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ANOTACIJA

Promocijas darba izstradata siltumenergijas tarifu limenatzimju metode un pamatprincipi
tas praktiskai lietoSanai. Metodes pamata ir siltumapgades virtualu tirgus apstaklu genergsana,
izmantojot Montekarlo imitacijas modeli, kas balstits CSA uzp@mumu realo datu analizu
rezultatos.

Lietojot So reguléSanas metodi, CSA nozari varétu tuvinat tirgus principiem, regulé$anu
atsaistot no dazadam Tstermina interes€m, tad&jadi lidzsvarojot uznémumu intereses ar
patérétaju vajadzibam un nozares transformaciju virzibai uz klimatneitralitati.

Metodes lietotaji varétu bt regulatori un nozares politikas veidotdji valstis, kur
energoapgade liela nozime ir CSA.

ANNOTATION

In the Thesis, a thermal energy tariff benchmark method and principles for its practical use
were developed. The method is based on the generation of a virtual DH market by using the
Monte Carlo imitation model, which is based on the results of analyses of actual data of DH
companies.

By using the method, the DH industry could be aligned with the market principles and its
regulation could be decoupled from various short-term interests. Thus, it would balance the
interests of DH companies with the needs of consumers and the transformation of the industry
towards climate neutrality.

Users of the method could be Regulators and industry policymakers in countries where DH
plays a key role in energy supply.
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IEVADS

Teémas aktualitate

Ar Eiropas Komisijas ambiciozo mérki 1idz 2050. gadam panakt, ka Eiropa ir klimatneitrals
kontinents, un ta sasnieg$anai noteiktajiem starprezultatiem, pieméram, Fif for 55 pakotne, ir
definéts grandiozs parmainu process, kurd jamainas visas ekonomikas un sabiedribas attistibas
ciklam no I&tos resursos un nepartraukti augosa paterina balstitas attistibas uz resursu apritei un
ilgtspgjai pakartotu izaugsmi. Sis grandiozas socidlekonomisko ciklu mainas sekmigai norisei
var nepietikt ar politiski noteiktiem mérkiem un $o mérku sasniegSanai izstradatam linearam
programmam. Parmainu procesa vadiba jarekinas ar daudzu procesu norisi vienlaikus, kas skars
plaas ieinteres&tas puses un radis asas bijuso un jauno tehnologiju, biznesa modelu, politisko
viedoklu un interesu grupu sadursmes.

lecergtaja grandiozaja transformacija liela nozime biis siltumapgades nozarei, jo
ripniecibas un majoklu siltumapgades vajadzibam, ipaSi Eiropas Ziemelaustrumu dala, tiek
izlietota gandriz puse no kopé€ja energoresursu patérina apjoma. Tadg€] siltumapgadé ir loti
nozimigs efektivitates paaugstinasanas, fosilo resursu aizvieto$anas un siltumicefekta gazu
(SEG) emisiju samazina$anas potencials.

Klimatneitralitates mérku sasniegSanai nepiecieSama nozaru transformacija prasis arl
adekvata meroga investicijas. Lai arT dazados p&tjjumos transformacijai nepiecieSama kopgja
investiciju apjoma vertéjumi ir atskirigi, ir skaidrs, ka kop&jo finansgjuma vajadzibu dimensija
ir triljoni EUR un to nebils iesp&jams nofinansét tikai ar grantiem un subsidijam. Tas nozimé,
ka transform@amajam nozarém, tostarp siltumapgadei ir jaklast komerciali pietiekami
atraktivam, lai triiksto$o finans€jumu piesaistitu, balstoties tirgus principos. Ar tradicionalam
metodém stingri regulétajai centraliz€tajai siltumapgadei (CSA) tas var izradities kritisks
nenodrosinas pietickamas riska prémijas jaunu tehnologiju ienak$anai dinamiska vide.

Vienlaikus CSA nozar€ ir nobriedusi arT Sauraka tvéruma izaicinajumi, kas vairak skar tiesi
iesaistitos nozares dalibniekus — siltumenergijas patérétagjus un CSA uznémumus.
Siltumapgades un energoefektivitates tehnologiju attistibas rezultata ir batiski mainijusas
patérétaju prasibas un iesp&jas. Patérétaji prasa elastigaku pakalpojumu, pieaug to paterétaju
skaits, kas ne tikai dalu tiem nepiecieSamas energijas var sarazot pasi, bet ari vélas parpalikumu
nodot CSA sistéma, tadgjadi kliistot par pasraZojosajiem, jeb t. s. aktivajiem patérétajiem'.
Pieaug ari jaunu siltumenergijas raZotaju vélme ienakt siltumapgades tirgii gan ar perspektivam
bezemisju, gan ar tradicionalajam tehnologijam, taja skaita dazadu industriju vélme piedavat
zema potenciala atlikumsiltumu,’ kas savukart CSA uznémumiem liks virzit infrastruktiiras
pielagosanu zemakam siltumnesg€ja temperatiiram, parejot uz ceturtas paaudzes CSA.

