulg (3.4. tab.).

3.4. tabula
Respondentu gataviba mainit savus ikdienas paradumus (%) [151]

Neesmu Pilniba

gatavs gatavs
Vértéjums 1 2 3 4 5 6 7 8 9 10
Es 2 2 6 17 15 29 19 10
Mani gimenes 2 4 16 11 24 27 10 2 2 2

locekli

Jautajums: cik liela meéra Tu un Tavi tuvinieki esat atverti savu ikdienas paradumu mainai ar mérki atbalstit CO2
emisiju mazinasanu pasaulé?

Rezultati liecina, ka jaunieSi savu atvértibu ikdienas paradumu mainai vérté nedaudz
augstak neka vinu gimenes loceklu gatavibu. 60 % jaunie$u uzskata, ka vini var ietekmét vinu
gimenes loceklu energijas patérina paradumus.

Viena no diskusijas nosléguma t€mam bija jaunieSu motivacija iesaistities klimatatbildigas
aktivitatés (energijas taupiSana un razo$ana, transporta koplieto$ana mingti ka pieméri).
Atbildes uz So jautajumu iezZimé socialas dilemmas klatbfitni jaunieSu vidii — augstaka
motivacija ir iesaistities tadas pret klimatu atbildigas darbibas, kas ir saistitas ar savtigam
interesem — v&lmi uzlabot dzives kvalitati nakotné un riipes par komunalo izdevumu
samazinasanu (3.17. att.).

Rezultati liecina, ka jaunieSi “zalo domaSanu” uzskata par ikdienas nepiecieSamibu.
Motivacija saistita ar aktivitati sabiedribai aktualu jautajumu risinaSana un sadarbiba ES “Zala
kursa” ievieSana ir noverteta vid&ji (skala no 1 Iidz 8 svarstas no 3 Iidz 6), kas nozime, ka
jauniesi ir atverti aktivitatém, kas verstas uz sabiedrisko labumu, tomér ir nepiecieSams stimuls.

Motivacijas saistiSana ar personigajam interes€m (pieméram, jaunako tehnologiju apguve)
var rosinat lielaku jaunieSu iesaistiSanos nakotng. Salidzinosi loti zema motivacija ir savu
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adaptivo sp&ju parbaude (lielaka dala to noradija ka zemako motivaciju). Tas liecina, ka jauniesi
neuztver savu iesaistiSanos klimata parmainu mazinasana ka tieSu iesp&ju attistities profesionali
un apgiit jaunas kompetences, kas nepiecieSamas turpmakai izaugsmei.

Motivacija iesaistities klimatatbildigas aktivitates
(1- augstaka motivacija, 8 - zemaka)
40%

35%

33,3%

30%

25%

20%

15%

10%

5%

0%

1 2—— Vélos bilt aktivs sabiédribai aktuald jautdjumu fsinasana  / 8

Dzives stils (tagad ir stiligi biit “zalam”)

Iespgja izglitoties jaunas tehnologijas

Veélos lidzdarboties ES “Zala kursa” Tstenosana

== zlaboSu savu dzives kvalitati nakotné

Man biis zemaki komunalo izdevumu rékini
= [zaicinajums savu adaptivo sp&ju parbaudei

e Cits:

3.17. att. Respondentu motivacija iesaistities klimatatbildigas aktivitates [151].

Atbildot uz jautajumu par to, kadas asociacijas veidojas saistiba ar vardiem “klimatatbildiga
nakotnes sabiedriba”, jaunieSu atbildes (3.5. tab.) parada, ka vini Sobrid nepoziciong sevi ka
vadoSo vai iz8kiroSo spéku klimata parmainu mazinaSana.
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3.5. tabula

Respondentu asociacijas ar vardiem “klimatatbildiga nakotnes sabiedriba” (%) [151]

1. | Mgs, jaunatne, nesam tadu pat atbildibu par masu turpmako ekologisko, veseligo, parliecinato dzivi

2. | Klimata parmainu seku novérsana, sakot ar sevi

3. | Es ar to saprotu, ka cilvékiem naksies uznemties atbildibu par miisu ricibu, lai glabtu klimatu un dabu

4. | Sabiedriba bus atbildiga par klimatu, atteiksies no kaut ka

5. | Jauniesi, kas Sobrid aug un var runat, mainit citu cilvéku domas par zalo kursu

6. | Sabiedriba, kas uzskata, ka, braucot ar elektromobili, bis ekologiskak, bet patiesiba uzraZot
elektromobilus un elektribu ir neekologiskak neka braukt ar degvielas auto.

7. | Labakas nakotnes nodro§inasanu saviem pécteciem, dabas saglabasanu, pielagoSanos

8. | Doma par vidi, ilgtsp&jibu, nakamam paaudzeém un vinu dzives labklajibu

9. | Sabiedriba vairak domas par ekologiju un bis atbildigaka par miisu nakotni

10. | Viss bus labak

11. | Ar laiku audzinat cilvékus, kas vairak domas par ekologiju

12. | Zali cilveki, kuriem riip daba un cilvéku nakotne, lai nodroSinatu iesp&ju dzivot uz §is planétas

13. | Cilveki vairak cenSas taupit resursus

14. | Ar to, ka jarekinas ar tagad&jam klimata parmainam un japalénina tas

15. | Sie vardi man asocigjas ar cilvékiem, kas jau $odien doma par klimatu, lai mums biitu labaka nakotne

16. | Cilveki, kuri bus atbildigi un ripésies par klimatu

17. | Cilveki, kam rip nakotne

18. | Ar to, ka nakotnes cilveki pieversis vairak uzmanibas klimatam

19. | Fosila kurinama maina, lai palidz&tu dabai

20. | Sabiedriba vairak doma un interesgjas par savas dzives kvalitates uzlabosanu

21. | Atbildiba par apkartgjo vidi

22. | Labaka dzives kvalitate un dabai draudzigs dzives stils

23. | Sobrid

24. | darboties t3, lai neveiktu nakotné€ lielakas klimata parmainas

25. | Rupgjas par vidi sev apkart — mazak atkritumu, (lieto) elektro auto, saules baterijas

26. | Sabiedriba, kura visas savas darbibas nems vera, kas ir labak dabai

27. | Sabiedriba, kura klimata un vides saglabasana ir nozimiga, kur tiek reali veiktas dazadas darbibas, kas
uzlabo vidi

28. | Sabiedriba, kura uztraucas par esoso un nakotnes klimatu

29. | Cilveki, kas saprot, kadas sekas uz klimatu atstaj vinu riciba

30. | Resursu taupiga un izglitota sabiedriba

31. | Sabiedriba, kura, piem&ram, skatas vai produkts ir EKO. Sabiedriba, kurai nav vienalga, kas notiek ar
pasauli misdienas

32. | Siltums netiek patéréts, kad neviena nav majas. Sliktakos apstaklos apkure ir tikai labi izol&tas telpas,
kur ilgstosi uzturas vairaki cilveki.

33. | Nakotnes iedzivotaji, kuri nedomas tikai par patéréto dabai, bet arT domas, ko var tai dot!

34. | Minimali CO2 izmesi un zalas pilsétas

35. | Cilveki veido savu dzives stilu ekologiski

36. | Asocigjas ar lielam parmainam ikdiena, vairak pienakumiem, taupiSanas pasakumiem

37. | Cilveki vairak pievérsis uzmanibu klimatam, ta problémam un darfs kaut ko, lia uzlabotu klimatu

38. | Asocigjas ar to, ka liels cilvéku daudzums dzivo ta, lai mazinatu klimata izmainas

39. | Atbildiba, uzmaniba, izpratne, apdomatas ricibas, taupiba

40. | Sabiedriba, kas no patérétaju sabiedribas pariet uz zali domajosu sabiedribu
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41. | Doma par energijas un resursu taupisanu

42. | Sabiedriba, kuras veiktie pasakumi mazina nakotnes draudus klimatam, pieméram, samazinas caurumi
ozona slani

43. | Elektromobili, atkritumu SkiroSana

44. | Sabiedriba vai sabiedribas dala, kas vélas bit atbildiga par to, ka izmanto dabas resursus vai arT ka var

palidzet dabai

45. | Cilveks zina ka iegiit energiju no dabas

46. | Cilveki, kuri apsver savas ricibas ieguvumus gan sev, gan sabiedribai un videi kopuma

47. | Visi ka viens ir par zalu dzives stilu un visam eko stellem

48. | Ar tadu sabiedribu, kura pievérs uzmanibu klimata mainai sabiedriba jeb dzivo zali

Jaunie$u atbildes atspogulo izpratni par atbildibu pret vidi un nepiecieSamibu veikt
izmainas, lai mazinatu klimata parmainas. Tiek uzsveérta individuala un kolektiva atbildiba,
demonstrgjot ilgtsp&jigu dzivesveidu un resursu taupiSanu. Dazi skaidri norada uz savu tieSo
lomu un atbildibu, piem&ram, uzsverot, ka parmainas jasak ar sevi vai ka nakotnes sabiedriba
bus javeido, balstoties uz vinu pasu ricibu. Citi vairak koncentr&jas uz sabiedribas kopgjo
atbildibu vai uz treSo personu, valdibas vai citu institiiciju lomu, kas pienems lémumus un veiks
parmainas, lai nodrosinatu ilgtsp&jigu nakotni.

Savukart, uznémgjiem un pasvaldibu parstavjiem bija unikala iesp€ja ieglit zinaSanas par
sisttmdinamikas metodi un ta pielietojuma iesp&jam ar vidi nesaistito jautdjumu risinasanu
dazadas sistemas. Tas stiprindja petijuma izveleéto merka grupu izpratni ne tikai par vides
inZenierijas nozimi dabas resursu ilgtsp€jiga parvaldisana, bet arT katra individa tiesas ricibas
ietekmi uz dzives kvalitates uzlaboSanu sabiedriba saistiba ar klimata parmainu mazinasanu.

Pirms un péc pasakuma tika veiktas mérka grupu tieSsaistes aptaujas, lai noskaidrotu rika
formata ietekmi uz spélétaju atticksmi pret dazadiem ar klimata parmainam saistitiem
jautajumiem un individu ricibu parmainu veicinasana (3.18. un 3.19. att.).

80% 67,3%
60% 47,8%
39,8%
40% 32,7%
19,5% 18.6% 21,2% 23,0%,100 22,1%

20% 7,119,00,60(/)090 % I9,7%1,5°/ 10,6%70/9’70/' I 10,6"/' I
o T u

Nav viedokla Ne Drizak nE Drizak ja Ja

® Man ir motivacija iesaistities klimata parmainu mazinasanas jautajumos
JaunieSiem ir ietekme uz majsaimniecibu lemumiem EE jautajumos
Es parrunaju energoefektivitates pasakumus ar tuviniekiem

m Piekritu, ka vizualizacija var sniegt ieguldijumu otras puses parliecinasana

3.18. att. Meérka grupu atbildes uz tieSsaistes aptaujas jautajumiem pirms pasakuma.
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TieSsaistes aptaujas rezultati liecina, ka p&c dalibas hakatona meérka grupam
paaugstinajusies motivacija iesaistities klimata parmainu mazinasanas pasakumos un nedaudz
pieaugusi parlieciba, ka jaunieSiem ir ietekme wuz majsaimniecibu [@mumiem
energoefektivitates jautajumos.

80% .
70% 67,3%
60%
47,848.6%
45,1%
50% 39,8%
0,
40% 30,1%
30% 2,1%
20% 0% 13,3(&7%1,5% 10 6%70/9 7% 0 69
10% 3,502);’-0,9%,5% . 1,8%
0% L | . —
Nav viedokla Ne Drizak nE Drizak ja Ja

® Man ir motivacija iesaistities klimata parmainu mazinasanas jautajumos
m JaunieSiem ir ietekme uz majsaimniecibu lémumiem EE jautajumos
Es parrunaju energoefektivitates pasakumus ar tuviniekiem

m Piekritu, ka vizualizacija var sniegt ieguldijumu otras puses parliecinasana

3.19. att. Meérka grupu atbildes uz tieSsaistes aptaujas jautajumiem pec pasakuma.

Visstraujak ir pieaugusi parlieciba, ka vizualizacija var sniegt ieguldijumu otras puses
parliecinasana. Hakatona ietvaros komandas prototip&ja idejas un tas nosléguma demonstrgja
pargjam komandam ar merki uzvarét sacensiba (3.20. att.).

“Kinétiska grida” “Open Air Energy mobila skatuve’

3.20. att. Komandu veidotie prototipi ideju vizualizacijai.

Rezultati liecina, ka idejas prototipa kvalitativa vizualizacija péc mérka grupas domam var
bt ietekmigs riks 1émumu pienemsana, jo lauj dalibniekiem ne tikai labak izt€loties risindjuma
mérki un funkcionalitati, bet arT iedvesmo $o riku izmantot situacijas, kad nepiecieSams kadu
parliecinat. Tas saskan ar digitala dvina test€Sanas rezultatiem, kad petjjuma mérka grupa
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novertgja vizualizacijas ietekmi uz motivaciju iesaistities klimatneitralitates mérku sasniegSana
(3.11. att.).

Lai sekmétu spgju izveleties labakas idejas, dalibnieki apguva vienkarSotu versiju
daudzkritériju [Emumu pienemsanas analizes metodei, kopigi izvirzot ideju vérteésanas kritérijus
un katram no tiem kopa sadarbiba ar kvalificétiem mentoriem pieskirot svaru. Sada pieeja lava
lielu skaitu dazada veida ideju komandas Itmeni izvertét un nodalit jégpilnas darbibas, lai
sasniegtu optimalo rezultatu. Vienas komandas idejas izverteSanas sakotn&ja matrica ka
piemérs redzams 3.6. tabula. Lidzigi tas tika veikts, izv€loties labako ideju hakatona — izvért&jot
visu komandu sniegumus, katra komanda izvelgjas optimalo ideju, kam pieskirt punktus no
komandas nosléguma balsojuma. Lai ar ta nebija pilnvertiga pieeja, nemot vera ierobezojumu
laika un tehnologiju pieejamiba — metodes apguves sekméSanai komandas tika iepazistinatas ar
TOPSIS metodes bezmaksas lietojuma iespgjam timekli, kas lauj o metodi petnieciskiem
noluikiem izmantot arT arpus hakatona norises.

3.6. tabula

Daudzkritériju lémumu pienemsanas analizes metodes pielietojums (piemers) ideju vertéSana

Vertgjuma

robezas* | Kritérija svars | Kinatiskas (Intellectual| Eco |Open Air Emociju | Brauciens
Kritériji (1-5) gridas | Box |Energy| Energy | ERZ |Saers| virtuve | uz saul
CeJa uz klimatneitralu risinajumu 1-5 02 1 06 04 1 0806 1 06
Priek3izpétes kvalitate 1-5 0,2 04 08 0,6 04 1104 1 04
Identificgjams inovacijas veids 1-5 0,15 0,75 075 [045| 075 | 03 [015] 03 0,3
Biznesa modeja kvalitate 1-5 01 02 0.1 04 | 05 [03[01] 05 02
Tehnologiju gatavibas fimenis 1-5 01 0,5 05 03 05 | 03[04] 05 04
Inovacijas limenis (vietéjais, regionalais, globalai 1-5 01 05 05 0,1 05 [01[01] 05 01
leguldijums viena vai vairakos ANO ligtspéjigas attistibas mérkos 1-5 0,05 0,25 015 025 025 [025[ 02 025 0,1
K das sniegums (prezentacijas kvalitate) 1-5 0,05 0,25 025 1025 025 [01]02] 025 01
Dalibnieki ir formulgjusi savu lomu risinajuma ievie$ana 1-5 0,05 0,1 0,25 02 | 026 [01]02] 025 0,1
Kopa 3,95 39 295 | 44 [325]235| 455 2.3

Hakatona dalibnieku vertgjuma jaunu izvert€Sanas metozu apguve un digitalo riku
pielietojums veidoja lietiskaku atmosféru komanda, mazinaja riskus interpretacijai un viena
viedokla domin&$anai un sekmgja sadarbibu, jo lava 1sa laika nonakt 1idz objektivak izvertetam
risinadjumam, ka arT samazinaja verteSanas kritérijos neieklautas argumentacijas pielietojumu.
Lielakajai dalai (83%) 1idz Sim nav bijusi tiesa saskare ar daudzkriteriju Iemumu pienemsanas
analizes metodes lietojumu, tadeé] hakatona bija nepiecieSams papildus laiks metodes
skaidrojumam un pirmreizgjam pielietojumam.

Metode tika aprobéta Vidzemes plano§anas regiona un Latvijas Socialas uznéméjdarbibas
asociacijas rikotajos pasakumos, kas versti uz cilveékresursu kapacitates stiprinasanu un
ilgtspgjigu risinajumu veicinasanu sabiedribas parvaldg, kopiena un uznéméejdarbiba.

3.5. Nakotnes organizacijas spéele

Rezultatu ieguvei un atspogulosanai tika organizetas 14 “Nakotnes organizacijas speles”
par personala iesaisti ilgtsp&jas jautajumos, kas saistiti ar energoefektivitati, organizacijas
kulttiru, darba vides uzlaboSanu, cilvékresursu attistibu un digitalizacijas veicina$anu ar
kopuma 418 dalibnieku piedaliSanos, kas parstaveja pétijuma definétas merka grupas no visiem
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plano$anas regioniem Latvija — 209 pa$valdibu darbinieki (attistibas jautajumu specialisti,
kultiiras, jaunatnes un izglitibas joma stradajosie), 84 jauniesi, kas parstaveja jauniesu centrus
un 125 privata sektora parstavji - dazadu nozaru un lieluma uzp@mumi, informacijas un
komunikaciju tehnologiju, atkritumu apsaimnieko$anas, finan$u pakalpojumu un veselibas
apripes jomas.

Speles ietvaros dalibnieki p&c profila dazadibas principa tika sadaliti pa 4-5 spelétajiem
katra komanda un veica spéles izspéli 10 posmos — no vajadzibu izzinasanas lidz savas
komandas ietvaros izvirzito risingjumu testé$anas reala vid€é un rezultatu prezentSanas
pargjiem dalibniekiem.

Sasniegtie rezultati (3.21. att.) liecina, ka spéles dalibnieki sp&ja jégpilni izmantot iegiitas
zinasanas, lai sasniegtu individualos vai komandas merkus spéles ietvaros.

Kadam mérkim visvairak nodergja sp€l€ giitas zinasanas?

Labuma giifanai no mijiedarbibas ar citim komandam 16,7% 5,6%
Citu dalibnieku atticksmes veidoSanai 19,0% 18,4%
Individualo un komandas intereSu lidzsvaro§anai 16,7% 10,4%
Parliecino3akai komandas snieguma prezentesanai 15,5% 22,4%
Sadarbibai komanda leémuma pienemsana 32,1% 43,2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Pasvaldibas  mUzneéméji  m Jauniesi

3.21. att. Ieglito zinaSanu pielietojums mérka grupu vertejuma.

Visaugstak visas mérka grupas novertgjusas sadarbibu komanda lémuma pienemsana — pec
autores domam to veicinaja daudzkritériju lemumu pienemsanas analizes metodes ieklaus$ana
speles metodika — dalibnieki novertejusi iesp&ju apgtt praktiskas iemanas, kas var tikt
pielietotas arT turpmak un tas stiprina rika iesp&amo ietekmi uz parmainam sabiedriba
izsvertaku lémumu pienemsana.

Pasvaldibu parstavji un uzné€méji vidgji augstu novertejusi zinasanas, kas lauj gtt labumu
no mijiedarbibas ar citam komandam (attiecigi 16 % un 17 %) — to nodrosinaja spéles ietvaros
ieklautais komandu sparings, kura laika komandam bija jasniedz atgriezeniska saite par otras
komandas ideju, noradot uz iespg&jamiem riskiem. Savukart, jauniesi So aktivitati vert&jusi
salidzino$i zemu (6 %) — peéc autores domam tas pamatojums ar v€l nepietickoSam
komunikaciju prasm&m vai nesp&ju ieraudzit sparinga ka aktivitates vertibu.

Lai salidzinatu vizualizacijas nozimi “Nakotnes organizacijas sp€lé” un citos §Ts
metodologijas rikos, dalibnieki tika aicinati sniegt vertéjumu par vizualizacijas ka ietekmes rika
pielietojumu citu dalibnieku parliecina$anai par idejas vertibu un to vai vizualizacijas
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pielietojums spele raisijis pardomas par savas attiecksmes ietekmi uz apkart€jo vidi un citiem
individiem (3.22. un 3.23. att.).

Vai piekritat apgalvojumam
"Vizualizacijai ir nozime individu parliecinasana"?
90% 85»2"%’8%3,2%
80%
70%
60%
50%
40%

30%
20% 14,8%5,5%0.8%

10% 3,6%0

T |
0% |

0,0%40,0%0,0% 0,0%1,2%0,0% 0,0%
Nav viedokla Ne Drizak nE Drizak ja Ja

m Pagvaldibu darbinieki ~ ® Jauniesi Uznémgji

3.22. att. M@érka grupas vert€jums par vizualizacijas nozimi individu parliecinasana.

Pielietojot “Nakotnes organizacijas sp€l€” piedavatos rikus (ideju vizualizaciju uz plakata,
ka arT iespgju izspelet etidi, lai atspogulotu idejas rezultatus), dalibnieki apstiprinaja (vid€jais
vertgjums visam mérka grupam kopa 83 %) autores pieneémumu, ka vizualizacija ir ietekmes
instruments, lai veidotu ietekmi uz citu dalibnieku attieksmi un nostaju ilgtsp&jas jautajumos.

Vai piekritat apgalvojumam
"Mana atticksmes pausana ilgtspgjas jautajumos ietekme citu
individu viedokli"

100%

83,3%
80% 6.7%
3,6%
60% ’ 45.6%
40% 28,6%
0% 16,7%
0
0,0%0,0%0,0% 0,0%3-0%40,8% 0,0%1.,2%0,0% [ | I
0% —
Nav viedokla Ne Drizak nE Drizak ja Ja
m Pagvaldibu darbinieki ™ Jauniesi Uznemgji

3.23. att. Mérka grupas vert&jums par savas attieksmes ietekmi uz citiem individiem.

Aptaujas rezultati norada uz to, ka dalibnieki apzinas savas atticksmes pauSanas nozimi citu
individu nostajas ietekmésana. ST aktiva nostajas demonstracija palidz radit priek$noteikumus
sabiedriskas domas veidoSanai un mérktiecigakai ricibai kopiena virziena uz klimatneitralitati.
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Lai izvertetu speles ietekmi uz dalibnieku atticksmi un nodomu istermina, tika rikota
nosléguma diskusija. Taja skeptiskakie daltbnieki atklaja, ka, redzot vizualu informaciju par
parmainu progresu, vini parskatija savu attieksmi un bija gatavi meklet iesp&ju Ilidzsvarot
individualas un kolektivas intereses. Dalibnieki atzina, ka tilit€ja rezultatu apkoposana un
demonstrésana attieksmi un uzvedibu ietekmgja atrak neka $is atbilsto$as informacijas tritkums.
Dazi speletaji noradija, ka uz ricibas mainu vinus mudinaja risks kltit par vienigajiem, kas savas
intereses verte augstak par kolektiva interesem.

Konteksta ar daudzkriteriju lémumu pienemsanas analizes metodes pielietojumu komandu
risinajumu vertésana lielaka dala (89 %) respondentu noradija, ka §1 pieeja palidz izvEleties
ilgtspgjigako risinajumu un novertet ta tieSo ietekmi uz organizacijas mérku sasniegSanu, kuras
ilgtsp&jigu un efektivu darbibu ietekmé atskiriga darbinieku atSkirigais izpratnes Itmenis, 1idz
ar to arT motivacija un uzvediba.

Izmantojot timekla vietnes OnlineOutput.com bezmaksas programmatiiru tieSsaiste,
dalibnieki ar TOPSIS metodes palidzibu apguva prasmi modelét labako alternativu darba
reZimam organizacija, nemot veéra ar klimatneitralitati un produktivitati saistitos faktorus.
Dalibnieki izvirzija krit€rijus un, piesaistot vadibas parstavjus, noteica tiem svarus. Pirms tam
dalibnieki apmainijas ar argumentiem, veica balsojumu un vélak to salidzinaja ar TOPSIS
metodes rezultatiem. 3.24.-3.31. att€los secigi att€lots TOPSIS metodes pielietojums komanda
—no alternativu un kriteriju defingSanas I1dz labakas alternativas noteikSanai.

Alternatives

Number of alternatives: 3 Create table of alternatives

name
1 Darbs biroja
2 Attalinatais form

3 Hibrida formats

3.24. att. 1.solis: alternativu apzinasana.

Criteria
Number of criteria: 4 Create table of
name type weight
1 Emisijas - 0.35
2 Atkritumi 7 0.2
3  Socializéanas + 0.15
4 Produktivitate  + 0.3

3.25. att. 2.solis: krit€riju un to svaru noteiksana.

Decision Matrix

Emisijas Atkritumi Socializé3anas Produktivitate
Darbs biroja 5 5 5 3
Attalindtais formats 1 3 2 4
Hibrida formats 3 4 4 4

3.26. att. 3.solis: krit€riju novertgjums.
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The normalized matrix
Emisijas Atkritumi Socializesanas Produktivitate
Darbs biroja 0.845 0.707 0.745 0.469
Attalinatais formats 0.169 0.424 0.298 0.625
Hibrida formats 0.507 0.566 0.596 0.625

3.27. att. 4.solis: normalizétas matricas izveide.

The weighted normalized matrix
Emisijas Atkritumi Socializésanas Produktivitate
Darbs biroja 0.296 0.141 0.112 0.141
Attalinatais formats 0.059 0.085 0.045 0.187
Hibrida formats 0.177 0.113 0.089 0.187

3.28. att. 5.solis: svértas normaliz&tas matricas izveide.

The positive and negative ideal values
Positive ideal Negative ideal
Emisijas 0.059 0.296
Atkritumi 0.085 0.141
SocializéSanas 0.112 0.045
Produktivitate 0.187 0.141

3.29. att. 6.solis: idedlo pozitivo un negativo vértibu noteikSana.

Distance to positive and negative ideal points
Distance to positive Distance to positive
ideal negative
Darbs biroja 0.248 0.067
Attalinatais
_ 0.067 0.248
formats
Hibrida
_ 0.124 0.138
formats

3.30. att. 7.solis: attalums lidz idealajam vertibam.
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0.787

0.527

0.213

Darbs biroja Attalinatais formats Hibrida formats

3.31. att. 8.solis: katras alternativas tuvums Iidz idealam un reitings.

Iegutie rezultati raisija aktivu diskusiju starp dalibniekiem par Iémumu pienemsanas
metodém un procesiem un cik tie ir objektivi situacijas, kad a) tiek atstati viena individa zina,
b) netiek apskatitas visas iesp&jamas alternativas un ¢) nav informacijas par dazadu kriteriju
atskirigo ietekmi. TOPSIS metodes pielietojums sniedza daudz plasakas iespjas iesaistities
kolektivam un organizacijas ilgtsp&jai butisku [émumu pienemsana, ievérojot kolektivas
intereses un mazinot subjektivu pieeju kopigo mérku sasniegSana. Atgriezeniska saite liecina,
ka situacijas, kad ir Skietami nesalidzinami ietekmes faktori l@mumu piepemsana (ka
atspogulotaja pieméra — produktivitate un virziba uz klimatneitralitati), TOPSIS metode ir
kvalitativs, caurspidigs un laika zina efektivs riks [émumu pienemsanai, kas var kliit par veértigu
instrumentu organizacijas kulttirvides attistibai.

Papildus mingtajam dalibnieki noradija, ka TOPSIS metodes lieto§ana rosinajusi motivaciju
paSiem aktivak mekleét objektivu, datos balstitu informaciju, kritiskak izvertet kriteriju
pielietojumu, iesaistit kolektivu horizontala un vertikala Iimeni kritériju svaru noteikSana, ka
arT sajutusi stipraku velmi pienemt izsvértakus 1émumus un pieprasit to darit arT citus kolégus.

Turpmaka diskusija dalibnieki pozittvi novertgja ideju par “Nakotnes organizacijas speles”
digitalas versijas attistibu un potencialu model&t un atspogulot reallaika dazadus organizacijas
sadarbibas scenarijus individuala vai struktirvienibu Itmeni, lai uzskatamak paraditu
ieguvumus no sist€émiskas domasanas principu ievie$anas organizacija un to ka viena
darbinieka savtigais lémums var ietekm& uzpemuma kop&jo klimatneitralitates mérku
sasniegSanu un ilgtsp&jigas darba vides kvalitati.

Atbildot uz jautajumu par primaro motivaciju aktivitatei sp€l€, dalibnieku atbildés atklajas
vairaki organizacijas kultiirvidi ietekm&josi faktori, piem&ram, vélme mazinat darba apstaklu
u. ¢. Turklat dazas atbildés bija nojausama v€lme p&c jaunrades, jo dalibnieki izteica velmi
eksperiment&t un izpétit dazadus risindjumu virzienus, lai sasniegtu optimalus rezultatus.

P&c speles veikto interviju ar organizaciju vadibas parstavjiem rezultati liecina, ka esosa
rika uzlabojumi ir veicin3jusi peétfjuma merka sasniegSanu jau Istermina, piemeéram,
organizacijas darbinieku mazbudzeta paSu inici€tas aktivitates darba vides uzlaboSanai,
administrativo §kér§lu mazinasanai, plasaka kolektiva iesaistiSanai u. c., gan prognozg€jams ari
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vidgja un ilgtermina ieguvums organizaciju cilvékresursu kapacitates attistibai ilgtspgjas
jautajumos.

Aptaujas nosléguma respondenti noradija, ka metode viegli ieklauj darbiniekus, kuri ir
izpratusi ne tikai organizacijas viziju, strat€giskos mérkus un personala lomu organizacijas
ilgtspejiga attistiba, bet arT argjos tas darbibu ietekm&josos faktorus un ir motiveti iesaistities,
lai ar savu lidzdalibu stiprinatu kopgjo pozitivo ietekmi uz vidi. Tomér aptaujatie ar1 norada, ka
$ada spele sniedz lielu ieguldijumu demokratisku un uz komandas kop&jam interesém orientetu
parmainu veidoSanai organizacija, kur joprojam dala no personala attiecksmes un uzvedibas zina
nesaskata sevi ka dalu no parmainam. Veidojot dalibnieku sastavu no darbiniekiem ar dazadam
attiecksmém “Nakotnes organizacijas speles” ka metodes pielietojumam, ir iesp&jams veidot
stimul§josu vidi kolektiva transformacijai, kas balstita intensiva informacijas apmaina,
izglitoSana, attieksmes un uzvedibas modela maina.

Metode tika aprobéta Eiropas Digitalas inovacijas centra, Vidzemes plano$anas regiona,
Zemgales planoSanas regiona, Latgales planoSanas regiona un Rigas planoSanas regiona,
Daugavpils valstspilsétas pasvaldibas, Livanu novada domes un Talsu novada paSvaldibas
rikotajos pasakumos, kas versti uz cilvékresursu kapacitates un organizacijas kulttras
stiprinasanu ilgtsp&jigu risinajumu konteksta.

3.6. Sistémiskas domasanas darbnica

Rezultatu ieguvei un atspogulosanai tika organizetas 7 Sistemiskas domasanas darbnicas
pasvaldibu darbiniekiem attistibas, kultiiras un jaunatnes lietu joma un uznémeju auditorijai ar
kopuma 132 dalibnieku piedaliSanos. Sakotn&ji arT jaunieSi ka mérka grupa tika izveléta, tomer,
izvertgjot atgriezenisko saiti péc pirma pasakuma, autore secindja, ka neliela pieredze traucé
gados jauniem dalibniekiem uztvert visas sistémiskas domasanas pazimju un arhetipu nianses,
kas prasa vairak skaidrojumu, lidz ar to butiski paildzina darbnicas ilgumu. Autore pielauj
domu, ka nakotné var tikt veikti papildus petjjumi ka izmantot jaunieSu esoSo pieredzi
sist€miskas domasanas satura apguvei jauniesu auditorija.

Kopuma gandriz visi (93 %) respondenti atzina, ka Sist€émiskas domasanas darbnica iegiitas
zinaSanas un prasmes ir praktiski pielietojamas pretrunu mazinaSanai starp Istermina un
ilgtermina interesem un pauda motivaciju turpmak So pieeju pielietot lemumu pienemsana, kas
balstiti uz kopienas interes€m un ieguvumiem. 73 % atzina, ka pilnveértigam pielietojumam
nepiecieSama papildus iedzilinasanas, tacu jau tagad saredz iespgju, ka glitas zinasanas lauj
pienemt izsvertakus 1émumus, pat ja tie nav analiz&ti ar matematiskas model&Sanas palidzibu.
Visaugstak (87 %) darbnicas giito informaciju novert&ja pasvaldibu darbinieki, kuru ikdienas
rupju loka ir dazadu sabiedribas grupu individualo intereSu salagosana ar kopienas jeb
kolektivajam interesem. Uznémgji piedavatas darbnicas vertgja lidzvertigi pasvaldibu
darbiniekiem, pauzot apnemsanos iegiitas zinaSanas pielietot organizacijas vides un darba
kultiiras uzlaboSana, kur novérojami ar saskarsmi un attieksmi saistti izaicinajumi individu un
struktiirvienibu Itmeni.

Augstu atsaucibu dalibnieku vidii guva viena no metodes ietvaros veiktam aktivitatém —
ideju sesija par tematiskiem vizualiem materialiem par sistémiskas domasanas pazimé&m.
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Dalibnieki atzina, ka $adu materialu vélétos izmantot savas darba vietas, lai sekmétu savu
kolggu informé&Sanu un izglitosanu par labaku lémumu pienemsanu konteksta ar ilgtspgjigiem
lémumiem un kolektivo interesu ievérosanu (3.32. att.).

' MAZAKUMS
IETEKME
VAIRAKUMU =

# skaistums un sistémiska domasana izglabs pasauli @ Vs

3.32. att. Piemers Sistemiskas domasanas darbnica veidotai plakata idejai.

Metode tika aprobéta Vidzemes planosanas regiona, Zemgales planosanas regiona, Rigas
valstspilsétas pasvaldibas, Jurmalas valstspilsétas pasvaldibas, Ventspils valstspilsétas
pasvaldibas, C&su novada paSvaldibas, Dobeles pasvaldibas, Preilu novada paSvaldibas un
R&zeknes novada pasvaldibas rikotajos pasakumos, kas versti uz cilvékresursu kapacitates
stiprinaSanu  un ilgtsp&jigu risindgjumu veicinaSanu sabiedribas parvaldé, kopiena un
uznéméejdarbiba.

3.7. Izstradato metoZu izvertéjums

Partnerorganizacijas parstavosie eksperti, kas ikdiena ir cie$a mijiedarbiba ar dazadam
mérka grupam, noverteja piecas dazadas metodes p&c septiniem butiskiem kriterijiem, kas
ietver tiem ka organizatoriem biitiskus elementus 1€émumu pienemsana par vienas vai otras
aktivitates TstenoSanu - inform@&Sanu un izglitoSanu, individa atticksmes un nodoma
demonstraciju, stimul&josas vides veidosanu, pielagojamibu dazadam merka grupam, ar metozu
ievieSanu saistto pasakumu norises ilgumu, partnerorganizaciju iesaisti un auditorijas aptveri
(3.7. tab.). Gan kritérijus, gan to svarus noteica pasi eksperti, balstoties uz partnerorganizaciju
vajadzibam un arT atgriezenisko saiti, ko sanéma no dalibniekiem. Par metodeém, kuras eksperti
pasi nebija pielietojusi savas partnerorganizacijas, tika sniegta informacija, ietverot metodes
izspeles meérki, sasniedzamos rezultatus, iepriek$&jo pieredzi un atgriezenisko saiti no
dalibniekiem. 3.8.-3.9. tabula un 3.33. attela apskatami p&tijjuma ietvaros izstradato un aprobeto
metozu vispargja vertéjuma rezultati ekspertu veértejuma, pielietojot TOPSIS pieeju.
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MetoZu vispargjas noverteé$anas kriteriji un to svari

3.7. tabula

Nr | Kriterijis Svari
Cl | Inform&Sana un izglitosana 0,2
C2 | Individa atticksmes un nodoma demonstracija 0,2
C3 | Stimul&josas vides veidosana (iesp&jotaju klatbiitne) 0,2
C4 | Adaptejams daudzveidigam mérka grupam 0,15
CS5 | Norises ilgums 0,05
C6 | Partnerorganizacijas iesaistes pakape 0,05
C7 | Auditorijas aptvere 0,15
3.8. tabula
Leémumu pienemsanas matrica (ekspertu vertgjums)
Metodes C1 C2 C3 C4 C5 Cé6 Cc7
Energijas kopienu Digitalais dvinis 34 24 2.8 1.6 1.2 1.4 4
Simulacijas spéle 2 2.8 2.8 2.4 2.4 1.2 2.2
Sistemiskas domasanas darbnica 3.4 4.6 1.2 1.2 1.4 3.6
Ilgtsp&jas hakatons 4.8 4.4 3.4 3.4 3.4 4
“Nakotnes organizacijas spele” 4 5 4.4 4.4 8 4.8 4
3.9. tabula
Normalizéta sverta matrica
Metodes C1 C2 C3 C4 C5 C6 C7
Energijas kopienu Digitalais dvinis 0,084 | 0,054 | 0,081 0,038 | 0,005 | 0,011 0,074
Simulacijas spéle 0,049 0,063 0,081 0,056 0,01 0,009 0,041
Sistemiskas domasanas darbnica 0,084 | 0,103 | 0,035 | 0,028 | 0,008 | 0,011 0,067
Tlgtsp&jas hakatons 0,118 0,099 0,098 0,08 0,034 0,027 0,074
“Nakotnes organizacijas spéle” 0,098 0,112 0,127 0,103 0,034 0,038 0,074
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3.33. att. Metozu vert&jumu salidzinajums p&c vispargjiem kriterijiem.

TOPSIS analizes rezultati paradija, ka “Nakotnes organizacijas spéle” un Ilgtsp&jas
hakatons piecu partnerorganizaciju ekspertu vert€§juma ieguva augstako vert€jumu (attiecigi
0.763 un 0.7), klustot par atbilstosakajam metodém, tam seko Energijas kopienu Digitalais
dvinis (0.425). Rezultati skaidrojami ar partnerorganizaciju vélmi veidot ricibu stimul&josu
vidi, kas ar vizualizacijas palidzibu demonstré jaunas normas. Hakatoni tradicionali ir orient&ti
uz praktisku problému risinasanu, ko biezi veicina intensiva sadarbiba starp dazadam
iesaistitajam pus€m, savukart, “Nakotnes organizacijas spéle” ir versta uz ieks$€jo procesu
sakartoSanu un pielagosanu ilgtspéjas stratégijas ievieSanai. Tas var nodroSinat augstaku
partnerorganizaciju iesaistes Iimeni un veidot pateicigu mikrovidi, kura dalibnieku mentalie
modeli tiek aktivi iespgjoti. Zemaku vertejumu sanémusas Sisteémiskas domasanas darbnica un
Simulacijas spele — tas skaidrojums ar ierobezojumiem So metozu pielietojuma — pirmaja
gadijuma partnerorganizacijam riipigi jaizvelas merka grupa, kura metodi pielietot (jaunies$i nav
atbilstoSa), savukart, Simulacijas spéles ietvars uzliek zinamus ierobezojumus dalibnieku
rado$am izpausmeém visa izspéles laika, jo ir jaiejutas konkréta loma ar deinétam attieksmes un
uzvedibas robezam.

Papildus vispargjam noveértejumam, eksperti veica ar1 3 atsevisko dimensiju izvertgjumu.
NepiecieSamiba péc auditorijas informé$anas un izglitoSanas, ka ari ievérojamas aptveres ir
iemesls, kadé] “Nakotnes organizacijas spéle”, pateicoties tas metodologiskajam ietvaram, ir
tik augstu novertéta — ta sniedz dalibniekiem praktisku pieredzi un zinaSanas, kas uzlabo
izpratni un veicina atbildigaku lémumu pienemsanas iesp&jas. Turklat, hakatoni biezi piesaista
daudzveidigu auditoriju, kas var ietvert atSkirigas mérka grupas, tadgjadi nodro$inot plasaku
pielagojamibu un lielaku ietekmi. Ekspertu vért€juma process atspogulots 3.10. - 3.12 tabulas
un 3.34. attela.
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3.10. tabula

Metozu novertéSanas kritériji un to svari p&c ietekmes uz inform&Sanu un izglitosanu

Nr | Kritérijis Svari
Cl | Pieeja jaunai informacijai 0,25
C2 | Informacijas analize 0,25
C3 | Viedoklu apmaina 0,15
C4 | Secindjumu integréSana risinajumos 0,35
3.11. tabula
Leémumu pienemsanas matrica (ekspertu vert€jums)
Metodes C1 C2 C3 C4
Energijas kopienu Digitalais dvinis 34 4,4 1,8 4,8
Simulacijas spéle 2,2 1,6 2,6 3
Sistémiskas domasanas darbnica 4.2 4 3 3,6
Ilgtsp&jas hakatons 4,4 3 4,4 4,4
“Nakotnes organizacijas spéle” 4.6 4.6 3,4 4.6
3.12. tabula
Normalizéta sverta matrica
Metodes C1 C2 C3 C4
Energijas kopienu Digitalais dvinis 0,098 0,133 0,038 0,182
Simulacijas spéle 0,064 0,048 0,055 0,114
Sistémiskas domasanas darbnica 0,122 0,121 0,064 0,136
Ilgtsp&jas hakatons 0,127 0,091 0,093 0,167
“Nakotnes organizacijas spéle” 0,133 0,139 0,072 0,174
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3.34. att. Metozu vertejumu salidzinajums péc ietekmes uz informétibu un izglitotibu.