! Anglu val. prosumers — pateretajs, kur§ pasrazoto energiju izmanto paspaterinam un energijas parpalikumu var
nodot vai pardot tirgotajam vai sistémas operatoram vai citam paterétajam.

2 Siltums, kas ka blakusprodukts nenovérsami radies riipnieciskas iekartas, elektrostacijas vai terciaraja sektora,
kas bez CSA sistemas izmantoSanas neizbégami zustu apkartgja vide.

5



CSA regulativajai videi ir japielagojas jaunajiem apstakliem un nakotnes izaicinajumiem,
jo jau paslaik ilgtermina politiskie mérki, tehnologiju attistiba, biznesa modeli, siltumenergijas
paterétaju prasibas un CSA uznémumu vajadzibas to ir apsteigusi.

Tomer neraugoties uz CSA aizvien pieaugoSo nozimi dekarbonizacijas mérku konteksta,
CSA regulésanas rezimu liberaliz€$anas un limenatzimju izveides un lietoSanas jautajumi nav
daudz pétiti. Saja joma atrodamo péttjumu liela dala velfita CSA pilnigas liberalizacijas analizei
Ziemelvalstis. Tapat ped&ja laika sameéra daudz ir model&ta elektribas tirgii praks€ parbauditu
metozu — tre$as puses pieeja infrastruktiirai, nakamas dienas ikstundas vairumtirgus, izsoles
u.tml. parneSana uz CSA. Tacu vairuma $o pétfjumu ka modelésanas lauks ir izmantotas lielu
pilsétu CSA sistémas — Stokholma, Helsinki, Vilna. Tadg] ir aktuali mekl&t risindjumus un
metodes CSA regul&Sanas un uzraudzibas tuvinasanai tirgus principiem, kas biitu piemé&rotas
lietoSanai ari vid€jas un mazas CSA.

Promocijas darba merkis un uzdevumi

Promocijas darba meérkis bija izstradat reguléSanas metodi, kas CSA regul€Sanas rezimu
tuvinatu tirgus principiem, lai paaugstinatu CSA nozares sp&ju ieklauties klimatneitralitates
meérku sasnieg$anas procesa.

Lai sasniegtu mérki, tika risinati §adi uzdevumi:

1) analiz@t un izvertet vispargjas reguléSanas un valsts intervencu teorijas, regulésanas
metodes, CSA parvaldibas un dereguléSanas pieredzes citas valstis ar attistitu CSA
nozari;

2) analizét Latvijas CSA uzpémumu realos darbibas un finansu datus, lai mekl&tu
potencialas likumsakaribas un korelacijas siltumenergijas tarifu limenatzimju
modela izveidei;

3) izstradat algoritmu siltumenergijas tarifa Iimenatzimju metodei, kas nodrosinatu
reguléSanas rezima bitisku tuvinajumu tirgus principiem, vienlaikus saglabajot
CSA nozares pietiekamu uzraudzibu;

4) izstradat priekSlikumus siltumenergijas tarifa limenatzimju metodes praktiskas
lietoSanas pamatprincipiem.

Izvirzita hipoteze

Ir iesp&jams izveidot tarifu ITmenatzimes balstitu optimalu CSA regulSanas metodi, kas
aizvietotu parmerigi stingru ex ante’ regulé$anu ar investicijas bezemisiju un efektivitati
paaugstinosas tehnologijas stimulgjosu ex post* uzraudzibu, vienlaikus nodroinot patérétaju
pietiekamu aizsardzibu.

3 Lattpu val. — pirms tam. Analize, vertgjums par dokumenta vai lémuma sagaidamo ietekmi un rezultatiem
pirms ta pienemsanas.

4 Latinu val. — p&c tam. Analize, vért§jums par dokumenta vai lémuma Tstenosanas rezultatiem p&c ta darbibas
noteikta perioda.



Promocijas darba zinatniska novitate

Promocijas darba izmantotas un savstarp&ji integrétas vairakas zinatniskds pétniecibas

metodes:
1.

Regulésanas atSkirigo skolu un pieeju evoliicijas, reguléSanas metozu un
deregulésanas rezultatu izp&tei lietotas kvalitativas pétniecibas satura analizes un
salidzinosas metodes.

CSA uzpemumu realo datu analizei un apstradei lietotas statistiskas datu apstrades,
analizes un hipotézu parbaudes metodes.

Rezultatu adekvatuma novert§jumam un interpretacijai lietotas statistiskas datu
apstrades metodes.

Promocijas darba nozimigaka zinatniska novitate ir siltumenergijas tarifu
Iimenatzimju metodes izveide, tas pamata ir siltumapgades virtualu tirgus apstaklu
generé$ana, izmantojot Montekarlo imitacijas modeli, kas savukart balstits CSA
uznémumu realo datu analizu rezultatos.

Promocijas darba izstradatais algoritms un modelis paver arT talakas p&tniecibas
iespgjas, jo to iesp&jams izmantot ne tikai praktiskai CSA reguléSanai, bet arT tarifu
dinamikas pétisanai dazadu argjo faktoru izmainu ietekmé.

Praktiska vértiba

Promocijas darba ir izstradata siltumenergijas tarifu l[imenatzimju metode un pamatprincipi

tas praktiskai lietosanai CSA reguléSana.

Lietojot piedavato reguleéSanas metodi, CSA nozari varétu tuvinat tirgus principiem un tas

regul€Sanu atsaistit no dazadam Tstermina interesém. Tas sekmetu CSA uznémumu ilgtspgjigu

komercdarbibu un iesp&ju sanemt adekvatu pelnu par efektivitates paaugstinaSanu un gatavibu

riskét ar jaunam tehnologijam. Vienlaikus, metodes lietojums lidzsvarotu §is uznémumu

intereses ar patérétaju vajadzibam, ar nozares transformaciju un virzibu uz klimatneitralitati.

Izstradata algoritma un metodes iesp&jamie lietotaji varétu biit ne tikai Regulatori, bet art

nozares politikas veidotaji un planotaji.

Promocijas darba gaita izstradatie CSA reguléSanas pamatprincipi varétu biit lietojami ari

citas valstis, kur energoapgadé nozimiga loma ir CSA.
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Promocijas darba struktiira

Promocijas darba struktiira veidota atbilsto$i plasi izmantotam zinatniskas pétniecibas
darbu formatam jeb t.s. IMRaD struktirai: ievads; metode; rezultati; diskusija. Promocijas
darba ir ievads un Cetras nodalas — literatiiras apskats, metodologija, rezultati un diskusija,
secindjumi un priekslikumi. Promocijas darba struktiira shematiski redzama 1. att€la, paradot
arT petfjuma veikto solu secibu.

Promocijas darba ievada pamatota darba t€mas un p&tamo problému aktualitate, definéti
darba mérki, uzdevumi un hipoteze, aprakstita zinatniska novitate, praktiska vertiba un darba
aprobacija zinatniskajas konferenc€s un publikacijas.

Literattras apskata aplukota vispariga reguléSanas un valsts intervencu teorija, detalizétak
pieversoties dazadam ekonomiskas reguléSanas skolam un metodém, to prieksrocibu un
trikumu salidzinoSai analizei, jo Tpasi attieciba uz CSA regulativo vidi.

Metodologijas nodala aprakstitas veiktas datu analizes un to rezultati, kas ir pamata talak
aprakstitajai siltumenergijas tarifu Iimenatzimju noteik$anas algoritma izveidei.

Rezultatu un diskusijas nodala novertéti ar izveidoto limenatzimju aprékina modeli iegiitie
rezultati, analizéta to atbilstiba definétajiem mérkiem un izstradati principi limenatzimju
modela praktiskai lietoSanai CSA nozares uzraudzibai un politikas veidoSanai.