Cetras no piecam metodém ir piemérotas mérka grupu informétibas un izglitotibas
uzlabo$anai, jo ietver dazadus ietekmes lidzeklus, kas tiek izmantoti mijiedarbibas procesa
starp partnerorganizaciju un dalibniekiem vai starp paSiem dalibniekiem, ka ari — procesa
pasiem aktivi meklgjot datos balstitu informaciju. Simulacijas spélei tapat ka vispargja
vertgjuma pastavosie ierobezojumi (lomu spéle) sniedz nelielu ieguldijumu dalibnieku
izpratnes limena uzlabo$ana, tomgr tas paver iesp&ju nakotné pilnveidot metodologisko pieeju
un stiprinat informacijas pieejamibu metodes ietvaros.

Veicot noveérte§jumu ar1 pargjam divam dimensijam, eksperti sniedza veértejumu, lai noteiktu
atbilstosakas metodes, atkariba no partnerorganizaciju izvirzitajiem mérkiem. Rezultati
apskatami no 3.13. Iidz 3.18. tabulai un 3.35. un 3.36. attéla.

3.13. tabula
Metozu novertésanas kritériji un to svari pec ietekmes uz nodoma un attieksmes
demonstrésanu
Nr Kriterijis Svari
Cl Izmainas attieciba pret sakotngjo nostaju 0,15
Cc2 Motivacijas limena paaugstinasanas 0,3
C3 Nodoma pausana atgriezeniskaja saité 0,3
C4 Realas ricibas istenoSana 0,25
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3.14. tabula

Leémumu pienemsanas matrica (ekspertu vertgjums)

3.15. tabula
Normalizéta sverta matrica
Metodes C1 C2 C3 C4
Energijas kopienu Digitalais dvinis 0,07 0,126 0,114 0,077
Simulacijas spéle 0,047 0,081 0,084 0,054
Sistémiskas domasanas darbnica 0,093 0,163 0,183 0,192
Ilgtsp&jas hakatons 0,043 0,111 0,076 0,084
“Nakotnes organizacijas spéle” 0,07 0,17 0,175 0,1
Metodes C1 C2 C3 C4
Energijas kopienu Digitalais dvinis 3,6 3,4 3 2
Simulacijas spéle 2.4 2,2 2.2 1,4
Sistémiskas domasanas darbnica 4.8 4.4 4.8 5
Ilgtsp&jas hakatons 2,2 3 2 2,2
“Nakotnes organizacijas spéle” 3,6 4.6 4,6 2,6
1 0,964
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0.4 0324
0,3
0,2
0,2
0 |
Energijas kopienu Simulacijas spele  Sistemiskas domasanas Ilgtsp&jas hakatons Nakotnes organizacijas
Digitalais dvinis darbnica spele

3.35. att. Metozu vért€jumu salidzinajums péc ietekmes uz nodoma un attieksmes
demonstrésanu.

TOPSIS metodes pielietojuma rezultati liecina, ka Sisteémiskas domasanas darbnicas saturs
un formats ekspertu vert§juma sniedz lielako ieguldijumu nodoma un attieksmes
demonstrésanai pasakumos. Otra ietekmigaka metode ir “Nakotnes organizacijas spele”, kam
seko Energijas kopienu Digitalais dvinis. Parrunajot iegitos rezultatus, eksperti apliecina, ka
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$o tris metozu sniegums var palidzet partnerorganizacijam sekmét proaktivu darbu ar dazadam
meérka grupam, kuram ir atSkirfga nostaja ilgtsp&jas jautajumos un aktivitaSu vide lauj
dalibniekiem mijiedarboties ta, lai ir iesp&ja brivi demonstrét savu nodomu un attieksmi.

3.16. tabula
Metozu novertesanas kriteriji un to svari pec ietekmes uz ricibu stimulgjosas vides veidoSanu

Nr Kriterijis Svari
Cl Atbalsta sistéma un nepiecieSamie resursi 0,25
Cc2 Ierosinataju (trigeru) klatbiitne 0,2
C3 Autonomija un pasnoteikSanas 0,3
C4 Atzinibas sist€éma 0,25

3.17. tabula
Lémumu pienemsanas matrica (ekspertu vert€jums)

Metodes C1 C2 C3 C4
Energijas kopienu Digitalais dvinis 2 3,6 3.8 1,6
Simulacijas sp&le 2,6 1,8 1,8 1,6
Sistémiskas domasanas darbnica 2,2 1,6 34 1,4
Ilgtsp&jas hakatons 4,4 2,4 4,6 4
“Nakotnes organizacijas spéle” 3,8 1,8 4,6 3,6

3.18. tabula
Normaliz&ta sverta matrica

Metodes C1 C2 C3 C4
Energijas kopienu Digitalais dvinis 0,071 0,137 0,135 0,067
Simulacijas spele 0,092 0,068 0,064 0,067
Sistémiskas domasanas darbnica 0,078 0,061 0,121 0,058
Ilgtsp&jas hakatons 0,157 0,091 0,163 0,167
“Nakotnes organizacijas spele” 0,135 0,068 0,163 0,15
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3.36. att. Metozu vert€jumu salidzinajums péc ietekmes uz ricibu stimulgjosas vides
veidoSanu.

Vertgjot izstradatas metodes pec to ieguldijuma ricibu stimul&joSas vides veidoSanai,
augstakos rezultatus parada “Nakotnes organizacijas spéle”, ilgtsp&jas hakatons un Sist€miskas
domasanas darbnicas, tomér vertésana iesaistitie eksperti atzist, ka visas metodes nodrosina
interakttvu un uz ricibu verstu vidi, tadel, izvertejot partnerorganizaciju merka grupu specifiku
(vecums, nodarboSanas, kopa sanakSanas meérkis u. c. aspekti), ir gatavi izmantot arl tas
metodes, kas nav ieguvusas augstako novertgjumu.

Nemot véra katras metodes specifiku gan pielietojuma, gan organizésana, ir definéti 13
visbiezak sastopamie at$kirigas metodes raksturojoSie parametri, lai partnerorganizacijas var
novertet So riku ieguldijumu darba ar izveletam merka grupam. Parametru pieejamiba sniedz
iespgju izveleties tadu metozu kombinaciju, kas lauj secigi sasniegt izvirzitos merkus, nemot
vera organizacijai pieejamos administrativos un tehniskos resursus, ka pieméram, aktivitates
ievieSanai atveletais laiks, tehniskais aprikojums, pieejamo telpu platiba u. c. parametri, kas
nosaka metodes izveli.

Autores noverojumi darba ar partnerorganizacijam liecina, ka vertigakais resurss aktivitasu
planosanas un ievieSanas posma ir laiks, kas nepiecieSams dazado metozu izpé&tei, satura
defingSanai un darba uzdevumu formul&Sanai arpakalpojumu sniedzgjiem. Ne vienmér ir
pieejama preciza informacija par nepiecieSamiem resursiem vai formata Tpatnibam, tadel
sadarbiba ar partnerorganizacijas parstavoSiem ekspertiem ir sagatavots parskats par
bitiskakajiem parametriem (3.19. tab.), informacija par kuriem ir aktuala vairums aktivitasu
planosanas un ievieSanas posma.

Balstoties uz pozitivo pieredzi, kas tika guta darba ar daudzkritérijumu lémumu
pienemsanas analizes metodi, min&tie parametri ir pielietojami, lai veidotu modificétu [émumu
pienemsanas matricu ar vél citiem partnerorganizacijam aktualiem kritérijiem. Sadas lemumu
pienemsanas metodes pielietojums stiprinatu partnerorganizaciju praksi zinatniska literatiira
balstitas pieejas lietoSana un veidotu labaku parvaldibas praksi.
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Parskats par pétijuma ietvaros aprob&to metozu parametriem

3.19. tabula

Energijas T, =
Metodes raksturojosie kopi%leu Simulacijas SISteT,ISkaS Ilgtspejas “Nalfo_tn‘e:s
. A ~ domasanas organizacijas
parametri Digitalais spele darbnica hakatons spele”
dvinis
1. Primarais mérkis (TOPSIS rezultati, kur 1 — atbilstosakais):
1.1. Izglito§ana un informésana 3 5 4 2 1
1.2 Nodo_m'z? un  attiecksmes 3 5 1 4 5
demonstracija
1.3. Ricibu stimul&josa vide 4 5 3 2 1
2. Pasakuma ilgums, h 2 2 3 8-24 8-16
3. Minimalais telpas lielums, m? 50 50 50 100 100
4. Dalibnieku skaits
4.1. Minimalais skaits 5 6 12 16 16
4.2. Maksimalais skaits 50 30 30 45 45
5. Nepieciesamiba veikt
iepriekizju dalibnieku atlasi X
6. leprieksgja sagatavosanas, h 2 2 2 8 10
7. Moderatora klatbiitne X X X X
8. Organizacijas vadibas
klatbitne X X
9. Argjo ekspertu piesaiste X X
10. Tehniskais  nodrosinajums,
dators X x x
11. Rezultatu digitizacija (apkopojums) péc aktivitates
(partnerorganizacijai analizes vai projekta atskaites noliikiem)
11.1. Ideju apkopojums X X
11.2. Atgriezeniska saite X X X X X
11.3. Diskusijas kopsavilkums X X X
12 lzmaksas = pasikuma 300-450 | 300-450 | 500-1000 | 500-1000
moderé$anai, EUR
13. Edina$anas pakalpojumu nodrosinasana
13.1. Kafijas pauzes, skaits 1 1 1 2-4 2-3
13.2.Pusdienu pauzes, skaits 1-2 1-2

kur:

X —nepiecieSamiba pec minéta parametra.

Nemot vera partnerorganizaciju atSkirigo zinasanu Iimeni un praksi dazadu l€mumu
pienemsanas metozu lietojuma, TOPSIS ir izvEleta del tas vieglas uztveramibas un digitalo riku
pieejamibas metodes pielietojuma. Taja pat laika turpmakos p&tijumos autore apsver iespeju
piedavet iesp&ju nakotng pielietot arT citas daudzkriteriju lémumu pienemsanas analizes metode
balstitas pieejas [152], ka piem&ram, AHP (hierarhiska struktira, kur 18€mumu pienemgeji

prioritizé izvéles iespéjas, balstoties uz subjektiviem spriedumiem, kas tiek kvantitativi
izteikti un salidzinati), ELECTRE (tiek salidzinatas alternativas, pamatojoties uz
domingjosiem kriterijiemun tiek izslégti mazak pienemami risindjumi), VIKOR

(kompromisa defingSana starp alternativam, meklI&jot risinagjumu, kas ir tuvu idealajam,
pamatojoties uz vairakiem kriterijiem), PROMETHEE (paru salidzinajumi, lai palidzgtu

lemumu pieneméjiem identificét labakas iesp€jas, nemot véra kritériju preferences),
SWARA (tiek izmantoti ekspertu veért€jumi, lai secigi noteiktu kriteriju svarigumu,
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balstoties uz to relativo nozimigumu), MAUT (balstita uz lietderibas teoriju, kur Iémumi
tiek pienemti, nemot véra dazadu faktoru kopgjo lietderibu un parametri tiek salidzinati
pec to ieguldijuma kopgja rezultata) un citas. Tomer, nemot véra mérkauditoriju un gala
lietotaju primaras un sekundaras vajadzibas, izglitoSanai par metodém butu
nepiecieSams atsevisSks administrativais resurss, kas, pec autores parliecibas, biis vertigs
ieguldijums labaka parvaldibas praks€é un caurspidiguma un objektivitates
nodros§inasana lémumu pienemsana.

Otrs partnerorganizacijam bitisks aspekts metozu ievieSanas efektivakai planosanai,
ir jutiguma analizes veidoSana, nemot vera to, ka atsevisku parametru izmainas ietekme
kopgjo rezultatu vai izveletas metodes efektivitati. Ar jutiguma analizes palidzibu
partnerorganizacija var vertét to ka izmainas kada no parametriem ietekmé& kopgjo
metodes veiktsp&ju vai rezultatu (piem&ram, atticksmes maina, defingtu ilgtsp€jas
raditaju sasniegSana). Tapat ar1 var noteikt — kur§ no parametriem visvairak ietekmée
katras metodes efektivitati — tas lauj identificét aspektus, kam japiever§ uzmaniba
planoSanas un ievieSanas posma [153]. Jitiguma analize sniedz atbildi — cik izveleta
metode ir noturiga pret svarstibam atseviskos parametros un ka §is svarstibas palielina
val samazina ar metodes ievieSanu saistitas izmaksas. Tas lauj iegiit datus par to cik
efektivi tiek izmantoti organizacijas resursi, mainoties noteiktiem parametriem [154].
Sie un citi rezultati, ko partnerorganizacijas var iegiit, pielietojot jitiguma analizi, sniedz
ieguldjjumu l@émumu pienemsanas procesa kvalitates uzlabosana, toméer, lidzi ka ar
ierobezotiem resursiem citu I€mumu pienemsanas analizes pieeju izzinasana, arl
jitiguma analizes daudzveidigo pieeju iepazistina$ana pieprasa atsevisku administrativo
resursu, tadel §1 darba ietvaros galvena uzmaniba tika veltita zinatniskas pieejas balstito
metozu izstradei un aprobacijai, lai iegtitu apliecinajumu par to pielietojumu p&c biitibas
un daudzveidigas zinatnes sasniegumos balstitas [Emumu pienéméju izglitosanas pieejas
atstajot nakotnes petijjumiem.
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SECINAJUMI

1. P&ttjuma rezultati apstiprina darba izvirzito hipot€zi — daudzveidigu riku pieejamiba
sniedz ieguldijumu klimatatbildigas sabiedribas attistiba un iedarbojas uz tris individa uzvedibu
ietekmgjoSiem aspektiem - inform&Sana un izglitoSana, individu atticksmes un nodoma
demonstrésana un ricibu stimulgjosa vide. Par to liecina izstradato un aprob&to metozu analizes
rezultati, kuru tapSana piedalijas ka dalibnieki, ta arT ieinteresétds puses parstavosas
organizacijas un to deleggtie eksperti, sniedzot pozitivu vertejumu.

2. Apkopotie rezultati liecina, ka “Nakotnes organizacijas spéle” ka metode ir ieguvusi
visaugstako novertg§jumu starp jomas ekspertiem un ir vispiemérotaka klimatatbildigas
nakotnes sabiedribas attistibai. Resursi tas praktiskai ievieSanai atbilst vietvaru
organizatoriskajai kapacitatei un aprobacijas rezultati liecina par socialo ietekmi uz sabiedribas
izglitoSanu un izmainam mentalaja modeli.

3. Sisteémiskas domasanas darbnica ka zinatniski pamatotas sistémdinamikas pieejas
sastavdala ir uzskatama par unikalu metodi darba ar sarezgitam socialam sistémam, jo sniedz
bitisku ieguldfjumu iesp&jamai nodoma un attieksmes mainai vides jautajumos, kur pastav
liela viedok]u dazadiba un marginalisms. Par to liecina atgriezeniska saite no dalibniekiem un
ekspertiem, ka ari Sistémiskas domasanas darbnicu nodevumu rezultati (vizualizacija ka radosa
pieeja sarezgitu jautajumu skaidro$ana un spgja nodot véstijumu plasakai sabiedribai). Sis
konkrétas metodes ietvaros petijums demonstré vienu konkrétu veidu jaunu normu rosinasana
bez “burkaniem un patagdm” — ar vizualizacijas ka socialas ietekmes rika palidzibu.

4. Izpetes gaita iegitie rezultati iezZime@ Sobrid noveroto tendenci, ka socialas un vides
inzenierzinatn@s balstitas pieejas ir jauns, maz petits formats, kas piesaista jo Ipasi publiska
sektora uzmanibu, mekl&jot jaunus, laikmeta garam atbilstoSus rikus darbam ar mérka grupam,
kam raksturiga griiti ietekmé&jama attieksme un uzvediba.

5. Analizgjot petijuma datus, ir secinams, ka daudzkriteriju lémumu pienemsanas analizes
metodes TOPSIS pieeja var klut par izteikti transform&joSu un augsti pieprasitu riku starp
partnerorganizacijam ne tikai izsvertu un ilgtsp&jigu lémumu pienemsana, bet arT kalpot par
uzticamam un demokratiskas vertibas balstitam digitalam vadlinijam plasakai sabiedribai, kas
mekl€ Iidzsvaru starp individualam un kopienas interes€m vides un citos sabiedribai aktualos
jautajumos.

6. Atsaucoties uz ANO datiem par IAM ievieSanas realistiska scenarija tieSu saikni ar
vietvaram, petljuma ietvaros Tstenota komunikacija un sadarbiba ar ekspertiem liecina, ka
paSvaldibas ka partnerorganizacijas ir viens no atbilsto$akajiem un ari atsaucigakajiem
segmentiem klimatatbildigas nakotnes sabiedribas veidoSana, 11dz ar to tiek stiprinata p&tfjuma
praktiska pielietojamiba un turpmaka potenciala attistiba.

7. Darba rezultati paver vél plasakas iesp&jas pétniekiem, kas ir gatavi piedavat t.s.
radikalas inovacijas miisdieniga, uz klimatneitralitati versta sabiedribas parvalde, izmantojot
starpdisciplinaritates piedavatas iespgjas vietas, kur satiekas socialas un vides inzenierzinatnes.
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REKOMENDACIJAS

Promocijas darba ietvaros sagatavotas rekomendacijas politikas veidotajiem planosanas
regionu administraciju un pasvaldibu Iimeni, komercsektoram ka pasititajam,
arpakalpojumu sniedzgjam, akad@miskam sektoram un visparizglitojosam izglitibas
iestadem.

1. PlanoSanas regioniem un paSvaldibam autore iedroSina plasak lietot
daudzkritériju lemumu pienemsanas analizes TOPSIS pieeju, kas lauj mazinat negativo
un noraidoSo attiecksmi no sabiedribas jautajumos, kad ir parak daudz un kardinali
atSkirigi viedokli. Sp&ja vienoties par kopigu skatfjumu (kas ietver krit€rijus un svarus)
nodrosina objektivu un caurspidigu lémumu pienemsanas procesu un tas vairo kopienas
uztic€Sanos vietvaram. Darbinieku izglitoSana par sistémiskas domasanas arhetipiem un
pazimém sniegs iesp€ju ar “pilinaSanas metodi” vid€ja un ilgtermina jégpilnak stradat
ar to sabiedribas dalu, kura Sobrid ir sarezgiti vadama dé] kardinali pret&jiem viedokliem
un bez gatavibas uz kompromisiem.

2. Komersektoram ka pasiititajam autore rosina “Nakotnes organizacijas sp&li” ka
praktisku dizaina domaSanas instrumentu integrét uznémuma ilgtsp&jas stratégijas
izstradeé un ievieSana lauj pilnvertigi iesaistit personalu un veicinat jaunas pakapes
attiecibu veidosanu kolektiva dazados parvalds limenos. ST metode, kas vieno
darbiniekus kopigas vertibas un motive biit aktivakiem sadarbibas un izaugsmes iesp&ju
identificé$ana un ievieSana, var klat par stratégiski nozimigu dalu no organizacijas
kulturas cela uz klimatneitralitates merki.

3. Arpakalpojumu sniedz&jiem autore piedava izveidot pakalpojumu raksturojoso
parametru sarakstu un produktivakai sadarbibai ar pasiititajiem piedavat iespgju,
pielietojot daudzkritériju [Emumu pienemsanas analizes metodi, sniegt iesp&ju izveleties
klientu vajadzibam piemeérotako alternativu. Tas nodro$inas ne tikai laika resursu
ekonomiju, bet arT samazinas interpretacijas iesp&jas planosanas un ievieSanas posma.
4. Akad@miskajam sektoram autore piedava turpinat pétit iesp&jas socialo un
inzenierzinatnu sadarbiba balstitu sinergiju, kas lauj apvienot abu disciplinu sp&cigakas
zinatniskas iestradnes, lai veidotu pamatu jaunam zinatniskam novitatem un risinatu
zinatniskaja literattira identific&tas nepilnibas darba ar sarezgitam socialam sistémam.
ST pétijuma rezultati apliecina virziena perspektivu un demonstré ari praktisku
nozimigumu partnerorganizacijam, kuru uzmanibas loka ir sabiedribas virziba uz
klimatneitralitati.

5. Visparizglitojosam izglitibas iestadém autore iesaka izvE€lEties jebkuru no
petijuma apskatitajam metod€m un to aprobét lietosanai izglitibas procesa, lai veicinatu
izglitojamo aktivu iesaistiSanos ANO IAM sasniegSana, vienlaikus piedavajot laikmeta
garam un izglitojamo vajadzibam atbilstoSu formatu zinasanu ieglisanai, jaunas
pieredzes glisanai, personibas veido$anai un jaunu ietekmju veidoSanai sava kopiena.
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Abstract — Energy communities are paving the way for new cooperation opportunities related
to energy consumption and energy production. Individuals unite in energy communities to
reduce the costs related to energy consumption. Although previous work has mainly focused
on energy exchange inside the community. This work aims to investigate the Pareto-optimal
solutions to the transformation of a historical district into an energy community. For energy
efficiency and production measure calculation, a system dynamics model is developed. Multi-
objective differential evolution optimization method is employed for the evaluation of energy
efficiency and production measures with a focus on net present value, self-sufficiency, annual
emission reduction, and specific heat consumption. The optimization target functions can be
increased at a cost in net present value. Replacement of household appliances and windows
enables significant energy demand reductions while maintaining positive net present value.
Electricity production from photovoltaic panels offers an additional pathway to increase self-
sufficiency share while maintaining positive net present value.

Keywords — Clean energy; energy efficiency; multi-objective; pareto-optimal; thermal
storage; renewable energy; sustainability

1. INTRODUCTION

1.1. The Essence of Energy Communities

Energy communities are associations voluntary established by citizens with a common
interest in implementing energy efficiency measures and introducing renewable energy
sources to reduce their consumption, and energy costs, and increase self-sufficiency [1].
Establishing these communities can alleviate energy poverty and empower citizens to become
prosumers [2].

Energy communities make it easier to attract private investments in renewable energy
production, provide flexibility with demand-response and storage technologies, and increase
public acceptance of such projects [3]. Mentioned possibilities follow the ‘Clean Energy for
all Europeans package’ policy framework to move away from fossil fuels toward cleaner
energy [4]. The transition contributes to the reduction of greenhouse gas emissions, as of the
current situation buildings are responsible for 40 % of EU energy consumption and 36 % of
the energy-related GHG emissions, and 75 % of buildings are not energy efficient [5].
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1.2. Modelling Application in Energy Communities

Various models have been developed to assess the potential of energy communities. The
pool trading model considering home energy management systems within the energy
community can decrease end-user costs by 16.63 % [6]. Energy communities allow prosumers
to exchange the energy produced locally and reduce the need for external energy sources [7].
Shared renewable energy generation can provide greater self-consumption shares to the
aggregated load of a building [8]. These are only a few examples of available studies on the
energy community modelling. Mainly studies focus on electricity production and exchange
in the energy community. The topics included are — rooftop photovoltaic panels (PV), battery
electricity storage, demand side management, time of use tariffs, etc., [9]-[14]. The energy
community studies focus on single-objective or multi-objective optimization inside the
community through introduction of energy exchanges. However, it is not investigated how
various combinations energy community measures go hand in hand through multiple
objectives.

This study aims to determine optimal solutions from a heat and electricity demand
perspective for energy communities based on self-sufficiency share, net present value,
specific heat consumption, and emission reduction percentage after implementing energy
efficiency, energy production, and energy storage technologies. A system dynamics model of
monthly demand and supply of energy flows has been developed for this analysis. The model
allows exploring energy efficiency measures, on-site renewable energy production, and
thermal energy storage potential in energy communities. The multi-objective differential
evolution optimization method is applied for the evaluation of Pareto-optimal solutions.

2. MATERIALS AND METHODS

Fig. 1 shows the overall research framework of this study. Scientific publications on energy
communities and their current modelling trends are reviewed. The energy community system
dynamics model is developed that evaluates energy efficiency, energy production, and energy
storage measures. Additionally, the model uses input data such as weather, electricity
consumption profile, building envelope areas, and thermal resistances. In this model energy
consumption is evaluated before and after the implementation of measures. A multi-objective
differential evolution optimization method is applied to the energy community model to find
the optimal solutions between net present value and energy self-sufficiency, specific heat
consumption, and percentage emission reduction. Following the Pareto-optimal solution
curve recommendations are provided for the implementation of energy efficiency, energy
production, and energy storage measures.

3 Input data and i Energy community

! i L *|  system dynamics Paret timal

| assumptions : Y v — aretoopimal |, pecommendations
,,,,,,,,,,,,,,,,,,,,,,,, model solutions

: I | Multi-objective
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Fig. 1. Research framework.
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2.1. System Dynamics

System dynamics is a powerful computational tool to model complex and dynamic
processes. The system dynamics approach is based on studying the change in behaviour of a
system and the underlying structure underlying the behaviour. The structural analysis of the
system and the interlinkages of the system components offer a better understanding of the
system [15]. Stocks and flows are building blocks of system dynamics models [16]. A
modelling software Stella® Architect [17] was used for model development.

2.2. Energy Community System Dynamics Model

The generic model framework consists of 3 interrelated sectors — energy demand, renewable
energy production, and thermal storage. The developed model structure is applied to all
buildings in the energy community. These sectors are interrelated by weather data, heating
demand, and electricity demand. Measures can be applied to develop well-being and
sustainability in the energy community. In what follows we will discuss these sectors in some
detail. The community [18] is composed of 17 buildings. The general characteristic of the
community is given in Table 1. The building parameters include building envelope areas (4),
thermal resistance (R), heat loss coefficient (H.), and the number of floors in the building (F).

TABLE 1. BUILDING PARAMETERS USED IN THE MODEL

Building envelope  Variable Minimum Maximum Mean

A, m? 373 2874 1179
Walls R, m*K/W 1 1 1
H,., W/K 373 2874 1179
A, m? 33 1300 314
Windows R, m*K/W 036 0.59 0.42
H,., W/K 16.5 3510 320
A, m? 185 1700 563
Basement R, m*K/W  0.70 1.67 1.32
H., W/K 110.63 2431 425
A, m? 185 1700 563
Roof R, m*K/W  2.13 4.78 3.30
H., W/K 38. 799 171
Living space A, m? 558 7276 2125
Floors F,unitless 1 5 341

2.2.1. Energy Efficiency Module

Initially, the energy efficiency module calculates building thermal losses based on heat loss
coefficients and the difference between the set point of desired building inner temperature of
20 °C, and the outside temperature, the calculations also include inner heat gains and solar
heat gains. The heat loss coefficient can be reduced by applying insulation measures resulting
in reduced heating energy consumption and reduced annual heating expenses.

The energy efficiency of electrical appliances and user behaviour mainly affect the
electricity consumption of a building. Cooling appliances can significantly increase
electricity requirement during summer months, similarly, electrical individual heating
appliances increase electricity consumption during the heating season to reach desired room
temperature. Initially, the historical electricity consumption of the buildings is taken and re-
calculated after applying energy efficiency measures. The area used in this study contains a
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large data centre resulting in an increased annual electricity consumption share of 48 %
compared to other residential areas [19].

2.2.2. Renewable Energy Production Module

As solar photovoltaics (PV) become a more popular renewable energy production option in
the residential sector, energy communities can provide a substantial share of clean and
renewable energy production [6]. Following renewable electricity, production options are
considered in this study PV, and a photovoltaic-thermal hybrid system (PVT) [20]. Wind
energy was not considered in this work due to technical and regulatory challenges related to
the use of wind turbines in an urban/suburban setting.

Building rooftops, especially in cities, offer an opportunity for energy communities for
decentralized energy production via solar technologies. The total available rooftop in the
community is 9569 m2. It is assumed that 450 W monocrystalline solar panels are used [21].
The panel efficiency is 22.2 %. A fully covered rooftop area would allow a total of 2120 kW
installed capacity. Additionally, inverters are used [22]. During the low electricity
consumption times and high solar production, the voltage on the inverter outlets increases.
Eventually, when it reaches the maximum permissible value, the inverter switches off.
Interaction between the solar energy produced and the inverter must result in the least possible
switch-off periods. As every invertor switch off decreases the electricity production financial
benefits [23].

It is assumed that the community uses the NET settlement system. NET settlement system
allows prosumers to reduce their electricity bills and deliver electricity to the grid. In
moments when electricity production exceeds electricity demand, surplus electricity is
delivered to the grid. Electricity delivered to the grid acts as stock and is accumulated.
Electricity is taken from the stock when the renewable electricity production is below the
electricity demand [24]. Each interaction with the network results in different end-user
electricity costs shown in Table 2.

TABLE 2. INTERACTION WITH THE NETWORK AND RESULTING COMPONENT INCLUDED IN THE

FINAL ELECTRICITY PRICE
- Electricity Mandatory procurement Distribution and transmission
Electricity source . .
tariff component operator services
Variable cost Fixed cost Variable cost Fixed cost
Demand is covered by
X X
renewables
Demand is covered
oo . X X X
within savings
Demand is covered from
X X X X X

erid

2.2.3. The Thermal Energy Storage Module

Photovoltaic-thermal hybrid solar systems produce most of the heat in summer periods
when heat demand is required for water heating, and the lowest production occurs during
winter months when buildings require heat to maintain the indoor temperature of the building.
Therefore, seasonal thermal energy storage is added to increase the use of renewable energy
and increase self-consumption share in the community. It is assumed that thermal storage is
located underground.

The thermal energy system depends on the available incoming heat supply from PVT and
heat pump capacity. Incoming heat from PVT is consumed instantaneously and excess
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production is stored in buffer tank storage. Based on heat pump capacity and available thermal
storage volume the excess incoming heat is transferred to seasonal thermal storage. Heat is
delivered from thermal storage to buildings in periods when PVT cannot supply the current
heat demand. The produced energy is stored during summer and used for heating during the
winter period.

2.3. Multi-Objective Different Evolution Optimization

Optimization means to find the single (and global) minimal or maximal value of an
objective function defined over some search space [25]. The differential evolution (DE)
optimization method was used, which is a population-based evolutionary method for real-
valued global optimization that creates new solutions using rapidly computed differences in
existing solutions, i.e., mutation [26]. The mutation operation ‘DE/rand/1’ has been selected
for this study [27]. DE operates by combining existing solutions with weighted difference
vectors from other solutions, i.e., crossover. Weighted differences in existing solutions allow
DE to automatically adapt its step size and its orientation as convergence occurs, shifting
from exploration to exploitation method, i.e., selection [26]. It tends to converge faster to the
global optimum than other real-valued optimization methods [28].

Most real-world problems involve simultaneous optimization of several objective functions
that are measured in different units and are often competing and conflicting [29]. Multi-
objective optimization having such conflicting objective functions gives rise to a set of
optimal solutions, instead of one optimal solution because no solution can be better than any
other concerning all objectives, also called Pareto-optimal solutions [30]. The non-dominated
sorting approach is applied. To sort a population each solution must be compared with every
other solution in the population to find if it is dominated [31]. In case the selected solution is
not dominated by any other solutions, it is moved to the first front [32]. All solutions in the
first front form a non-dominated set and are Pareto-optimal solutions.

For optimization following measures have been selected given in Table 3.

TABLE 3. ENERGY EFFICIENCY, ENERGY PRODUCTION, AND THERMAL STORAGE MEASURE
VARIABLES USED IN OPTIMIZATION

Measure Measurement unit Minimum value Maximum value Increment
Wall insulation thickness m 0 0.25 0.01
Roof insulation thickness m 0 0.4 0.01
Basement insulation thickness m 0 0.15 0.01
Replacement of electrical equipment % 0 100 1
Heat pump capacity kW 0 200 1
The rooftop area used for production % 0 100 1
Photovoltaics share of rooftop area” % 0 100 1
Buffer tank volume m? 0 100 1
Thermal storage volume m? 0 500 1
Inverter capacity kW 0 250 1
Window replacement % 0 100 1

"Photovoltaic share of rooftop also indicates the PVT share of the rooftop area. A 75 % photovoltaics share equals a
25 % PVT share.

Energy efficiency measures include insulation thickness for building envelopes and window
replacement. It is assumed that Rockwool insulation is used with a heat transfer coefficient

610



Environmental and Climate Technologies
2022 /26

0of 0.035 W/(m'K) [33]. Windows are replaced with polyvinyl chloride (PVC) windows with
a U-Value of 0.7 W/(m*K) [34]. Energy production measures are focused on available
rooftop areas including the share of total rooftop area used and the share of PV and PVT
panels on the rooftop. Inverter capacity for electricity production is also included. For the
buffer tank, a maximum volume of 100 m? [35] has been selected and it acts as low-
temperature heat storage. The capacity of the heat pump [36] determines how much heat can
be transferred from the buffer tank to the main thermal energy storage and supplied to the
community. The thermal energy storage volume has been restricted to 500 m>.

Optimizations were made for two variables at a time. For this algorithm a population size
of 200, and 100 generations have been chosen at scaling factor of 0.6, and crossover
probability of 0.2, this combination was found to be optimal for convergence during
optimization tests.

Following objective functions have been chosen — net present value with an economic
lifetime of 20 years and an interest rate of 7 %, the net present value shown in results is at the
end of the economic lifetime, self-sufficiency share, specific heat consumption, and emission
reduction share. All the output variables are minimized except the net present value and
Pareto-optimal sets are found by optimizing two output variables at a time. The combinations
considered are — net present value and self-sufficiency share, net present value and specific
heat consumption, and net present value and emission reduction share.

3. RESULTS

In Fig. 2 the interaction between net present value and self-sufficiency share. The following
measures are provided by the optimization algorithm. The largest net present value is gained
from window replacement and replacement of electrical equipment. Both measures do not

provide energy production therefore there is no change in self-sufficiency share.

1

-2

-3

Net Present value, MEUR

0 5 10 15 20 25 30 35
Self-sufficiency share, %

Fig. 2. Pareto optimal solutions in terms of net present value and self-sufficiency share.

By introducing energy production measures self-sufficiency share starts to increase at a cost
in net present value. While maintaining positive net present value combinations of the
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following measures are considered — PV and PVT use, replacement of electrical equipment,
and replacement of windows. As storage volume is increasing more powerful heat pumps are
required to supply the heat to the community. The breakpoint occurs at a self-sufficiency
share of 13 %. After the breaking point, building insulation measures are included and the
available rooftop area is fully covered with PV. As self-sufficiency share increases less PV
capacity is installed and the focus shifts on PVT installation to cover electricity and heat
demand. To maintain a positive net present value a PV share in the range of 90-100 % of the
available rooftop area is required. The largest net present value has been found at 622
thousand Euros and the largest self-sufficiency share is 29.74 %.

Optimizing net present value and specific heat consumption in Fig. 3 gives similar results
for net present compared to previous optimization results described above. Although, in this
optimization scenario, energy production, and energy storage measures are not provided in
the non-dominated solution set.
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Fig. 3. Pareto-optimal solutions in terms of net present value and specific heat consumption.

The decrease in specific heat consumption at a cost in net present value is provided by
energy efficiency policies. Mainly window replacement and base insulation with a thickness
of 10-15 cm while maintaining a positive net present value. To decrease specific heat
consumption even more roof insulation is required ranging from 22—-40 cm in thickness is
added. After the specific heat consumption reaches a value of 100 kWh/m? combinations of
wall insulation and roof are included while maintaining a basement insulation thickness of
15 cm.

Optimization between maximizing the net present value and minimizing emission decrease
percentage in Fig. 4 results in similar measures related to net present value and self-
sufficiency share optimization. Replacement of electrical equipment and windows could
decrease emissions by up to 18 % in the community. Applying thermal storage, energy
production measures, and building envelope insulation measures could reduce emissions by
up to 57 %.
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Fig. 4. Pareto-optimal solutions in terms of net present value and emission reduction share.

4. DISCUSSION

The multi-objective differential evolution optimization method allows to quickly explore
the possible outcomes for energy communities based on the defined payoffs. Previous works
have focused on applying linear optimization methods. In the case of large models with
various combinations of possible measures, linear optimization might be unfavorable, due to
the complex nature of these systems. The optimization used in this study focused on two
variables at a time whereas multiple payoff dimensions can be defined, e.g., search for
measures providing the least emissions, maximizing net present value, and self-sufficiency
share. Therefore, differential evolution optimization is favorable in this case.

Each energy community has its purpose whether to reduce energy costs, and emissions or
to increase the share of renewable energy used. Based on findings in this research, there are
many directions that energy communities can go in their goals. Although, the limitation of
this study is the exclusion of private vehicle measures such as the shift from fossil fuel
vehicles to electric vehicles, car sharing, and electric vehicles' use for demand response in the
energy community.

External factors such as subsidies, and decreased loan rates could potentially provide a
larger incentive for engagement in energy communities and a wider range of solutions
regarding the financial outcome. Various business models could be introduced into the
community such as a land lease for renewable energy production outside urban/suburban
areas. Energy communities could potentially unite outside the traditionally provided scope
and become focused on various business options around the community such as tourism and
paid workshops related to the transformation towards an energy community. These business
models could potentially reduce investment payback time.

Results show that with this combination of measures the analysed energy community will
not become carbon neutral and with a self-sufficiency share of a maximum of 29.74 % will
have to rely on centralized energy production. Larger thermal storage volume and inclusion
of electricity storage could increase both self-sufficiency share and emission reduction share
at a cost in net present value. Available area for storage installation could be a problem and
must be investigated. Another investigation must be done into different energy communities.
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The residential area chosen for this study has windows with low thermal resistance and a
large electricity consumption share. Based on these two factors measures like replacement of
electrical equipment and replacement of windows are standing out as primary goals of the
energy community.

Energy community available measures depend on the costs associated with implementing
these measures, energy consumption profiles of the community residents, specific energy
consumption, available funding, etc. Applying this methodology may result in a similar
structure of the results, but with different measures being superior to other measures.

5. CONCLUSION

Energy communities are expanding as European climate goals require rapid and systematic
changes in every sector. The transformation of a multi-family residential building area into
an energy community is explored via the multi-objective differential evolution optimization
method. The results show that, based on defined payoffs, the priority for the chosen residential
area would be the replacement of electrical equipment and the replacement of windows
providing a positive net present value and reduced emissions by 18 %. Emissions in the
community can be reduced up to 57 %, the specific heat consumption can be reduced up to
58 kWh/m?, and self-sufficiency can be increased up to 29.74 %.

Based on the results energy communities should consider their current situation and assess
possible measures based on their goals. Provided measures in this study could favour some
energy communities more than others and each community could use this study as a
benchmark for goal prioritization.

Future studies should consider optimization sensitivity analysis of various community types
and measures, by changing specific investment costs, energy tariffs, etc. As each energy
community would have to find the best combination of energy efficiency measures, energy
production, and storage technologies for their current situation.
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Energy communities are widely studied from various perspectives, especially in the context of
geopolitical events of recent years, when humanity is faced with the need for urgent solutions to
mitigate climate change and alleviate the crisis of energy resources. Although citizens’ interest in
the use of renewable resources has gradually grown, energy policy support measures for more
active participation of society in the implementation of energy efficiency measures are still being
implemented with variable success, especially through mutual agreement. Serious games are a
rapidly growing tool for awareness and collaboration on a single platform for gamers seeking
solutions to energy resource optimization issues. The main focus of the article is on the
opportunities offered by a newly developed simulation tool for promoting the development of
energy communities and the experience gained by its users. The tool’s description and simulation
results provide new information and knowledge for those working in the serious gaming field.
The proposed solution promotes the development of new methods (tools) for decision-making
processes based on serious games. This study uses a multi-player simulation tool to enable the
modelling of scenarios for energy efficiency measures for apartment building block residents and
energy community target goals for decision-making decisions. User experience and game
mechanics were tested on a pre-selected group. The results indicate positive feedback, including
a practical application for both energy community and professionals, and provide valuable
recommendations for further research and improvement of the tool.

http://doi.org/10.54337/ijsepm.7549

1. Introduction

Energy resource systems around the world are undergo-
ing radical changes because of technological, institu-
tional and political changes, the depletion of fossil fuel
resources and climate change as well as because of
global energy crises [1]. Increasing distributed energy
resources at the local level requires the reorganization of
centralized energy systems [2]. Due to the anticipated
fundamental changes in energy supply technologies over
the next few years, it’s crucial to coordinate investments
in energy conservation initiatives with investments in
the supply side. This will help prevent excessive invest-
ment in supply systems and ultimately reduce the overall
costs of transitioning to Smart Energy Systems [3].