Aktualitate Literatdras apskats / Metodologija \

Regulesanas "skolas" )
un metodes Hipoteze Datu apstrade

ol | e | | o
. )

CSA regulesana vs
deregulésana

Algeritms
MC simulacija

LTmenatzimju
aprekins

Efektivitates un inovaciju

Secinajumi, -
stimulé$ana Rezultati un Diskusija

priekslikumi

Praktiskas listo$anas Rezultatu
principi vErtgjums

1. att. Promocijas darba struktiira.
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1. LITERATURAS APSKATS

2019. gada decembri Eiropas Komisija izdeva pazinojumu par jaunas izaugsmes strat€gijas,
sauktas Zalais darTjums’, izveido$anu un TstenoSanas uzsakSanu [1]. ST stratégija apliecina
Eiropas Savienibas apnémibu risinat ar klimatu un vidi saistitas problémas. Zalais darfjums ir
politiska iniciativa ar visplasako strat€giju un politikas virzienu kopumu, kas aptvers visas
tautsaimniecibas nozares ar galveno mérki mazinat siltumnicefekta gazu (SEG) emisijas un Iidz
2050. gadam panakt Eiropas klimata neitralitati.

Lai arT diskusijas par atsevisku mérku noteikSanu V&l turpinas, redzams, ka lidz
2030. gadam izmainu politikas lielakais uzsvars ir likts uz energétikas sektoru. Eiropas SEG
emisiju samazinasanas mérkis 2030. gadam ir paaugstinats lidz 55% no 1990. gada limena,
lidzsingjo 40 % vieta. Savukart, lai sasniegtu SEG apjoma straujaku samazinasanu un noteiktu
merkus jau sikaka sadalijuma, proti, dazadu tautsaimniecibas nozaru griezuma, 2021. gada
julija Eiropas Komisija public€ja virkni normativo aktu grozijumu projektu (t. s. Fit for 55
pakotne®), iezZimgjot arf citu klimata m&rku 2030. gadam paaugstinasanu [2].

Zalais darijums butiski un dzili ietekmes visus ekonomikas sektorus un visai sabiedribai
liks maintt paradumus. Tas nozimé, ka ar Zalo darfjumu faktiski tiek noteikts ietvars
sociotehniskam parejas procesam, kura jamainas ekonomikas un sabiedribas attistibas ciklam
no uz l&tiem resursiem un nepartraukti augosa pat€rina balstitas attistibas uz resursu apritei un
ilgtspejai pakartotu izaugsmi. ST procesa ietvara biis japardefiné gan tehnologiju un energijas
ceno$anas principi, radisies jaunai risindjumi un produkti, atversies jauni tirgi, pazudis virkne
ierasto biznesa modelu, tehnologiju un produktu [3].

Saja  ambiciozaja transformacijas procesa nozZimigu pienesumu varétu sasniegt
siltumapgades sektora, jo Tpasi regionos ar saméra skarbu klimatu — Eiropas Ziemelaustrumos,
t. sk. arT Latvija, kur gan uz iedzivotaju dzives kvalitati, gan ekonomikas nozaru darbibu liela
ietekme ir kvalitativai un dro$ai siltumenergijas pieejamibai par adekvatam cenam. Latvija
siltumenergijas piegadei plasi tiek izmantota CSA un lielakaja dala pilsétu ir labi attistita CSA
infrastrukttira. Tas dod iesp&ju izmantot visparzinamas CSA prieksrocibas:

o materialo resursu ietauptjumi méroga efekta rezultata;

o mazs skaits koncentrétu emisiju avotu pret&ji lielam skaitam izkliedétu dod iesp&ju
izmaksu efektivi risinat vides aizsardzibas jautajumus;

o iespgjas plasi izmantot kogeneraciju un efektivak izmantot AER neka daudzos
mazos siltumavotos, kas dod nozimigu ieguldijumu siltumnicefekta gazu emisiju
samazinasanai [4].

Mingétas prieksrocibas vairakas desmitgades bija pienemts atzit gandriz ka aksiomas. Tacu
jaundkos pétijumos ieskanas Saubas par CSA viennozimigam priekSrocibam, nemot véra jaunu
tehnologiju attistibu lokaliem siltumapgades risinajumiem [5, 6].

Taja pasa laika saméra plasa Eiropas dala — Ziemelvalstis un Austrumeiropa CSA sist€émas
ienem loti nozimigu vietu, tas ir evolucion&jusas gadu desmitiem un tajas ir akumuléti lieli

S Anglu val. Green deal.
® Anglu val. Gatavi mérkim 55 — EK politiska apnemsanas paaugstinat dekarbonizacijas mérka vertibu.
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investiciju apjomi. Lidz ar to nav arT iedomajam strauja to nozimes mazinasanas un CSA
sektora demontaza, kas nozimétu grandiozu grimuso investiciju slogu visai sabiedribai.