*Corresponding author — e-mail: vita.brakovska@zinis.lv

In Europe, 70% of the population lives in urban areas
and consumes about 75% of the primary energy supply.
To reduce the impact of energy consumption, energy
communities can help address urban sustainability and
energy security issues through local energy production
and self-consumption. Energy communities are associa-
tions voluntary established by citizens with a common
interest in implementing energy efficiency measures
and introducing renewable energy sources to reduce
their consumption, and energy costs, and increase
self-sufficiency [4] Solar, biomass, and wind are the
main sources of renewable energy commonly used in
cities. [5]. Further exploration from a single building to
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the community level allows for further improvements
through sharing of energy technology and community
management [6]. Therefore, a single building is consid-
ered part of a sustainable and renewable community
system [7]. Buildings account for a large part of the
world’s energy consumption and associated CO, emis-
sions. For example, the construction sector accounts for
40% of energy consumption and 36% of CO, emissions
in Europe [8,9].

In recent years, high-performance active and passive
technologies have been developed to improve the energy
efficiency and sustainability of the built environment
[10]. For example, recent advances in sensor and track-
ing technologies have created opportunities to develop
behaviour change systems because of human-computer
interaction [11]. Also, the recent rapid development of
smart meter technology opened unprecedented perspec-
tives in the monitoring of people’s behaviour in residen-
tial buildings and has diverse applications, for example,
for modelling user behaviour, specifying design values
or predicting possible loads [12]. Due to the physical
properties of thermal energy, information about the
building’s thermal energy demand and its spatial pattern
is useful for the development of climate protection mea-
sures - this is evidenced by the fact that many cities in
Germany prepare “heat demand cadastres” - thematic
maps that depict the heat demand of buildings [13].

High energy efficiency can only be achieved if the
impact of both technical strategies and household
behaviour is considered [14]. People are a key compo-
nent of a community’s energy system and therefore need
to be widely involved to encourage their participation in
energy efficiency and sustainability initiatives [15].
Only a few publications have discussed how actions
should be implemented at the consumer level to facili-
tate the transition of building mass populations to heat
saving and energy efficient technologies in buildings
[16].The “double invisibility” of energy consumption
(the fact that it cannot be seen as well as it is related to
daily activities) affects the effectiveness of feedback on
energy consumption [17]. While energy literacy is often
assumed to be a requirement for (effective) energy
saving behaviour, there is little evidence in the literature
on the impact of energy literacy on energy behaviour[18].
Another of the prerequisites for achieving good results
has been widely studied: the promotion of informing
households about environmental issues, as this is an
essential element in reducing emissions [19], in the
adoption of technologies promoting energy efficiency

Multiplayer game for decision-making in energy communities

[20] and in the development of sustainable transport
systems [21,22].

Research shows that energy literacy may be the most
promising way to promote household energy saving
behaviour [18]. From an energy efficiency promotion
policy perspective, information programs can be useful in
addressing behavioural gaps. Providing more reliable infor-
mation can reduce uncertainty in the decision-making pro-
cess, leading consumers to make better decisions [23].
Given the sociological nature of the energy community,
it also faces the social dilemma of a conflict between
selfish interest and the common good, since anyone
who pursues the former ends up with lower results than
when cooperating with the community. In strategic
interactions with complex choices, the prisoner’s
dilemma emerges, where individual and community
gains must be decided. Also, in the case of common
interests, participants may face not only collective
action, but also the instability of joint choice, which is
affected by the heterogeneous profile of decision
makers. Therefore, bargaining as an element of interac-
tion is characteristic of conflicting parties, and one of
the ways to promote resource management in the
energy community is through collective aware-
ness-building platforms, through which innovative
ways of citizen participation can be offered, while iden-
tifying their interests and giving them the opportunity to
contribute to the solution of such sustainability issues.
where a social dilemma occurs in an environment of
many decision makers [24-27].

In many cases in resource management, where sev-
eral interacting parties are involved, they create condi-
tions when each user with his decision changes the
environment of other users and affects his own expected
results. A classic example of such potentially negative
interdependence is the “tragedy of the commons” [28].
In recent decades, the world has become increasingly
interconnected between nature, society, and technology,
and the disciplines that manage them are also develop-
ing [29].

Serious games are gaining increasing interest as a
means of social learning that leverages the appeal of
games and the value proposition of technology. Recent
technological advances have led to the introduction of
realistic digital environments in which players can feel
the spirit of adventure while gaining new knowledge,
developing skills, and applying new competencies to
achieve their goals [30]. Therefore it is a relevant tool
today to explore the knowledge, attitudes and behaviors
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of individuals that influence energy consumption levels
worldwide [31].

However, the main challenge of serious games is the
potential transformation of passion and involvement into
the acquisition and application of applicable knowledge
- decision-making. Serious games must demonstrate
transfer of learning while maintaining an engaging and
entertaining format. A balance between fun and practical
measures should be implemented throughout the game
development stage [32-33].

This study focuses on testing an intervention strategy
in multifamily housing blocks using a serious gaming
approach, complemented by immediate player feedback
in a final survey. The idea of using real-time data visual-
ization and expressing the results in absolute numbers is
a common approach. However, the integration of the
social dilemma principle opened a new way of evaluat-
ing consumer behaviour, seeking a balance between
selfish and communal interests.

Research has so far identified 34 games, of which
four had aspects related to demand response and only
five had aspects related to energy communities or shared
energy resources. None of the games had both aspects,
yet they had connections to real-life events, such as
making the player’s home energy consumption affect the
outcome of the game. This highlights the fact that the
concepts are new and there is a demand for a serious
game that covers it [34].

The research question of this study is whether the
developed simulation tool - a multiplayer game based on
a physical system and an integrated model of role-play-
ing elements - provides its users with a gaming experi-
ence (convenience and transparency) and helps to
identify and analyze players’ efforts in achieving a
common goal.

It is a new approach that offers a new perspective on
knowledge dissemination to users, social learning, and
new experience of participation in shared decision making,
based on a serious game simulation model and tool.

Serious games are process simulations or simulations
of real events designed to solve challenges and can be
used to track and evaluate complex energy consumption
behaviours of users [35]. Research results already
demonstrate that gamification significantly improves
users’ knowledge, attitudes, behavioural intentions, and
actual behaviour, as well as economic bill savings com-
pared to control groups, while reward-based game
design elements improve sustainable behavioural out-
comes [36].

However, new ways to balance the methodological
trade-off between simplicity and comprehensiveness are
still being sought. A serious gaming approach can serve
as an effective platform where, using interactive digital
simulations, complex modelling results can be turned
into information understandable to the everyday user,
which stakeholders can share, discuss [28] and use as a
basis for decision-making.

To live up to the expectations placed on serious
games, it is crucial that they reflect practice-based situa-
tions and their specific contexts. Collaborative and par-
ticipatory approaches are potentially useful for
developing serious games that can help to express and
translate existing contexts, social conflicts, and institu-
tional responses into a game context [37]. Although the
benefits are recognized in the literature, researchers
emphasize that collaborative and participatory design
approaches to serious game development have still
attracted only limited academic attention [38—40]. The
essence of this study is to bridge the gap between aca-
demic and real-world approaches by rethinking game
construction and suitability to the requirements of
energy communities.

Serious games are widely studied in the literature and
the energy sector is one of the areas where various seri-
ous games are implemented. While aspects of a power
distribution system may seem self-explanatory to engi-
neers, the concepts and system architecture can be diffi-
cult for non-specialists to grasp. Therefore, many serious
games focus on universal and simple concepts, such as
energy conservation and optimal use of electricity in
people’s homes. Only a few games go far beyond enter-
tainment-based approaches and focus on joint decisions,
such as the use of a shared energy resource, so that the
actions of each participant do not jeopardize the quality
of life and the availability of resources. Another major
drawback of the developed games is their public avail-
ability after the conclusion of the research project - stud-
ies have concluded that serious games are a viable
solution to increase awareness of energy consumption
habits, but the value of the tool decreases rapidly if it is
available to a certain group of participants for a limited
time [34].

Empirical results from research to date show that
people exhibit loss aversion when making decisions
under uncertainty, assigning much greater importance to
the loss than to an equivalent uncertain gain. In the con-
text of energy efficiency, loss aversion can partly explain
why consumers do not make profitable investments,
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as they weigh fixed upfront costs (losses) much more
strongly than uncertain future benefits, even if they are
of equal value in principle [23].

Energy communities are mainly established with the
goal of producing renewable energy resources - this
does not directly save energy but decarbonizes the nec-
essary energy. Residents can share an infrastructure that
includes both solar panels and technologies for the pro-
duction of thermal energy or hybrid systems [41,36]

Research demonstrates that social aspects integrated
in system dynamic models considered include behaviour
and lifestyle changes, social acceptance, willingness to
participate in socio-economic measures [42]. The goal
of the study is to develop a dynamic model to simulate
energy efficiency measures and on-site renewable energy
sources in an energy community located in multifamily
buildings and develop a multi-player serious game pro-
totype to serve as a basis for multiplayer game.

2. Methodology

Within the framework of the study, an experimental
game was developed - a simulation tool based on a
system dynamics model created in the Stella Architect
program for playing the role of decision-makers involved
in social dynamics [43]. It includes an internet-based
interactive interface with the necessary functions, as
well as functions for tracking and processing data. A
system dynamics modelling approach is used to create a
model structure of physical energy demand and supply
systems that is individual to each energy community.
The tool is developed based on the test results of a sin-
gle-player simulation tool previously developed in this
study, adding more output variables and input data
needed to build an energy community.

The player must make decisions in three areas of
energy efficiency measures: energy saving, energy pro-
duction, and transport usage patterns.

Energy-saving measures include insulation the roof,
walls, and basement of buildings (specifying the thick-
ness of a predefined thermal insulation material),
replacing existing electrical appliances with more

Multiplayer game for decision-making in energy communities

energy-efficient ones, building a ventilation system,
replacing windows, as well as installing smart devices.
Users have the option to indicate that they are willing to
change their behaviour by changing the room tempera-
ture as a minimum. Energy production measures include
the installation of solar panels on building roofs, defin-
ing their proportion and intensity of deployment. Studies
have found that the self-consumption ratio does not
necessarily have to be close to 100% for the investment
to remain economically viable [44], so the user has the
option to change the area and proportion as he sees fit.
As the final sector of decision making is the review and
updating of transport usage habits, this level should also
indicate the willingness to share your private vehicle
with the community.

The primary goal of developing the tool is to bring
together participants and experimental systems to test
hypotheses and learn about subjects’ mental (behavioural)
models in decision-making tasks. The players must
decide on measures from a list of proposed energy effi-
ciency and renewable energy solutions based on their
preferences. From the beginning, each player sees only
the results of their choices. Later, he has the opportunity
to see the other players’ choices that affected the overall
result. Thus, an understanding is formed that the selfish
interests of each individual can either improve or (most
likely) worsen the overall result.

The model integrated in the tool envisages a social
dilemma — the balancing of selfish (economic) interests
(e.g. savings, payback time, etc) with community inter-
ests (e.g. heat, electricity and transport emissions etc),
influenced by heterogeneous consumer motivation,
social interaction, and individual adoption decisions
over time. Players must evaluate their decisions and
their impact over several rounds and adjust until a deci-
sion satisfies the wishes of the entire community (play-
ers involved). The developed model provides tracking
and reflection of user behaviour in real time.

As a potential tool, the target audience is residents of
certain multi-apartment residential buildings who dele-
gate house elders to represent their community within
the game. When starting the game, the user creates his

Table 1: Energy efficiency measures

Energy efficiency Energy production

Transportation

« Insulation of roof, walls, and basement
* Window replacement

* Ventilation replacement

» Appliances replacement

Solar panels by indicating:
* Roof area used for production
* Proportion of solar panels from the area used for roof production

* Frequency of use
+ Travel distance
+ Vehicle sharing
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Table 2: Decision making indicators, including both individual and community interests

Specific Financial

Percentages

Absolute

Heat consumption,
kWh/m2

Heating, kWh/m2
Electricity, kWh/m2
Energy, kWh/m2
Investment, EUR/m2

Costs, EUR/ year

Heat costs, EUR/ year
Transportation costs, EUR/ year
Transportation costs, EUR/ 100km
Investment, EUR

Savings, EUR/ year

Payback time, years

Change in heat consumption, %
Change in electricity consumption, %
Change in electricity costs, %
Self-sufficiency share, %
Self-consumption share, %

Change in car usage, %

Heat consumption, kWh

Transport energy consumption, kWh
Heat emissions, t

Electricity emissions, t

Transport emissions, t

Surplus heat produced, kWh
Surplus electricity produced, kWh

ENERGY =
COMMUNITY msr-wees
GAME

This simulation tool has been developed by Riga
Tochnical University (RTU) Inskitute of Energy
Systems and Environment (IESE)

%ﬁfﬂzmﬁﬁaﬁéh‘

Enter a nickname

ENERGY
COMMUNIT
GAME

This simulation tool has been developed by Riga
Technical University (RTU) Institute of Energy

Systems and Environment (IESE)
[ B -j

Enter a name for this session

ol

TUTORIAL

The video tutorial is shown in the
upper right corner.

1. Values in orange rectangle are
entered first.

2. After entering the values, the green
button must be pressed. 1.

3. Actions can be taken in red
rectangles after pressing the button.

4. After actions are taken the green 3.
button must be pressed again to.
display results.

To game!

Figure 2: Tutorial of the game.

username and joins a group created by a single lead
player who has no additional privileges other than creat-
ing a group and giving it a name.

Before starting the game, users are familiar with the
game annotation, which says that in this simulation
game, players can search for different solutions to build
their own energy community. Each player can use differ-
ent measures to reduce energy consumption, develop
energy production, or switch from private to shared
vehicles. The potential of energy communities increases
in self-consumption of renewable energy, community

Figure 1: Registration of nickname and the session title.

sharing of private vehicles, and reduced investment pay-
back time due to energy redistribution. The surplus
energy produced is distributed among all the buildings
in the community.

To improve traceability and reduce the possibility of
interpretation as much as possible, a video instruction
on the execution of the tool is placed in the tool. If
necessary, the user can watch it again, because the
video is in a publicly available format on the YouTube
channel [45].

In the next step, the player enters data on the consump-
tion of energy resources of his residential house - the
existing room temperature (based on which the tool cal-
culates the required amount of heat energy), as well as the
annual consumption of electricity and hot water per 1
person. The user also specifies the type of existing heating
and the number of floors and staircases of the building, so
that the model calculates the number of inhabitants of the
building and the related amount of electricity and hot
water consumption for the house. These data are the basis
for the calculation of the existing energy consumption and
provide the user with the first immediate feedback on the
energy demand of the building he represents. In addition,
the user also indicates transport usage habits - the number
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Figure 4: Full functionality of the game interface.

of kilometres travelled per day and the frequency of car
use per week.

After entering the initial data, by pressing the
“READY” button, the user gets to the next level of the
game, where he sees the first results about the energy
efficiency of the building he represents, which is demon-
strated by a series of calculated indicators - heat and
electricity consumption and balance, the proportion of
cars represented in the car park, the structure of expenses,
investment, payback time, and volume of issues. The
first and the last should be mostly attributed to the inter-
ests of the community, while the other indicators reflect
more the selfish, economy-based interests of the players,
which, according to previous studies, are superior to the
common interests of the community. Under the data
visualization window, various specific, financial, abso-
lute and percentage indicators are visible, which the
player can view and select the ones that are most rele-
vant to him.

After familiarizing with the visualization of the
results, the player must make choices in 3 areas of

Multiplayer game for decision-making in energy communities

[ RETURN
ENERGY COMMUNITY RESULTS

[/ vest conmmnn 13}

Heat consumption 2

u Heating % Hotwaler

o

Figure 5: Summary of Community decisions.

energy efficiency measures: energy saving, energy pro-
duction and transport usage habits.

Once the above decisions are made, the player presses
the “READY” button and thus, without changing the
visual layout of the tool, sees updated data reflecting
the results of his choices at the level of his building. The
player can press the “COMMUNITY” button, where
they can see the choices made by all housing representa-
tives in the game and their impact on the common goals
of the community towards the achievement of various
economic and environmental indicators. The use of this
visualization also allows us to contribute to research on
how well people can extract information from a graphi-
cal representation, such as a line chart or a bar chart, as
this has been little studied so far [46].

This makes this game different from a single-player
game - the user sees not only his own, but also the deci-
sions and consequences of other players and sees how it
affects the overall scores. This forces him to evaluate his
decisions and, knowing the goal, possibly sacrifice self-
ish interests. The structure of the tool allows you to track
the participant’s decisions in each of the sessions and
observe which parameter changes make him give up his
interests in the name of the community.

Within the framework of the game, the participants -
delegated representatives of residents of various apart-
ment buildings, using the possibilities offered by the tool
(setting a common goal and a chat room as a real-time
communication channel), cooperate by making choices
about various energy efficiency practices. A communi-
cation panel can facilitate integrative decision-making,
as this way players can not only easily communicate
about common issues, but also share their ideas. This
promotes player convergence and is a particularly appre-
ciative format in real-world situations where physical
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Figure 6: Chat window for communication among players.

contact is limited, such as during the COVID-19 pan-
demic [47] or people are physically far from each other.

The game is divided into several rounds, which are
separated from each other with the help of the “READY”
function - after pressing it, the participants immediately
see the results of their decisions and, using the
“COMMUNITY” functional button, see the collective
effect of the decisions made by all players on the achieve-
ment of the common goal. If this is not satisfactory, the
players can agree to play another round with the help of
the chat room. The number of rounds of the game is not
limited - it can continue until everyone is satisfied with
their and the collective choice. This approach is also
based on research that cognitive information processing
should be considered more in behavior change systems.
Common sense is strongly influenced by preexisting
knowledge structures (i.e., mental models and energy lit-
eracy) and depends on the analytical skills of users, which
can vary greatly between individuals [48].

The system dynamics model integrated in the tool
foresees a social dilemma — the balance of selfish (eco-
nomic) interests with community interests, which is
influenced by heterogeneous consumer motivation,
social interaction, and individual acceptance decisions
over time. Thus, a real-world scenario is included where,
when one player makes selfish choices, the overall
results move away from the goal set by the energy com-
munity. The goal of the players with their choices and
communication is to achieve optimal decision-making
based on the interests of the community.

3. Results

The results of the simulation show that the online tool
prompts players to make decisions and encourages

cooperation despite a complex set of parameters that
require focus on the results of previous sessions. The
tool allows players to experiment with their choices and
see real-time results. The interactivity of the tool pro-
motes social learning in an environment where players
acquire new knowledge based on their actions.

Although the purpose of the study was to verify the
functionality of the tool and within it representatives of
the academic sector who are considered competent in the
field of energy efficiency were selected as the testing
group of the developed simulation tool, their feedback
shows the potential of the tool’s application in real con-
ditions. This can be explained by the fact that the
selected target group identifies itself as apartment owners
who must make decisions about the energy efficiency of
their homes and the maintenance or increase of their
value in the housing market. 29 participants took part in
the testing, and at the end they also filled out evaluation
forms, which allowed one to get players’ opinions about
the functionality and usefulness of the tool.

3.1. Results of the test

The participants were divided into 6 teams of 4-5 players
per team and joined the tool game by entering their (fic-
tional, non-identifiable) username and their team name.
The simulation took place after listening to the instruc-
tion, which explained the basic principles of the tool and
the sequence of operations. 55% affirmed that the instruction
is exhaustive for using the tool, 16% admitted that they
were not familiar with the guidelines, while the rest indi-
cated the need for several improvements, for example, it
should be emphasized that the parts of the number are
separated by a period instead of a comma, to give a sepa-
rate mini-instruction at the beginning of each step (so that
you don’t have to keep everything in mind) and the expla-
nation should be given a little slower.

As part of the test, the teams played 4-9 sessions, the
number of which depended on the team’s goal and inter-
nal agreement. Evaluating the obtained data, it can be
concluded that, based on the initial setting, all teams
aimed to reduce the CO, level, therefore it can be con-
sidered that the teams were able to cooperate with each
other through the tool to achieve one of the goals of the
energy community.

3.2. Tracking users’ decisions

The players agreed to reduce CO, emissions, which, by
consistently making decisions, also succeeded - after the
4th session, a reduction of CO, emissions from an

International Journal of Sustainable Energy Planning and Management Vol. 38 2023 7



Cumulative emissions [tons per year]

Team rounds [run]

—o—Tear Bauska —e—Tearm Kopiena ‘Zieme}* —e— Tean Saules béri —e—Tears Guthieki —e=—=Tearn Perspekivie —a—Tear hopiena 1253

Figure 7: Cumulative emissions of CO? generated during the
simulation.
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Figure 8: Dynamics of reduction of costs during the simulation.

average of 618t to 331t was achieved. The largest
decrease was by 80% (from 604t to 123t) in a total of 9
sessions, while the smallest was by 43% (from 889t to
506t) in a total of 4 sessions.

As another basic parameter, the players put forward
cost reduction - it also decreased by 4 million after the
fourth session. for 2.6 million EUR. The largest decrease
was by 98% (from EUR 9.7 million to EUR 0.2 million)
in a total of 6 sessions, while the smallest was by 41%
(from EUR 0.65 million to EUR 0.38 million) in a total
of 6 sessions. Data processing shows that both of the
above indicators decreased with each session, except for
one team, which saw an increase in pay-outs in the last
session played.

Multiplayer game for decision-making in energy communities
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Figure 9: Investments to energy efficiency measures during the
simulation.

Payback ime [years]

Team rounds [run]

=0T Batska == Team Kopiona Ziamej’ == Tearm Sades bani —e=—Teame Gudioki e Tea PESPODVE == Tea: hipicm 1253

Figure 10: Payback time of investments during the simulation.

On the other hand, the total amount of investments
increased with each session, on average starting from
1.2 million. in the 2nd session to 1.9 million in the 4th
session. The largest increase was 91%, while the small-
est was 25%. A team made choices that reduced the total
amount of investment by 40% while still maintaining a
positive trend in reducing CO, emissions and costs.

The average payback time was 5-6 years, where at the
end of the game, the highest was 11 years and the lowest
was 2 years. Three teams managed to finish the game
with a payback period of 0 years, two in the ninth ses-
sion, one in the sixth session.

The study observed that the number of opportunities
included in the tool to change their habits, for example,
to lower the room temperature, is relatively minimal.
The specified room temperature varied between 18 and
24 degrees Celsius, indicating a low willingness of
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Figure 11: Case of the temperature decrease decision within a team.

players to lower their daily comfort, instead choosing to
take other measures to improve energy efficiency, while
being aware that lowering the temperature can lead to a
reduction in energy consumption.

One team agreed to reduce the temperature by 1-2
degrees in the last session. One participant did this in
round 5, reducing by one degree, and in the final round,
another 3 players did it, resulting in a decrease in aver-
age temperature compared to the initial choices. Players
of all teams reduced the temperature by 27.5% with their
choices.

The results of the simulation show that the players
changed their decisions based on the agreement on the
achievement of a common goal (for example, CO,
reduction) and that in the following sessions they got
confirmation that the players are ready to sacrifice their
own interests.

3.3. Feedback of the online survey

In general, 81% positively evaluated the tool as a tool
for obtaining information, while the rest of the respon-
dents indicated that the positioned format (game, com-
petition) did not allow it to be perceived as applicable in
real conditions, and if they gave confidence about the
reliability of the processed data, then it could be evalu-
ated more positively.

In response to the question whether the displayed
information was transparent, 70% answered in the affir-
mative, while the rest of the comments were basically
related to the ease of use of the chat room and the desire
to see several graphs at the same time.

When commenting on the comprehensibility of the
calculations received, 48% answered in the affirmative,
18% in the negative, while some indicated that they had
not delved into the explanation of the calculations.
Similar answers were also given regarding the reliability
of the calculations.

67% of participants assessed the information reflected
in the tool as easy to understand, while 14% answered
negatively, explaining it with the functionality of the
chat room, not offering the opportunity to see the results
of all community members at the same time, the need to
visually see the common goal during the entire game, as
well as the desire to see explanations of how individual
parameters will change the community the results of
decisions. As was additionally stated the desire to see
current support mechanisms for energy communities to
carry out joint activities.

In response to the question whether this tool would
potentially allow the residents of residential buildings in
the block to make an optimal decision, 41% answered in
the affirmative, 19% rejected, and the rest of the consid-
erations were related to the players’ individual (selfish)
interests (for example, the fiscal impact on the house-
hold budget) and the need to provide traceable data
(results of the decisions made) during the entire play.

When evaluating their main motives for engaging in
the game, respondents mentioned the desire to reduce
consumption, take actions to live in environmentally
friendly conditions, create a dialogue with the commu-
nity, achieve joint action and transform cooperation into
real results that affect the quality of life. Also, the spirit
of competition could be observed in the answers, for
example, by experimenting to conclude, how good
results can be achieved or try as many different combi-
nations as possible.

At the end of the survey, respondents indicated that
the developed tool is suitable for players with prior
knowledge of energy efficiency issues who are moti-
vated to take action to improve the situation, but after
the first play (decisions made), the community should
initiate a discussion about the results and how to
improve them together. Commenting on the impact of
the tool on building an energy community, the respon-
dents indicated that the tool helps to better understand
the choices made and their impact on energy efficiency
indicators, the diversity of player motivation and
behaviour within the same community on the way to
achieving a common goal, modelling different scenarios
and seeing the overall results in real time, as well as
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enables communities to plan activities that improve the
overall situation and promote energy independence. As
an additional value, the respondents pointed out the
reflection of the real situation - how the failure of one
house can affect the community. Certain players indi-
cated that they were motivated to act by seeing them-
selves as one of the biggest consumers of energy.

4. Discussion

The developed model allows players to engage in a real
decision-making process on various energy efficiency
practices and try different options to achieve a common
goal. Compared to the first single-player game, which
used fixed input data for a specific block in the historic
centre of the city, the multi-player tool allowed for
manual input of variable data, allowing the results to be
closer to real conditions. However, several limitations
arise during this study.

4.1. Suitability of the model for a specific block of
apartment buildings

The findings of this study show that the “Energy
Community Game” is applicable for building energy
communities, but the involvement of stakeholders in the
system dynamics model in decision-making requires
adjusting the calculations to the appropriate type of
houses, climate conditions, the climate policy of the
specific country, energy costs, as well as the mentality
and level of awareness of the players, to result in prog-
ress towards jointly defined goals. This question will be
addressed in the next development phase, but other seri-
ous game developers should also pay attention to the
fact that more universal data needs to be separated from
specific data, thereby improving the accuracy of the
simulation tool’s performance.

4.2. Suitability of the model to a specific profile of
the target audience

Another limitation is users’ basic knowledge of energy
efficiency and renewable energy technologies. On the
other hand, the results of the simulation of the same tool
among the population may differ due to the knowledge
and mental behaviour model, because the daily priorities
are not concerned with property value and making
investments as efficiently as possible, even though
because of the energy crisis, people’s interest in energy
production and saving measures has increased signifi-
cantly. The developers of the tool suggest involving

Multiplayer game for decision-making in energy communities

apartment owners (not tenants) in energy community
related simulation games - the ones act as responsible
and careful managers in their daily lives and take into
account medium and long-term perspectives when
making decisions.

4.3. Preparation of basic information before
simulation game

The study shows that before participating in a tool with
many players, it is recommended for homeowners to
play a simplified, single-player game to understand the
basic principles of the tool’s construction, improve
knowledge about various energy efficiency practices,
which they will also encounter in the game with many
players.

It is necessary that, at the time when the delegated
representatives of the residents of multi-apartment resi-
dential buildings will participate in the simulation of the
energy community tool, they will have gained the neces-
sary understanding of energy efficiency measures, if
necessary, they will have agreed with their community
on the desired energy efficiency measures, as well as
determine the possible limits in decision-making - thus,
he would be able to fully participate in a collective game
with representatives of other residential buildings in his
block.

4.4. Factors influencing player behaviour

Within the framework of the research, one of the central
issues of the discussion is the change of the players’
behaviour pattern based on the information they get
during the game, for example, information about the
choices of other players or the data obtained because of
the player’s own choices. Also the test of this particular
simulation game proves that the player’s behaviour
changes, depending on the information he gets during
the game, because the principle of social dilemma works
- a conflict between selfish (economic) and community
interests. The results shows that the players would have
a different behaviour pattern if they did not obtain infor-
mation about the choices of other players and their
impact on the achievement of the common goal after
each of the sessions.

4.5. Aspects of socio-economic conditions

During the testing of the tool, there was an in-depth inter-
est in various parameters and their impact on such indi-
cators integrated in the tool as the total energy
consumption, the amount of energy produced, energy

10 International Journal of Sustainable Energy Planning and Management Vol. 38 2023



Vita Brakovska, Ruta Vanaga, Girts Bohvalovs, Leonora Fila, Andra Blumberga

independence, the number of necessary investments and
the payback period. It is assumed that the readiness of the
players to go deeper and play the game as close to reality
as possible can be explained by the context of the spe-
cific circumstances - the crisis of energy resources and
the rapid rise in prices related to it. When summarizing
the results of serious games, context analysis must be
performed as it explains the players’ motivation and level
of engagement, and therefore the achievable results.

5. Conclusions and perspectives

The research question was focused on analyzing the user
experience of the developed simulation tool - how easy
and transparent it was for users to use the tool and how
successful serious game developers were in understand-
ing player efforts to achieve common goals, as well as
analyzing the data obtained.

The obtained results can be evaluated as practical and
useful for the further improvement of the simulation
tool, so that it can be passed on to a wider range of users
who were interested in or familiar with energy efficiency
issues daily. The insights gained within the scope of the
study are a valuable source of information for serious
game developers in the context of energy community
development, as they provide insights into user experi-
ence and issues related to data acquisition, analysis, and
further utilization. The tool developed as part of the
research is useful for the residents of the block of apart-
ment buildings to model their energy efficiency options,
while for the administrators of the tool, to predict con-
sumer behaviour patterns in making different decisions
at different values of design parameters. The “black
box” tool allows you to analyse useful information about
the decision-making factors of each player.

Secondarily, the tool can be considered as a tool for
promoting social learning, because during the game
players review their decisions and improve them based
on acquired knowledge and experience. In perspective,
the tool can be positioned as an online platform for dis-
cussion and joint decision-making in situations faced by
energy communities. This tool is being developed as a
support tool for policymakers to make decisions about
the diversity of business models in the context of energy
community development, as it has the potential to test
the socio-technical performance of systems over time,
where system behaviour is subject to complex and
dynamic individual human behaviour and social
interactions.

Considering the further possible application in other
disciplines, the potential of the tool is to use it for deci-
sion-making on wider areas, for example, solving
social issues in the community, sustainable develop-
ment of territories, balancing economic interests in
local economies, where the interests of the community
are regularly opposed to the interests of entrepreneurs
(for example, active and leisure tourism development
along with the quality of life of residents in their
homes).

The results obtained can potentially contribute to the
development of effective energy policies and business
models, which are useful for decision makers and policy
makers, laying the foundation for radical technological

changes and faster development of energy
communities.
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This study explores a co-management approach to prepare future environmental engineers for green innovation
and commercialisation by improving cooperation between academia and industry. Collaboration between
academia, government, agencies, and industry is a top priority due to the significant impact of the availability of
qualified environmental professionals on the economy. The potential for collaboration among parties with
different interests and principles remains largely unexplored. Compared to tango dance, the paper discusses the
co-management approach, combining two disciplines with other goals and expectations. The methodology adapts
brainstorming for studying environmental engineering to improve students' competencies and diversify study
methods. Studying classical idea co-creation approaches in higher education, evaluating their results, and ana-
lysing stakeholders’ opinions - involving 65 students, six industry and government representatives, and 14 lec-
turers. This study identified crucial factors that form a model for successful collaboration between academia and
industry to train environmental science specialists and develop green innovations. These factors include party
participation activity, the definition of primary evaluation criterion, and student motivation. The study concludes
that the co-management approach could enhance competence education quality by promoting skill diversification
and teamwork and providing greater motivation to work.

1. Introduction and literature review

Green innovation is crucial in raising the quality of future generation
life and solving environmental challenges (Bataineh et al., 2023; Prie-
to-Sandoval et al., 2022). Organisations and communities in recent years
have been directed towards green innovation to achieve environmental
protection and maintain sustainability and economic growth (Ho et al.,
2023; KarimiTakalo et al., 2021; Wang et al., 2022). Green innovations
are crucial for the environment, financial profitability, and social sus-
tainability (Fliaster & Kolloch, 2017) of all society; nevertheless, a sig-
nificant challenge in implementing green innovation is the availability of
a skilled workforce and the interaction between academia, government,
and industry (Avelar et al., 2019; Fernandez-Manzanal et al., 2015; Leal
Filho et al., 2018). Academia and industry, with the support and guid-
ance of the government, must balance their interests in educating young
professionals and commercialising environmental technologies, as this
contributes to the economy's move towards climate neutrality (Leyva-de
la Hiz, 2019; Ribeiro & Cherobim, 2017).

In the scientific literature, the role of higher education and research
activities in advancing Sustainable Development and the role of
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E-mail address: antra.kalnbalkite@rtu.lv (A. Kalnbalkite).
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collaboration with the private sector and the need for improvements to
make interactions more efficacious has been discussed (Adomfent et al.,
2014; Annan-Diab & Molinari, 2017; Gémez et al., 2015; Sidiropoulos,
2014; Sinakou et al., 2018; Osterblom et al., 2020). According to the
literature, to promote the sustainability of green innovation, all sides need
to critically assess their proper role in training students and respect the
various factors that influence joint achievement (Bag et al., 2022; Marcon
et al., 2017; Stal & Babri, 2020). Stall and Babri (Stdl & Babri, 2020)
discussed the influence of translating knowledge and educational inter-
vention; Marcon et al. (2017) analysed best innovation practices and the
role of sustainability-oriented education. The academic sector needs to
take bolder solutions to modern education and become a partner for
proactive dialogue with the industry, respecting the existing competition
between higher education institutions (Ellis & Childs, 2019; Gutierrez--
Martin & Hiittenhain, 2003; Kopnina, 2019) and the opportunities pro-
vided by alternative online education platforms. The paradigm shift in
society has also affected the academic sector, which has a growing de-
mand from policymakers and industry for appropriate teaching methods -
research also shows that academic personnel need to improve their per-
formance (Kennedy, 2016; Sharif, 2019), including cooperation, use of
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co-creation and co-management approach. Accordance to Sharif (Bag
et al., 2022), the advancement of higher education is impossible without
innovation and creativity. The industry insists on the way academia
teaches innovations. The unique challenge educators face at the interface
of management, and technology is the need for integration and the dif-
ference in worldview between managers and technologists (Linton,
2015). Therefore, becoming a proactive dialogue partner for the academic
sector means reviewing the current external communication strategy and
working with the academic staff's motivation to become a full-fledged
stage bridging the university study process and the industry expecta-
tions (Augusto & Coelho, 2009; Huang & Tsai, 2014; Roh et al., 2022;
Souto & Rodriguez, 2015). Bridging organisations provide a forum for
interacting with these different kinds of knowledge and coordinating
other tasks that enable cooperation: accessing resources, bringing
together different actors, building trust, resolving conflicts, and
networking (Gatti et al., 2019). Already Berkes in 2009 (Berkes, 2009)
concluded that social learning is one of these tasks, essential for the
cooperation of partners and the outcome of the cooperation. It occurs most
efficiently through joint problem-solving and reflection within learning
networks (Berkes, 2009).

On the other hand, the industry lately has done a lot to implement
green innovations into production lines. The considerable role it plays in
government and legislative obligations. For businesses, sustainability is
becoming a commanding and essential principle (Genc & di Benedetto,
2015; Srivastava et al., 2019; Tejedor et al., 2018a). The value for the
private sector is the competitiveness of business and integration into the
green value chain. The sustainable corporation should create profit for its
shareholders while protecting the environment and improving the lives
of those with whom it interacts; it should operate so that its business
interests and the interests of the environment and society intersect
(Orecchini et al., 2012).

Each of the parties engages with their confidence based on previous
experience of the specialization. If this experience is synchronised,
companies' confidence in their leadership skills, including in developing
green technologies, can lead to the development of successful solutions
(Walsh & Linton, 2011). Meanwhile, technologists often feel that tech-
nology matters and need help paying attention to the end customer's
preferences and other business (non-technical) concerns (Caetano &
Amaral, 2011; Malhotra, 2005; Taylor et al., 2005). Considering the
above, it can be concluded that a new form of partnership between
different actors participating in the development and intensification of
green innovation is needed.

Cooperation and collaboration lead to effective green innovations.
Conducting events like simulation games, role games, and hackathons
can improve teaching and learning outcomes by integrating practical
aspects and strengthening acquired competencies like problem-solving. A
co-management approach can be used to build balanced cooperation
between two parties, one of the applications of which is co-management
in solving problems - seen as collaborative problem solving and is task-
oriented, concentrating on the function rather than the formal struc-
ture of the arrangement. The role of government in the co-management
approach was described by Carlsson & Berkes (2005), who convinced
that co-management is a “power-sharing arrangement” and entails
shared decision-making. Collaborative hackathons have been used for
resolving environmental problems (Kvamsds et al., 2021), as open
innovation methods (Temiz, 2021) and for the advancement of in-
novations (Temiz, 2021), Kamariotou and Kitsios, 2022. The existing
scientific literature lacks procedures for improving cooperation between
the academic sector, government through higher education institutions,
and industry in preparing future environmental engineering specialists
by the requirements of green innovation commercialisation.

The authors of this study compare the collaboration between
academia and industry in Argentine tango dance, which reflects the
challenges and opportunities in the interaction of two dissimilar partners.
The two dancers symbolise two different worlds, united by a common
goal: to take a series of activities during a limited period to prepare young

Innovation and Green Development 2 (2023) 100073

environmental engineers for developing and commercialising green
innovations.

Impulsive dance movements reflect unexpected developments -
different interests and strategies of the academic sector and industry,
which must be able to synchronise in a short period while respecting
the choice of the partner. This tango dance (partner interaction) creates
both tangible and intangible value - measurable indicators (skilled
workforce, number of new technologies and applications, as well as
import substitutes) and a social effect on the organisational culture of
both parties.

Collaboration can be as fiery as dancing when seemingly insur-
mountable obstacles arise from strategic or technical challenges. How-
ever, “it takes two to tango” to achieve a goal. According to research, tango
dancing has more than a rehabilitative effect on the health of dance
partners (in their organisations and the development of green in-
novations). Still, its application proves the connection between the
dancer's temperament and artistic performance (the enthusiasm of the
partners involved affects the collaboration quality) (Lolich et al., 2015;
Peter et al., 2020).

The present study is expected to contribute to our understanding of a
methodology for a set of integrated activities that ensure a successful
interaction between academia and industry to develop future environ-
mental engineers with the skills to find innovative, sustainable, and well-
managed solutions in the field of green innovation, thus contributing to
the economic development, the competitiveness of the national economy
and society's efforts to implement climate change.

The study's authors anticipate that the goal will be achieved by
identifying critical factors and developing a model that allows stake-
holders (academics, students, industry, mentors, etc.) to become key
actors in the green innovation value chain.

2. Methodology

The approach is based on forming a model of cooperation between
the academic sector and industry, which is aimed at training qualified
environmental scientists to develop green innovations that meet the re-
quirements of the national economy (Morgan & Anokhin, 2020; Pham
et al., 2019; Sinha et al., 2020). A hackathon is used to simulate collab-
oration, as it is determined as a valued tool (Yousaf, 2021). The main
sections in the methodology (see Fig. 1) are:

e Characterisation of human resources (see Section 2.1.).

e Partnership - co-creation model development (see Section 2.2.):
o Final presentation evaluation (see Section 2.2.1.).
o TRL assessment (see Section 2.2.2.).

o Green innovation commercialisation.

The innovation of this method lies in its ability to be applied to
various other disciplines, where the presence of competent specialists
directly impacts the growth of the national economy and contributes
towards addressing global challenges, making it a valuable approach.
The broader application of the methodology will allow universities to
strengthen their efforts to develop green innovations, thus demonstrating
their contribution to decreasing the adverse effects of climate change and
improving the quality of life of the world's population (Lambrechts et al.,
2013; Shamzzuzoha et al., 2022).

The method has several practical applications. The higher education
institutions will promote the training of qualified specialists to promote
the development, application, and recognition of green innovations. In
turn, companies in the environmental sector will acquire a skilled
workforce and, by engaging in the methodological process as a strategic
partner, will be able to achieve the goals of corporate social responsibility
more effectively. Meanwhile, national policymakers in the field of
environmental protection will be able to implement a better course of the
green economy and strengthen their participation at the international
level in achieving Sustainable Development goals related to the
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Fig. 1. Methodology for enhancing academia-industry collaboration in training green innovation-focused environmental engineering specialists.

environment and climate (Cheng, 2019; Faludi & Gilbert, 2019; Stough
et al., 2018; Tejedor et al., 2018b).

This research methodology envisages the adaptation of brainstorming
as a format for studying environmental engineering to promote the
improvement of students’ competencies and diversify the study process
methods.

The methodology is considered by studying classical idea co-creation
approaches in higher education, evaluating their results, and analysing
stakeholders” opinions - with a total of 65 students, six industry repre-
sentatives, and 14 lecturers.

2.1. Characteristics of human resources

The first task is to define the actors in the green innovation value
chain and their roles. The leading players considered in the study are
academia - students, academic staff, the industry - a company, mentors,
industry experts, and other stakeholders. The university, as a partner,
provides motivated students, which is one of the critical elements of the
model. Their involvement in the brainstorming of green innovations
promotes knowledge-based entrepreneurship, strengthens the coopera-
tion of the academic sector with industry, as well as ensures the avail-
ability of a qualified labour force for economic development in the
future.

2.1.1. Requirements for students

1. Communication and cooperation, skills for productive interaction
within the team, prior knowledge of environmental technologies,
understanding where and how to look for more information beyond
the scope of the study course, and the ability to create know-how.

2.1.2. Requirements for academic staff

The university's academic staff has a critical role in ensuring student
results, whose awareness and active participation in the study process
motivate students to solve challenges. The involvement of the teaching
staff aims to provide a continuous learning process and to persuade the
industry to trust the competencies of the academic sector and the ability

of students to create and potentially commercialise scientific achieve-
ments in the field of green inventions.

The other major player in the model is the industry represented by the
company with its problem case. A company can be defined as a “share-
holder” who has an economic interest in the results of cooperation and
whose active participation significantly contributes to the quality of
environmental science education and the availability of labour forces
essential for economic development. Industry input formats - preparation
of information and sharing of competencies of high profile specialists-one
of the most expensive resources in business and helps students to create
practical solutions that meet the needs of the “shareholder”. If the
company saves resources on this - it will be less likely to get the expected
result.

2.1.3. Requirements for the company

Ability to precisely define the challenges faced by the company itself,
knowledge of the process of commercialisation and development of
environmental technologies, ambitions aimed at international competi-
tiveness, readiness to provide competent representatives, incl. The ability
to look at collaboration in a broader context, also taking into account
noncommercial interests, to provide business advice and to find standard
solutions to the challenges that may arise in cooperation with academia.

It is the joint responsibility of both key partners - academia and in-
dustry - to attract the following competence partners, whose presence
strengthens the partners' capacity and opportunities to ensure a full-
fledged knowledge exchange process in developing green innovations.
Those external mentors and social partners have a role to play in
assessing the solution's positioning in the broader context.

2.2. Designing a successful partnership model

The interaction between the partners is based on the needs of each
stakeholder - their scale and depth determine the degree of involvement
and the amount of investment. Aspects, where the parties' needs coincide
have the most significant impact on the research results; for example, the
student has future career opportunities for personal growth. At the same
time, the university is essential to strengthening its status as a modern
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educational institution, but the company's interest is through this
interaction.

To a large extent, the academic staff's attitude and enthusiasm also
influence students' motivation to work. Therefore the primary task of the
university is the motivation of the teaching staff to get involved -
strengthening academic excellence:

—

. Updating of study program teaching methods by the spirit of the era.
2. Closer links with industry to promote applied research.

3. Meeting the demands of education policymakers (fulfilment of the
requirements of the accreditation process).

At the same time, the university also motivates students to get
involved - to meet their need for personal growth:

. A well-paid profession of the future.

. Acquisition of competitive knowledge.

. Modern study process.

. Opportunity to prove their knowledge and skills to themselves and
demonstrate to others both in direct communication with the com-
pany's representatives and by presenting the team's achievements.

How N =

To strengthen student participation, they must be able to choose a
topic closer to themselves. Students indicate their choice in the order of
priority - so that process supervisors can ensure that the case assigned to
the student is a statement of their importance. This approach motivates
students and makes them take responsibility for their choices. This avoids
the accusations of students for not respecting their interests.

In turn, the company's task is to formulate its primary motivation to
get involved - to strengthen competitiveness:

1. The commercialisation of new green innovations.

2. Optimisation of the business model for gaining competitive
advantages.

3. Attracting a skilled workforce to create a value-added product.

To strengthen the company's participation, the university can
formulate “healthy ambitions” for the benefits of the partnership, such as
the development and implementation of green innovations by Technol-
ogy readiness levels (TRL) 5-7, so that the company can achieve the goals
set by its shareholders. As an added value of participation in the event,
the company has the implementation of corporate social responsibility
activities - support for academic education to improve the quality of the
study process and involvement in the development of the state “green
policy”, strengthening the qualification of the future workforce (see
Fig. 2).

Academics

Symbols:
Direct motivation =
Indirect motivation == = = w= —— -
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The academic sector needs to devote more effort to motivating
stakeholders since students' readiness to act depends on academics'
involvement and entrepreneurship and competence partners’ involve-
ment. When the academic and private sectors engage in collaboration,
the first step is to find a balance between economic, environmental, and
social impacts as crucial factors in decision-making:

(a) In the field of the environment, the primary goal of the academic
sector is the sustainable and responsible use of resources because
the solutions are aimed at increasing the public quality of life;

(b) Inbusiness, the primary goal is to maximise profits - this is required
by both business owners and the need to ensure stable financial
flow, competitiveness and growth. Profit reduction is accepted in
the public interest if it is required by law, as in the case of waste
management, where companies must carry out general informa-
tion and education activities in parallel with their economic ac-
tivities, thus contributing to sustainable development goals.

Based on the above, the university has a decisive role in the devel-
opment of events and technologies as such. In turn, the industrial sector,
represented by companies, guided by its strategic interests, makes de-
cisions on the optimal work of student teams.

In cooperation between the university and the company, there may
come a time when both parties must agree on the goals and methods for
achieving them. In this case, an alternative approach is possible, which
allows balancing interests in such a way that they satisfy both parties.
This approach involves designating 3-5 critical criteria and assigning
weight to them. However, this can be a lengthy process due to the
different perspectives of the partners.

The authors of this study propose to create two systems for evaluating
the interests of the parties that would meet the needs of both partners
(the company and the university). Criteria such as inventiveness, quality,
environmental impact and the commercialisation potential of the idea
(innovation) are evaluated. Each criterion is scored on a scale from 1 to
10 (where one is the lowest and ten is the highest). Each criterion,
depending on the significance (which must be achieved within the
framework of the event and/or research) concerning the result, is
assigned its weight (Table 1).

2.2.1. Evaluation criteria for a final presentation

The spirit of competition and the game element can significantly
affect the event's final result. The creation of teams directly affects
competition and cooperation at the same time. The opportunity to
test your knowledge and experience in competitive disciplines con-
tributes to a better, deeper and more versatile assimilation of infor-
mation, and understanding of the limits of your capabilities and, not

Mentors

Experts
Social partners

Company

Fig. 2. The contribution of strategic partners to the motivation of all sides.
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Table 1
Evaluation criteria for the cooperation of strategic partners.

Nr.  Academic sector Industry

Technological quality of the invention Commercialisation opportunities

Criteria Weight  Criteria Weight
1. Type of innovation 0.4 Level of innovation 0.2
(Substitute products, new (Local, regional,
technological processes, new worldwide)
products, new patterns of
behaviour)
2. TRL 0.2 Feasibility study 0.5
3. Climate neutrality 0.4 Business model 0.3
(sustainability)
Table 2
Evaluation criteria for the final presentation.
Evaluation Trying to Approaching Achieves Exceeds
criteria reach/not compliance requirements
reached
1 2 3 4
Students' Student Students' Students'
activities are performance performance performance
inaccurate, is generally is accurate; it is accurate
and the related to the is based on and
approximate competence judgments convincing; it
performance to be about these shows the
can only be acquired. criteria limitations
partially and
attributed to complexity of
the acquired competence.
competence.

least, promotes close cooperation not only within the team but also
with representatives of the academic staff and companies
(consultants).

A variety of methods in the learning process allows cooperation be-
tween the teaching staff and students to a new level, allowing students to
expand their knowledge of the environment and test their knowledge in
practice. Since the focus is often on the results of team competitions, the
authors offer a structured approach that will allow objective evaluation
of the quality of the team decision and the quality of the final presen-
tation (Table 2).

Additionally, the study's authors offer a table of evaluation criteria
that can be adapted to various educational programs. Each criterion is
scored on a scale from 1 to 4, where 1 - tries to achieve/not achieved and
4 - exceeds the requirements. Each is given a weight depending on the
requirements of the study program (Table 3), which experts determined.
The idea development model is a set of elements, the application of
which leads to a successful result. The model can be compared to a sieve,
in which, after sifting through a large number of different types of in-
formation and innovation, meaningful knowledge and activities are
separated to satisfy the interests of all parties involved. The model

Table 3
Evaluation of criteria.
Nr.  Criteria Weight
1. Towards a climate-neutral solution 0.20
2. Quality of the feasibility study 0.20
3. Identifiable type of innovation (Substitute products, new technological ~ 0.15
processes, new products, new patterns of behaviour)
4. Business model quality (to ensure the sustainability of the solution) 0.1
5. Technology readiness level 0.1
6. Level of innovation (local, regional, global) 0.1
7. Contribution to one or more of the United Nations Sustainable 0.05
Development Goals
8. Team's performance (presentation quality) 0.05
9. Participants have formulated their role in implementing the solution ~ 0.05
Total 1.0
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consists of the main predetermined parameters - the novelty of the idea,
economic feasibility and presentation. Before the start of the event, stu-
dents should receive all possible information about the different types of
innovations in the bioeconomy (substitute products, new technological
processes, new products, new behaviours, etc.). This information will
allow students to understand the course's objective better and perform
the task better (Broring et al., 2020).

2.2.2. Evaluation of TRL

The next step in the study is to understand the technological readiness
of the project. This understanding would allow for setting a goal that the
team can achieve in the allotted time.

The amount of information the team provides directly depends on the
curriculum requirements and the TRL criteria. For example, in the case of
TRL1-4, it will be: a) research; b) concept description; c) results of
analytical and experimental work; d) documented test performance, etc.
Information includes, for example, cost-benefit analysis, business model,
market research, etc. Based on the company's turnover (for example, the
number of products produced), the team makes an economic analysis of
the project. A financial analysis of an innovative solution project is
necessary to prove this project's success. An additional advantage of this
analysis is acquiring knowledge regarding the economic aspect, which
undoubtedly increases the student's competitiveness in the market.
Creating a transparent project logistics chain, starting with the resource
producer and ending with the buyer, is the second significant indicator of
the proposed solution.

The implementation of a business model is the second indicator of the
quality of a student team solution from an industry perspective. It is
common for business models to be examined from the value chain
perspective in combination with other theories and enterprise practices.
A business model articulates a value proposition for customers (Teece,
2010) and considers how an organisation creates, delivers, and captures
value (Osterwalder & Pigneur, 2010). Academics and business managers
have different understandings of the concept of sustainable business
models, and there is still a debate about whether sustainable business
models might supersede traditional business models in the future (He &
Ortiz, 2021).

3. Results

As part of this study, a pilot hackathon event was held, organised by
the Institute of Energy Systems and Environment of Riga Technical
University (Latvia). The main actors were established - both the academic
staff of the university and students took part, as well as the waste man-
agement company.

The purpose of the hackathon was to promote the ideas of recycling
complex types of waste and to develop innovative recycling solutions.
During the hackathon, one criterion was established: to find and justify
the possibility of using a specific type of waste in producing a new high-
value-added product. The event is based on the cyclical nature of the
production cycle, which positively affects the enterprise's economy.

The task of the working groups (students) was to develop a business
plan to process a problematic type of waste. The development consisted
of situation analysis, search and evaluation of alternatives and techno-
logical solutions, economic justification, and identification of potential
intellectual property rights. The criteria chosen in the study helped create
value for an idea and understand its evaluation from various perspec-
tives. The criteria use of the TRL was valuable as it allowed both
academia and industry partners to come to a common understanding of
the criteria for evaluating team performance.

The team's diversity made it possible to simulate situations from real
life when people with different life experiences and views need to find
the optimal solution to the problem. According to participants' feedback,
the need to cooperate in a highly competitive environment between
teams allowed them to take the initiative in difficult situations, feel
responsible and take on obligations. Such an experience positively affects
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a person's character, allowing him to open up and understand their
abilities and capabilities.

As part of the hackathon training course, teams worked with the
following types of difficult-to-recycle waste:

(a) Refuse Derived Fuel - municipal solid waste, the treatment of
which has created a uniform fuel mass. It can be used as an
additional fuel for energy production in thermal power plants or
incinerated for energy production in special equipment;

(b) Used tires - possibilities of economically advantageous recycling
technologies;

(c) Fibreglass - this type of waste is regularly delivered to the landfill
of the hackathon participant. Given this, the company can predict
the demand for the processing service.

The hackathon allowed students to more effectively and visually
master the curriculum of the course, which is also aimed at developing
“green” innovations. The course includes elements of developing com-
petencies necessary for the competitiveness of young professionals in the
field of environmental sciences.

The event consisted of three stages dedicated to one of the three types
of waste. Three teams took part in each step. According to the final re-
sults, the expert jury determined the finalist, who was allowed to
participate in a large hackathon by the company.

Even though the competition in each stage was insignificant, each
team participated passionately. The participants were driven by team
competition and the desire not to “fail” with poor-quality
performance.

A valuable experience and result was the teams' in-depth study of
intellectual property rights. The teams could evaluate their solutions’
novelty and compare them with existing technologies. Some teams were
also interested in getting involved in business and becoming cooperation
partners of the company.

Based on the results of this experience, it was concluded that as a
result of multilateral cooperation, students were able to strengthen the
following skills:

- work with scientific literature and various sources of information;

- using digital tools to analyse options and scenarios;

- development of innovative technological solutions;

- business thinking for environmental technology commercialisation;

- the creation of a project that meets the goals of sustainable
development;

- confident presentation of results;

- teamwork, cooperation and finding a common language in stressful
conditions.

The method developed and used in the case study allows for signifi-
cantly improved cooperation between the academic sector and industry
in preparing future environmental engineering specialists by the re-
quirements of green innovation commercialisation. The study focuses on
building partnerships between academia and industry as a precondition
for developing green innovation.

4. Discussion

The study results and the positive feedback from the participants
indicate that this methodology can be successfully used to train qualified
specialists in various disciplines. The ability to create elaborate solutions
is a necessary condition for the student's competitiveness. The format of
generating ideas borrowed from business is one of the methods to
improve the quality of education and university rankings.

Several factors related to adapting the method to the educational
process could influence the hackathon results. The main factors can be
called the difference in the opinions of the parties of the hackathon and
their Motivation. The need to conduct the event remotely could also
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affect. However, all sides of the event were ready to cooperate and look
for compromises to solve these factors.
The study identified the following factors:

(a) Party participation activity- although the division of roles was
initially organised, the performance of specific tasks did not al-
ways meet the requirements. For example, the company wanted to
receive theoretical confirmation of the proposed idea's effective-
ness and the experiment results. However, the active participation
of the students themselves should be noted. By asking the right
questions to experts from the company and employees in a
particular field, students could simulate real situations
theoretically.

(b) Definition of the primary evaluation criterion- this work
showed the need to find a balance between the priorities of the
university and the company. In this hackathon, priority was given
to the technological novelty of the idea. In the first stages, the
university was the leading evaluator, while the company evalu-
ated the final.

(c) Motivation of students to participate- the results of the study
and the feedback from the participants themselves showed that
the monetary prize fund is not the primary motivating factor.
Factors cited include the desire to test oneself, gain new experi-
ence, gain professional connections that may be useful in the
future, and the potential opportunity to get a job in the company.
An important role is played by the clarity of the task, the even
distribution of the teaching load, the successful integration of
study subjects (in the case of a multidisciplinary study process),
and the interest and activity of the other parties involved. Hack-
athon organisers should consider the emotional factor of the
event. The team itself, relationships and distribution of re-
sponsibilities and activity within this team play an essential role.
Therefore, it is important to form groups based on the qualities of
each participant.

However, successful cooperation requires the participants' Motivation
and the academic staff's interest. The enthusiasm and welfare of the
teacher may be higher than that of the one who formally manages. Ac-
cording to students, the active participation of teachers gave additional
inspiration to the work. The teacher's motive may be to improve the
quality of education and gain new experience and knowledge for them-
selves. If the teacher has yet to previously participate in such events
(hackathons), it is recommended first to participate in regularly held
events as a participant. With such experience, the teacher can better
understand and explain to the student his tasks and the course of work.

It is recommended to divide the entire preparatory period (from the
Creation of a team to the final performance, not including) into stages to
obtain a good result:

(a) Creation of team uniqueness. Discussing the team's name,
image, logo and motto, its members communicate and get to know
each other better. Such a creative task helps to strengthen the
team spirit and gives the initial mood and impetus for further
work.

(b) Defining Team Roles. Such a task allows one to determine who
can better cope with what tasks. Critical when time is limited.

(c) Intermediate Results Hearings. Teams present what they have
achieved and receive expert and consultant assessments. The team
can use the received comments and advice to improve their
project so that by the final presentation, the project is as close to
reality as possible and considers the maximum possible number of
specific nuances.

Given that this event requires knowledge not only in the field of
ecology and environmental engineering but also in economics and
business management, it is recommended to strengthen the subjects of
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this area in the university's teaching program (Osterwalder & Pigneur,
2010). This can be achieved, for example, by involving in the educational
process a lecturer who is familiar with this topic and can demonstrate and
analyse real examples.

Valuable input can come from social partners - professional industry
associations and representatives of policymakers (ministries, state
agencies), who can help teams define the social impact and the role of
solutions in economic development.

Linking the principles of the hackathon event with the Sustainable
Development Goals not only strengthens the individual responsibility of
the parties involved but also allows connecting the parties interested in
the result. Such cooperation is especially relevant for complex processes
in which many parties participate with even more interests, goals and
ways to achieve them. The already mentioned Sustainable Development
Goals and Simon Sinek's Golden Circle approach can help achieve an
optimal result (Sprijt et al., 2013).

This study included a survey of the opinions of all parties involved. It
was essential to get an idea both about the method itself and its value, as
well as about the expectations of the parties and assessing the contri-
bution of the parties and individuals, in particular to the final result of the
hackathon. All this made it possible to evaluate the results achieved
objectively.

Students mentioned that they could better understand the educa-
tional process's goals thanks to the acquired skills. Some respondents
described their first emotions caused by participation in the hackathon -
stress and nervousness due to lack of experience in such events. However,
as more and more information was obtained, these students became more
and more confident in their knowledge and abilities. Understanding how
to achieve the result allowed them to get to work with passion. Students
reacted positively to such an experience and described it as “attractive”
and “dynamic”, pointing out that “a hackathon brings more than just
knowledge and skills.” The event allowed learning more about their
opportunities to work with unfamiliar people, create technologically
sophisticated solutions and endow them with commercial value. Sur-
prisingly, students do not consider this event a chance to show them-
selves to company representatives or social partners.

In turn, the teaching staff highly appreciated the development of
presentation and argumentation skills among the teams. Particular
progress was observed in each of the subsequent intermediate stages
when the teams, based on the results of the previous steps and comments
on them, took into account experience and attention not only to the
content of the presentation but also to the same method and manner of
presentation. The teaching staff highly appreciated the contribution of
each party to the result and indicated that the participation of companies
in hackathons plays a significant role. Companies can provide a profes-
sional perspective on business modelling and economic sustainability
issues.

Conducting this research using a hackathon fostered collaboration
between academia and industry and has contributed significantly to
strengthening the skills of young environmental engineers. Skill
strengthening creates more confidence and motivation in students to
transfer their knowledge. Therefore, using the hackathon more often in
the study process can be recommended. Promoting hackathons in the
academic environment and industry strengthens this cooperation, and it
is possible to more precisely determine the intersection of the main goals
of the activities of both parties and their harmonisation. Future research
findings and their practical applications can boost the number of patent
applications, generate industry interest in the university as a competent
partner, elevate the average salary of environmental engineering stu-
dents relative to other fields, and accelerate the development of green
innovations.

5. Conclusion

Analysing company representatives' feedback, the study's authors can
conclude that the company begins to recognise certain needs only at the

Innovation and Green Development 2 (2023) 100073

end of the event. Close cooperation with academic staff allows identi-
fying of hidden goals.

The survey results show that, in general, the participants are satisfied
with the event itself and its effects. Team members highly appreciate
their contribution to the team's overall result and assume that the
experience gained will help them achieve results more successfully in the
future.

The authors of the study conclude that for the further use of the
hackathon method in the educational process, it is necessary to conduct
additional research. Further consideration must be given to developing
strategic partnerships, documenting results and improving team perfor-
mance. All this means the following:

1. Development of guidelines for the protection of Intellectual
Property Rights to define the rights and obligations of the parties
involved,

2. Modelling the profile of “shareholders” (companies, public
administration institutions, public-private partnerships, European
Union level institutions, etc.) and matching the interests with the
academic sector

3. Widening the opportunities for students and empowering team
performance, for example, by strengthening team capacity through
self-assessment tests, creating a platform for more ambitious
demonstration of student knowledge, team interaction in the case of
distance learning, digitalisation of results and accessibility to a
broader range of stakeholders.

Despite the challenges to be balanced the acquisition of theoretical
and practical knowledge during the study, such activities as part of the
study process can make a significant contribution to improving the
quality of competent education (Rayna & Striukova, 2021), as they create
conditions for students to develop new skills and provide greater Moti-
vation to work if a future promise is received that their solutions have
opportunities for further development.
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Abstract — Young people are the future members of the energy communities, who play a role
in shaping a climate-responsible society. However, in the context of the geopolitical and
economic events of 2022, the awareness of young people in Latvia about energy efficiency
issues and the readiness to engage in climate change mitigation processes, as well as the
influence of their attitude on the decisions of adult household members in the field of energy
efficiency have not been sufficiently studied. The issue is crucial within the framework of the
European Green Deal, where various serious games for building energy communities are
being developed, and young people are the ones who can influence the decision-making
process. The purpose of the study is to provide serious game developers with an insight into
young people's knowledge of energy efficiency issues, associations with a climate responsible
society, attitudes towards daily habits in the field of energy efficiency, as well as whether
climate change issues are discussed in families and whether young people believe that they
can influence views and habits of their family members. 71 participants from four contrasting
geographical regions in Latvia took part in the study. The study was conducted using
qualitative research methods, including questionnaires and interviews. The results have
shown that young people in the regions of Latvia are aware of energy efficiency measures,
and the answers provide an insight into the various experiences they have had in their
households. The research also highlighted negative aspects, such as young people’s
unwillingness to strongly support household comfort level reduction in the name of climate
change — only a little more than half would be willing to live in cooler rooms. Young people
believe that they can influence the attitude and behaviour of other household members in an
energy resource management matter. The results of the study lead to the conclusion that more
attention should be paid to messages addressed to young people in public spaces, so that they
associate themselves as an existing and future part of energy communities. They should be
given examples and explanations regarding the importance of their actions in reducing
climate change. Developers of serious games are encouraged to integrate aspects related to
youth as participants in decision-making into the content of simulation tools, based on the
results of the study.

Keywords — Climate-responsible society; energy community; EU Green Deal; serious
games.

1. INTRODUCTION

Although children and young people are the main beneficiaries of all efforts to influence
climate change, little is known about young children's skills, knowledge, and attitudes related
to reducing energy consumption through behavioural change. Research shows that school age
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people awareness of energy efficiency issues and willingness to engage in climate change
mitigation processes is influenced by their interactions with family members, friends, school,
and social media. It seems that it is parents and teachers who have significant influence on
the development of children's energy economy literacy and are therefore considered the main
agents of influence [1].

Many parents believe that their values are influenced by their children. However, few
studies provide direct evidence of value transfer in the opposite direction [2]. Research
conducted so far has revealed that energy is a topic rarely discussed with children at home.
Children were more motivated to save energy under the influence of school activities [3].

Based on the experience of ‘Fridays For Future’ (FFF) campaigns, it has been concluded
that school and other cultural or educational space allows young people to work in teams,
giving them opportunities to socialize and identify with others involved in solving
environmental problems. It could be a good place to encourage beneficial behaviours.
Examples include curricula that focus on empowering young people to participate in civic
participation and actively shape their future in a sustainable manner. In general, it is necessary
to promote systematic participation among young people, especially among those who are not
yet of voting age [4].

Research results indicate to the importance of feedback on certain activities that help to
achieve local and global environmental goals. A deeper study of the psychological processes
underlying pro-environmental behaviour is needed [5]. In addition, the more people are
exposed to information related to environmental conservation, the more pronounced their
ecological involvement is [6]. The variety of data collection methods used is also important,
as it involves teenagers and helps to raise their interest in the activities of various projects.
This shows the value of using multiple methods at the same time in this age group [7].

Problems cannot be solved only by the contribution of individuals. Collective action is
required, and politicians have the responsibility to protect the environment and the whole
economic system that has already shown its weaknesses [8]. The teenagers involved in the
research engage in environmentally friendly behaviours to varying degrees daily, and the
extent to which they do so depends on their attitudes towards these activities. However, the
prevailing family norms, which are mainly reflected in the behaviour of their parents, express
at least as much variation in behaviour as the attitudes of the teenagers themselves [9]. Studies
have shown that attitudes towards the environment and behaviour are formed around the age
of 7, increase until the age of 10, level off until the age of 14 and then decrease again.
Environmental behaviour develops from childhood to early adolescence and begins to
consolidate from age 10, whereas environmental attitudes do not change at least into early
adulthood [10].

Research so far shows that women seem to care more about the environment and take action
to protect it. Such a finding may have significant implications for pro-environmental
initiatives and would require awareness-raising among men to mitigate negative
environmental impacts [11].

Research suggests that widespread games are important for behaviour change, and learning
may also be suitable for related areas such as environmental conservation and lifestyle-related
health issues [12]. The use of games promotes a change in attitude towards environmental
issues, and the more casual play and richer learning interactions provided by creating a game
in a real-time sensor system could stimulate more lasting effects [13]. Research shows that
child-focused energy education programs can increase energy-saving behaviours among both
children and their parents [14].

Know Your Energy Numbers (KYEN), a US-based energy education program designed to
help teens and their families understand their energy lifestyle and data. The study shows that
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participants was (i) positive about energy education programs, (ii) preferred energy
visualizations that allowed them to view their home's energy data at different scales and
desired more advanced views (e.g., appliance-level breakdowns), and (iii) were involved in
hands-on activities with power tools [15].

Positive changes in knowledge, behaviour and attitudes show that a carefully designed
energy education program can address the challenges of educating children about energy
conservation and climate change at school age, even if the duration of the program is
short [16].

Are young individuals informed enough to be able to influence household choices by
playing serious games aimed at stimulating the development of energy communities? The
study was conducted on the awareness of young people living in the regions of Latvia about
energy efficiency measures and what experience they have gained within their households —
whether heat energy bills are discussed with relatives and whether there is a readiness to
change daily habits related to energy consumption.

2. METHODOLOGY

In this section, the authors provide a detailed explanation of the methodology selection,
emphasizing its scientific rationale for achieving the research goals. The choice of
methodology for this research is related to the need to understand the experience, perception
and meaning that young people attach to energy efficiency practices. We opted for both —
quantitative and a survey-based approach due to its capacity to collect comprehensive data
across a diverse sample of participants. These methods allow to efficiently collect responses
and analyse them to draw important conclusions on how to further influence household
decisions in the area of energy efficiency measures. We employed both methods as
comprehensive data collection approach for several reasons. First, surveys are well-suited for
gathering data from a large and geographically diverse group of participants. Second, they
enable standardized data collection, ensuring consistency in responses. Third, surveys provide
anonymity, encouraging respondents to answer candidly. Ensuring the trustworthiness of our
research is of paramount importance and to achieve this, we took multiple measures. Firstly,
we carefully designed the survey questions to minimize biases and ensure clarity. Secondly,
we conducted a pilot survey to identify any potential issues with the questionnaire.

The study took place between April and May 2022, with the participation of 71 young
people aged between 14 and 19 years (85 % aged between 16 and 17 years) and representing
four planning regions in Latvia (with an average of 25 young people participating from each,
(see Table 1). Data collection format: interviews at face-to-face events and completion of a
survey form that included both closed and open-ended questions.

TABLE 1. INFORMATION ABOUT RESPONDENTS

Sex Male 35% Female 65%
Age,years 13 14 15 16 17 18 19
Age, % 1 2 10 24 37 16 10

Ilive in Flat 52%  Private house 44%  Dormitory 4%

The target segment was involved in the project ‘Promoting Youth Leadership for
Democratic Citizenship in Latvia and EU’, the context of which — 2022 is the European Year
of Youth, therefore regional events are held throughout Europe to involve young people and
teachers in active discussions about youth priorities throughout in Europe, as well as the
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challenges facing the European Union now and in the future, and also contributed to the
transfer of the necessary leadership skills to young people to engage in the discussion process.

As part of the research, the questions were asked with the aim of finding out whether young
people would be able to fully participate in a serious game, the purpose of which is to
encourage residents to cooperate in the interests of the community and to implement common
energy efficiency practices, thus stimulating the development of energy communities. The set
of energy efficiency practices included in the questions is based on the system dynamics
model of the simulation tool developed by Riga Technical University [17]. Before the
interviews and filling in the questionnaires, the participants were introduced to the guidelines
of the European Green Deal and the concept of energy communities.

The choice of the survey method aligns with the research's applicability and generalizability
objectives. Surveys allow to collect data that can be analysed, enabling us to draw conclusions
that are not only applicable to the sample in this study but also relevant to other research on
youth engagement in climate change mitigation. This enhances the external validity of our
findings.

By selecting the survey method and implementing it meticulously, authors aimed to ensure
the trustworthiness and scientific rigor of the research. The authors believe that this approach
provides a solid foundation for drawing meaningful insights into the energy efficiency
perception and behaviour of young people.

3. RESULTS

3.1. Awareness of various energy efficiency practices in housing

The results of the research show that young people in the regions of Latvia are aware of energy
efficiency measures and the answers give an insight into the various experiences gained in their
households. The respondents demonstrated a surprisingly broad knowledge of various measures
that contribute to energy efficiency in housing — a total of 21 different activities were mentioned
that, according to young people, contribute to energy efficiency at home (see Table 2).

Among the respondents, the majority mentioned basement, exterior wall, and roof
insulation separately (see Table 3) and energy production (mainly — solar panels, in some
cases — use of land and wind energy). A wide spectrum of answers include energy saving
measures.

This indicates that young people are indirectly informed about the priority directions of the
EU in the field of energy, most likely by daily dealing with energy saving measures to be
solved at home or at school.

Respondents often (the fifth most frequently listed) pointed to window replacement as one
of the energy efficiency measures — admitting in the discussion that they have come across
this issue because they spend part of their daily lives in accommodation, where the
microclimate and temperature are also important for high-quality learning at home. A
relatively large proportion mentions the use of green energy for providing heating — the
interviews showed awareness of the harmful effects of fossil fuels on the environment, as
well as knowledge of the importance of renewable resources in mitigating future climate
change. It is interesting that several respondents pointed to warming or changing the door -
this was mentioned in the discussions as an important source of heat loss, and it is a positive
fact that young people have noticed and pointed it out. Also, several respondents mentioned
wind generators as an element of improving energy efficiency, making a note about their
usefulness in the seaside region — wind energy production within the framework of Energy
communities is not an unknown practice among young people.
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TABLE 2. MEASURES TO IMPROVE THE EFFICIENCY OF A BUILDING (ORIGINAL WORDING KEPT)

Energy efficiency improvement measures Answers, %
Solar panels 12.4
Building insulation, incl. home renovation 12.4

Save energy, including turning off the light in the field,

unplugging devices 10:5
Wall insulation 9.5
Window replacement 8.6
Roof insulation/ improvement/ change 7.6
Green energy is used in the heating of buildings, incl. heat 6.2
pumps

Basement/floor insulation 4.8
LED bulbs, their quality 38
Door warming/ changing 2.9
Selection/repovation of Fhe heating system, incl. installation of 33
central heating, conversion of furnaces

Age and energy efficiency of kitchen appliances 2.9
Changing radiators 24
Ventilation, keeping doors closed to rooms with a constant 24
temperature

Wind generators (in coastal areas) 1.9
Reduce / regulate heating / average t, °C 1.9
The latest technologies, incl. motion sensors, radiator sensors 1.9
Insulating the hot water pipes/ plugging all cracks 1.4
Heated floors 14
Consumption analysis 1.0
No overheating 1.0

TABLE 3. ANSWERS ABOUT INSULATION OF THE BUILDING

Which parts of the building can be insulated?

Roof  Walls Basement  All mentioned
16% 21% 5% 58 %

3.2. Less mentioned energy efficiency practices

Several young people have mentioned the replacement of radiators and the renovation of
central heating, admitting in the discussion that such practices are used in their households.
It is a less common measure to promote energy efficiency, mainly implemented in house
renovation projects.

Similar number of respondents pointed to the use of the latest technologies, such as motion
sensors and radiator regulators to reduce energy loss. Respondents have encountered such
and similar technologies in educational institutions and other public infrastructure facilities.
The respondents confirm that the introduction of modern technologies contributes to their
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awareness and gradually this can be transferred to the users' living conditions, when making
decisions about optimal energy efficiency solutions.

Only some respondents pointed to the possibility of reducing or regulating the heating and
the average temperature in the room — compared to other energy efficiency measures, this
activity has a smaller share, and this coincides with the opinion expressed below about the
reluctance to reduce room temperature, although it can have a significant impact on energy
consumption. An even smaller number of respondents mentioned the analysis of energy
consumption — the respondents admitted that they have not been thoroughly familiar with the
study of utility bills, therefore they do not have the opportunity to make valid arguments for
the promotion of more climate-responsible behaviour in their household.

As another energy-saving measure, some respondents mentioned the warming of hot water
or heating pipes — this again indicates experience in their place of residence, therefore —
already implemented energy-saving measures in their household.

As practical measures that can be defined as daily habits, young people mentioned ‘not to
overheat’ or ‘not to load a full refrigerator’, ‘not to waste too much water’, etc. and they indicated
the already existing experiences that young people encountered in their home. Despite the
extensive enumeration, the respondents did not mention collective community activities that
would require community cooperation, such as the use of shared cars.

3.3. Awareness on types of green energy production

Regarding the types of green energy production, the respondents basically mentioned all
the most recognizable types, which represent wind, solar and water energy. In the meantime,
the answers show that biomass fuel is less known (see Table 4).

TABLE 4. TYPES OF ‘GREEN ENERGY’ MENTIONED BY RESPONDENTS (ORIGINAL WORDING KEPT)

Types of ‘green energy’ Answers, %
Wind generators/ Windmills 35
Solar panels 24
Hydro power plants/ Water dams/ Waterpower producer 23
Nuclear power plant 7
Earth energy 3
Wave energy 2
Plastics / waste sorting / recycling 2
Biomass fuel 1
Storm energy 1
Air — water pump 1

Some respondents mentioned wave energy, pointing to the knowledge gained in natural
science subjects. Relatively many respondents mentioned nuclear energy, which is not
available in Latvia, but in the context of global events, it has been brought up to date through
the media, thinking about alternative forms of energy for ensuring the energy supply of the
Latvian economy. It is worth noting that when listing the type of green energy, almost a third
of the respondents mentioned not wind generators, but windmills. During the discussions, it
was found out that young people tend to call wind generators windmills or believe that the
application of historical technologies can also be applied to obtaining wind energy today.
Only one respondent indicated the use of hydrogen as an energy source. During the discussion
with the respondents, it was concluded that information about the variety of future
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technologies in the field of energy is insufficient and should be disseminated more
purposefully, including through natural science subjects.

3.4. Readiness to reconsider temperature as an aspect of quality of life

Question ‘Would you be ready to live in less warm rooms (within minus 2—3 degrees) to
reduce CO; emissions?’ highlight the problems related to the change of habits also among
young generation, which is considered to be concerned about environmental issues and who
are more actively ready than adults to engage in the fight to reduce the causes of climate
change. More than half (58 %) of the surveyed young people answered that they were not
ready to lower the room temperature in their place of residence to achieve climate neutrality
goals (see Table 5).

TABLE 5. ANSWERS TO CLOSED QUESTIONS

Question Yes, % No, %
Would you be ready to live in the room with lower temperature 58 4
(within minus 2-3 degrees) to reduce CO, emissions?
Do you know - what is the amount of utility costs per month in your
56 44

household?
Can residents of the same building be both energy consumers and 9] 9
producers?
Do you discuss energy saving measures in your home with your

f 58 42
family members?
Do you think can you influence energy consumption habits of your 60 40

family members?

This proportion encouraged young people to study it in more detail, because one of the
prerequisites for promoting the development of a climate-responsible society in the future is a
clear understanding of the motives for decisions and actions. They are not always rational, and it
is precisely the influence of irrational motives that is the direction where ineffective behaviour of
policymakers is most often demonstrated.

In the discussion, the three most typical statements were made as to why there is such a large
proportion of young people who are not ready to accept the lowering of the temperature. First, the
influence is formed from the circle of relatives and their attitude, second — young people are not
yet independent and do not fully pay utility bills, therefore do not understand the increased
financial burden importance, third — when answering this question, young people, like adults, are
affected by a social dilemma — the conflict of selfish interests (domestic comfort) with public
interests (contribution to mitigating climate change).

3.5. Young people’s self-assessment of influence on household decisions

More than half (56 %) of the respondents indicate that they know the amount of utility costs
in their household, because, although they do not take responsibility for it, they are still aware
of the financial situation. Almost as many (58 %) young people confirm that they discuss
energy saving measures in their home with their relatives.

The question on adapting to new conditions means changing daily habits (e.g., living in less
warm rooms, sharing transport, stopping in the middle of the journey to charge an electric
car, etc.) was asked and young people were invited to assess the extent young people and their
family members are open to in changing their daily habits with the aim of supporting the
global reduction of CO» emissions (see Table 6).
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The results show that young people rate their openness to changing their daily habits a little
higher than the readiness of their family members. 60 % of young people believe that they
can influence the energy consumption habits of their family members.

TABLE 6. BEING OPEN TO CHANGE DAILY HABITS

Being open to change daily habits, %

Not ready Completely
at all ready
1 2 3 4 5 6 7 8 9 10

Me 2 2 6 17 15 29 19 10

My family members 2 4 16 12 24 29 10 2 2 2

The proportion of affirmative answers indicates the potential importance of young people
as opinion makers in future work with households. There is the reason for the phrase ‘it is the
children and grandchildren who teach their parents and grandparents how to use car seat
belts’, which clearly notices (especially in various media) various socially accepted
behavioural norms and observes whether and how adults fulfil them.

3.6. Motivation to engage in climate-responsible actions

One of the concluding topics of the discussion was the motivation of young people to
engage in climate-responsible actions (energy saving and production/transport sharing are
mentioned as examples). The answers to this question mark the presence of a social dilemma
among young people — the highest motivation to engage in climate-responsible actions is
related to selfish interests — the desire to improve the quality of life in the future and the
concern for reducing communal expenses (see Fig. 1).

40 %

30%

20 %

10 %

==

0% 1 2 3 4 5 6 7 8
e | want to be active in solving the issues that are relevant to the society
e ifestyle (it's cool to be 'green' now)

Opportunity to learn new technologies
e want to participate in the implementation of the EU "Green Deal"
e | will improve my quality of life in the future

I will have lower utility bills
e A challenge to test your adaptive abilities

e Other

Fig. 1. Motivation to engage in climate responsible actions.

52



Environmental and Climate Technologies

2024 /28

As the least important (lowest motivation) is lifestyle (being ‘green’ is stylish). This
indicates that perhaps young people do not see ‘green thinking’ as a way of positioning
themselves, but as an everyday necessity. The motivation related to the promotion of public
good (being active in solving issues relevant to society and cooperation in the implementation
of the EU Green Deal) is rated average (in scale from 1 to 8 varies between 3 and 6), which
means that young people are open to activities aimed at the public good, but encouragement
is needed.