CSA loma vargtu buit Ipasi nozimiga nemot vera, ka centralizeta un struktureta sistéma veikt
apjomigas transformacijas, izvirzit mérkus, vadit aktivitates to sasniegSanai teorétiski varétu
but vienkar$ak. Lidzigas atzinas jau labu laiku pirms Zala darijuma bija paustas Heat
Roadmap Europe [7]. CSA tiek atzita par nozimigu klimata parmainu ierobezo$anas un
dekarbonizacijas meérku sasnieg$ana, jo €ku un ripniecibas apsildei un dzeseSanai tiek terta
aptuveni puse ES paterétas energijas un $aja segmenta vél ir loti apjomigs efektivitates
paaugstinasanas [8], fosilo resursu aizvieto$anas un SEG emisiju samazinasanas potencials
[9.,4].

Tacu neraugoties uz minéto, Eiropas kopiena (EK) CSA segmenta tiesiska regulgjama
pilnveido$ana vérojamas saméra niecigas izmainas. Jauzsver arl, ka EK ir noteikts vienots
detaliz&ts un strikts juridiskais ietvars elektribas un gazes sektoriem, kas ir attistits vairakas
desmitgades. Tam veltitas gan vairakas direktivas, gan regulas. Savukart siltumapgadei vienots
regul&ums ir visai triicigs. Tikai 2012. gada t. s. pirmaja Energoefektivitates direktiva [10]
paradas dazi panti, kas versti uz CSA attistibu. lesp&jamais iemesls var bt fakts, ka Sis
energoapgades veids klimata specifikas d€] nav nozimigs un plasi attistits EK ietekmigakajas
valstis, iznemot atseviskas pasas lielakas pils€tas [11]. CSA ir loti fragment@ta pat vienas valsts
ietvaros un acimredzot tadel tai nav veltits nozimigs EK Iimena tiesiskais reguléjums. Tacu tas
nemazina CSA nozimi EK ambiciozo dekarbonizacijas mérku sasniegSanai. Jo T1pasi,
ekonomiski mazak attistitajas kopienas valstis ar skarbiem klimatiskajiem apstakliem, kur
siltumapgade veido loti lielu dalu no kopgja energijas patérina.

Tadel EK ambiciozo dekarbonizacijas mérku sasniegSanas konteksta ir jatiecas apgiit CSA
apjomigais SEG samazinasanas potencials. Ir saméra daudz pétijumu, kas fokuséti uz CSA
attistibu, jaunu sistému izveides un esoSo sist€tmu paplasinasanas modeléSanu, inovativu
tehnologiju izmantoSanu AER svarstigu avotu integréSanai sisteémas [12, 13, 14]. Energétikai
transformgjoties ar Zalo darljumu nospraustaja virziena notiks cieS8aka CSA un elektribas
sektora integracija, jo elektribas cenu aizvien lielakais svarstigums AER izmantoSanas ietekmé
veidos papildus stimulus elektribas izmantoSanai siltumapgade un CSA sistémas varés palidzet
elektribas sisttmas balansé$ana [15]. Tacu pat Ziemelvalstis joprojam CSA sistémas tiek
ekspluatéti aktivi, kas veidoti laika, kad domingja fosila kurinama izmantoSana, un, kad
patérétaju objektiem bija nepiecieSams daudz vairak energijas [16]. Tadél kopuma CSA
segmentam prieksa ir komplicéts transformacijas un investiciju process, kas nepiecieSams
efektivakai AER izmantoSanai, atlikuma siltuma izmantoSanai, siltuma uzkrasanai, integracijai
ar citam energijas sisttmam, aktivo patérétaju attistibai un zemakam energijas pieprasjjumam.

Tacu CSA piemit arT nozimigs trukums — tai ir raksturigi dabiga monopola elementi un tadg]
siltumapgade ir atzita par sabiedrisko pakalpojumu un ka minimums par lokalu dabigo
monopolu [17], t. i. tadu, kur viens komersants sniedz loti nozimigu un vitali nepiecieSamu
pakalpojumu lielam skaitam lietotaju, kuriem, tehnisku un ekonomisku faktoru del ir
ierobezotas iesp&jas izveleties citu pakalpojuma sniedz&u vai aizvietot nepiecieSamo
pakalpojumu ar citu lidzigu. Tadé] CSA pakalpojumi vairuma gadijumu ir paklauti regulé$anai.
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Regulésanas nepiecieSamiba un tas gaiditie pozitivie rezultati parasti pirmam kartam tiek
pamatoti ar paterétaju aizsardzibu apstaklos, kad tiem ir loti ierobezotas iesp€jas izveleties citu
pakalpojuma sniedzgju vai atrast aizvietotaju paSam pakalpojumam. Tacu no otras puses, ka