Linking this to personal interests (e.g., learning about the latest technology) could lead to
greater engagement in the future. Relatively very low motivation is involvement in testing
one's adaptive abilities (most indicated it as the lowest motivation) This indicates that young
people do not perceive involvement in climate-responsible actions as an opportunity to
develop professionally and acquire new competences necessary for future growth.

When answering the question about what associations are formed with the words
‘climate-responsible future society’, young people's answers (see Table 7) showed a reference
to the third person, which means that they do not currently feel themselves as a leading or
decisive force in mitigating climate change.

TABLE 7. ASSOCIATIONS WITH THE WORDS ‘CLIMATE-RESPONSIBLE FUTURE SOCIETY’

Nr. Association mentioned by respondents

1. We, the youth, bear the same responsibility for our future ecological, healthy, confident life

2 Prevention of the consequences of climate change, starting with us

3 I mean that people will have to take responsibility for our actions to save the climate and nature

4. Society will be responsible for the climate, will give up something

5 Young people who are now growing up and can speak, change other people's minds about the green course

6. A soc_ie_ty that believes that Qriving an f?le_ctric car w_ill be more ecological, but producing electric cars and
electricity is more unecological than driving a gasoline car.

7. Ensuring a better future for their descendants, preserving nature, adapting

8. Think about the environment, sustainability, future generations, and the well-being of their lives

9. Society will think more about ecology and be more responsible for our future

10.  Everything will be better

11.  Over time, educate people who will think more about ecology

12. Green people who care about nature and the future of people to ensure the possibility of living on this planet

13.  People try more to save resources

14. By considering current climate changes and slowing them down

I associate these words with people who are already thinking about the climate today, so that we have a better

13. future

16.  People who will be responsible and take care of the climate

17.  People who care about the future

18.  That future people will pay more attention to the climate

19.  Switching from fossil fuels to help nature

20.  Society thinks more and is interested in improving the quality of its life

21.  Responsibility for the environment

22.  Better quality of life and nature-friendly lifestyle

23.  Actin such a way as not to cause greater climate change in the future

24.  Takes care of the environment around him - less waste, (used) electric cars, solar batteries
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25. A society that will consider what is better for nature in all its actions

A society in which climate and environment preservation is important, where various activities that improve

26. . .
the environment are carried out

27. A society concerned about the current and future climate

28.  People who understand the consequences of their actions on the climate

29. A resource-saving and educated society

A society that, for example, looks at whether a product is ECO. A society that doesn't care what happens to the

=0 world today.

31 Heat is not consumed when no one is at home. In worse conditions, heating is only available in well-insulated
* rooms where several people stay for a long time.

12 Future residents who will not only think about what they consume for nature, but also think about what they

can give to it!

33.  Minimal CO, emissions and green cities

34.  People create their lifestyle ecologically

35.  Associated with big changes in everyday life, more responsibilities, saving measures

36.  People will pay more attention to the climate, its problems and do something to improve the climate

37.  Associated with the fact that many people live in such a way as to mitigate climate change

38.  Responsibility, attention, understanding, thoughtful actions, frugality

39. A society that moves from a consumer society to a green-thinking society

40.  Think about saving energy and resources

41. A society whose actions reduce future threats to the climate, such as reducing holes in the ozone layer

42.  Electric cars, waste sorting

Society or part of society that wants to be responsible for how it uses natural resources or how it can help

43.
nature

44.  Man knows how to get energy from nature

45.  People who consider the benefits of their actions for themselves, society, and the environment as a whole

46.  Everyone is in favour of a green lifestyle and all eco-friendly products

47.  With a society that pays attention to climate change in society, or lives green

48.  People will finally be interested in the planet we live on

4. DISCUSSION

This section includes youth attitudes towards climate-responsible actions, leveraging
qualitative and survey-based methodologies for data collection. Findings indicate awareness
of energy efficiency measures, active engagement in discussions about utility expenses, and
a nuanced understanding of flexibility in achieving goals. However, there's a reluctance to
compromise household comfort for climate change mitigation, revealing a need to bolster
self-confidence and emphasize the global impact of their choices.

The study highlights serious games as key tools for involving youth in informed
decision-making, particularly in energy community development. Recommendations include
increased messaging targeting youth in public spaces to foster a sense of belonging to the
energy community. Knowledge acquisition in educational institutions empowers youth to
express opinions convincingly, influencing relatives and promoting community involvement.
The study advocates providing youth opportunities to set examples and utilizing serious
games for showcasing climate-responsible actions.
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Proposals involve close collaboration with natural science teachers and research institutions
to enhance the quality of teaching natural science subjects, providing comprehensive
education on climate change issues. The importance of balancing personal and community
interests, using serious games to navigate social dilemmas, is emphasized. The study
concludes with an intention to provide deeper knowledge for serious game designers to plan
effective concrete actions.

5. CONCLUSIONS

This section consists of methodological and knowledge contribution, key findings on youth
engagement in promoting energy communities including thesis about balancing personal and
community interests, flexibility and influence, collaborative educational initiatives, public
awareness and community integration and guidance for serios game designers.

This study explores the awareness and attitudes of young people in various regions in Latvia
on energy efficiency. Combining qualitative research with surveys, the authors gathered
valuable data to ensure reliable findings in energy efficiency and climate change mitigation.
Young people exhibit awareness of energy efficiency measures, and their participation in
serious games can inform decisions in energy community development. However, a debatable
willingness among young people to actively engage in climate change mitigation underscores
the need to strengthen their self-confidence and emphasize the global impact of their choices.

The prioritization of personal interests over public benefits highlights the crucial need to
balance individual and community concerns, with serious games serving as tools for
navigating social dilemmas. Young individuals express confidence in their flexibility to
achieve climate goals and influence household members in energy resource management.
Knowledge acquired in educational institutions empowers them to express opinions
effectively, influencing policy dialogues and household attitudes.

Emphasizing messages directed at young people in public spaces fosters their identification
as current or future energy community members. Collaborative efforts with educators and
research institutions, particularly in developing teaching aids, enhance education on climate
change. Providing opportunities for young people to set examples and articulate the
importance of their actions, coupled with serious game utilization, holds a promise for energy
community development. The study aims to provide valuable insights for serious game
designers, suggesting concrete actions for effective planning in youth engagement and energy
community initiatives.

Future research is suggested to explore the impact of different survey methodologies on
young individuals' responses and to investigate the effectiveness of interventions based on
survey insights, aiming to enhance understanding of how young people can actively
contribute to energy communities and climate-responsible societies.

The capacity of young individuals to influence family attitudes toward energy efficiency
measures presents a substantial challenge and a test of their self-esteem. Future research
should delve into the mechanisms governing joint decisions within households concerning
energy efficiency practices. This exploration aims to elucidate the dynamics of decision-
making processes, providing insights to strengthen the role of young people in shaping
household choices related to energy efficiency. Integrating these findings into serious games
frameworks can empower young individuals and contribute to fostering energy-conscious
behaviour within households.

In advancing serious games development, a crucial area for investigation is the impact of
implementing temperature reduction strategies to instil a climate-neutral attitude among the
youth audience. Obtaining qualitative data, particularly through real-life scenarios, will
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enable an evaluation of the climate responsibility of young people in Latvia and the factors
influencing their positions.
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ANNEX

Questionnaire ‘My participation in Building a Climate-Responsible Future
Community’

What measures to improve the energy efficiency of a building do you KNOW? (e.g., window replacement)

2. Which parts of the building can be insulated?
Roof Walls Basement All mentioned
3. What types of “green energy” production do you KNOW? (e.g., solar panels)
4. Please answer “yes” or “no”:
Question Yes No

Would you be ready to live in the room with lower temperature (within minus 2-3
degrees) to reduce CO, emissions?

Do you know - what is the amount of utility costs per month in your household?

Can residents of the same building be both energy consumers and producers?

Do you discuss energy saving measures in your home with your family members?

What do you think - can you influence the energy consumption habits of your family

members?

5. Adapting to new conditions means changing daily habits (e.g., living in less warm rooms, sharing transport,
stopping in the middle of the journey to charge an electric car, etc.). Evaluate - to what extent are you and your
family members open to changing your daily habits with the aim of supporting the reduction of CO, emissions in the
world?

Being open to change daily habits (%)
Not ready Completely
at all ready
1 2|3 4 5 6 7 8 9110
Me
My family members

6. Put in priority order (1 is the highest and 8 is the lowest) — what is your motivation to engage in climate-responsible
actions (energy saving and production/transport sharing)?
Statement Score

I want to be active in solving the issues that are relevant to the society

Lifestyle (it’s cool to be green now)

Opportunity to learn new technologies

I want to participate in the implementation of EU “Green Deal”

I will improve my quality of life in the future

I will have lower utility bills

A challenge to test my adaptive abilities

Other

7.

What do you associate with the words “climate-responsible future society”?
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ARTICLEINFO ABSTRACT

Handling editor: Henrik Lund Citizens, businesses, and governments faced energy scarcity, skyrocketing costs, and a high degree of unpre-
dictability due to the Russian invasion of Ukraine in 2022. This situation has forced the European Union and
national governments to switch to local energy resources and increase energy efficiency more strictly. But has
society’s attitude changed in the same way? Two separate public opinion surveys and network analyses were
carried out to gain an understanding of energy efficiency practices prevalent in Latvia before and after the war
erupted. In addition, the energy community simulation tool has been used to quantify the economic indicators
under various conditions.

The household survey results show that there, in fact, have been relatively few measures adopted to increase
energy efficiency among the population during the energy crisis. The developed policy energy community
simulation tool shows, that the energy costs in existing multi-family buildings have increased from around 61
EUR/m? to 83.5 EUR/m However, it is still not motivating households to seek solutions toward more efficient
energy use and RES generation due to the governmental subsidies to cover steep cost increases. Interventions
targeting efficient energy communities through building managers would give higher strength and long-term
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Energy efficiency
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Energy crisis

Energy policy

Correlation network analysis

effects.

1. Introduction

Consumers play a crucial role in the energy sector’s transition to
climate neutrality. They have a high potential for decentralized
renewable energy (RE) production and opportunities to improve energy
efficiency. Consumers can unite and create energy communities when
they have similar interests and goals. These communities, supported by
initiatives from the European Union and governments, promise effective
measures to promote local energy production and self-consumption [1].
Through appropriate policies, members of energy communities can
pursue common economic, social, and environmental goals. They can
align their energy production and consumption with available re-
sources, market demands, and policy frameworks [2]. However,
achieving these goals requires careful coordination of the technical and
organizational aspects, involving complex analyses to achieve the
desired results.

Many studies have pointed to the high potential of energy efficiency
in the residential sector. It would allow residents to reduce building
maintenance costs and could also result in improved overall living
conditions [3]. The recent sharp increase in energy prices could be an
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important motivator to implement energy-saving measures and prevent
a significant increase in housing costs. However, various barriers pre-
vent the full use of energy efficiency potential. Although some of the
obstacles (e.g. high investments, low economic benefits, technical
feasibility) can be overcome by implementing appropriate support pol-
icies (e.g. tax reductions, investment subsidies, technical standards, and
information campaigns) [4], one of the essential aspects is human
behavior patterns, which are not easy to understand and change [5]. The
understanding of factors influencing energy consumption, imple-
mentation of renewable energy sources (RES), potential energy effi-
ciency reduction measures, and willingness to conduct these measures
are crucial for promoting energy conservation and efficiency in house-
holds and further development of energy communities [6].

A wide variety of research has been conducted to explore the influ-
encing factors of energy consumption in households. The study by
Blomgqpvist et al. [7] identifies the main barriers toward energy efficiency
including economic (e.g. imperfect information, hidden costs, access to
capital, risks), behavioral (e.g. credibility and trust, values, inertia,
bounded rationality), and organizational (e.g. energy management and
culture of building organizations). The findings show that hidden costs
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and bounded rationality were prominent barriers due to problems in
acquiring and analyzing information.

The impact of household income level on the clean energy transition
is not straightforward. On the one side, higher income results in
increased overall energy consumption in households due to larger
buildings, more appliances, and the necessity for higher demands [8].
Therefore, households with a higher level of income mostly have higher
energy consumption and carbon emissions [9]. The survey results have
also proved the opposite - the lowest-income households are consuming
less energy either due to strict energy reduction measures, due to energy
poverty and underconsumption situations [10]. Chaudhuri & Huaccha
found that a one standard deviation increase in local income increases
the energy efficiency gap by 1.2 kWh/m? per year [11]. However,
high-income households have the advantage of being able to adopt RE
and smart technologies contributing to distributed energy generation
[12]. Higher incomes improve the availability of loans to perform en-
ergy efficiency measures [13]. There is also contradictive research on
the educational level and potential energy efficiency increase in
households as higher educational levels do not always lead to higher
awareness [10]. Education brings higher income which results in higher
energy consumption more often than energy efficiency increase [14].
Therefore, multiple aspects interact in a complex manner both pro-
moting and hindering the clean energy transition [15].

A lot of research is focusing on assessing the impact of different
policy measures to reduce the energy efficiency gap in households [16].
Subsidizing the costs of energy efficiency measures and RES installation
have been identified as the most common and promising policy mea-
sures with positive attitudes from households [17]. Trust in government
has been an important factor driving acceptance of more coercive pol-
icies and stricter climate and energy goals [18]. The study by Chen in-
vestigates how information framing affects willingness to participate in
energy efficiency programs [19] and concludes that gain-framed mes-
sages are more effective. Additionally, targeted policies for low-income
households to mitigate the negative impact of price increases would
eliminate energy poverty potential [20].

The European Union’s Clean Energy Package highlights the necessity
to go further than energy efficiency measures and RES installations in a
single housing level therefore, it promotes “active citizens” and the
development of energy communities [21]. By common energy infra-
structure and shared RE society residents would be more involved in the
transition toward carbon naturality resulting in “energy citizenship”
[22]. However, the full potential of energy communities and the more
active involvement of households and other stakeholders should be
investigated.

Most previous studies focused on the technical and economic feasi-
bility of developing energy communities as well as energy-sharing op-
tions [23,24]. Energy trading models can significantly impact the
benefits of shared infrastructure [25,26]. Chreim et al. [27] introduce a
novel energy management system for residential communities that finds
optimal energy trading to minimize the total energy losses based on
multi-agent systems. In other research [28,29], the main objective was
to minimize annual operation costs and CO, emissions in household
energy communities with shared energy storage.

Less attention in previous research is dedicated to the willingness of
residents to cooperate for shared RE generation or conducting energy
efficiency measures. Individual consumer willingness to participate in a
community is influenced by external factors, such as cost, availability of
RES, and interactions with government policies, as well as internal
factors, such as financial and social beliefs/preferences [30]. Rincon--
Rubio & Cedano-Villavicencio [31] have established the concept of
emotional energy communities crucial to catalyzing energy trans-
formations at the community level. Different interventions could be used
to engage residents in understanding the role of shared energy and en-
ergy efficiency improvement measures [32]. However, the research [33]
suggests that multiple-layer empowerment should be necessary to move
toward sustainable energy communities.
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Active involvement of citizens in energy transition and awareness
raising is a complex process that could be fastened by certain extreme
external conditions, e.g. steep increases in energy costs and or limited
energy resources. It has been proved that stress about paying energy bills
increases willingness to take up energy efficiency measures [19]. Osicka
& Cernoch [34] have set a hypothesis that the war in Ukraine in 2022
and the uncertainty around natural gas availability will fasten the Eu-
ropean clean energy transition.

The overall energy consumption in Europe in 2022 has decreased
due to strict energy reduction measures [35]. Also, households are
directly affected by increased energy costs facing the energy poverty risk
[36]. Therefore, different support strategies have been implemented to
support households in the EU to make them more resilient against rising
energy prices [37]. Heat pump integration, supported by government
funding, has been proven as a cost-effective solution for reducing natural
gas consumption in England and Scotland during the high energy price
period [38]. On the other side, the research in Norway showed that only
part of households responded (mostly those with smart electric car
charging) to high electricity prices in winter 2021/22 by shifting or
reducing energy consumption [39]. Therefore, it is not clear if the
awareness of energy transition in households will increase after facing
extremely high energy prices.

Even though there is much research on technical, environmental,
and social aspects of energy communities, the barriers to common
decision-making still need to be investigated fully. The previous
research on energy cooperatives can give an insight into the main issues
when agreeing on a common infrastructure [40,41]. Bauwens et al. [42]
highlight that people are more aware of the legal structure and benefits
of energy cooperatives and energy communities in countries where this
movement has an old and well-established tradition (e.g. Denmark, and
Germany). In East European countries, including Baltic countries,
self-identification with the community is very weak, whether in terms of
resource use, sharing of RE, or implementing energy efficiency. In
Latvia, 85 % of inhabitants live in multi-family buildings, and each
apartment is owned by a single owner, making the common
decision-making process for building management very difficult. It gives
an additional energy community dimension to the research when not
only several buildings are involved, but also several owners of a single
building need to mutually agree.

This research study started in 2021 when the nationwide household
survey in Latvia assessed attitudes about energy efficiency and RES. It
was the first step towards developing the policy simulation tool to assess
various policy alternatives for the diffusion of energy communities. A
detailed system dynamics model was built in Stella Architect to study
the system’s dynamic behaviour [43]. The model was then used as
single- and multiplayer games to support potential energy communities
when faced with a decision-making process dilemma with multiple
decision-makers [44]. The study raised additional research questions in
2022 when the energy crisis hit the national energy system. How does
the energy crisis impact the main key performance indicators of the
energy communities? How do various policies impact key performance
indicators of energy communities? What impact has the energy crisis
had on the attitude of households towards energy efficiency and
renewable energy resources? To what extent has government-provided
financial support during the energy crisis been an effective strategy
for promoting long-term energy transition? What are the main factors in
fostering energy efficiency and renewable energy in the residential
sector?

The paper starts by providing background information about the
residential sector in Latvia. Then, the methodology applied in this study
is described. An analysis of the obtained results follows. Finally, the
discussion and conclusion reflect the research questions raised at the
beginning of the study.
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2. Background information

Research is conducted in Latvia, located in the Baltic region of
Northern Europe with cool summer and cold winter climate. Most of the
population in Latvia is living in multi-apartment buildings which were
built during the Soviet era. More than 90 % of the area of multi-
apartment buildings was built before 2003, thus they are character-
ized by low energy efficiency. However, the renovation of buildings is
hindered by the ownership structure in Latvia when each apartment
belongs to a separate owner. Therefore, it is necessary to mutually agree
on the implementation of energy efficiency improvement measures and
RES installations throughout the building. Latvia has steadily increased
the share of RES in the heating sector by partly replacing natural gas
with biomass utilization. However, the switching to RES in the power
and transport sector is rather slow.

In March 2022, energy prices increased significantly due to the en-
ergy crisis. Fig. 1 shows the increase in energy prices for different energy
sources in Latvia. The highest price increase was for natural gas, wood
chips, and firewood. A minor relative increase has been attributed to
diesel fuel, wood pellets, and electricity.

In response to the energy price increase, government support was
available to cover electricity and district heating costs in 2022 [45]. The
electricity tariff exceeding 0.16 EUR/kWh was reduced by 50 % for the
households that use electricity for space heating. The natural gas fee was
reduced by 0.03 EUR /kWh for consumption above 221 kWh per month.
The district heating tariff was reduced by 50 % of the difference between
the approved and median heat energy tariffs (68 EUR/MWh). Also, the
purchasing costs of biomass pellets and briquettes were compensated
when the costs were above 300 EUR/tonne. Each household with a
firewood stove or boiler received 60 EUR compensation without a pur-
chase receipt. The dedicated funding for compensation was almost 340
MEUR [46].

3. Methodology

Multiple methods have been merged to answer the raised research
questions. First, the system-dynamics modelling is used to quantify the
impacts of energy communities with several buildings involved under
various external conditions. In addition, two separate nationwide sur-
veys have been used to gather data on the attitude of residents toward
energy efficiency measures, RES installations and potential in-
terventions with other residents of multi-apartment buildings before and
after the energy crisis in 2022. The correlation network analysis is
performed to identify the main driving factors toward efficient energy
communities and potential long-term interventions.

3.1. Energy community simulation

An energy community simulation tool was applied to quantify the
impact of the energy crisis on the key performance indicators of energy
communities with several buildings and assess which policies would
have a greater effect on promoting energy transition solutions. A system

Diesel fuel — m—m—m
Wood pellets  Iu——

Electricity I —
District heat
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dynamics model was developed in Stella Architect software for which
the user interface was created as the simulation tools for different pur-
poses. The policy simulation tool was built based on the structure of the
single-player and multi-player games [44], performed in the previous
steps of the research [43,47], and supplemented with various
national-level policies.

The single-player game was developed to conduct an apartment/
building owner-level analysis to identify how carbon neutrality goals
can be achieved through consumer adoption of different energy effi-
ciency and RE options. The game can be used as a laboratory to increase
the overall knowledge and awareness of carbon neutrality pathways at
the building level. A multiplayer energy community game was devel-
oped by adding more output variables and input data needed to build an
energy community with several buildings. During the simulation, the
participants must mutually agree on various solutions, for example,
what levels of energy efficiency should be achieved in each building,
how much RE each building can produce, and whether transport sharing
will be carried out. Players must evaluate their impact over several
rounds and adjust until a decision satisfies the needs of the energy
community. The last level of the developed energy community package
which is used in this study is the policy simulation tool which provides
the opportunity to evaluate costs and benefits under various legal
frameworks and support policies.

The underlying structure of the model has five interlinked sectors
(heating energy consumption, electricity consumption, transport energy
consumption, energy production and storage on-site from renewable
energy sources, energy from district heating and electrical grid). The
model calculates energy balance at the building and community level
based on the standard climatic data with a simulation timestep one
month. Energy can be produced on-site with PV panels and solar col-
lectors, heat pumps, accumulated in the thermal storage tank, electrical
accumulator and in electrical vehicles. External solar generation with
relevant interaction with the power grid has been added as an additional
alternative within the policy simulation tool to test the potential impact
of this solution. Other external RES generation technologies have not
been added to a current version of the model because large photovoltaic
panel fields are preferred in Latvia compared to e.g. wind power sta-
tions. A simplified scheme of the energy community used in the simu-
lation tool with the main components is presented in Fig. 2.

Each sector has various input variables with default values (technical
parameters of technologies, costs, outdoor climate, emission factors
etc.), and variables that can be changed by the user (energy prices, fuel
types, indoor climate etc.). In each sector, the key performance in-
dicators illustrate the impact of various interventions on the energy
demand side, transportation, on-site energy production and accumula-
tion, including total investments, payback time, energy consumption,
and greenhouse gas emissions. Key performance indicators for an energy
community include overall energy consumption, energy costs, emission
levels, monthly energy balance, payback time and other parameters of
various buildings. The model has an internet-based interactive interface
that allows the end-user to assess the impact of different carbon
neutrality solutions. A detailed structure of the model can be found in
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Fig. 1. Average price increase in 2022 for different energy resources in households in Latvia compared to 2019-2021 average price levels.
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Fig. 2. Simplified scheme of the energy community used in the simulation tool with the main components.

Supplementary documents.

The user of the policy simulation tool can build and test various
energy communities. A community can be built from several types of
residential multi-apartment buildings. The user can select from six pre-
defined building categories that are based on the most widespread
standardized apartment buildings in Latvia built from 1950 to 1980. The
heated area of buildings is categorized as small, medium, and large and
the roof area is categorized as small and large. The building archetypes
are given in Table 1.

Fig. 3 shows the user interface where a user can build an energy
community from pre-defined buildings with three sizes of heated areas
of the building and two sizes of roof area. The user also can select the
heating type.

Fig. 4 illustrates the end user interface for measures that can be taken
at the community level, national level policies and key performance
indicators for each type of building and for the community. Various
energy efficiency and energy reduction measures on the demand side
(improvement of thermal resistance of building envelopes, reduction of
indoor temperature, change of habits, change of appliances, installation
of smart technologies and ventilation) and transport (car sharing, daily
mileage, weekly use of cars), technologies in the on-site energy pro-
duction (solar PV and collectors) and accumulation (electricity and
heat), off-site renewables (wind turbines and solar PV) at the community

Table 1
Building envelope characteristics for pre-defined building categories.

Building size Small  Small Medium Medium Large Large
Roof size Small Large Small Large Small  Large
Floors 3 3 6 6 9 9
Stairwells 2 3 4 6 8 12
Roof Area (Ag), m* 300 450 600 900 1200 1800
Living Space, m* 900 1350 3600 5400 10800 16200
Height of the 9 9 18 18 27 27
building, m
Volume (V), m® 2700 4050 10800 16200 32400 48600
Surface Area (Sg), 825 1125 1650 2250 3075 4275
2
m
Sp/V, m! 031 028 015 0.14 009 0.9
Sp/Ar 275 2.50 2.75 2.50 2.56 2.38

level can be combined to increase the overall energy efficiency and
reduce carbon emissions of a defined community. A more detailed
description of the measures is provided in Refs. [44,47]. National-level
policies include heat and electricity energy prices, investment subsidies
for building energy efficiency measures, investment subsidies for elec-
trical vehicles, investment grants for solar rooftop installations (solar PV
panels and solar collectors), sales of surplus solar electricity at the
market electricity price, introduction of the Net Energy Metering system
for surplus solar power [48], introduction of Green Certificates, defining
the origin of grid electricity [49], emission taxes and overall energy costs
from fossil fuels, changes in loan duration and interest rate.

The model validation is based on the study that is performed every
fiv years in the European Union [50]. This study assesses the current
building stock. Based on the median building values it provides baseline
energy consumption data and potential savings with cost-optimal sce-
narios. The median apartment building heat energy consumption that
includes heating and domestic hot water supply is 193 kWh/m?/yr. The
values that the model provides range from 233 kWh/m?/yr to 138
kWh/mZ/yr. They differ due to building geometry assumptions that
result in different volume-to-surface area ratios that explain the varia-
tion in the specific heat consumption. The mathematics behind the cited
study and the developed model are very similar as building energy
consumption calculations follow the same underlying physics of calcu-
lating envelope and ventilation losses based on the thermal resistance of
underlying envelope layers, air exchange rates and building volume,
inner temperature, air temperature outside, and heat gains, both inner
and solar.

Simulations in different combinations presented in Table 2 were
carried out to quantify the impact of the energy crisis on the key per-
formance indicators of energy communities and assess which policies
would have a greater effect on promoting energy transition solutions.

The impact of energy transition and implemented policies are tested
on the energy community which is formed by the mixed types of six
buildings (two small buildings with small and large roof sizes; two
medium buildings with small and large roof sizes; two large buildings
with small and large roofs). The total living area of buildings is 38 250
m? with 5400 m? of roof area available for solar panel installation. In
such an energy community, some buildings with larger areas will have a
higher overall energy consumption and, therefore, greater potential to
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Fig. 3. The input page of the user interface is where a user can build an energy community from pre-defined buildings.

reduce energy costs. Within the base scenario (BASE), no additional
measures for energy efficiency and RES implementation are done. The
external walls are not insulated, and the windows are partly changed. It
is assumed that buildings are connected to district heating systems.

The assessment is done under low (LPR) and high (HPR) energy price
levels to respond to the conditions during the energy crisis. Imple-
mentation of energy efficiency measures and installation of RES are
performed in two different ambition levels for the whole energy com-
munity. Afterwards, they are compared with the base energy con-
sumption without additional measures (BASE). In the efficient energy
community solution (EE) the energy consumption has been reduced to
the average level with the installation of rooftop solar systems to provide
the self-consumption of buildings. In the more ambitious scenario, a
transition towards a positive energy district (PED) is introduced by
implementing maximal energy efficiency levels and additional external
solar power plants. Finally, the policy measures (attributed to POFF and
PON) are added to evaluate the impact of support measures and higher
tax rates on the overall economic indicators of the energy community.

The policies are affecting mainly the economic performance of
developed energy communities. The subsidies for building renovation
and electric vehicles reduce the necessary investments and, therefore,
shorten the calculated payback time. A similar effect is caused by a
decrease in credit interest rate. Changes in tax rates increase or decrease
the overall expenses for heating from fossil fuels and biomass. The
calculated annual emissions are multiplied by emission tax, both from
carbon dioxide and particulate matter (PM) emissions. The resulting tax
payments are summed together to calculate the annual tax amount that
needs to paid. From this causality, an increase in emissions leads to an
increase in expenses. On the other hand, if measures that reduce emis-
sions are applied, then the resulting tax payments are lower.

3.2. Household survey

Two separate public opinion surveys were carried out to gain an
understanding of energy efficiency practices prevalent in Latvia as well
as opinions of Latvia’s inhabitants regarding energy saving and pro-
duction, environmentally friendly transportation, adoption of modern
RES, and energy community formation potential among housing owners
in a single building or with additional neighbouring buildings. The
complete survey questions can be found in a supplemented file.

The surveys were conducted from 17-September 21, 2021 and 27-28
March 2023 using the Computer Assisted Web Interview method. The
fieldwork of the surveys was provided by the research centre SKDS. The
general population comprises more than 1.5 million inhabitants of
Latvia aged 18-75 years. The quota sampling method was used for
sampling. Both surveys used identical questionnaires and reached 1005
respondents but had different samples. The first survey was carried out
in 2021 when there were no indications of potential war in Europe and a
steep price increase. Therefore, in 2023 it was impossible to identify the
already surveyed panel for repeated surveys. Consequently, observa-
tions from the two surveys cannot be linked to a unique respondent but
give an insight into how attitudes have changed. The data were
weighted using national statistics on gender, nationality, age, and region
as weighting parameters.

The first part of the survey focused on energy efficiency measures
that could potentially be introduced or at least linked to respondents’
homes. Specifically, people were asked which heating energy-saving
practices they have adopted or plan to adopt at their housing unit.
Similar questions were posed about electricity-saving practices. Last,
several questions dealt with transportation and daily commute of the
respondents.

The second part of the survey concentrated on the list of factors that
could potentially influence the adoption of energy efficiency measures
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Fig. 4. End-user interface for measures that can be taken at the community level, national level policies and key performance indicators for each type of building and

for the community.

and the implementation of RES. They were also asked about their
opinion regarding phasing out fossil fuels and whether they would be
ready to pay more for RE to help accomplish the necessary switch from
fossil fuels to RE.

The last part of the survey dealt with the potential of energy com-
munity formation among block housing owners. First, the respondents
were asked how actively they participated in housing management.
Then they were provided with a list of building management and
improvement issues. For each of the issues, they had to assess how hard
or easy would it be for them to reach an agreement with their
neighbours.

Data processing was carried out using the SPSS statistical software
package. Some of the questions in the surveys utilized five-point Likert
response alternatives [48,49]. For data from Likert-type questions,
several tests were performed to compare the results of the two surveys.
First, an independent samples t-test for equality of means was imple-
mented. Usually, the t-test shows good power [51], but some have
argued against its use for Likert-type items because of the discrete nature
of responses and ordinal data that they produce [52]. Therefore, as a
non-parametric alternative Mann-Whitney U test was also performed,
testing whether the two samples were from populations with the same
distribution function. Mann-Whitney U test does not use means and
standard deviations. Instead, it relies on ranking all the observations
from both samples and comparing the corresponding rank sums [53].

3.3. Network analysis

To gain an understanding of central variables and offer an under-
standing of crucial interactions underlying attitudes towards energy
efficiency and RES in the residential sector, data from the household
survey were used for the correlation network analysis. This analysis is
used to get an integrated model for studying the interactive effects
among the variables and groups of variables from the survey. It is likely
to be important for the characterisation of the system that is represented
by the network. Enhancing understanding of how various factors affect
decisions about energy efficiency and RE in the residential sector is
crucial for developing targeted interventions. By identifying property
owners who exhibit lower levels of energy efficiency and RE adoption,
policymakers can intervene to foster energy transition. Correlation
network analysis is based on partial correlations and discloses connected
patterns between the nodes (variables) by a data-driven approach [54].
A partial correlation network analysis was performed in JASP software
[55]. For bivariate correlation, EBICZLASSO Friedman et al. [56] was
used with a tuning parameter set to 0.5. The normalized closeness,
betweenness, strength and expected influence as centrality indices were
computed [57], which offers quantitative estimates for each node with
connected status [58].
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Table 2
Overview of simulated scenarios, changed variables and their values.
Factor Variable Abbreviation ~ Description
changed
Energy prices  High energy HPR Electricity price 0.25 EUR/
prices kWh; DH tariff 0.15 EUR/kWh;
Biomass costs 0.1 EUR/kWh
Low energy LPR Electricity price 0.14 EUR/
prices kWh; DH tariff 0.09 EUR/kWh;
Biomass costs 0.05 EUR/kWh
Energy Without BASE Default energy consumption of
transition additional unrenovated buildings, no
solutions measures installation of RES, only a
small share of electric vehicles,
no car sharing
Efficient EE Increased building thermal
energy insulation to an efficient level,
community increased efficiency of electric
appliances, installation of
rooftop solar systems,
additional electric vehicles
Positive PED Maximal energy efficiency
Energy District level of buildings, installation
of biomass boiler, installation
of maximal amount of rooftop
systems and additional
external solar plant of 2 MW,
only electric cars and car
sharing introduced.
Policies Without POFF No support for capital
support investments; CO, emission tax
policies 15 EUR/t; PM emission tax
135 EUR/t; credit interest rate
7 %
With support PON Subsidies for building
policies renovation and solar rooftop
systems (50 % of investments);
Subsidies for electric vehicles
(10 % of investments);
Increased PM emission taxes to
160 EUR/t and CO; emission
tax to 30 EUR/t; reduced
credit interest rate to 3 %
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4. Results
4.1. Simulation results

The section presents the obtained results of several simulation
rounds of the defined energy community presented in Section 3.1. The
changing parameters are energy efficiency levels, installed RES capac-
ities energy prices and attributed policies.

The obtained energy efficiency results are compared with the base
level without additional measures (BASE). The total energy consump-
tion of the analyzed energy community in the BASE scenario is close to
18 GWh of which 60 % is allocated to heat consumption for space
heating and domestic water preparation (see Fig. 5 (a)). When the en-
ergy efficiency measures and RES are introduced (Scenario EE), the total
energy consumption is reduced by 59 % due to building insulation,
windows exchange, purchasing of electric vehicles, PV installation and
other energy efficiency measures implemented. In the ambitious sce-
nario, when the energy community is moving towards a level of positive
energy district (Scenario PED) the total energy consumption is reduced
even more together with the switching to biomass-based heating and
introduction of an external solar power plant. However, the total elec-
tricity consumption has increased due to the transition to electric ve-
hicles. Fig. 5 (b) shows the reached RES shares within the energy
community. In the PED scenario, a small part of the electricity is still
purchased from the grid, therefore, the reached RES share is 84 %.

The reached CO, emission levels in each scenario can be seen in
Fig. 5 (b). In the PED scenario, the total emissions of the energy com-
munity are reduced by 2400 tons per year. The resulting CO, emission
abatement costs based on the necessary investments reached 425 EUR/t
CO4 which is in line with the obtained results for urban areas in previous
studies [59]. The calculated abatement costs do not consider future
energy savings.

The performed simulations are used to compare the potential energy
cost reduction from the introduced energy efficiency measures RES in-
stallations. Fig. 6 shows the specific total energy costs per building area
under different energy efficiency levels (Scenarios EE and PED) and
energy price levels (low and high). Additionally, the costs are different
depending on the building area. In the BASE scenario, the specific en-
ergy costs vary from 60 EUR/m? in the largest buildings to 69 EUR/m?in
smaller buildings. When the energy prices are high, the total specific

3000 90
5 2500 /. W

5
z . 70
Q
o
2 2000 / 60 2
g . o
e 50 5
4 1500 / 2
g . 40 .,
7 j%a}
£ 1000 30 &
=)
S 00 20
o 5 0
o] 7 10

0 s 0
BASE EE PED

mmmmm Transport, MWh per year
Electricity, MWh per year
Heat, MWH year

==« «Self-consumption share

(b)

Fig. 5. Results of (a) energy consumption, (b) CO, emissions, and reached self-consumption share levels.
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Fig. 6. Specific energy costs in different analyzed energy efficiency scenarios under low energy prices and high energy prices.

energy costs increase by around 22.6 EUR/m? or 37 %.

The results show that energy efficiency measures and RES installa-
tion can reduce the total energy costs by 39 % in the EE scenario and up
to 79 % in the PED scenario compared to conditions without energy
efficiency measures. From Fig. 6 it can be seen, that in these scenarios
the energy costs are higher in the larger buildings which is opposite to
the BASE scenario. This is mainly due possible installation of more solar
panels on small buildings with a higher consumption share. In large and
tall high-rise apartment buildings the available roof area can provide a
lower share of necessary electricity, therefore, the specific costs are
slightly higher compared to smaller buildings.

The total investments necessary for the EE scenario are 17.9 MEUR
and 32.4 MEUR in the PED scenario. Fig. 7 shows the specific investment
split for different types of buildings within the energy community. The
specific investments are higher for small buildings due to higher relative
investment costs for building insulation. The average specific invest-
ment in the EE scenario is 263.6 EUR/m? and reaches 496.6 EUR/m? in
the PED scenario.

Fig. 7 also indicates the potential reduction of specific investments
with additional funding support in the form of a capex grant. It reaches a
30 % reduction in the EE scenario and a 22 % reduction in the PED
scenario when a higher role is attributed to electric vehicles which have
lower funding rates.

4.2. Survey results

This section summarizes the results from the 2021 and 2023 surveys
regarding energy efficiency measures. The percentages of respondents
representing different socio-demographic segments in the samples
before and after weighting are shown in Table 3. Besides socio-
demographic parameters used in weighting other data characterizing
respondents (e.g., education, employment status, personal and house-
hold income, family structure, etc.) were collected. The descriptive
statistics of the other parameters included in the survey can be found in
Appendix 1.
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Table 3
Respondents in the samples before and after weighting (%).

Number of respondents in the
sample (%) before weighting

Number of respondents in the
sample (%) after weighting

2021 2023 2021 2023

Gender

Male 48 48.3 48.3 48.3

Female 52.1 51.7 51.7 51.7
Nationality

Latvians ~ 61.2 58.9 58.9 58.9

Other 38.8 411 41.1 41.1
Age

18-24 6.1 7.5 8.4 8.7

25-34 15.8 16.7 18.7 16.8

35-44 20.9 20.9 19.6 20.5

45-54 20.7 19.8 19.1 19.1

55-63 18.2 19.3 17.4 18.9

64-75 18.3 15.8 16.8 16
Region

Riga 34 34.1 33.4 33.2

Pieriga 18.9 20.8 19.3 20

Vidzeme 9.4 9.2 9.5 9.4

Kurzeme 12,9 12.2 12.4 12.3

Zemgale  11.1 11.2 11.7 11.7

Latgale 13.6 124 13.7 13.4

Table 4 summarizes the sample independence results for the
respondent answers to the question regarding factors impacting energy
efficiency decisions from both surveys in 2021 and 2023. The question
was formulated as follows: “Suppose your home (e.g., your house, your
housing unit or the building containing your housing unit) needed energy
efficiency improvements (heating, ventilation, lighting, hot water supply,
etc.). How important would the following factors be for you, when deciding
what to do or not to do?”.

The factors that people considered the most were opportunities to
reduce service bills (more than 60 % gave this factor the highest
importance marking (5) in 2021 and 2023) and opportunities to reduce

PED_POFF PED_PON

Large buildings

Fig. 7. Specific investments for energy community scenarios without policy support (POFF) and with policy support (PON).
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Table 4
Analysis of sample independence regarding factors influencing energy efficiency decisions (1- not at all important; 5- very
important).
. Mann-Whitney U
t-statistic "
Factor Mean and 95% Confidence Interval (p-value) standardized Z
P statistic (p-value)
Opportunities to reduce service bills 201 e
. . 2023 1.80* (0.073) 1.92* (0.055)
(electricity, heating, water) 43 4 e 26
Opportunities to reduce 2001
N ppo 2023 — 0.70 (0.485) 0.78 (0.438)
ousing management costs n ) 3 24
. . 2021 < ——o0—
Opportunities to improve 2023 o 2031 (0755) -0.40 (0.690)
quality of living conditions 4 21 e 23 i ! : :
- A 2021 ——o——
Avalla_blllty of state or municipality 2023 o 1.66* (0.096) 148 (0.138)
financial support measures i a1 P 23
2021 —_—
Immediate investment needed 2023 —— 0.58 (0.565) 0.43 (0.665)
3.9 4 4.1 42
2021 ———o0—
Payback period of investment 2023 ° . , 0.79 (0.431) 0.94 (0.346)
3.9 4 4.1 42
. . 2021 —o—
The time needed to organize 2023 - 1250211 0.71 (0.478)
the implementation of improvements 3% 37 38 39 ’ ’ ’ ’
. . 2021 —_—
Opportunities to increase 2023 o 4119 (0235) 11,50 (0.135)
property value 35 36 37 38
2021 R
Recommendations (experts) 2023 — - X 0.22 (0.826) -0.04 (0.968)
35 36 3.7 3.8
Opportunities to reduce long-term 2021
pportumties to reduce long-ie 2023 ——o—— -1.91% (0.056) -2.10%* (0.036)
negative environmental impact 37 BV 33 34
2021 ———o0———
Commercial loan availability 2023 - o . 1.42 (0.155) 1.64 (0.101)
3.1 32 33 3.4
dati 2021 ———o——
Recommendations 2023 —— 1.51 (0.131) 1.52(0.128)
(relatives, friends, acquaintances) 37 B 33 34
dati 2021 ——o——
Recommendations 008 ——o— 0.33 (0.740) 0.28 (0.780)
(building managers) 27 28 29 3
2021 R
Recommendations (municipality) 2023 — - . -0.14 (0.892) -0.23 (0.818)
2.7 2.8 2.9 3

P-values shown in parentheses; *** p <0.01,** p <0.05, * p <0.10

maintenance costs (around 55 % marked it as “very important” (5) in
2001 and 2023). On the other hand, the least influential factors were
recommendations of the municipality (only 10 % marked it with (5) in
2021 and 2023) and recommendations of building managers (only 11 %
of “very important” (5) marks in 2021 and 2023).

The results show that the attitude and awareness of society towards
carbon neutrality have not changed much due to war and energy crisis.
Most of the percentage changes were within the margin of error at a 95
% confidence level. Marked ordinal evaluations allow the use of addi-
tional testing to compare the answers the respondents provided in 2021
and 2023. First, if we use the actual numeric evaluations and compute
means and corresponding 95 % confidence intervals for each factor, we
can utilize independent samples t-test for equality of means. Table 4
shows means and their 95 % confidence intervals as well as test results
with relevant t-statistics and corresponding p-values. The null hypoth-
esis of mean equality when the 2021 and 2023 surveys are compared
cannot be rejected at 99 % and 95 % confidence levels for all the factors.
At a 90 % confidence level, the factors “opportunities to reduce service
bills” (t = 1.80; p = 0.073) and “availability of state or municipality
financial support measures” (t = 1.66; p = 0.096) have been evaluated as

more important in 2023 than in 2021. For “opportunities to reduce long-
term negative environmental impact” (t = —1.91; p = 0.056) the
opposite is true — at a 90 % confidence level, we can assert that people
evaluated the factor as more important in 2021 than in 2023. The results
indicate that during the energy crisis period, the priority for residents is
stabilizing the overall expenditures. The other long-term benefits
including environmental aspects become less important.

Note that even the mean differences that are statistically significant
at a 90 % confidence level are small. It is hard to interpret the results
beyond a simple observation that a mean from one survey is larger than
the other as the scale provided is arbitrary and subjectively might be
inferred differently by respondents. As an alternative non-parametric
Mann-Whitney U tests were also performed (see Table 4). The null hy-
potheses for those tests differ — they test whether the two samples (the
one from 2021 and the other from 2023) are from populations with the
same distribution function. The results, however, point in the same di-
rection as t-tests. For most factors there were no significant differences
between the results of the two surveys — the null hypotheses of the same
distribution function could not be rejected at all relevant significance
levels, except for the factor of reducing long-term negative
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environmental impact (z = —2.10; p = 0.036) and opportunities to
reduce service bills (z = 1.92; p = 0.055).

Another important survey question that is considered in this research
is the factors impacting the willingness to cooperate with neighbours
and build energy communities. The relevant question has been defined
in the following form: “Suppose you and your neighbours in the building
had to decide on some building management or improvement issue. How easy
or hard would it be for you to reach an agreement?” The obtained results
can be seen in Table 5. The building management and improvement
issues that respondents saw as most easy to agree upon with their
neighbours were “cleaning of stairwell” (23 % of respondents indicated
that it would be “very easy” (5) in 2023, while 21 % did the same in
2021) and “cleaning up of the surroundings of the building” (19 % of
“very easy” (5) marks in 2023 and 16 % in 2021). In practice, a
commitment to improved shared public space such as cleaning stair-
wells, upkeep of the surroundings of buildings or renovating stairwells is
an index of shared values among inhabitants.

On the other hand, the issues about which to reach an agreement
with neighbours would be most difficult were “installation of solar
panels” (only 3 % of respondents viewed it as a “very easy” (5) issue to
agree upon in 2023 and 2021) and “changing the type of heating
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system” (5 % of “very easy” (5) marks in 2023 and 4 % in 2021). Ac-
cording to the answers provided by the respondents participation in
housing management among apartment owners had not changed much -
71 % of respondents participated in housing management in 2023, while
66 % did it in 2021, which is in line with margins of error.

Overall, the self-reported capacity of apartment owners to agree
upon some building management and improvement issues seems to have
increased a little but not exceeding the corresponding margins of error.
In any case, the self-reported capacity to agree rates remains very low.

As in the case of factors influencing the adoption of energy efficiency
measures and RES installation, the use of ranking orders allowed testing
for differences in answers provided in 2021 and 2023. In practice, a
commitment to improved shared public space such as cleaning stair-
wells, upkeep of the surroundings of buildings or renovating stairwells is
an index of shared values among inhabitants. These shared values, ac-
tions and deliberation processes in place precede and cement major
decisions and financial commitments such as energy efficiency in-
vestments. At 99 % confidence level the hypotheses of mean equality
could be rejected for “cleaning stairwell” (t = 2.75; p = 0.006) and
“choosing of building manager” (t = 2.87; p = 0.004). Survey results
showed that there is a low degree of shared, communal commitment

Table 5
Analyses of the results for the answers on how hard it would be to agree on certain decisions with neighbours (1 - very hard; 5 -
very easy).
testatisti Mann-Whitney
-statistic i
Issue Mean and 95% Confidence Interval v stalfdz}rdlzed
(p-value) Z statistic (p-
value)
2001 ——o——
Cleaning of stairwell 2023 ; I —— 2.75%** (0.006) 2.51%%(0.012)
31 32 33 34 35 36
Cleaning up of the surroundings 2021 -
2023 ; I ——— 1.47 (0.141) 1.42 (0.155)
of the building 29 3 31 32 33 34
2021 —
Renovation of stairwell 2023 . ——— 0.56 (0.573) 0.73 (0.466)
28 29 3 31 32 33
Replacement of water and sewer 2021 —
) ) 2023 . I —— 0.71 (0.479) 0.87 (0.382)
riser mains 27 28 29 3 31 32
2021 —_—
Replacement of windows 2023 . B —— 1.79* (0.074) 1.95% (0.051)
27 28 29 3 31 32
2021 —_——
Replacement of roof 2023 B — . -0.47 (0.639) -0.19 (0.851)
25 26 27 28 29 3
2021 —
Insulation of exterior walls 2023 —— . -0.05 (0.964) 0.12 (0.907)
24 25 26 27 28 29
. . . 2021 —_——
Construc.nqn of a bicycle storage unit 555 ‘ ‘ : o : ‘ 1.05 (0.296) 119 (0.235)
at the building 24 25 26 27 28 29
2001 @ ——o——
Choosing the building manager 2023 ; S —— 2.87*%* (0.004) 3.12%%% (0.002)
24 25 26 27 28 29
Introduction of bicycle sharing 2021 —
2023 i i ——— 0.99 (0.322) 1.27 (0.203)
among neighbours 19 2 21 22 23 24
2021 —
Changing the type of heating system 2023 B ——— X 0.46 (0.647) 0.31 (0.758)
19 2 21 22 23 24
2021 —
Installation of solar panels 2023 I ———— X 0.53 (0.598) 0.48 (0.630)
17 18 19 2 21 22

P-values shown in parentheses; *** p <0.01,** p < 0.05, * p <0.10
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towards improvements in public space. Most inhabitants, owners, or
renters alike, do not participate in and support activities such as cleaning
stairwells, surroundings of buildings, and renovation of stairwells,
which require a relatively low degree of responsibility or financial
commitment. In both cases, the means were higher, i.e., the respondents
indicated that it was easier to agree with neighbours in 2023 than in
2021. At 90 % confidence level the same was true for “replacement of
windows” (t = 1.79; p = 0.074). Non-parametric Mann-Whitney U tests
were in line with t-tests and indicated that the hypotheses of the same
distribution function for 2021 and 2023 surveys at some confidence
levels could be rejected only for the same three issues mentioned above.

However, it should again be pointed out that in those few cases
where differences were statistically significant the actual increases in
self-reported capacity to agree measured by increases in means were
relatively small. Also, the difficulty of interpreting those increases due to
the arbitrary nature of the scale remained.

4.3. Network analysis

The estimated network of a joint partial correlation structure among
a set of variables from the survey (the year 2021) is visualized in the plot
(see Fig. 8). It illustrates the estimated partial correlations between two
variables (based on the survey questions), conditioned on all other
variables in the estimated weights matrix. Before analysis, all variables
or nodes are allocated to their respective theme: housing, current energy
efficiency measures at the household level, current energy efficiency and
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RES at the building level, energy efficiency practice factors, mobility,
energy sources and community. The representing question number from
the survey for each variable is indicated further in the text. The full
question and potential answers can be found in the Supplementary file.

Visualization is based on the Fruchterman-Reingold algorithm and
puts nodes with the most connections/highest number of connections
into the center of the graph, and locates the nodes with strong edges
closer together [60]. The total of non-zero edges within the network is
346 out of 990 edges and the sparsity is 0.651.

Variables from three themes (energy efficiency practice factors,
community, energy sources) cluster together according to their thematic
group. In the mobility theme, two variables (transport sharing (variable
13; based on survey question E2) and environmentally friendly transport
(12; E1)) are in the periphery while the third variable (electrical vehicles
ownership (14; E3) is located more centrally and has strong edges with
two other themes: installed PV panels (11; D1) and knowledge about
RES (29; G1). Variables from the current energy efficiency measures at
the building (C1; C2; D1; D2) and household level (B1-B3) have strong
edges with variables from the housing theme. There are numerous
connections across the clusters, e.g. housing theme is connected to the
community theme via the building type (41; M1) which has strong edges
with recommendations (24; F1.11 and 25; F1.12). The community
theme is connected to mobility and the energy source’s theme via var-
iable 15 (reduced environmental impact; F1.01).

A non-arbitrary or reverse coded variables (e.g., 13 “F1.01. Chances
to reduce long-term environmental impact through energy efficiency

Housing

1: Income per HH member

2: Building age

3: Housing ownership

4: Housing managm.type

5: Involvment level in common housing issues
41: Building type

00000

Current EE at household level
6: Improved windows

7: Individual heating regulation
8: Lamps changed to LED

9: Large appliances are EE

LR

Current EE and RES at building level
10: Insulated walls
11: Installed PV panels

EE practice factors

15: Reduced environm.impact

16: Improved quality of life

17: Increased real estate value

18: Investments

19: Payback time

20: Reduced housing managm.costs
21: Reduced energy bills

22: Public financial support

23: Commerical loans

: Recommend. of friends, relatives
: Buidling manag.recomm.

: Municip.recomm.

27: Experts recomm.

28: Time to implement

0000000000 OCOOO

Mobility
12: Environ friendly transport
13: Transport sharing

14: EV ownership

oo 0

Energy sources

29: Knowledge about RES

39: Support to reduce fossil fuel

40: WTP for trans. from fossil to RES

200

Community

30: Choice of build. manager

31: Cleaning of stairwell

32: Renov.of stairwell

33: Wall insulation

: Replacement of roof

: Window replacement

: PV panel install.

: Change of heating type

® 38: Bicycle storage in comm.space

Fig. 8. The estimated network of a joint partial correlation structure among a set of variables from the survey in the year 2021 (blue edges show positive associations
and red edges show negative associations, and the width and saturation of the lines show the absolute strength of the relationship). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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improvements are very significant”) relate negatively to normally coded
variables (i.e., 29 “G2 I fully support Latvia’s phase-out of fossil fuels”).
Reverse-coded variables have positive associations between themselves,
and the same applies to normally coded variables. There is a very strong
positive connection between support to reduce fossil fuel (39; G6) and
willingness to pay for transformation from fossil fuels to RES (40; G3)
and several factors for energy-efficiency practises (immediate in-
vestments needed (18; F1.04) and payback time of investments (19;
F1.05), reduced energy bills (21; F1.07), public financial support (22;
F1.08), building manager’s recommendations (25; F1.11) and munici-
pality recommendations (26; F1.12)), as well as transport sharing (13;
E2) and environmentally friendly mobility (12; E1), and, building type
(41; M1) and installed PV panels (11; D11). Also, there is a positive
connection with factors for community feasibility: PV panel installation
(36; H1.08) and change of heating type (37; H1.09) and controlling for
all other factors. These links suggest that, for example, support to reduce
fossil fuel is a good predictor of willingness to pay for transformation
from fossil fuels to RES, and vice versa. The same applies to other
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variables with strong connections. Knowledge about RES is a predictor
of PV installation and electrical vehicle ownership, while in contrast,
income level per household is neither related to already installed PV
panels, nor potential PV installation, suggesting that knowing income
level per household is not very informative about PV installation rate, or
vice versa. However, the income level is informative about ownership of
an electrical vehicle - the higher the income level, the more the prob-
ability of owning an electrical vehicle. External wall insulation, the most
prominent energy efficiency measure, has positive connections to other
major renovation measures at the building level that require community
involvement, namely, the replacement of the roof, renovation of stair-
wells, window replacement and change of heating type. For single-
family buildings, recommendations of friends and acquaintances are
important while for multifamily buildings more important are recom-
mendations from building managers. There are absent connections be-
tween various variables defining factors of energy efficiency practices, e.
g. reduced energy bill and wall insulation, suggesting that these factors
are statistically independent when conditioning on all other symptoms
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Fig. 9. Centrality measures for each variable from a survey carried out in 2021.
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or that there is not sufficient power to detect an edge between these
symptoms.

The centrality measures — strength (absolute sum of edge weights
connected to a node), betweenness (the number of times that a node lies
on the shortest path between two other nodes), closeness (average dis-
tance from the node to all other nodes in the network), and the expected
influence (node strength without taking the absolute value of edge-
weights) show how well the nodes are connected within the network
and thus potentially relevant variable in a network (see Fig. 9). The
highest expected influence (a node’s importance in activating or deac-
tivating other nodes in a network) on fostering energy efficiency and
RES have building manager’s recommendations (25; F1.11), reduced
energy bill (21; F1.07), municipality recommendations (26; F1.12) and
payback time of energy efficiency measures (19; F1.05).

Building manager’s recommendations (25; F1.11) values of
betweenness, closeness and strength suggest that this variable serves as
the shortest path between other variables, and has strong connections,
but has limited capacity in activating the maximum number of nodes
possible. To activate the network, the activating of the building man-
ager’s recommendations (25; F1.11) should be first. This implies that to
predict whether it is likely to have an impact on other variables related
to energy efficiency, variable 25 provides the most information. The
centrality of the variable implies that an intervention targeting this
variable would have the greatest potential to move the entire network to
other states and foster energy efficiency and renewable energy sources,
whereas a low centrality variable would be of limited impact [61].
Previously carried out energy efficiency measures (10; C1), installed PV
(11; D1), and possible installation of PV (36; H1.07) have the highest
betweenness values thus they act as the bridge connecting the clusters of
variables.

The network analysis of a set of variables from the survey carried out
in 2023 has similar findings to network analysis with data from the
survey carried out in 2021.

5. Discussion

The performed study gives a wide range of conclusions, however,
there are several uncertainties and limitations to the obtained results.

The validation of the simulation tool has been done against the
general building statistics and information in building certificates. The
current version of the simulation tool has not been validated by using
real building data on actual energy consumption to identify potential
errors. The errors in heat consumption simulation may occur due to
changes in domestic hot water consumption patterns and uncertain
duration of space heating. The power consumption can vary due to
possible deviations in power load and operation of certain equipment.
However, such error analyses would have a relatively small impact on
general performance indicators and could be performed in further
studies.

The survey results are estimations and exhibit some margin of error.
This is due to the sampling process and variance of responses. The
margins can be calculated given a specific level of confidence (e.g., 95
%). The responses are the opinions of the respondents. Even when the
respondents claim that, for example, they have adopted a certain energy
efficiency measure one cannot be certain that they have done it. It is
even more complicated with opinions involving future behaviour as it is
impossible to verify that respondents follow through on their projections
that, for example, they will adopt a certain energy efficiency measure in
2-3 years. This type of error is not due to sampling but rather because of
the specific nature of public opinion data. Unfortunately, there is also no
good way to gauge the extent of the phenomena and the errors it pro-
duces. Generally, people tend to overreport socially desirable behaviour
(e.g., volunteering) and underreport socially undesirable behaviour
[62].

The correlation network model represents an idealized model of the
real world. It is important to select variables to be included in the model
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and decide how they are measured. Network analysis is sensitive to the
variables in the model and the research has to address the stability and
replicability of the model [63]. In this study, the stability and accuracy
are increased by a large sample size and two surveys for two different
respondent groups over a distance of two years. EBICglasso with a
tuning parameter set by the researcher is applied to the estimation of the
partial correlation network. This method is easy to use for
non-continuous data [57]. The main goal of this method is to eliminate
spurious relationships. However, by doing so, it may omit some actual
connections.

6. Conclusions

Our research raises important questions about individual and col-
lective agency and the discourse of energy efficiency and RES installa-
tion in general. Namely, when pressed, the surveyed individuals
consistently express their commitment to rational premises and even
adopt some discourse of energy efficiency adoption measures. However,
data show that the majority would not intensify and accelerate their
commitments when it comes to mid-term investment. It raises important
questions about actual energy literacy among the population and the
lasting discrepancy between expressed values and actual cognitive and
behavioural patterns when it comes to energy efficiency measures. Do
social groups at individual and collective levels understand what these
adoption measures may or may not affect? And what their role would
have to be to effect that change? Do they have sufficient resources to
follow through and what support can they expect from public
institutions?

The sense of distrust and reservation is also very much prevalent in
the most promising, yet demanding areas - housing maintenance, gen-
eral upkeep, and energy efficiency measures for housing cooperatives.
Ongoing reservations about the likelihood and success of collective ac-
tion at the housing cooperative and building level were raised during
2021. The scepticism continued to reign during 2023. Most would agree
to small-scale engagement: general upkeep and taking care of shared
stairways. Perhaps a degree of socializing is viable but would be hard-
pressed to initiate activities such as housing insulation, roof insu-
lation, or decoupling from carbon towards solar or wind power opera-
tions at the building level.

The impacts of energy crisis on the key performance indicators of
energy communities can be assessed through the utilization of a devel-
oped simulation tool. In the scenario where the buildings do not coop-
erate and do not introduce any measures (BASE), the specific energy
costs vary from 60 EUR/m? in the largest buildings to 69 EUR/m? in
smaller buildings. When the energy prices are high, the total specific
energy costs increase by around 22.6 EUR/m? or 37 %. Therefore, the
energy crisis would significantly increase the overall household
spending if governmental support were not available. The tool also al-
lows evaluation of other key performance indicators, e.g. potential en-
ergy savings, emission reduction rates, and investment levels.

Policy instruments can have a significant impact on the key perfor-
mance indicators of energy communities. Most of them can improve the
overall economic benefits of energy efficiency measures and RES
implementation. The simulation tool shows the potential reduction of
specific investments with additional funding support in the form of a
capex grant. It reaches a 30 % reduction of specific investments in the EE
scenario and a 22 % reduction in the PED scenario. The reduction is
lower in PED scenario compared with the situation without a capex
grant because a higher role is attributed to electric vehicles which have
lower funding rates. The payback time in the PED scenario can be
reduced from 19 years to 15 years due to policy measures. Therefore,
investment subsidies could have a pivotal role when forming efficient
energy communities, however, sufficient knowledge is necessary for
decision-making.

In connection with the change in attitude of households under the
influence of the crisis, it is difficult to express unequivocal conclusions.
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Despite the drastic changes in energy markets as well as high costs for
individuals over the year 2022, the data from household surveys show
there, in fact, have been relatively few measures adopted to increase
energy efficiency among the population. This is true for individual
housing units and holds for measures either considered or adopted at the
building level. The majority recognize and are concerned about the
rising costs for energy and those related to maintenance, yet, based on
the survey results, these concerns were rarely transformed into delib-
erate action in 2021 or 2023.

When it comes to collective action to pursue insulation for buildings,
the rates are rather similar and low. Not an easy task at housing co-
operatives, only a quarter of the population (26 %) would consider the
collective effort to insulate the walls and roofs of the buildings in the
next three years, almost the same rate as in the year 2021.

Our research does not provide data for the reasoning behind the low
willingness to adopt energy efficiency measures among individual
households or housing cooperatives operating at a collective level.
Allegedly, most residents have been hard-pressed to cover unexpectedly
high energy bills and accompanying inflation rates during 2021 and
2023. Notwithstanding, cost saving, and maintenance have consistently
been lauded as primary reasons for the adoption of energy efficiency
measures. All the while, the climate-related factors, green trans-
formation, quality of life, or value of the property are seen as inconse-
quential. The developed policy energy community simulation tool
shows, that the energy cost in existing multi-family buildings has
increased from around 61 EUR/m? to 83.5 EUR/m> From the survey
results it can be concluded that even such cost increases are still not
motivating households to seek solutions toward more efficient energy
use and RES generation. Most probably, because of the governmental
support that was available to cover the steep cost increase.

However, the total final energy consumption in the residential sector
in 2022 in Latvia has been reduced by 5 % compared to average values
from 2019 to 2021. The reduction was probably achieved by combining
both the reduction of energy needs due to behavior changes, lower
comfort levels and implemented energy efficiency measures. Due to
intensive governmental support from 2020 to 2021 also large capacities
of solar PV panels have been installed in households which contributes
to power consumption reduction. Therefore, further studies could focus
on analyzing which measures have led to reduced energy demand.

We can also conclude that there was low effectiveness of
government-provided financial support during the energy crisis. The
survey results show that the energy crisis has not raised the overall
willingness to perform energy efficiency measures and implement RES.
The government support has reduced the final energy bills for all resi-
dents. Consequently, the absence of significant cost increases for longer
periods has likely contributed to a lack of urgency in reevaluating energy
consumption habits among most households.

Policymakers can intervene with targeted interventions to foster
energy transition by enhancing understanding of how various factors
affect decisions about energy efficiency and renewable energy in the
residential sector. Results from the correlation network analysis indicate
no significant differences between both surveys. Based on the centrality
analyses, the highest expected influence on fostering energy efficiency
and RES have building manager’s recommendations, reduced energy
bill, municipality recommendations and payback time of energy effi-
ciency measures. On one hand, surveys reveal a low level of trust in
building managers recommendations, but on the other hand, network
analysis suggests that recommendations by building managers should be
first to activate the network. This implies that to predict whether it is

Appendix A. Supplementary data

Energy 306 (2024) 132370

likely to have an impact on other variables related to energy efficiency,
this variable provides the most information. The centrality of the
building manager’s recommendations, reduced energy bill, municipality
recommendations and payback time of energy efficiency measures im-
plies that an intervention targeting these variables would have the
greatest potential to move the entire network to different states and
foster energy efficiency and RES.

The developed simulation tool has been already presented to several
building management companies which see it useful during discussions
with the residents. The proposed energy community tool could be an
important laboratory to generate multi-level knowledge on the effects of
energy efficiency measures and RES gener ation, potential cooperation
models, and the impact of support measures on the overall economic
parameters. The ability to perform different energy efficiency simula-
tions and see the potential energy and cost savings has been acknowl-
edged by the building managers.

Energy literacy concerning RES and energy efficiency adoption
measures remains to be rather low in Latvia. Coupled with precaution
for collective action in housing cooperatives and building renovation
due to legacy protocols and near-impossible consensus building, there
remain to be at least two important facets to be addressed in both, future
research, and public policy to reach long-term energy transition.
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Appendix 1. Descriptive statistics of the household surveys

Table A1
Frequencies in working conditions
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Working conditions Frequency Percent, % Valid Percent, % Cumulative Percent, %
Working 1474 73.33 73.33 73.33
Not working 536 26.67 26.67 100.00
Missing 0 0.00
Total 2010 100.00
Table A2
Frequencies for building type
Building type Frequency Percent, % Valid Percent, % Cumulative Percent, %
Single-family building/private house 608 30.25 30.25 30.25
Multi-apartment building of up to 9 flats 181 9.00 9.00 39.25
Multi-apartment building with more than 10 flats 1204 59.90 59.90 99.15
Other building type 17 0.85 0.85 100.00
Total 2010 100.00
Table A3
Frequencies for household ownership
Ownership of household Frequency Percent, % Valid Percent, % Cumulative Percent, %
I am owning the household; the only owner 1031 51.29 51.71 51.71
A family member owns a household 641 31.89 32.15 83.85
Household is not owned by family member 322 16.02 16.15 100.00
Missing 16 0.80
Total 2010 100.00
Table A4
Frequencies for family status
Family status Frequency Percent, % Valid Percent, % Cumulative Percent, %
Married or living with a partner 1352 67.26 67.26 67.26
Divorced or not living with a partner 186 9.25 9.25 76.52
Single 374 18.61 18.61 95.12
Widow 98 4.88 4.88 100.00
Total 2010 100.00
Table A5
Frequencies for having children
Having children Frequency Percent, % Valid Percent, % Cumulative Percent, %
Yes 742 36.92 37.17 37.17
No 1254 62.39 62.83 100.00
Missing 14 0.70
Total 2010 100.00
Table A6
Frequencies for educational level
Education Frequency Percent, % Valid Percent, % Cumulative Percent, %
Elementary school 49 2.44 2.44 2.44
Highschool 738 36.72 36.72 39.15
University 1223 60.85 60.85 100.00
Total 2010 100.00
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Table A7
Descriptive Statistics for the survey of 2021 of other questions
Parameter from survey Valid Missing Mean Standard deviation
M2. Building age 957 48 2.073 0.585
M3. Housing ownership 999 6 1.660 0.753
M4. Housing management type 642 363 2919 1.058
MS5. Involvement level in common housing issues 661 344 2.561 1.146
Al. Improved windows 968 37 1.520 0.993
A2. Individual heating regulation 941 64 2.815 1.353
B1. Lamps changed to LED 934 71 1.585 0.980
B2. Large appliances are EE 897 108 1.575 0.987
B3. Small appliances are EE 757 248 1.989 1.119
C1. Insulated walls 928 77 2.573 1.310
C2. Insulated roof 751 254 2.675 1.276
D1. Installed PV panels 973 32 3.826 0.507
D2. Installed wind turbines. 979 26 3.955 0.256
E1. Environmentally friendly transport 910 95 2.802 1.298
E2. Transport sharing 923 82 3.211 1.227
E3. EV ownership 993 12 3.688 0.551
F1.01 Reduced environmental impact 1005 0 3.295 1.297
F1.02 Improved quality of life 1005 0 4.105 1.080
F1.03 Increased real estate value 1005 0 3.654 1.281
F1.04 Investments 1005 0 4.075 1.101
F1.05 Payback time 1005 0 4.008 1.100
F1.06 Reduced housing costs 1005 0 4.238 1.014
F1.07 Reduced energy bills 1005 0 4.385 0.949
F1.08 Public financial support 1005 0 4.099 1.175
F1.09 Commercial loans 1005 0 3.175 1.356
F1.10 Recommend. of friends, relatives 1005 0 3.200 1.204
F1.11 Building manager recommendations 1005 0 2.814 1.284
F1.12 icipality r dation 1005 0 2.843 1.245
F1.13 Experts recommendations 1005 0 3.639 1.243
F1.14 Time to implement 1005 0 3.775 1.142
G1. Knowledge about RES 972 33 2.815 0.789
G2. Support for reducing fossil fuel 872 133 2.491 0.977
G3. Willingness to pay more for the transition to RES 933 72 3.177 0.879
G4. Autonomous heating in build. 929 76 1.611 0.488
G5. Choice of building manager 568 437 2.544 1.249
H1.01 Cleaning of stairwell 608 397 3.247 1.372
H1.02 Renovation of stairwell 601 404 3.095 1.284
H1.03 Wall insulation 585 420 2.641 1.364
H1.04 Replacement of roof 577 428 2.813 1.346
H1.05 Cleaning of building surround. 601 404 3.143 1.334
H1.06 Window replacement 574 431 2.916 1.380
H1.07 PV panel install. 566 439 1.924 1.136
H1.08 Change of heating type 575 430 2.103 1.171
H1.09 Bicycle storage in common space 565 440 2.614 1.373
H1.10 Bicycle sharing 544 461 2.158 1.260
H1.11 Renovate water piping 596 409 2.977 1.363
Table A8
Descriptive Statistics for the survey of 2023 of other questions
Parameter from survey Valid Missing Mean Stdandard Deviation
M2. Building age 959 46 2.125 0.575
M3. Housing ownership 995 10 1.629 0.733
M4. Housing management type 646 359 2.950 0.992
MS5. Involvement level in common housing issues 699 306 2.624 1.416
Al. Improved windows 967 38 1.486 0.982
A2. Individual heating regulation 968 37 2.750 1.353
B1. Lamps changed to LED 1005 0 1.744 1.700
B2. Large appliances are EE 905 100 1.722 1.063
B3. Small appliances are EE 1005 0 3.427 2.734
C1. Insulated walls 926 79 2.491 1.299
C2. Insulated roof 741 264 2.560 1.295
D1. Installed PV panels 981 24 3.718 0.706
D2. Installed wind turbines. 986 19 3.954 0.268
E1. Environmentally friendly transport 938 67 2.677 1.341
E2. Transport sharing 942 63 3.101 1.281
E3. EV ownership 995 10 3.709 0.570
F1.01 Reduced environmental impact 1005 0 3.177 1.320
F1.02 Improved quality of life 1005 0 4.092 1.096
F1.03 Increased real estate value 1005 0 3.591 1.252
F1.04 Investments 1005 0 4.096 1.105

(continued on next page)
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Table A8 (continued)
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Parameter from survey Valid Missing Mean Stdandard Deviation
F1.05 Payback time 1005 0 4.038 1.131
F1.06 Reduced housing costs 1005 0 4.272 1.017
F1.07 Reduced energy bills 1005 0 4.460 0.922
F1.08 Public financial support 1005 0 4.179 1.139
F1.09 Commercial loans 1005 0 3.264 1.420
F1.10 Recommend. of friends, relatives 1005 0 3.277 1.181
F1.11 Building T dations 1005 0 2.827 1.265
F1.12 M lity r dation: 1005 0 2.828 1.229
F1.13 Experts recommendations 1005 0 3.636 1.249
F1.14 Time to implement 1005 0 3.819 1.116
G1. Knowledge about RES 978 27 2.741 0.764
G2. Support for reducing fossil fuel 881 124 2.554 0.972
G3. Willingness to pay more for the transition to RES 1005 0 3.528 1.480
G4. Autonomous heating in build. 924 81 1.628 0.484
G5. Choice of building manager 592 413 2.769 1.271
H1.01 Cleaning of stairwell 625 380 3.451 1.293
H1.02 Renovation of stairwell 626 379 3.141 1.281
H1.03 Wall insulation 588 417 2.653 1.345
H1.04 Replacement of roof 597 408 2.791 1.323
H1.05 Cleaning of building surround. 623 382 3.266 1.308
H1.06 Window replacement 591 414 3.074 1.347
H1.07 PV panel install. 570 435 1.967 1.176
H1.08 Change of heating type 580 425 2.145 1.217
H1.09 Bicycle storage in common space 583 422 2.705 1.353
H1.10 Bicycle sharing 553 452 2.242 1.259
H1.11 Renovate water piping 614 391 3.047 1.287
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DOMASANA UN RADOSUMS

VITA BRAKOVSKA

Biedribas "Zinasanu un inovacijas sabiedriba” (ZINIS) vaditdja, kuras kompetences pamata ir vairak neka 15 gadu pieredze
valsts un NVO sektord, ka ari 10 gadu pieredze ikdienas darba ar jaundibindtiem un attistiba esosiem uznémumiem. Kops
2009. gada Latvija un arvalstis vadijusi vairak neka 1000 dinamiskas radosas nedarbnicas, kas vérstas uz individu un
uznémumu iekséjo radoso procesu stiprinasanu un izmantosanu stratégisko mérku sasniegsanai.

Rado$a domasana ir neatnemama musu ikdienas aktivitasu sastavdala. Lai arf Sis jedziens plasak
izskanéjis arpus kultdras un radosajam industrijam tikai pédéja desmitgadé, tomér apzinamies, ka
radosums ir masu ikdienas darbibai piemitosa ipasiba, bez kuras ir daudz gratak risinat izaicinaju-
mus — gan pieaugusajiem, gan ari bérniem.

Saja raksta aplikota rado3a domasana ka strukturéta pieeja jaunu risinajumu formulésanai,
tas praktisks pielietojums izglitibas procesa ar mérki rosinat visparizglitojoso skolu pedagogus
integrét strukturétas radosas domasanas metodes ikdienas metodiskaja darba, dazadojot maci-
sanas formas un vienlaikus sekméjot izglitojamo prasmes atbilstosi masdienu laikmeta prasibam.
Raksts balstits uz autores vairak neka septinu gadu (vairak neka 1000 vaditu radosas domasanas
veicinasanas pasakumu) pieredzi Latvija daZadas auditorijas, ieskaitot visparizglitojoso skolu pe-
dagogus un audzéknus.

Atslégvardi: radosa domasana, jaunu risinajumu veidosana, jaunrade un radosums izglitiba.
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RADOSUMA JEDZIENA
ATDZIMSANA

Jédziena radosums atdzimsana pirms vairak neka
divdesmit gadiem notika, liela méra pateicoties
divu valstu — Australijas un Lielbritanijas — valdibam.
Australijas valdibas 1994. gada veikta pétijuma
“Radosa nacija” (Creative Nation) laika ta autori
nonaca pie secinajuma, ka vairak neka 330 000
valsts iedzivotaju ir nodarbinati ar kultdru saistitas
jomas un kopéjais apgrozijums ir virs 13 miljardiem
Australijas  dolaru, citiem vardiem, nodoklu
ienémumino vietéjo iedzivotaju darinatajiem un pie
lielajiem tarisma objektiem pardotajiem suveniriem
ir véra nemams ieguldijums valsts tautsaimnieciba.
Tas nozimé, ka radosumam ir plasaka ietekme par
makslas un kultaras pasauli un tas nav asociéjams
tikai ar nekomercialam aktivitatém. KultGra ir ta, kas
veicina socialo un ekonomisko labklajibu.

Savukart Lielbritanijas valdiba, balstoties uz Aus-
tralijas valdibas pétijuma rezultatiem, 1998. gada
formuléja jédzienu radosas industrijas un izvirzija
trispadsmit jomas, kas ietilpst 3aja jaunaja taut-
saimniecibas nozaré, — reklama, arhitektdra, antik-
variati, amatnieciba, dizains, mode, filmu uznem-
sana, datorspéles, muzika, teatris, izdevniecibas,
programmeésana, televizija un radio. Péc britu
ieskatiem, Sis jomas balstitas uz individualo rado-
sumu, prasmém un talantu un atstaj tieSu ietekmi
uz labklajibu, radot komercializéjamu intelektualo
Tpasumu. Britu izveidota radoso industriju defini-
cija, uz kuru balstijas arT Latvijas KultGras ministrija,
ir: “Radosas industrijas ir tautsaimniecibas no-
zares, kas balstas uz individualo vai kolektivo
radosumu, prasmém un talantu un spéj celt lab-
klajibu un radit darbavietas, radot un/vai izmanto-
jot intelektualo Tpasumu” (BICEPS, 2007).

\Vélaka perioda, pateicoties Britu padomes par-
stavniecibas aktivai darbibai Latvija, jedzienu rado-
Sums ta plasaka izpratné saka lietot ari pie mums,
sakotnéji liekot lielaku uzsvaru uz uznéméjdarbi-
bu, kam driz sekoja virkne iniciativu ari izglitibas
joma. Panakumu stasti par radosuma praktisko
pielietojumu individa vai uznémuma konkurét-
spéjas stiprinasana padarija sabiedribu atvértaku
sim jédzienam, neasociéjot to vairs tikai ar makslas
un kultdras pasauli, ka tas bija pagajusa gadsimta
vidd. Gadsimtu mija, pateicoties Lielbritanijai, Ei-
ropa un plasaka pasaulé izskanéja jédziens radosa
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ekonomika, un $obrid redzam, ka radosam jabuit
it visam! — rado$a nacija, radosa kopiena, radosa
uznéméjdarbiba, radosas pilsétas u. tml. Tas, ie-
spéjams, ir nedaudz apnicigi, tomér kalpo ka at-
gadinajums - katra individa un kopiena ir unikali
resursi, kuru praktisks pielietojums var kalpot par
dzingjspéku attistibai, gluzi ka jédziena inovacija
intensiva lietosana publiskaja telpa pirms desmit
gadiem Latvijas ekonomika.

PRIEKSNOTEIKUMI RADOSAS
DOMASANAS METOZU
PILNVERTIGAI INTEGRACIJAI
IZGLITIBAS PROCESA

Lidzdaliba ideju radisana vienmér ir bijis aizraujoss,
dinamisks process. Ipasi to var teikt par bérniem —
viniir atvérti jaunai pieredzei, un, kamér vien radosa
domasana tiek izmantota ka spéles elements,
nevis ka obligata izglitibas programmas sastavdala
macibu procesa, pret to gandriz vienmér ir bijusi
pozitiva attieksme.

Otrs batisks moments motivétai bérnu iesaistei ir
risinajumu veidosanas briviba. Nereti rado3as
domasanas metozu algoritms ir strukturéts, to-
mér risindgjumu meklésanas posma ir janodrosina
personiskas izvéles briviba, jo radisanas prieka sa-
stavdala ir nepiespiesta atmosféra, tatad — iespéja
veikt savu izvéli un baudrt tas rezultatu. Ar tad, ja
tiek piedavata vesela glizma nepraktisku ideju vai
art ja netiks izvéléts labakais risinajums, individs
novértés vinam doto brivibu. Pretéja gadijuma
pat tad, ja atrastos labaka ideja, radisanas prieku
var slapét variaciju neesamiba — vai pareizo un pie-
klajigo ideju parsatinajums. Tiesi tadé| briva izvéle
ir batisks prieksnosacijums, lai ikviens iesaistitais
justos lidzdaligs labaka risinajuma apzinasana. Ja
nepieciesams, var piedavat ierobezotéas izvéles ie-
spéjas, t. i, audzékniem ir izvéle starp vairakiem
variantiem, tacu joprojam ta ir izvéle.

Tresais princips — darbs komandas ka individa
iesaistes formats radosas domasanas procesa.
Tatad — nevis individuala, bet gan kolektiva riciba
risinajumu meklésana. Tas ir saistits ar vienkarsu,
praksé pasas autores parbauditu pienémumu:
radosuma pamata ir dazadiba. Dazadiba
var izpausties ka dazada vecuma, dzimuma,
geografiskas atrasanas vietas, uzskatu, kultdras vai
tradiciju vai arl citu aspektu parstavji komanda.
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Tatad — dazadiba ir prieksnosacijums radosas
vides veidosana, savukart radosa vide ir pamats
vértibas veidosanai. Un vértiba ir galvenais
prieksnosacijums  konkurétspéjiga  risindjluma
veido$ana. Uzskatami tas attélots 1. attéla.

o

dazadiba

E

1. attéls.
Dazadibas loma konkurétspéjigu
risingjumu veidosand

Ceturtais princips — ideju skalums. Radosais
process tikai retos gadijumosirkluss process. Turklat
skalumam ir nozime nevis no fizikala viedokla, bet
gan no pateikto ideju daudzveidibas viedokla. Ka
zinams, agrina posma pragmatiska pieeja netiek
izmantota — dalibnieki dalas ar visdazadakajam
idejam, lidz daZas ijedZinkstas un tiek attistitas
talak - lidz ietver vértibu.