regulésanas galvenie trilkumi tiek kritizéta Regulatoru’

nespéja noteikt mérenu kapitala
atdeves likmi, novérst nelietderigu investiciju ieguldiSanu un korekti novértét uzpémumu

razoS$anas izmaksas, k@ arT praksé biezi sastopama t. s. parregulé$ana.

1.1. Pieejas reguléSanai

Terminam reguléSana pétjjumos ir atrodamas dazadas gan precizas, gan visparinatas
definicijas, kas var biit petnieku diskusiju objekts pasas par sevi. Tacu pietiekami kodoligi, bet
vienlaikus precizi regul€sanu ir defingjis J.Hertogs: "Juridisku instrumentu pielietoSana
socialekonomiskas politikas mérku sasniegSanai"[18], jeb citiem vardiem process, kura valsts
institiicijas ar tiesiskiem panemieniem piespiez regul&jamos uzp€mumus darboties atbilstosi
iepriek§ noteiktam darbibas reZimam. Aplikojot plasi, prakse tas var izpausties ka dazadi
uzstadfjumi, piemeram, ieverot noteiktus cenu Imenus, piegadat konkrétas preces vai
pakalpojumus, ieiet vai gluzi pretgji — pamest noteiktus tirgus, ieviest noteiktas tehnologijas vai
lietot noteiktas izejvielas.

Nemot véra, ka reguléSana var aptvert loti plaSus uznémuma darbibas aspektus, veicot
petijumus, regulésanu péc dazadam pazimém parskatamibai médz iedalit noteiktos veidos.
Regulésanas iedalijums raksturigakajos veidos un to raksturojums shematiski paradits 1.1.

attela.
[ Regulésana ]
[ Ekonomiska ] [ Sociala ]
A Nosaka dazadas prasibas
— attieciba uz:
[ Strukturala ] [ Uzvedibas ] « vides aizsardzibuy;
* darba drosibu;
Regulé tirgus struktaru: Regulé tirgus dalibnieku « diskriminacijas
* leiesanas, izieSanas ricibu: aizliegumiem
nosacijumi * Cenu noteik$anu
* Licencé$ana, * Pienakumus
dalibnieku piegadat
kvalifikacijas * Kvalitates standartus
prasibas precém un

pakalpojumiem

1.1. att. Regulésanas veidi. Sagatavots, izmantojot [ 18] apkopotos raksturojumus.

7 Termins Regulators promocijas darba visos gadijumos tiek lietots valsts regulativas iestades nozime. Latvijas
gadijuma ar to jasaprot Sabiedrisko pakalpojumu regulé$anas komisija.
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Saja promocijas darba uzsvars ir uz ekonomiskas reguléSanas, jo ipasi uzvedibas
regulSanas izpéti, jo §1 reguléSanas veida merkis visbiezak ir ietekmet domin&josa vai dabiga
monopola stavoklT esoSu uzn@émumu uzvedibu tirgl un ierobezot negativo ietekmi uz
sabiedrisko labklajibu. Tacu tiek skarti arT atseviski strukturalas, socialas un vides aizsardzibas
regulSanas aspekti.

P&tfjumos regulésanas teorijas un prakses pieejas médz iedalit divas plasas grupas vai
tradicionalas skolas: sabiedrisko interesu regul€$anas teorijas un privato interesu teorijas.

Sabiedrisko intereSu reguléSanas teorijas tiek pienemts, ka Regulatoriem ir pieejama
pietickama informacija un ietekmes instrumenti, ka arf, ka tie ir tend&ti darboties labos nolikos
ar mérki sekmét sabiedrisko intere$u ievérosanu. So teoriju pamata ir koncepts par t. s. tirgus
nepilnibu un valdibu sp&ju efektivi iejaukties §is nepilnibas novérSana, lai nodroSinatu
sabiedrisko interesu ievéroSanu. Ar sabiedriskajam interesém tiek saprasta ierobezotu resursu
iesp&jami labaka sadali§ana precu un pakalpojumu nodrosinasanai individualam un kolektivam
vajadzibam. Atbilstosi tirgus ekonomikas pamatprincipiem ierobezotu resursu pardali optimali
biitu janodroSina tirgus mehanismiem. Tacu praksé dazadu iemeslu d&] to darbiba var biit
ierobezota un tade] tiek pienemts, ka So resursu pardales procesu var un vajadz&tu uzlabot ar
regul&sanu.

Privato interesu teorijas regul&Sana tiek pétita izejot no diametrali pretgjiem pieneémumiem:
Regulatoram nav pieejama visa nepiecieSama informacija efektivai regul€Sanai, tapat ir
ierobezoti ta riciba esoSie instrumenti. Tacu nozimigaka atskiriba ir pienémums, ka visi
ekonomiskas un socialas sistemas dalibnieki darbojas atbilstosi savam pasu interesém, kas var
ietvert, bet var arl neietvert sabiedrisko intereSu elementus. Tadg] privato intereSu teorijas
reguliana tiek pétita caur intere$u grupu uzvedibas aspektiem. Sis intere$u grupas var biit
regul&jamie uznémumi un to interesu aizstavésanai veidotas nevalstiskas organizacijas, dazadas
atSkirigas patérétaju grupas, likumdevéji, arodbiedribas, finansu institiicijas, pasi Regulatori.

Sis diametrali pretgjas pieejas bitu uzskatimas par robezgadijumiem un, vértgjot realu
praks€ iedibinatu regul€Sanas procesu, tas biitu jaapliko gan no sabiedrisko, gan privato
intereSu regulé$anas teoriju skatu punktiem.

Ekonomiskas regulé$anas paveida — uzvedibas reguléSanas pamanamakais un biezak
diskutétais elements ir cenu un tarifu noteik§ana dabigo monopolu pardotajam precém un
sniegtajiem pakalpojumiem. Vispariga gadijuma Regulatoram ir janosaka tada cena vai tarifs,
kas sedz pamatotas izmaksas un nodrosina pietickamu pelnu uznémuma attistibai un atdevei no
kapitala, vienlaikus aizsargajot patérétajus no nesamérigi augstam cenam. Tomér par
reguléSanas lietderibu un pielietotajam metodem jau vairakas desmitgades turpinas gan
teorétiskas, gan praktiskas diskusijas.

Jau vairak ka 60 gadus attistas arT ekonomikas teorijas skola, kuras centrala t€ze ir —
reguléana nav lietderiga. Par 1 virziena aizsacéju var uzskatit Cikagas ekonomikas skolas
Iideri Nobela prémijas laureatu Dzordzu Stigleru, kas jau 1962.gada kopa ar Kléru Fridlendu
publicgja elektribas razotaju regulésanas prakses rezultatu analizi, kurd secinaja, ka regulésana
nav pazeminajusi atdeves likmes, ta nav véra nemami samazinajusi cenu diskriminaciju un tas
ietekme uz uznémumu pelnu ir nenozimiga [19]. Vairakas desmitgades Sis skolas parstavji ir
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petTjusi dazadas regul€Sanas teorijas un prakses, izvirzijusi t€zes par samera pieticigiem vai pat
negativiem regulé$anas rezultatiem, ka piem&ram:

o regulgjot sektorus, kuros tomer ir zinams konkurences potencials, cenas pieaug, bet
tirgus dalibnieku skaits saglabajas ierobezots;

o reguléSana var novest pie deformétam cenu struktlram, kuras kadas noteiktas
patérétaju grupas sanem $kerssubsidijas;

o savukart deregulacija biezi var rezultSties ieguvumos paterétajiem, bet dazos
gadijumos ari razotajiem, no jauna lidzsvara péc valsts intervences samazinasanas.

Tacu, ja pat pieturas pie paradigmas, ka regul€Sana ir lietderiga un pamatota, joprojam
diskutabli ir divi jau pirms vairakam desmitgadém formul&ti pamatjautajumi [20]:

o Cik pamatotas ir regulé§jama uznémuma Regulatoram iesniegtas izmaksas?

o Kada ir mérena vai sapratiga atdeves likme no kapitala un ka viskorektak definét
pasu bazi — kapitalu?

Ka regulésanas galvenie trikumi tiek kritizéta Regulatoru nespéja noteikt mérenu kapitala
atdeves likmi, nov@rst nelietderigu investiciju ieguldiSanu un korekti novertét uznémumu
razoSanas izmaksas.