Tiesa, visparizglitojoso skolu konteksta allaz
pastavés atskiriga atvéertibas pakape starp jaunako
un vecadko (vidusskolas) klasu audzékniem.
Vinus, tapat ka lielu daju pieauguso, sabiedribas
radosais process mulsinas, jo lidz ar gadiem un
pieredzi més nereti arvien zemak vértéjam savas
radosuma spéjas. Pamatojums — ikdiena ta nav
nepiecieSsama. Lai to rosinatu, papildus ieprieks
minétajiem priek$nosacijumiem var pievienot
piekto sancensibas principu. Audzékni
darbojas komandas, un tas sacensas sava starpa,
ievérojot pedagoga noteiktos kritérijus. Sacensibu
gars radosas domasanas procesa ne vienmer ir
jarosina, tomeér tas var batiski motivét gadijumos,
kad auditorija nav parliecinata par savam spéjam
(neuzskata sevi par radosiem). Saja gadijuma
sacensibu gars novers uzmanibu no bazam par
savam radosuma spéjam, ka rezultata atdeve ir
daudz labaka.
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Tatad pieci principi, kas motivés audzéknus
iesaistities radosas domasanas metozu
apguveé:

1

metodes pielidzinajums spélei (Tagad uz-
spélésim kadu spélil),

2) izvéles briviba (Jums bds izvéles briviba, un

tadéjadi jus pasi ietekmésiet rezultatu.),

darbs komandas (Vienam ir gritak un gar-
laicigak, tadé| darbosities kopa — lai batu dina-
miskak un interesantak!),

ideju skalums (Drosi sakiet visu, kas nak prata,
un sakiet to t3, lai dzird visa komandal),

sacensibas (JUs esat vienota komanda un
stavat viens par otru. Un tagad paskatieties
uz blakus komandam - tie ir jasu konkuren-
til Jasu komandas uzdevums — parspét citas
komandas!).

PRAKTISKIE ASPEKTI VALODAS
KA RADOSUMA RESURSA
PIELIETOJUMA

Noteikti daudzi atminas klasisko valodas apguves
spéli, kura no burtiem jaizveido iespé&jami daudz
dazadu vardu (lietvardi, darbibas vardi, Tpasibas
vardi) ar jégpilnu nozimi. Lai sekmétu audzéknu
Spéju izmantot savas valodas un jo Tpasi —
literatdras zinasanas radosas domasanas procesa,
pedagogam ka labs metodiskais paligs var bat
Alternativu metode. Ta ir rado3as domasanas
metode, kas lauj audzékniem, koncentréjoties
uz vienu priekSmetu, piedavat ta daudzveidigu
(arm neierastul) pielietojumu un nosléguma -
izvertét, kuri pielietojumi varétu bdt atspoguloti
arl, pieméram, latvieSu literatGra un tradicijas.
Protams, pastav varbltiba, ka rezultatad nebus liels
skaits salidzindjumu, tomér tas ir veids, ka rosinat
domasanu un parliecinaties, vai valoda un literatQra
ir rodami art neierasti pielietojumi. Tas |auj atgadinat,
ka literatGra kad autordarbs ir radoso industriju
sastavdala.

Uzdevuma norise

1. Skolotajs klasi sadala komandas (tris idz cetri
cilvéki komanda) un dod (vai nosauc) katrai
komandai kadu prieksmetu vai dabas resursu

(pieméram, spogulis, pelni, natres vai tml.).
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Skolotajs aicina skolénus divu minGsu laika
uzrakstit iespéjami daudz dazadu ideju spéles
objekta (arT neierasta) pielietojumam (respek-
tivi, jaatbild uz jautajumu: ka vél So resursu var
izmantot?).

Komandas no minétajiem risinajumiem izvélas
un raksturo tos, kas pieteikti, pieméram, latviesu
literatQras darbos.

Skolotajs uzklausa komandu darba rezultatus
un sniedz atgriezenisko saiti, stiprinot skolé-
nu zinasanas par masdienu resursu pielieto-
jumu sendienas un pie reizes rosinot idejas
par iespéjamu kultdrvésturiskaja mantojuma
balstitu biznesa ideju veidosanos. Tadéjadi
skoléniem macibu procesa var tikt rosinata
interese par savas kultdras un véstures izzi-
nasanu un 50 zinasanu pielietojumu mazaja
uznéméjdarbiba.

Piemérs: pelnu, niedru vai siena pielietojums
uznémeéjdarbiba. Pelni ka ekologiski tirs materials
keramikas trauku izgatavosanas procesa (tiek
tirgots ar Etsy.com platformas starpniecibuy), niedres
ka izejmaterials puzuru veidosanai (bijis ka Latvijas
eksporta produkts Azijas valstis) un marinéts siens
(skabbariba) ka piedeva vai édiena noformé&jums
ekskluzivos restoranos attistitajas valstTs.

Savukart metode Vardu detektivs ir piemérota
komandas majasdarbam, motiveéjot  analizét
situaciju un meklét tehnologisku risingjumu, ja
informacijas daudzums ir visai apjomigs.

Uzdevuma norise

1. Skolotajs klasi sadala komandas (tris lidz cetri cil-
véki komanda) un katrai komandai iedod kadu
sadzives priekSmetu (var dot visam komandam
vienadu, lai var veidot sancensibas principu —
kura komanda pirma aptvers visus vardus). Sa-
dzives priekSmetu pieméri — bloda, Skéres, zie-
pes, Zimulis vai tml.

Skolotajs aicina komandas sarakstit uz lapas
jebkadus vardus (darbibas vardus, Tpasibas
vardus vai lietvardus), kas skoléniem asociéjas
ar iedoto priekSmetu. Skoléni Sos vardus
saraksta kolonna.

Skolotajs aicina skolénus uzskaitit literatdras
darbus, kur Sie vardi ir izmantoti iespé&jami
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daudz vienkopus (viena darba). Btu ieteicams
to organizét ka komandas majasdarbu, jo ir
nepieciesams laiks darbosanas stratégijas un
iesp&jami labaka tehnologiska risingjuma iz-
vélei. Skolénu komandas zina paliek pasorga-
nizésanas, apzinoties virsmérki — atrast literatd-
ras darbu, kura vienlaikus ir atrodami iespé&jami
daudz uzrakstito vardu.

Lai rezultats praktiski bdtu sasniedzams,
skolotajs var jau ieprieks$ izvéléties vairakus
literaros darbus, kurus vieno zindams vardu
kopums, un, balstoties uz likumsakaribam,
dot tadus priekSmetus, kuru raksturojums
ar atslégas vardiem ir prognozéjams un |auj
skolénu komandam atrak identificét atbilstosos
literatdras darbus.

Piemérs: izvéléties priekSmetus, kuru atslégas
vardu raksturojums saistits ar zvejniecibas vai
lauksaimniecibas tému (attiecigi V. Laca “Zvejnieka
déls"vai A. Upisa “Zala zeme").

Lai sekmétu skolénu runas un ikdiena pielietoto
vardu dazadibu, var tikt izmantota AizvietoSanas
metode. Katram vardam ir rodami sinonimi, kuru
pielietojums, protams, ir atkarigs no konteksta,
tomeér, apvienojot ar skaidrojoso darbu, skolotajs
var sekmét skolénu izpratni par dazadu sinonimu
pielietojumu atbilstosa konteksta.

Uzdevuma norise

1. Skolotajs klasi sadala komandas (tris [idz cetri
cilvéki komanda) un katrai komandai iedod
ieprieks sagatavotu tekstu, taja atziméjot
vardus, kuriem skoléni savukart piedava

iespéjami daudz sinonimu.

Skolotajs apkopo skolénu piedavatos sinoni-
mus, un visi kopa noskaidro atbilstosako var-
da lietosanas kontekstu.

Piemérs: sinonimi vardam jet — doties, apmeklét,
staigat, klainot u. tml.

PARASTU LIETU NEPARASTS
PIELIETOJUMS VALODAS UN
LITERATURAS APGUVE

Latvijas radoso uznéméju aktivitates ir viens no
spécigakajiem iedvesmas avotiem ne tikai masu
valsts iedzivotajiem, kas meklé jaunas pasrealiza-
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cijas iespéjas, bet arf latviesu valodas skolotajiem,
motivéjot skolénus aktivak pétit valodas dazado
pielietojumu. Pieméru ir daudz, un tos var smel-
ties gan laikrakstos publicétas intervijas, gan TV
raidijumos, gan ari valsts un pasvaldibu rikotajos
pasakumos. Saja nodala tiks apskatiti vairaki pie-
meéri, kurus skolotaji var izmantot stundu satura
dazadosanai un skolénu macisanas motivacijas
stiprinasanai.

“Nokerts Liepaja”

Kurzemniece llze Vainovska ir izveidojusi Zimolu
“Nokerts Liepaja” (Lévalde, 2014), kura pamata ir
rotaslietas no neapstradatiem dzintariem, saglabajot
to dabisko skaistumu. “Citiem galva ir putni, man —
dzintars’—ta par sevi saka llze Vainovska, noradot uz
savu vélmiatskirties no daudziem citiem talantigiem
Latvijas dzintara amatniekiem. Jaras algés atrastos
dzintarus llze iemezglo pasas izveidota tehnika, un
T kombinacija |avusi vinai izturét stingras komisijas
prasibas, lai tirgotu darinajumus Brivdabas muzeja.

Attéls no: www.capturedinliepaja.com

«Ja dzintarinam bija tris kajas, tad treso nerdva nost,
lai tikai vin$ batu lidzigs divkaju dzintariem, - ta ne.
Ja bija cetras ausis, tad divas nerdva nost, bet atstaja
visas Cetras. Ja dzintars bija ar Gsam, tad atstdja to ar
tsam, dabisku, tadu, kads vins ir, un iznaca skaistas
rotaslietas,» llze cité Imanta Ziedona Dzintaraino
pasaku, kas ir vinas iedvesmas avots. Sie un diti
timekla resursos atrodamie fakti no intervijam ar
lIzi Vainovsku sniedz ieskatu par dzimtas valodas
krajuma nozimi sevis pozicionésana un jaunu
impulsu atrasana.

“Autine tools by John Neeman”

Janis Nimanis ir kal&js Priekulu novada, kur$ pa-
saulé pazistams ar zZimola nosaukumu John Ne-
eman un atpazistamibu guvis, izgatavojot pasau-
les limena ekspertu atzitus kvalitativus galdnieku

darbarikus. Jana raditos cirvjus, kaltus, slimestus
un citus amatnieku rikus lieto nozares meistari
vairak neka desmit valstis. Pirms uznémuma izvei-
des Janis absolvéja Priekulu tehnikumu un studé-
jainZenierzinatnes Danija — tas |ava savienot mads-
dienigas zinasanas ar seno kaléju darba metodém
kokapstrades darbariku izgatavosana un vélak
kopa ar domubiedriem izveidot kaléja darbnicu.
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Attéls no: www.autinetools.com

Kops 2012. gada uznémumam ir pieskirts vards
Autine; 12. gadsimta Priekulu novada apvidus ie-
klavas Latgalu pils apkaimé Autine. Sie un citi fakti
par latviesu kaléja Jana Nimana darbosanos sniedz
priek$statu par latvieSu valodas seno vardu
lietisko (aktualizéto) vertibu - ipasi musdie-
nas, lietojot tos jaunu zimolu un jaunu nosauku-
mu veidosana. Senak lietotie vardi (ari aizguvumi
no citam valodam) vai baltu cilSu apziméjumi tiek
aktualizéti ar, izmantojot tos inovativu skolénu pa-
sakumu nosaukumos, pieméram, “Kursu ritmi” vai
“Kisenu balle” (senak lietotais germanisms kisens
spilvena apzimésanai).

“Baltijas raku”

levérojot senas podniecibas tradicijas Latgalé,
2011. gada Daugavpili tika izveidota biedriba “Bal-
tijas raku” — nevalstiska profesionalo makslinieku,
pedagogu un projektu vaditaju apvieniba, kuras
misija ir veicinat tradicionalas un profesionalas
keramikas attistiou Latgalé un sekmét viet&jo
iedzivotaju, Tpasi jaunatnes, izpratni par regiona
kultaru un laikmetigo makslu (Sausa, 2013). Mek-
|&jot spilgtu un pamanamu veidu, ka pozicionét
Latgales mala podniecibas tradicijas, viena no $is
apvienibas iniciatorém llona Sausa atklaja Latgali,
Japanu un ASV vienojosus elementus mala apde-
dzinasanas tehnika. Tas pamata izradijas japanu
raku — raditas keramikas tehnologija.
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Attéls no: www.balticraku.eu

Japanu raku (pasaulslavens, legendam apvits
Zimols) tehnologija tika radita 16. gs. téjas
ceremonijam. Lai izveidotu atbilstosus traukus,
Japana Kkarstais, no cepla iznemtais trauks tika
iemérkts stipra zalas t&jas novarijuma, kur straujaja
temperatdras krituma glazaras virsma saplaisa, un
trauka lietosanas gaita, plaisam piestcoties ar t&jas
novarijumu, uz trauka virsmas veidojas bringans
tiklveida raksts. Amerikanu raku tehnologija
ir radusies, pateicoties liktenigai nejausibai, kad
1960. gada amerikanu profesors Pauls Soldners
demonstréja japanu raku pagatavosanas procesu
un viens keramikas izstradajums, ko vin$ bija
iznémis no cepla un nesa uz dzesinasanas trauku,
nejausi iekrita sausas lapas un aizdedzinaja tas, radot
neparastu redukcijas efektu. Ta radas amerikanu
raku — trauks tiek ievietots metdla konteinera
kopa ar kadu viegli uzliesmojosu materialu.
DUmu iespaida mals k|Gst pelécigs vai melns, bet
varu saturosas zalas glazdras iegUst sarkanu vai
zeltainu nokrasu un senlaicigu patinu. Pateicoties
sim neprognozéjamam, bet allaz interesantajam
iznakumam,  jaunatklata  pécapdedzindjuma
tehnologija tagad tiek praktizéta visa pasaulé
(Sauga, 2013).

Savukart Baltija praktizétaja, Cetrus vai pat sesus
gadsimtus senaja raditas keramikas tehnika kar-
stie trauki tiek iegremdéti raudzéta rudzu miltu
skidruma, kas nereti papildinats ar dazadam sa-
stavdalam, kuras meistari tur noslépuma, tacu
mals iegUst neparasti raibu virsmu dabiskas okera,
brinas un melnas krasas variacijas. Péc seniem ti-
céjumiem, acim lidzigie apli, kas reizumis veidojas
uz trauka virsmas, pasarga édienu no skauga acim,

tados podos gatavots édiens labak saglaba verti-
gas Tpasibas, ir garsigaks (Sausa, 2013). ST informa-
Cija par senas Latgales podniecibas makslas saikni
ar pasaulé atzitu raditas keramikas tehnologiju
|auj parliecinaties par latviesu kultiirvésturiska
mantojuma telpas vienotibu ar pasaulé atpa-
zistamu tradiciju ipatnibam. Tas |auj skoléniem
stiprindt savu pasapzinu un piederibu spécigai
kultQrai.

“Ezera skanas”

Jau vairak neka piecus gadus Vidzemes pusé,
Vestienas pagasta, Kala ezers pulcé apmeklétajus
uz muzikalu un vizuadlu pasakumu “Ezera skanas’,
kas sakas pirms saullékta — plkst. 3.00 — uz peldosas
skatuves ezera vida. Pasakumam ir mirkligs raksturs,
tas atgadina sapni un ir spéjis piesaistit aizvien
lielaku interesentu loku, pédéjos gados |aujot gt
ar ienakumus. Pasakuma sekmigas izaugsmes
pamata ir koncepts, kas sevi ietver skietami sirrealu
paradibu - skanoSu ezeru. Taja pasa laika tiesi
pasakuma neierastais nosaukums ir [avis salidzinosi
1sa laika posma piesaistit Latvijas iedzivotaju
uzmanibu un motivét tos uzzinat kaut ko vairak.
Sasniegtais rezultats lauj secinat, ka vardu neierasts
savienojums var palidzét veidot interesantas
idejas, rosinat iztéli par jauniem konceptiem.
Nereti tiesi asociacijas, ko veido spélésanas ar
Skietami nesavienojamiem vardiem, ir pamats
jauniem, nebijusiem risingjumiem - uz platformas
spélgjosiem muazikiem ta ir iespéja muzicét
netradicionalos apstaklos, savukart klausitajiem —
izbaudit nebijusas vibracijas, kas nak no ezera un
mazikas kopéji veidota pulsa.

27

Attéls no: www.vidzeme.com
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lepriek$ minétie pieméri ir tikai dazi no vairakiem
desmitiem Latvijas radoSo uznéméju stastiem,
kas sevi ietver baltu tradiciju un valodas bagatibu
pielietojumu savu profesionalo mérku sasniegsana.
Ka citus spilgtus piemérus var minét bisu vaska
partikas iepakojuma zimolu “Bee In’, senioru
ausanas studiju LUDE (devize dizains ar labu karmu),
keramikas darbnicu “Podu séta” (keramika ar stastu
par dzivi un timekla vietné attélots trauku izveides
process), Zimolu “Purva bridéji” (ekskursijas Latvijas
purvos). Sie un citi pieméri var kalpot valodu
macibu priekSmetu skolotajiem par impulsiem,
kas |auj skoléniem novertét savas dzimtas valodas
pielietojuma iespéjas.

RADOSAS DOMASANAS METOZU
DAZADIBA UN PIELIETOJUMS

Pédéja desmitgadé sabiedriba notiekosie procesi
rada parliecibu, ka ideju radisana ir pasrealizacijas
izpausme, kas palidz stiprinat savas pozicijas kada
intereSu grupa, kopiena, protams, arl gimené.
Pasa raditaja ideja saskatit vertibu un laut to ierau-
dzit arT apkartéjiem ir viens no spécigakajiem pas-
izpausmes pieradijumiem, kas palidz lidzsvarot
daudzveidigo emociju pasauli individa agrina at-
tistibas posma. Saja nodala tiks apskatitas dazadas
strukturétas domasanas metodes, kuru pamata ir
vingrinajumi ar valodu ka resursu — vardu un da-
zadu jédzienu jegpilnas kombinacijas pievienotas
vértibas veidosanai.

Ergelu metode

Ka savstarpéji nesaistiti jédzieni latvieSu valoda var
veidot jégpilnu savienojumu?

Metodes bitiba: ar 5is metodes palidzibu skolénos
var attistit prasmi savienot skietami nesavienojamas
lietas un veidot jaunu, nebijusu vértibu, izmantojot
asociaciju spéli un savas netveramas zinasanas (tas,
kas uzkrajas ldzsinéjas pieredzes ietvaros, tacu nav
atseviski nodalamas no kopéja zinasanu apjoma).

Metodes apraksts:
1) skolotajs klasi sadala komandas (3 — 4 cilvéki
komanda) un katru komandu aicina izvéléties
kadu objektu, kam radis Tpasu vértibu. [zvélé-
tais objekts tiek ierakstits ieprieks uzvilkta vidéji
liela apli lapas vida (lapu novieto horizontali uz
galda);
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skolénu komanda apla augspusé novelk uz
leju vérstu pusloka Iniju (gluzi ka uzacs) un
virs tas (gluzi ka skropstas) formulé vismaz se-
Sus ar objektu saistitus vardus (tie apzimé
produktus, paradibas, cilvéku uzvedibu, emo-
cijas, gan pozitivas, gan negativas, un tml);

skolénu komanda apla apakspusé novelk uz
augsu Vérstu pusloka Iniju un formulé vis-
maz sesus ar objektu nesaistitus vardus
(sk. 2. attélu);

secigi izvéloties vardus no augséjas vai apaksée-
jas pusloka linijas un secigi savienojot tos ar ob-
jektu, skolénu komanda formulé objekta jauno
konceptu.

Metodes pielietojums: metode piemérota ra-
dosu risinajumu izstradei konteksta ar klases vai
skolas pasakumu tematiku, k& ari jaunu socialo,
sporta, kultdras, biznesa u. c. ideju izstradei.

2. attéls.
Ergelu metodes forma

Piemérs: kiploks + karamele = kiploku ledenes
(@mols “Kip — kip ledenes” Ozolnieku novada)

Piemérs: saldéjums + siers = siera sald&jums
(nobaudams kafejnica “Pamptikas” Preilos)

Piemérs: auduma taurins + koks = koka taurini
(Zimols BUG Riga)

Piecu aspektu metode

Kuriem svesvardiem varam atrast adekvatus ter-
minus latviesu valoda?

Metodes butiba: veicinat skolénu spéju izprast
batiskakos globalos izaicingjumus un ar tiem sais-
titas terminologijas pielietojumu latviesu valoda.
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Metodes apraksts:
1) skolotdjs klasi sadala komandas (tris lidz cet-
ri cilvéki komanda) un katru komandu aicina
formulét nakotnes izaicinajumus (ar kadiem
Latvijas un pasaules iedzivotaji saskarsies péc
pieciem gadiem);

kopa ar skoléniem formulétie izaicinajumi tiek
iedaliti piecas kategorijas: ekonomika, sociala
joma, vide, kultdra un tehnologijas;

komandam ir uzdevums apzinat péc iespéjas
vairak svesvardu, kas tiek lietoti latviesu valoda;

skoléni kopa ar skolotaju meklé risingjumus
svesvardu latviskosanai. Pirms tam skolotajs
iepazistina skolénus ar Rigas Latviesu biedri-
bas LatvieSu valodas attistibas kopas un Latvi-
jas Rakstnieku savienibas ik gadu rikoto inicia-
tivu gada varda, nevarda un sparnotas frazes
nominésana.

Metodes pielietojums: metode piemérota
skolénu izpratnes veicinasanai par jédzieniem
valodas precizitdte un radosums, ka art lai sekmé-
tu stilistiski pareizas valodas lietojumu gan skola,
gan arpus tas, noradot par nepieciesamam ko-
rekcijam arl tuviniekiem. Tapat ari skolénam ir
jespéja iepazit dazadus izaicindjumus un starp
tiem, iespé&jams, pamanit ari savas nakotnes pro-
fesijas potencialu.

SKOLENU RADOSAS DOMASANAS
NOVERTEJUMA IESPEJAS

Janem véra, ka macibu stundas laika padzilinatu
izvértéjlumu nav iespéjams veikt laika ierobezojuma
dél, tadé| vispraktiskakais un atri apkopojamais
novert&jums ir sads:

«  atgriezeniska saite no komandam par radita-
jam idejam,

skolotaja izstastito pieméru vizualais apkopo-
jums uz ekrana, laujot skoléniem komentét
katru no attéliem un dalities ar atmina paliku-
sam atzinam valodas konteksta,

individuals vai divu triju skolénu komanda
veidots majasdarbs par kadu no metodém,
kam seko majasdarba prezentacija klasé,
jetverot vizualo materidlu un balstoties uz

pasu sameklétiem piemériem latviesu valoda,
literatdra un/vai Latvijas radoSo uznéméju loka.

NOBEIGUMS

Raksta autores praktiskd pieredze  Latvijas
visparizglitojosas skolas liecina par skolénu interesi
jesaistities radoSuma procesos, ja tie piedava spéles
vai metodes objekta izvéles brivibu, tiek dots laiks
komandas labakas idejas izvélei (piedavajot kritérijus
vai ar atstajot tos pasu komandu zind) un pirms
strukturéta procesa ta vaditajs sniedz rosinosus
piemérus, kas nav tiesa veida saistiti ar macibu
procesu. Ta rezultata skoléni pasi rada idejas, ar tam
aizraujas un nosléguma ir gatavi uztvert skolotaja
véstijlumu — Sis dinamiski un saistosi pavaditais laiks
ir lield méra saistits ar skolénu macibu priekSmetos
apgutajam zinasanam.
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Metodiska materiala “Socialais darbs kopiena” izstrade Istenota Eiropas Sociala fonda (ESF) projekta
Nr. 9.2.1.1/15/1/001 “Profesionala sociala darba attistiba pasvaldibas” ietvaros.

Metodikas izstradi istenoja biedriba “Latvijas Lauku forums” sadarbiba ar ekspertu komandu.

Metodikas izstrades meérkis ir nodrosinat metodisko atbalstu pagvaldibu socialajos dienestos
praktizéjosiem socialajiem darbiniekiem, kuri ikdiena jau strada vai plano veikt socialo darbu kopienas.

Metodika ietver metodisko materialu drukata forma, elektroniski, ka ari klatienes un tie$saistes

macibu programmas, tai skaita video sizetus par socialo darbu kopienas.

Sagatavots iespie$anai un iespiests SIA "Dardedze",
Rencénu iela 10, Latgales priekspilséta, Riga, LV-1073
dardedze.lv

Sis ir ar autortiesibam aizsargats darbs un Labklajibas ministrijas ipasums, 2023.
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Par izstradato metodisko materjalu un macibu programmam Labklajibas ministrija izsaka pateicibu

biedribai “Latvijas Lauku forums’, ekspertu un mentoru komandai:
Inai Balgalvei - Mg. soc. d., Tukuma novada sociala dienesta direktorei
Aigai Romanei-Meierei - Mg. soc. d., Latvijas Universitates sociala darba bakalaura
programmas studiju direktorei
Anitai Selickai - Mg. geogr., biedribas “Latvijas Lauku forums” izpilddirektorei
Arim Adleram - Mg. vadibzinatnés, biedribas “Jiras Zeme” valdes loceklim, kopienu
ekspertam, lektoram seminaros un macibas par kopienu veido$anu un viedajiem ciemiem
Zanei Kaljo - Mg. kvalitates vadiba, Bc. soc. d., projekta arvalstu praksu un sadarbibas
koordinatorei
Daigai Eidukai - Mg. sabiedribas vadibas zinibas, sociala darba ekspertu grupas dalibniecei
Ingai Kolecai - projekta vaditajai
Jonas Buechel - konsultantam un lektoram sociala darba, menedZzmenta, socialas plano$anas
un kopienas darba jautajumos
Ievai Jatniecei - biedribas ,Udenszimes” valdes priek$sédétajai, kopienu sadarbibas tikla
»Sélijas salas” dibinatajai un vadibas grupas loceklei
Dainai Aluzanei - projekta ekspertu grupas dalibniecei
Inesei Subevicai — konsultantei kopienu attistibas un jaunatnes joma, jaunatnes lidzdalibas
ekspertei, NVO, kopienu un uznémeéjdarbibas attistibas virzitajai Latvija un pasaulé
Vitai Brakovskai - projekta ekspertu grupas dalibniecei
Gertrude Mader - DSA Mag. (FH), sociala darba kopiena un socialas telpas orientacijas
modela ekspertei no Gracas, Austrija
Intai Balodei - Bc. art., projekta ekspertu grupas dalibniecei
Lindai Mednei - Bc. art., biedribas “Latvijas Lauku forums” projektu vaditajai
Prof. Lolitai Vilkai — Dr. phil., RSU Labklajibas un sociala darba katedras vaditajai, studiju
programmas direktorei, studiju programmas “Socialais darbs” docétajai

Labklajibas ministrija atzinigi novérté sadarbibas partneru dalibu pilotprojekta, taja skaita
klatienes macibas, $1 metodiska materiala aprobé$anai praksé un pateicas socialo dienestu socialajiem
darbiniekiem: Santai Rudmiezei un Dacei Silavai no Césu novada, Maritai Déricai no Tukuma novada,
Adrianai Komulei un Svetlanai Cistjakovai no Rigas valstspilsétas, Gunitai Dzenei no Adazu novada,
Inetai Kairai-Oduminai no Bauskas novada, Kristinei Paeglei un Lilitai Gadzanei no Daugavpils
valstspilsétas, Inarai Rep$ai un Ievai Elstei no Rézeknes novada.



Situacijas, kad pieeja nav piemérota

o Starp kopienas locekliem nav cilvéku, kuri gribétu un varétu ienemt izglitotaja vai atbalstitaja
lomu.

o Kopienai aktualas ir tadas problémas, kur nepiecieSsamas ekspertu zinasanas, pieméram, ja
kopiena veidojas no personam, kuras vieno veselibas problémas, tad “lidzigs lidzigam” pieeja
bis tikai daléji izmantojama.

“Lidzigs lidzigam” pieeja ir vérsta ne tikai uz to, ka izglitot, atbalstit un spécinat kopienas parstavjus,
bet ari pasus socialos darbiniekus ka profesionalo kopienu. Socialajam darbiniekam kopiena jabut ar
dazadam prasmeém, kas japielago atbilstosi katras kopienas specifikai, un Latvija $adas profesijas veicéju
nav daudz. Tapéc ir Joti nozimigi veidot un pilnveidot socialo darbinieku kopiena savstarpéjo atbalsta,
informacijas un sadarbibas tiklu, veidojot un uzturot regularu socialo tiklu, telefonisku vai cita veida
un formata sazinu. Vel nozimigak ir rosinat socialos darbiniekus apvienojosas organizacijas un valsts
parvaldes iestades izglitojo$os pasakumos, tik§anas reizés un citas aktivitatés ieklaut tiklo§anas, pieredzes
apmainas un zina$anu ieguves iespéjas tiesi socialajiem darbiniekiem kopiena.

“Lidzigs lidzigam” ir pieeja, kas lauj specifiski nepiecieSamas prasmes un/vai zinaganas parnest
no viena eksperta vai komandas uz citu lidziga profila un funkciju veicéju.

L
® —
o° Kopienai ir izdevies piesaistit finanséjumu ricibas plana izstradei ar eksperta

piesaisti un kopienas majas iekartosanai. Pie viniem dodas kopienas parstavji no blakus
novada, lai izzinatu praktiskos solus plana izstradé un istenosana.

Socialajiem darbiniekiem kopiena ir butiski koordinét kopienu savstarpéjas pieredzes gu$anas
procesu (vismaz sakumposma): identificét kopienu, no kuras varétu parpemt praksi (no savas darbibas
teritorijas vai citam pa$valdibam), vajadzibas gadijuma sniegt atbalstu praktiskaja sadarbibas organizésana
un finansu piesaisté, pieméram, transporta izdevumi, sniegt atbalstu darba programmas izveidé, stimulét
sarunu par nepiecieSamibu un vélmi turpinat sadarbibu, uzturot komunikaciju vai gustot pieredzi un
zinasanas ari citas kopienas.

Praktiskas metodes var ietvert:

o pieredzes vizites, izzinot kopienas darbibu praksé, parrunajot attistibu un paveikto ricibu soli pa

solim, tiekoties ar butiskakajiem procesu istenotajiem;

o problému risinasanas sarunas, kas Ipasi piemérotas kopienam ar lidzigiem izaicinajumiem,

kopigi daloties lidzsinéja pieredzé un stradajot pie citiem iespéjamiem risinajumiem;

o metodiskas vai tematiskas grupu diskusijas, trenina sesijas, kopienas parstavjiem daloties ar

konkrétam pieredzém un zinasanam.

“Lidzigs lidzigam” metodé ir batiski jau sakotnéji izvirzit mérki, kas ir tas zinaganas, prasmes vai
pieredze, ko nepiecie$ams izzinat, un péc procesa izvértét iespéjas iemacito izmantot praksé. Vienlaikus
$aja metode ir Joti nozimigi radit draudzigu, neformalu, ieklaujo$u un motivéjosu vidi.

4.3.4.8. Kopradisana jeb koprade

Kopradisanas procesa kopienu ir nozimigi iesaistit ka aktivu lidzraditaju, ne patéretaju,
uzmanibas centra fokuséjot ieintereséto pusu aktivu iesaistianu risinajumu pielagosana,
personalizé$ana un radiSana. Tadéjadi ieinteresétas personas klast par partneriem, kuri var
sadarboties komanda ar kopigu mérki.

Termins “kopradiSana” $obrid Latvija nav sociala darba profesionalas terminologijas vardnica,
tomer tas loti precizi atklaj pieejas butibu un akcenté kopienas iesaisti, lidzdalibu, ka ari sadarbosanos
gan kopiena iekséji, gan ar aréjiem ekspertiem. Tas nozimé procesu, kura, integréjot kopienas resursus,
tiek kopigi risinatas aktualas problémas. Socialie darbinieki kopiena vai piesaistitie eksperti lieto savas
zina$anas, prasmes, metodes un spriedumus, savukart kopiena iegulda savas zinasanas par vajadzibam




un iespéjam konkrétaja socialaja vidé, ka ari nodrosina platformu eksperimentaliem izméginajumiem.
Kopradisanas piemeéri var but socialas inovacijas, sociala uzneméjdarbiba, radosie projekti.

Kopradisanas pieeja daléji parklajas ar kopienas attistiSanu, tomér $aja pieeja tiek akcentéta kopa
radi$ana un kopa dari$ana. Tas nozimé, ka $aja pieeja kopiena, atskiriba no kopienas attisti$anas, ir
jabiut pietiekami augstai gatavibai kopigi darboties. Sis nianses dé]l Metodika kopradi$anas pieeju
esam izdalijusi ka atsevisku papildu pieeju. Vél viena kopradi$anai loti tuva pieeja ir projektos balstita
SDK pieeja.

Batiski atceréties, ka jaunu risinajumu radi$ana ir sarezgita, ja visi procesa iesaistitie dalibnieki nav
vienadi domajosi. Koprades spéks slépjas dazadiba!

Izdalami divi savstarpéji papildinosi koprades veidi.

1. Savienojosa koprade (anglu val. - bridging co-creation). Mérkis — izveidot sadarbibas saites starp
kopienu un citiem sadarbibas partneriem (tiklo$anas). Savienojosaja kopradé rada risinajumu
priekslikumus sadarbiba definétam problémam.

2. Eksperimentala koprade (anglu val. — experimental co-creation). Mérkis — rast risinajumus
kopienas problémam, istenojot sadarbiba raditus praktiskus eksperimentus un parbaudot
pienémumus.

Socialais darbinieks kopiena uz kopienu skatas nevis tikai ka uz pakalpojuma sanémeéju, bet
uz lidzvértigu sadarbibas partneri - procesu lidzraditaju (skatit 25. attélu). Gadijuma, kur kopiena ir
tikai ka sanéméjs, aktivo procesu un pakalpojuma veidosanu veic pasvaldiba, kameér klients (kopiena)
tikai pasivi validé jeb parbauda radito rezultatu mijiedarbiba ar pakalpojuma sniedzéju, bet tiesa veida
neietekmé pakalpojuma norisi. Savukart gadijuma, ja kopiena ir ka sadarbibas partneris, tad klienti ir
iesaistiti pakalpojuma veidoSanas aktivaja dala - lidzdarbojoties, kopradot un sniedzot savu redzéjumu,
pieredzi, prasmes un iesaistoties visos pakalpojuma izveides posmos, tai skaita plano$anas un izstrades

procesos.
25. attels

Atskiribas kopienas iesaiste: kopiena ka sanémeéjs vai ka lidzraditajs (Korosak et. al., 2018)
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Koprade paredz dalibnieku zinaganu bazes un domasanas robezu paplaginasanu, ka ari sadarbibas
prasmju attistibu, tapéc koprades procesa izmanto dazadas aktiva lidzdaliba balstitas metodes.

Socialaja darba kopiena labi izmantojama ir dialoga metode, kas attista produktivaku kopienas
iek$éjo un aréjo komunikaciju, bez kuras kopradi$anas process ir grati iedomajams.




19. tabula
Metode. “Timeout” dialoga metode (Timeout Foundation, 2023)

Veicinat lielaku savstarpéjo izpratni, uzticésanos, citu cilvéku viedokla saprasanu,
problému izgaismosanu, rékinoties ar katra cilvéka unikalitati. Dialoga mérkis nav
pieradit sava viedokla pareizibu vai panakt vienbalsibu, tac¢u labs dialogs ir veids,
ka cilveki var kopigi nonakt pie jauniem risinajumiem un atzinam un saglabat
cilvécisko saikni sava starpa.

METODES
NORISE

..

Kvalitativa dialoga norisei vélams vienlaikus iesaistit ne vairak ka septinus cilvékus,
lai katram ir iespéja izteikt viedokli un veidojas personiga, ne vispariga saruna.
Uzaicinot dalibniekus, pastastiet, par ko bas saruna un kas tiks darits ar dialoga
rezultatiem. Velams izvirzit dialoga galveno tému, bet, iespéjams, ka dalibnieki
sarunvedi “aizvedis” uz nedaudz citu tému vai aktualizés jautajumu, kas viniem
$kitis svarigakais.

Gatavojoties sarunai, butiski pievérst uzmanibu ne vien atbilstosai telpai un
izvélétajam tematam, bet — jo Ipasi — uzticé$anas pilnas atmosfeéras izveidei, kura
dalibnieki ir gatavi dalities pieredzé ar citiem.

Iesakot dialogu, iepazistiniet ar mérki, ar sevi un padomajiet, ka cilvéki iepazistinas
ar sevi. Pastastiet par dialoga nosacijumiem - nav pareizu vai nepareizu jautajumu,
bet nozimigi ir klausities un dalities sava pieredzé. Sakuma ieplanojiet noskanosanos
tematam un formuléjiet ievada jautajumu dalibniekiem. Gatavojoties sarunai,
iepazistieties ar tematu un izveidojiet ar sarunas saturu saistitu jautajumu

sarakstu. Izplanojiet, ka padzilinasiet dialogu un ka to noslégsiet. Padomajiet, vai

ir nepiecie$ams sarunu dokumentét un ka to darit, vai nepiecieSams kads, kas
pierakstitu piezimes.

Pieveérsiet uzmanibu veiksmigai visu dalibnieku iesaistei:

o stimuléjiet izteikties ari kluséjoSos dalibniekus, pieméram, aicinot izteikties tos,
kas vél nav runajusi, vai aicinot isi kadu aspektu pastastit blakussédétajam;

e maziniet situacijas, ka ir viens vai dazi domingjosie runataji, pieméram, pasakot
paldies par izteikto un noradot, ka tagad batiski uzzinat, ko doma paréjie,
aicinot pagaidit ar talaku viedokli, lidz visi citi izteikusies par $o tému;

e situacija, kad sarunas nonak strupcela, pieméram, rosiniet panemt pauzi un tad
turpinat citu aspektu, pajautajiet dalibniekiem, ka vini vélas turpinat sarunu vai
rosiniet izteikt viedokli, kapéc vinuprat saruna ir nonakusi strupcela;

o gadijuma, ja sarunas rezultata starp dalibniekiem rodas konflikts, neignoréjiet
to, bet méginiet mazinat, pieméram, rosiniet visiem uzklausit abas puses,
ieklausities viedoklos un tos izprast nepartraucot, rosinot atklati kopa diskutét
par konfliktu, ja tas dalibniekiem ir pienemami.

Dialoga likumi sarunu vaditajam:

e nesarunajies pats ar sevi — dialogs ir saruna, nevis monologs;

e nepienem, ka tavs viedoklis ir vienigais svarigais un tads, kuru veérts izteikt;
o pastasti, kadas domas un emocijas tev izraisa citu teiktais;

« nevilcinies izteikt savu viedokli un nebaidies no konfrontacijas;

e jauta, ja kaut ko nesaproti, neizdari pienémumus;

e runa sava, nevis kolektiva varda (izvairies no “més zinam”, “ir zinams”);

o lauj katram mierigi izteikties, nepartrauc un neruna arpus kartas;

o ieklausies, ko citi saka un vélas pateikt;

o iedros$ini, lai izsakas visi;

o attisti talak citu izteiktas idejas, nenocért tas sakné;

o izsakot kritiku, esi konstruktivs;

o izvairies no profesionala zargona un lieto valodu, ko saprot visi dalibnieki.
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KAS Dialoga laika iesaistitie var labak izprast aplikojamo jautajumu, citu cilvéku
JASASNIEDZ? | domas un savu nostaju. Dialoga dalibniekiem tiek stiprinata spéja klausities un
sadzirdeét, ta ir iespéja apskatit jautdgjumus no dazadiem skatu punktiem. Tas sniedz
daudzveidigus viedoklus un priekslikumus talakai ricibai.

Lidztekus koprades procesa izmantojama kopienas kolektiva inteligence un inovativa pieeja visa
procesa garuma (skatit 26. attélu). Jédziens “inovaciju koprade” ir sastopams dazadu limenu dokumentos
- politikas plano$anas dokumentos, projektu uzsaukumos, starptautisku projektu izstradatos ricibu
planos. Latvija inovaciju koprade ienak pakapeniski, un nav vienota redz&juma par to, vai un ka inovaciju
koprade izmantojama socialaja darba kopiena.

26. attéls
Koprades soli (De Koning, Marcel, Weve, 2012)

KOPRADE KA INOVATIVA PIEEJA

Identifice analizé definé dizainé realizé izvérté
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KOPRADE KA DIZAINA DARBNICA

e
o Viens no rado$o projektu pieejas piemeériem ir sociala deja un izrade «Un pék$ni
@® gulbjil», kura maksla izmantota ka telpa, lai satiktos un raditu.
Biedriba "LAUKKU" un Burtnieku novada iedzivotaju kopa, kas ir daudzveidiga taja
parstavéto socialo grupu, tautibu, vecuma un nodarbo$anas zina, un vietéjie socialie
darbinieki stradaja vienota radosajakomandaar profesionaliem laikmetigas dejas horeografiem,
dramaturgiem, muzikiem un vizualajiem maksliniekiem. “Izrade ir gan demonstracija, gan
koncerts, gan Skietami nebeidzama saruna, kura Burtnieku novada iedzivotaji un vinu draugi
makslas valoda parvértusi savas atklasmes par brivibas un piederibas nozimi - individuala,
kolektiva, vésturiska un socialpolitiska izpratne.” (Maksla ka satik$anas telpa - sociala deja un
izrade “Un peksni gulbji!”, Latvijas Sabiedriskie mediji, Ism.lv)

Lai kopradi$ana nepiedzivotu neveiksmi, socialajam darbiniekam kopiena bez kopienas gratibam
un ierobezojumiem ir labi japarzina ari kopienas potencials, intereses un aizrau$anas. Ir nepiecieSams
uz resursiem koncentréts skatijums. Kopiga ideja, kuras isteno$ana piedzivo neveiksmi, rada papildu
apgrutinajumu turpmakajam darbam. Lidz ar to koprades iecere nedrikst but parspiléti ambicioza vai,
tie$i pretéji, — parlieku pieticiga, kas dalibniekos nerada attistibas izaicinajumu.
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In the context of the European Green Deal and rapid climate change, significant changes in people's habits are necessary,
transforming their behavior from resource consumers to climate-responsible individuals. Addressing challenges such as
biodiversity loss, engagement in the development of a circular economy, responsible energy consumption, and resource sharing
requires changes in individuals' attitudes and behaviors. However, individuals often lack understanding of the climate system,
its link to quality of life, and the impact of actions based on individual interests on societal transformation processes as a
whole. Governments and international organizations implement various complex measures, but the dynamics of climate
change far exceed society's ability to adapt.

To address these challenges, the authors of this paper propose using simulation games as an effective learning method. These
games provide individuals with an opportunity to gain a new, community-oriented decision-making experience without
creating negative effects on real systems due to inappropriate decisions. Simulation games help to better understand cause-
and-effect relationships, factors influencing individual attitudes and behaviors, evaluate the consequences of decisions made,
and motivate practical involvement in mitigating climate change. In order to improve the attractiveness of using the simulation
game, cultural and creative industry competences are integrated, which contribute to the improvement of content, visualization
and interaction.

The paper examines an organizational model for simulation games that assists municipalities and other stakeholders in
developing customized simulation games to promote the development of climate-responsible communities. Considering the
necessity to engage diverse social groups with varying levels of digital skills, an analog format has been chosen for the
simulation game, without excluding the possibility of transforming it into a digital one.

The proposed model includes setting objectives, integrating elements into a holistic simulation game, and piloting the
framework using examples from municipal practice. To optimize the applicability of simulation games, they need to be adapted
to the geographic area and community due to individual processes and structures.

Keywords: simulation games, climate-responsible individuals, attitudes, behavior transformation, learning method, culture
and creative industries

1. INTRODUCTION

State and local governments are making efforts to create support measures in the field of energy efficiency and
promote the formation of carbon-neutral communities. These measures offer citizens various options, but do not
provide a full understanding of the importance of each individual's decision as a contribution to mitigating climate
change [1].

In the last 100 years, developed countries have developed a society that is accustomed to consumption and waste
of resources. A greater awareness of the impact of consumption on the environment and the need to rethink
consumption habits is essential for the climate-responsible development of individuals. This requires both
individual and collective action to reduce waste, promote sustainable food production and consumption, and build
sustainable transport systems.

Society lacks knowledge about the interaction of system elements, which can lead to a low level of acceptance
of climate change and, ultimately, unsuccessful use of support tools for improving energy efficiency [2].
Insufficient education and awareness of climate change and its effects can be an obstacle to the development of a
climate-responsible society. A higher level of education and awareness about climate issues is important to
strengthen individual awareness and motivation for action [3].

! Corresponding author.
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Another obstacle is the investments required for the transition to a climate-responsible society - this can be
financially and economically difficult. Sustainable technologies and infrastructure can be expensive and different
countries and regions may have limited financial and resource capacity to make these investments. If systematic
action is not followed, it sends a signal to the public about other, more important priorities of policy makers [4].

To prevent this, citizens must be informed in the best possible way. Traditional approaches to organizing
environmental education events, trainings, conferences are less suitable where public involvement is low.

In contrast, game-based learning uses games as a means of imparting knowledge [5] [6]. In particular, simulation
games are a promising approach [7], as the acquired knowledge can be directly applied and applied in the specific
context [8]. If these games are adapted to the needs of the individual, the learning result is even higher [9]. This
paper describes the development of an individualized simulation game about building a climate-responsible
community at the local level in a rural area. The simulation game was tested in a rural area.

The structure of the paper is as follows: Section 2 describes the methodology for developing an individualized
simulation game concept at the municipal level as the main contribution of this paper. Section 3 describes the
results of current approach to persuading individuals to engage in energy efficiency measures. Section 4 describes
the conclusions.

Simulation games offer great potential for local authorities focusing on local community development and the
ability to adapt to change[10]. However, climate-related change is not limited to financial calculations, cost-
benefit analysis. Instead, habits, patterns of behavior and organizational structures, as well as community
interactions such as sharing resources, also change[11]. The need to consider technology, work organization and
people equally is a distinct socio-technical systemic approach [12].

Risks in taking measures for the development of a climate-responsible society can occur in all three dimensions,
and therefore they must be identified at an early stage and prevented with appropriate measures[13][14]. This
article focuses on changing the perception of citizens and raising awareness in preparation for the introduction of
new habits that are then applied to climate-neutral action. Individual skills that are likely to be important in shaping
climate change are, for example, critical thinking, the ability to interact with the community, participation in the
development of new initiatives or coordination of different project activities [15]. In addition to skills, the
challenge for municipalities is to stimulate interest in visiting by organizing various public events. Opportunities
to participate in the change process encourage its acceptance. In the ideal version, it is achieved that the citizens
independently look for opportunities to strengthen their contribution, which is also called environmental activism
[16] [17]. The use of new simulation techniques is already being tested in the education sector in many ways[18].
However, there is still a need for research on suitable approaches to build the necessary competences to use the
new methods and to illustrate the consequences of their use in the community [19]. In many skill development
formats, the teacher is in an active role, while the student is more receptive. This format is particularly promising
for the transfer of theoretical knowledge and facts. However, the disadvantages are that there is often little
reference to practical application and learner motivation. Here, the importance of simulation games increases, as
learning is viewed as an active, constructive, self-directed, emotional, social and situational process. Therefore,
simulation games offer a good opportunity to strengthen the capacity of individuals as representatives of a climate-
responsible society, to make their attitudes more open and to reduce distancing from issues of collective interest
[20]. The advantages of simulation games are, for example, that theory and practice can be combined, participation
in a simulation game facilitates the adoption of new innovative ideas and can form a holistic understanding of
new concepts [8].

A simulation game provides a sense of real conditions without affecting reality itself. Unlike the consequences
of wrong decisions, there are no real consequences in the game environment and thus a great deal of creative
freedom is ensured [21].

The main success factor of the methodology is the transfer of the content of the game to the individual's own
interests. This is especially true when the topic is closely related to the development of an inclusive environment
for individuals. Detailed reproduction of real interaction processes is also used, for example, in the creation of
Energy communities to ensure the promotion of community interests.

Therefore, the appropriate design of the content and structure of the simulation game and, in particular, the
observance of the priorities of the municipality are important. This article presents the characteristics of the
simulation game creation for the development of the current energy community simulation game for the
municipality.

2. METHODOLOGY

The following presents an organizational model for creating a climate-responsible community simulation
game on local municipal level. In Table 1, a summary of the model development process is provided. Individual
steps are initially described in general terms and then supplemented with an application description.



TABLE 1: ORGANISATIONAL MODEL FOR THE DESIGN OF A CONCEPT FOR AN INDIVIDUAL
SIMULATION GAME FOR DEVELOPMENT OF CLIMATE-RESPONSIBLE COMMUNITY ON MUNICIPALITY LEVEL

Activity Elements Results
Profiles Definition of segments in collaboration with culture and creative | Identified segments and learning objectives
of segments industries
Analysis of individual priorities
Analysis of qualification
Identification of knowledge gaps
Identification of learning objectives
Rules of the Setting the rules of interaction in the community Description of community dossier and local
playground Identification of potential barriers policy priorities
Defining the local policy priorities
Integration of creative challenges provided by culture and creative
industries
Sequence of | Clustering the learning modules Completed Simulation Game structure
rounds Sequencing of rounds in the simulation game structure
Technologies and | Identification of technologies and behavioural models relevant to the | Selected technologies and behavioural
behavioural context of the local territory models for integration
models Evaluation and selection of the most appropriate elements
Integration of creative challenges provided by culture and creative
industries
Management Creation of 2D layout of the simulation game Simulation game supervision model and
model Detailed planning of the resources needed resource management
Mockup creation Consolidation of technical and content requirements 2D mockup including documentation
Creation of 2D mockup of the simulation game
Involvement of culture and creative industries in creating the
visualisation elements

The developed organizational model is designed for creating an individual simulation game within
municipalities, with the aim of engaging the local community in the implementation of energy efficiency
measures.

To bring the concept and dynamics of the simulation game closer to real circumstances, representatives from
the cultural and creative industries are involved in various stages related to individual profiles, behavior models,
and the visualization of simulation game elements [22]. Their professional role involves daily communication
with diverse members of society, thereby accumulating a substantial amount of information about the diversity of
behavior models and individual motivations, including typical patterns of irrational behavior that often hinder the
formation of positive examples in society[23].

In the development of the simulation game, four integrated aspects are considered, directly influencing
individual behavior:

1) knowledge of climate change and environmental technologies - to ensure that each participant is
informed and can make informed decisions,

2) aset of scenarios that includes the behavior of community members and characterization of individual
goals - to immerse each participant in real community conditions, where their choices can influence the
arguments and behavior of other participants,

3) supportive environment - defined municipal priorities and implemented policies for climate change
mitigation, as well as available infrastructure, technologies, and material resources that facilitate
participation in energy efficiency measures,

4) game mechanics, including elements such as obstacles, conflict, cooperation, trade, combination, points,
time tracking, priority, competition, status, and elimination of inappropriate players. The chosen research
methodology offers a promising approach to systematically link environmental requirements (energy
efficiency measures) with the need for interaction (community collaboration) to develop a new model
for the simulation game (game design).

The first step in the organization of the model is the identification of the segments of the players in the
game and the analysis of their profiles. The goal is to simulate a comprehensive representation and diversity of
profiles of community members to achieve the stated goal of the game. This is followed by individual
prioritization of each segment involved in the game. The evaluation of priorities is obtained by taking into account
the segment's existing and expected future benefits at the level of individual interests [24]. The top priority of each
segment is defined and as a result of this classification the segments are divided into one of five categories [25]
(see in Figure 1).
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Fig. 1: Diffusion of innovations

In order to bring the simulation game closer to real conditions, each representative of the segment is given its
own name and social characteristics (see Figure 2) - this gives the game participant the image of a real individual
and creates the necessary environment for an interactive and emotional game in the subsequent game. In addition,
specific characteristics of the individual are indicated, which allow each segment representative to be perceived
as a real human being.

The single senior Emilija Lapina ("land resource holder") - lives in a private house made
of silicate bricks, takes care of 5 cats and has not tended her 2.5ha backyard garden, which
she left to her granddaughters, for quite some time due to health reasons. She is not
interested in climate change, says that it will not affect her remaining quality of life. It is
believed that the primary thing is to take care of one's own. All misfortunes are blamed on
the government, but not a single news program is missed in the evenings.

Fig. 2: An example of a simulation game participant's social profile

After the main segments of the simulation game have been selected and their profiles defined, the required
competencies in the context of climate change are identified. They include understanding and user experience of
natural processes and their regularities, as well as factors influencing climate change and the human role in it. By
comparing the competences of the segments, their shortcomings can be determined (see Table 2). The result is a
list of competencies, the acquisition of which should be set as one of the achievable goals in the simulation game.

TABLE 2: EXAMPLE OF EXISTING COMPETENCES OF SIMULATION GAME PARTICIPANTS

g:}%&i Green leader Farmer Teacher Plumber Deputy
Energy saving X X X X
Energy production X X X X X
Resource sharing X X
CO> emissions X
Systemic thinking X X X
Multicriteria analysis X X X
Circular Economy X
Waste management X X X X
Civic participation X X X
Empathy X X




After the classification, the role of each segment is visible and appropriately defined - who and what needs
general knowledge and who needs in-depth knowledge of climate change issues to change their attitude.

The second step is the creation of the framework of action in the simulation game - community profile or
dossier. This is necessary because the game must be based on the real environment in which the segments are
expected to behave further. At the beginning, the factors that determine the mutual interaction of segments in the
community are listed. Municipal policy is then defined, which will have a direct impact on the future interaction
of the community. The framework reflected in the simulation game involves presenting each game participant
with guidelines for simulated behavior in order to express their attitude in the context of specific issues or building
relationships with other segments. The guidelines are displayed in a 2D view (see Figure 3), where the intensity
of cooperation between the different segments is indicated.

Green T
eacher .
Leader |~ i Legends:
~ ~ “,"‘
: T~  Pumber |} | -
: I Regular communication
I -
: Senior : Rare communicaton
: - e
- - '~.. ssssssmmmEn
- o
Farmer Deputy Bad connection

Fig. 3: The intensity of cooperation between the different segments

In the third step, the sequence of the simulation game is defined, and the learning objectives are grouped into
modules that can be taught in a single playthrough of the simulation game. The aim is to test whether all learning
objectives can be achieved through one playthrough of the simulation game. These modules are then organized in
the simulation game canvas (see Table 3). It includes the general settings of the simulation game (0), as well as
the preparation (1), execution (2), and post-assessment (3) phases of the simulation game. Furthermore, the
execution phase (2) is divided into planned simulation rounds (rounds 1-3), which are themselves divided into
separate phases. Simulation rounds start with an introductory phase, explaining the current setup. This is followed
by the game phase, where the simulation is played over a specific period, and reflection is provided at the end.
The evaluation phase examines the previous game phase. In the theory phase, a new introduction is provided,
which participants must apply to the simulation game in the next optimization phase. As simulation games
typically operate in "ideal conditions," disturbances (such as sudden attitude changes, setting of irrational
individual goals, conflicts at a personal level) need to be created to bring the simulation closer to reality.

Knowledge and experience gained are used to help individuals find alternative actions to cope with these
disturbances [26]. The content of this section is provided by representatives from the cultural and creative
industries. These modules are repeated multiple times to achieve optimal content. Various versions of the
simulation game canvas were created and iteratively optimized until a logical and optimal flow structure was

found.

TABLE 3: STRUCTURE OF THE SIMULATION GAME

[ 1 facilitator
3.Follow-up
Feedback on the simulation
game process
Simulation Game round 3

0. General setting__| Max 2 hours 6 participants
1.Preparation
Learning objective 1: knowledge
about climate neutrality
Simulation Game
round 1
Learning objective 2: knowledge
about systemic thinking

Input for

the simulation game Q&A session

Simulation Game
round 2
Learning objective 5:
knowledge about
multicriteria analysis
Learning objective 6:
knowledge about mastering
the argumentation
Feedback on round 2

2. Execution

Learning objective 8:
knowledge about creative
solutions
Learning objective 9:
knowledge about
transformation theory

Feedback on round 3

Introduction

Learning objective 3: knowledge
about energy efficiency measures

Game session

Evaluation Feedback on round 1

Reflection
phase

Theory input

Learning objective 4:
Data analysis

Learning objective 7:
Culture & behaviour

Learning objective 9:
knowledge about
dashboards

Optimization

Alternative scenario

Alternative scenario

Alternative scenario

The fourth step is to identify climate change mitigation technologies that need to be integrated into the
simulation game. The goal is to select the most appropriate technologies that will be used to deliver the learning



objectives. They can be supplemented with various desired behavior patterns expected from the participating
segments (see Table 4). These models result, for example, from challenges in the local cultural environment, such
as the need for more active community involvement in public processes or the application of the influence of
community leaders.

TABLE 4: DESIRABLE BEHAVIOUR OF SIMULATION GAME PARTICIPANTS

Role Desirable behaviour
Single Senior Consent to the installation of solar panels on their property in the interest of the community
Green leader Is softening its public stance against the battery manufacturing business for electric cars
Farmer Become an opinion leader in the context of the impact of conventional agriculture on climate change processes
Teacher Actively encourages school youth to get involved in convincing the community about the need to change attitudes
Plumber Become an active promoter of his dwelling house insulation project
Deputy Improves the relationship with the farmer and contributes to the development of ethical agriculture

This set of selected solutions is then evaluated by experts according to the added value for teaching and
implementing the learning objectives in the simulation game. The technologies and behavioral models to be
evaluated are selected through an iterative process. Low-priority solutions are removed until the numerically
smallest set of solutions that can still meet the learning objectives is reached. Technologies and behavior models
for which support is not yet available can also be defined here, but their application should be integrated into the
simulation game to predict the possible choices of individuals. Existing experience with relevant technologies is
also taken into account, which reduces implementation effort.

The fifth step creates a 2D layout of the simulation game and calculates the effort required to set up and run
the simulation game. The goal is to finally test the feasibility of the simulation rounds based on the layout plan
and then estimate the investment required for implementation and operation. For this purpose, a 2D layout of the
simulation game is created with a visual representation of individuals and their profiles. Then estimate the actual
investment required to create and implement a physical simulation game in person. Accordingly, the costs of
organizational work for the implementation of the simulation game are calculated.

In the sixth step, all requirements of the simulation game concept are gathered and documented. The goal is to
create a concept document that will be used to adapt, prepare and implement the content of the simulation game,
as well as inform stakeholders. This first basic version without the implemented technologies serves as a starting
point where all the technologies and necessary information are integrated. The result is a complete concept
documentation that is highly accessible and vivid, based on creative profile characterization and visualization.

3. RESULTS

As part of this study, a pilot simulation game event was held, organised by the regional authority. The main
actors were in person — variety of social group representatives — teachers, seniors, environmental activists,
municipal officers, entrepreneurs as well as professionals.

The purpose of the simulation game was to evaluate the concept of the simulation game held in analog format
and find the main driving forces to promote the idea of climate-responsible approach in the local community as
well as to practice in providing the argumentation for those who are laggers or deniers.

During the simulation game, one criterion was established: to find out whether there is a positive outcome can
be delivered according to the architecture of the game and whether the knowledge gained helped to reach the goal
of the game.

The task of the represented segments was to practice a behavioural and communication strategy that convinces
the other segments to act according to the common interests by using any non-standart approach and of an art of
argumentation.

As part of the simulation game, all participants appreciated the knowledge they received before and after the
session, which increased their understanding of both the impact of building a climate-responsible society on the
quality of community life in the future, and how each individual can get involved in climate change mitigation
measures. Also, the participants appreciated the scoring system and especially noted the importance of the defined
obstacles and systemic thinking, which significantly improved the attractiveness of the simulation game as a
process. The participants also positively evaluated the fact that each round had different tasks that did not add to
the routine and kept the interest during the play of all sessions.

The diversity of social portraits of the participants made it possible to simulate situations from real life, when
people with different life experiences and opinions have to find the optimal solution to a problem. According to
the feedback of the participants, the need to cooperate in conditions where very different interests prevail allowed
them to reevaluate their selfish interests and sacrifice them in the name of collective interests, feeling responsible
for the quality of life of themselves and fellow human beings in the future.



The study identified the following factors that influenced the behavior pattern of the players and the decisions
made:

(a) awareness of the progress of climate change and available technologies - the participants were able to
assess the seriousness of the situation and be aware of the variety of tools to be used,

(b) the rapid development of technology makes the sharing of resources much more realistic - breaking
down physical boundaries and uniting in common values,

(c) application of multi-criteria analysis in the decision-making process - for analog simulation games,
where complex calculations are not available in real time, the application of this analysis is useful for operational
decisions and provides justification for one or the other choice,

(d) providing systems thinking as input information at the beginning of the simulation game enables
participants to grasp the importance of their attitudes, decisions and behaviors in the overall process of community
transformation.

Participants also appreciated the accessibility of simulation games as a tool for people with insufficient digital
skills, thus not excluding certain groups of society from getting involved and gaining new experiences.

Conducting this research using a simulation game has promoted awareness among different groups of society
and has significantly contributed to the creation of tools that are practical, easily adaptable and accessible to
different levels of local authorities. Strengthening knowledge and understanding about climate change and the
necessary action strengthens confidence and motivation in different segments to pass on their newly acquired
experience. Therefore, it can be recommended to use simulation games more often in public events related to the
achievement of climate neutrality goals.

The popularization of simulation games in the public sector promotes the introduction of new norms containing
cooperation as a goal, and it is an opportunity to bring previously incompatible points of view closer together.
The results of future research and their practical applications can increase the variety of methods, create interest
in the applied method from other disciplines, strengthening the role of culture and creative industries in solving
complex issues that require a change in the attitude and behavior of individuals.

4. CONCLUSION

In this paper, we described the procedure for developing a customized simulation game for game-based training
in municipalities and tested it for promoting the development of a climate-responsible society. In simulation
games, participants are educated about the occurrence of climate change and their role in mitigating it. Although
there are different ways to transfer knowledge to individuals, simulation games are particularly suitable because
of their playfulness combined with direct application, especially when they are individualized to communities and
their territories.

The first two steps define the target audience for the simulation game, the learning objectives and the community
dossier. The third and fourth stages are flow design and selection of climate change mitigation technologies and
behaviors. In the last two stages, the information is collected and transformed into a 2D model, including
documentation for further activities. This procedure has been tested in an event organized by the municipality to
develop a simulation game concept. The structured approach (for example, providing concise information) and
visualization (for example, presenting individual technologies and the plot of the simulation game) were positively
evaluated by the participants. Based on this concept, the next step is to implement the simulation game repeatedly
as well as continuously improve it. Since the simulation game is designed to simulate the real community
environment, it can be used as a platform for new initiatives before they are implemented in the real environment.

Analyzing the feedback of the participants of the simulation game, the authors of the study can conclude that
the participants use part of the benefits of the game process in a later period of time. Regular contact with
participants would allow better tracking of the real impact of the simulation game.

The authors of the study conclude that the further use of the simulation game method in the process of changing
public behavior requires additional research. Further consideration should be given to building strategic
partnerships, more accurate documentation of results and updating operational information on various climate
change instruments. All this means the following:

1. Expanding the range of stakeholders for the diversity of simulation game content and rounds.

2. Strengthening cooperation with cultural and creative industries for the diversity of scenarios.

3. Expanding the opportunities of the game participants in expressing their attitude and making decisions, as
well as in providing a creative performance within the game, for example by demonstrating their special skills or
competences.

4. Improving the level of digitization of process results for more efficient data acquisition and processing.

Despite the challenges of absorbing a lot of intense information in a short time, the participants of the game
demonstrated the ability to perceive, process and apply the information to make decisions, thus indicating that the
upper limit of capacity has not been reached.

There is a need for further research on the usability of the simulation game in other disciplines or in wider areas,
for example at the level of planning regions. Another approach to concept evaluation is to have participants assess
the impact of various aspects of the simulation game on their attitudes and future decisions at some point after



implementation (surveys may be used). As the procedure has currently only been piloted in one municipality, it
needs to be tested in other municipalities and sectors to establish its excellence.
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ABSTRACT

Decentralized energy systems are an integral part of
the energy transition toward carbon neutrality. If the
energy community manages a decentralized energy
system, it becomes a setting where the social dilemma of
the tension between individual selfish behavior and
collective interest arises. Reaching agreement in this
multi decision-makers environment is challenging and
complex. A serious multiplayer game can become a
deliberation platform for bargaining over solutions. In
this study, a dynamic model to simulate energy efficiency
measures and on-site renewable energy sources in an
energy community located in an urban block of
multifamily buildings and a single-player serious game
interface to serve as a basis for the multiplayer game is
developed. User experience and game mechanics were
tested in three user groups. Decisions made by the user
were assessed. Results show positive feedback and
provide valuable recommendations for further research.

Keywords: urban energy community, simulation game,
role-game, system dynamics, serious games

1. INTRODUCTION

Energy systems worldwide are undergoing radical
change due to the depletion of fossil fuel resources,
climate change, technological, institutional, and political
change. The long-term climate action strategy goal in the
EU is to reach carbon neutrality by 2050 via the energy
transition. It requires a transition of energy systems from
centralized to more decentralized [1]. Various
technologies are already available to increase energy
efficiency and produce energy from renewable energy
resources at the building and community level [2,3].
However, state-of-art scientific-technological solutions
and policy initiatives are stuck in decision-making chains
and conservative behavioral patterns; the diffusion of
innovation in society is inert and jeopardizes the climate
goals. People are a vital component of the energy
community and therefore need to be widely involved in
facilitating their participation in sustainable energy

systems [4,5]. Today citizens do not identify themselves
as part of energy communities - this is instead a
normative practice by legislators, the EU, or researchers.

Social sciences and humanities researchers stress the
need to shift from perceiving people as passive figures to
whom policies and technologies can be applied to active
figures taking part in the energy transition. Furthermore,
one of the possibilities for engaging people would be to
redirect the focus from individuals to communities.

Urban energy communities are facing several
challenges. Decentralized energy generation systems, in
contrast to traditional centralized energy systems,
require investments of local residents, participation, and
collaboration [6]. The broader uptake of such systems is
still early, and research on the adoption potential of
distributed energy sources in existing neighborhood
contexts is scarce [7]. In smart neighborhoods, an
essential factor is the ability to optimize energy flow at
the low voltage grid level; thus, decentralized energy
storage systems are a promising means to more
effectively match the supply and demand of fluctuating
renewable energies. In most countries, the energy
storage systems market share is still small and whether
or not the technology will attain a critical market share is
subject to homeowners' investment decisions.

On the other side of the coin lies energy efficiency
improvement and demand-side management, which is
used to change consumption patterns to optimize the
use of energy supply. A more active role is expected from
energy consumers, like changing energy consumption
towards higher efficiency, providing flexibility, or taking
their role as prosumers. Energy efficiency is not only a
technological issue; it is also influenced by household
behavior. For decades, researchers have tried to
understand the factors that drive or hinder people to
move from environmental knowledge  to
environmentally-friendly behavior.

As a social setting, the energy community faces a
social dilemma of the tension between individual selfish
behavior and collective interest. Everyone pursuing the
former achieves overall lower welfare than cooperation
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would instead ensure. The prisoner's dilemma tends to
arise in strategic interactions and emphasizes the effect
of the free-rider problem, which arises when considering
public and common goods. Theory of social interaction
distinguishes social dilemmas and collective decision-
making with common interests and conflicting interests.

If participants have common interests, they are
faced with collective action and instability of common
choice. Bargaining is applied over conflicting interests.
One way to promote governance in the energy
community is through collective awareness platforms,
which offer innovative ways to engage citizens to identify
and contribute to solutions to sustainability challenges
and solve social dilemmas in a multiplayer environment
[8- 11]. However, it is challenging to motivate large
groups of people to participate in local communities to
address sustainability issues [12]. Unlike traditional top-
down approaches, addressing such issues effectively
requires flexible solutions that link different individual
and collective perspectives to a common challenge [13-
15]. Recent studies have confirmed the failure of many
climate communication efforts, which has turned
audiences into passive consumers of one-way
information [16]. The challenges posed to humanity by
climate change call for innovative approaches. Well-
designed games are powerful tools that can support
tackling climate change. [17] Communication tools that
are scientifically rigorous and motivate informed action
on climate change enables people to learn for
themselves through experience and experimentation
rather than being told by experts [18].

Gaming is a relatively new area of research, and it is
still unclear why some attempts at gaming are more
effective in promoting behavior change than others.
Little is known about the balance between fun, exciting
games, and primarily informative games. As technology
continues to evolve and the ability of science to collect
behavioral data improves, researchers, continue to
explore the use of games as a tool for data collection and
analysis of individual behavior. [19] A review on climate
change games [20] found that (a) most games are
designed for educational purposes, (b) only a few games
are designed to have a direct impact on climate change,
(c) although climate change requires the involvement
from the individual level to the global level, encouraging
involvement in collective initiatives, most of the games
are at only one level. Climate change games, which focus
on individual cooperation at the community level, are
relatively rare and are mainly at the global or urban level.
However, they are the right platforms for negotiation
processes [21].

In East European countries, incl. Baltic countries self-
identification with the community is very weak, whether
in terms of resource use, sharing, or energy efficiency.
85% of inhabitants live in multi-family buildings in Latvia.
Each apartment is owned by a single owner, making
building management's common decision process very
complicated. Latvia is an aging society where
consumption habits are based on inertia, not a choice,
and their engagement tools may differ from others,
mainly convenience, security, continuity, and fiscal
considerations. Consequently, structural changes are not
only in the use of energy but also in the social
perspective: energy consumption from commodified
personalization needs to be transformed into a collective
practice, which, moreover, has a historically stigmatized
stratification of electricity in Latvia as an unlimited utility.

Previous research on energy efficiency and on-site
energy production practices of the population living in
multifamily buildings in Latvia shows insufficient
knowledge about energy efficiency and renewable
energy sources [22]. However, research also reported
pre-existing forms of community organization in block
housing districts and charted levels of engagement in
housing cooperatives among apartment owners.

Research question of this study is: can a serious
simulation game based on an integrated model of
physical systems and role-play elements be used as a tool
for the decision-making process in an energy community
located in an urban block of multifamily buildings?

The goal of this study is to develop a dynamic model
to simulate energy efficiency measures and on-site
renewable energy sources in an energy community
located in an urban block of multifamily buildings and
develop a single-player serious game interface to serve
as a basis for multiplayer game.

2. METHODOLOGY

First, the system dynamics modeling approach is
used to build a model structure of physical energy
demand and supply systems. Second, the model is
supplemented with an Internet-based user interface for
role-play of decision-makers involved in the social
dynamics. Finally, the game mechanics and user
experience are tested in three test groups and the
decisions made by different groups are assessed.

2.1 The model

The structure of the energy community's physical energy
demand and supply systems was built in Stella Architect
software. Each building has a detailed stock and flow
structure for heat and electricity demand, including
building envelope parameters and energy consumption



patterns. On the energy supply side, stock and flow
structures are built for heat production on-site from
renewable energy sources via heat pumps, district

heating, and heat accumulation. Electricity is either
produced from on-site renewable energy sources,
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Fig. 1 The main page of single player game’s interface

accumulated on-site, or received from the grid. Private
transportation means are privately owned or shared in
the transportation sector, driven by fossil fuels or
electricity. The time step of the model is one day. The
structure of the model is described in more detail in
other publications [23-25].

2.2 Single player game’s user interface

The interface is built on the top of the stock and flow
model in the Interface module of Stella Architect. It is
developed as a single-player game to be used as a
neighborhood energy community laboratory. This
experimental single-player game is developed and used
to learn about game players' decision-making if various
measures can be applied and scenarios developed. The
energy transition is a dynamic decision-making process.
Decision tasks are dynamic whenever decisions made at
a time t alter the state of a system and, thus, the
information that conditions decisions that have to be
made at time t + 1. Thus, decision-makers monitor their
decisions' outcomes and adapt different decisions to the
system's current (or an expected future) state. The
decision-maker and the system are entwined in feedback

loops whereby decisions alter the system's state, giving
rise to new information and leading to new decisions.

According to the results of the multifamily
apartment owners' survey results [22], the single-player
game interface includes three groups of measures (see
Figure 1):

o cenergy efficiency (increasing thermal
resistance of building envelope, replacement
of equipmentwith more energy-efficient)

e energy production (PVT and PV panels)

e transportation use habits (switching to
electric vehicles, sharing, and changing
habits, such as average daily mileage and
number of car uses per week).

In all three groups the desired volume of subsidies
can be changed. Various output performance indicators
are used, including the amount of CO2 emissions per
energy supply sector, total required investments,
distribution of investments, energy costs per year
(EUR/m2), transport costs per household (EUR/100 km),
and payback period. The results vary depending on the
user's choices of variable values. The user can follow the
current results throughout the simulation in Stella Live
mode and change the values of variables, resetting the



initial parameter value if necessary. At the end of the
simulation, when the user presses the "Complete task"
button, the model records the results, and the user
interface shows the final decision.

2.3 Tests and users' decisions

To test game mechanics and user experience, three
groups of players were selected:

e group 1: players who are renting their apartments or
live with their parents (Environmental Engineering
Master level students, age 21 — 30, 32 participants)

e group 2: players who are apartment owners
(Business Management Master level students, age
25 -55, 35 participants)

e group 3: industry professionals in the energy sector
(architects, engineers, developers, building owners,
municipal representatives, and energy company
specialists (63 participants)).

Groups 1 and 2 participated in game mechanics and
user experience test, and they filled the feedback in
written form. Data about decisions made were obtained
from the test sessions. Group 3 was asked to provide (1)
feedback about the game mechanics and user
experience, including usability of the game and the
interface and (2) from the perspective of central planners
and policymakers.

Separate test rounds were carried out online for
each group. First, the group was introduced to the
concept of an energy community and case studies. After
that, the group was introduced to the design of the
single-player game interface. The following task was
assigned to each group: "In the scope of our research
project, the project team needs your opinion on the
developed online tool. Hence, we invite you to play with
the "Positive Energy Quarter in Riga" test tool. You will
have the opportunity to find your way to transform a
traditional quarter in the historical center of Riga into a
quarter of low or positive energy balance using various
technology solutions. You have to create a climate-
neutral energy community by choosing technology
measures, reducing CO2 emissions, and considering
costs. No prior knowledge is required to participate in
testing. You will have 30 minutes to complete this task.
Finally, we will ask you to complete feedback forms."

Stella Architect tracking option is used to track the
final decisions made by each player. Each data set is
automatically assigned a unique number, and the users
are not traceable. Test groups were informed about data
collection and were asked for permission. Data sets of all
variables included in the interface were collected and
processed.

3. RESULTS

3.1 Testresults

Although group 1 indicated that they perceive the
game as part of their study activities, they see the
potential of its application as valuable in a real
neighborhood. One explanation can be the difficulty for
students from this group to identify themselves with
apartment owners who have to make decisions about
the renovation and development of a neighborhood.
They also stated that the interface and game are helpful
for the homeowners to understand the impact of their
decisions on reducing CO2 levels.

Group 2 rated the tool positively using the words
“convenient,” “fast,” “easy to use,” “interesting,”’
“understandable,” and “easy to understand”. They also
noticed that the explanation and guidance received
before playing the game was an essential part of the
process. Four users gave a lower grade - one of them
indicated that more specific explanatory information
would be needed before the game. Two users expressed
a desire to see a more intuitive interface, a more modern
design (possibly visual), and more user-friendly data
input buttons, e.g., a number box instead of a slider. One
user admitted that the game captivates him only partly,
adding that it was most likely intended for home
managers who deal with energy efficiency issues daily.

Both groups provided 22 valuable comments and
feedback on the user experience. Comments on game
mechanics and interface functionality allowed the
research team to identify quality and technical
performance shortcomings.

Feedback from group 3 shows that professionals
generally support the usefulness of such a simulation
tool and encourage its further development. Few users
noted that the interface initially looked complex, but it
became understandable as soon as they started the
game. Industry professionals believe that the game could
increase the chances of households collaborating and
implementing solutions by highlighting the benefits of
implementing collective solutions. According to experts,
neighborhood associations are a potential channel to
initiate the formation of energy communities. Experts
advised including an additional slider to set an interval
that limits monthly payments per m2 for investment
payback. From the point of view of central planners and
policymakers, the experts advised adding more
descriptive information about technologies used in the
model, investment costs, energy tariffs and other input
values, and specific output indicators for each
technology. They also suggested starting the game by
providing an optimal solution for a given energy
community. This would serve as the starting point for
further discussions during the multi-player game.



Experts wondered if the game could be adapted to a
particular neighborhood and how labor-intensive this
process might be.

3.2 Tracking users’decisions

In the energy efficiency sector, both groups replaced
electrical appliances with more energy-efficient ones
(the difference between both groups is 1%). The main
variance is observed in replacing windows (34% higher in
group 2) and using subsidies (21% higher in group 2).
Group 2 users have selected more improvement of
thermal properties of building envelopes (10% higher
than group 1). As a result, group 2 users have achieved,
on average, 6% more energy savings through their
choices.

Group 2 users have made more significant changes
in the energy production sector than group 1 users in
almost all parameters. The main difference is observed
in the choice of subsidies for RES resources (on average
by 53%), followed by a greater emphasis on energy
production (on average by 31%). The amount of energy
produced on-site is higher for group 2.

In the transport sector, group 1 users are more open
to transitioning to electric vehicles (100% compared to
group 2) and car sharing (40%compared to group 2).
Group 2 users decided to use subsidies for electric cars
(55% more than group 1).

Key outcome indicators for users from both groups
are similar, including investment volume (group 2 by 2%
more), CO2 emissions from electricity and heat (group 2
by 4% and 1% more respectively), and total accumulated
emissions and costs (group 1 by 5% and 9% more).

4. DISCUSSION

The first version of the single-player game interface
for energy communities was built, and user experience
and game mechanics were tested. In general, positive
feedback on game mechanics and user experience was
received. However, several limitations were faced during
this research. First, the game is based on a particular
urban block located in the historical center of Riga. All
input data for buildings and technologies from this block
were used during simulations. Test groups were
introduced to this urban block by visual means and
description of each building prior to the game. Decisions
made in a hypothetical energy community may differ
from the decisions made in a real community where
game players live. This deficiency will be removed in the
further development steps by developing a tailor-made
energy community by adding input variables where data
can be inserted manually.

The second limitation is users' background
knowledge about energy efficiency and renewable
energy technologies. As test results show, the complexity
level of the interface is directly linked to the depth of
knowledge of users. Some users found the interface too
simple at the expert level and suggested including more
input and output variables. Some experts expressed that
the interface might be too complex for residents with
deficient knowledge levels about energy. This issue will
be addressed in the further development stage, and the
interface will be adapted to different user groups.

The final limitation of the study is the emphasis on
social benefits rather than on the private benefits of
residents. More output parameters will be added,
including private benefits in terms of money and quality
of life in further research.

This study was conducted before the onset of the
energy crisis at the end of 2021 and the war in Ukraine.
The impact of both events will probably be seen during
the next steps of this research.

5. CONCLUSIONS

The study shows that a dynamic model to simulate
energy efficiency measures and on-site renewable
energy sources in an energy community located in an
urban block of multifamily buildings and a single-player
interface for a serious game to serve as a basis for the
multiplayer game is developed.

The user experience and game mechanics were
tested in three different groups. Positive feedback and
various valuable comments and recommendations were
received in general. They will be further integrated into
the subsequent versions of the game. Game users
approved that if the single-player game is integrated into
a multiplayer game, it will serve as a platform for
discussions and bargaining in social dilemma situations
faced in energy communities.

Analysis of decisions made by test group users shows

that users from the environmental engineering student
group were more inclined towards the transportation
sector. In contrast, business management students
focused more on energy efficiency and energy
production.
Further research will focus on adding business models,
developing three levels of interface based on the user's
knowledge, and adding more output variables and input
data to the tailor-made game for any energy community
to be further used in any location around the world.
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Vita Brakovska dzimusi 1979. gada Jirmala. Ventspils Augstskola iegu-
vusi bakalaura gradu marketinga (20071) un magistra gradu uznémumu
un iestazu vadiba (2011). Stradajusi Jormalas pilsétas domé, Sabied-
ribas integracijas fonda un Latvijas Investiciju un attistibas agentirg,
iegUstot ilggadéju pieredzi publiskaja sektord sociali ekonomiskas un
inovacijas attistibas jautajumos. Kops 2011. gada ir Rigas Tehniskds uni-
versitates (RTU) lektore, docéjot jaunu produktu izstrades kursu daza-
du fakultasu studentiem. Vairak neka 15 gadu ir biedribas “Zindsanu un
inovacijas sabiedriba” (ZINIS) valdes priekssedétaja un paraléli darbam
RTU vada ar kopienas lidzdalibu un uznéméjdarbibas attistibu saistitus
koprades pasdkumus Latvijas regionos (kops 2009. gada vairak neka
1850 pasakumi). Sadarbiba ar Eiropas Digitalas inovacijas centru vada
digitalizacijas treninus Latvijas uznéméjiem, palidzot uzlabot biznesa
procesus un veicinot darba produktivitati. Dizaina domadsanas meto-
dologijas sertificeta vaditaja. Latvijas Socialas uznémeéjdarbibas aso-
ciacijas un Latvijas Pilsoniskas alianses biedre. Veidojusi partneribu ar
vairakam starptautiskdm organizacijam - Eiropas Komisiju, UNESCO,
VASAB, Britu padomi, Junior Achievement, Junior Chamber Internatio-
nal un Trans Europe Halles, kas sniedza iespéju stradat pie globalu izai-
cindjumu izpétes un risinasanas ar lietiskas zinatnes rikiem.
Zinatniskads intereses saistitas ar socidlo un vides inZzenierzinatnu siner-
giju jaunu riku attistibai, kas vérsti uz sistémiskas domasanas veicina-
Sanu sabiedriba aktudlo jautdjumu risinasanai, taja skaita klimata par-
mainu mazinasanai.
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