Sai kritikai ir raciondls pamatojums, jo reguldjamais un regulétajs atrodas objektivi
nevienlidzigas pozicijas. Prakse regul&jamajam uznémumam ir pieejama visa informacija par
savu saimniecisko darbibu un tas planiem, kamér Regulators var analiz&t un vertet tikai to
informaciju, ko uznémums tam ir iesniedzis saskana ar tiesibu aktos noteikto kartibu. Tatad
uznp@mumam vienmer biis labakas izredzes pamatot savu iesniegto cenu projektu neka
Regulatoram to apSaubit.

Vel ka regulesanas trikumu jaatzimé dazkart sastopama t. s. parreguléSana. Sis process
izpauzas ka Regulatora resursu nelietderiga izmantoSana mazsvarigu jautajumu un relativi
nenozimigu izmaksu pamatojumu dzilai analizei un ilgstosam diskusijam, kas attieciba uz
regul&jamo uznémumu rezultSjas ta attistibas dinamikas un efektivitates iniciativu faktiska
bremzgSana.

Latvija lidzigi ka citas Austrumeiropas valstis CSA regulésanai ir iedibinats mazelastigs ex
ante stingrdas regulé$anas rezims un tiek piclietota RoR® jeb t. s. izmaksu+ metode, kas
papildinata ar atseviskiem elementiem no RPI-x’, jeb t. s. cenu griestu metodes [21]. Sis
reguléSanas metodes detaliz&ti analiz&tas 1.2. apaks$nodala, bet to butiba vienkarSota forma -
CSA uzpémums aprékina un pamato visas siltumenergijas razoSanas, parvades un sadales un
tirdzniecibas izmaksas, kam pieskaita atlauto kapitala atdeves lielumu, bet Regulators parbauda
izmaksu pamatojumu un pienem l&@mumu par tarifa apstiprinaSanu vai noraidiSanu.

Tacu pasreizgja reguleésanas modela pielietojumam praks€ noverojami vairaki trikumi:

o nenodroSina optimalas investicijas CSA tehnologijas; nemot véra, ka veiktas
investicijas var atglit caur apstiprinato tarifu, CSA sistémas ir saméra augsti
parinvestéSanas un neefektivi slogotu iekartu riski; Regulatoram ir loti ierobeZots
instrumentu klasts neatzit veiktas investicijas; tade] CSA uzp@émumam nav
motivacijas investicijas prioretiz€t un veikt tas lidzsvaroti; rezultata satopami

8 Anglu val. Rate of Return — Atdeves likme.
° Anglu val. Retail Prices Index - Patérina cenu indekss.
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gadijumi, kad tehnologiju jaudas dimensija parsniedz pieprasijuma dimensiju, kas
ne tikai rada paaugstinatas kapitala izmaksas, bet arT pazemina tehnologiju darbibas
raditajus, jo tas netiek pietickami noslogotas;

o zema motivacija paaugstinat efektivitati un optimizét izmaksas; CSA
uzpémumam saskana ar tarifu aprékinaSanas metodiku [21] ir jaaprEkina
siltumenergijas piegades izmaksas un japamato tas ar attaisnojoSiem dokumentiem;
parbaudot CSA uzn@émuma iesniegtds izmaksas, Regulators daudziem izmaksu
posteniem var parbaudit tikai So izmaksu pamatojuma dokumentu esamibu, bet ne
pamatojumu péc butibas; rezultata ari visai skrupuloza izmaksas pamatojoso
dokumentu parbaude neizslédz iesp&ju, ka ne visi siltumenergijas piegades procesi
ir izmaksu efektivi;

o regulatoram triikst efektivu ietekmes instrumentu; Regulatora darbiba ir
reglament&ta likuma, kur strikti noteikta Regulatora darbibas procediira [22]; tacu §1
reglamentacija pamata balstas uz administrativa procesa un juridiskajiem aspektiem
un bitiski saSaurina Regulatora iesp&jas apSaubit CSA uzpémuma iesniegtos
dokumentus izmaksu pamatojumiem;

o liels resursu patérins tarifu noteik§anas procesa; tarifu noteikSanas process ir loti
laikietilpigs un paredz lielu apjomu dokumentaru parbauzu; likuma [22] noteikts, ka
tarifa projekta izskatiSanas laiks ir 90 dienas, bet §1 termina tec€jums apstajas, ja
Regulators pieprasa iesniegt papildus informaciju vai pamatojosos dokumentus;
prakse ir bijusi gadijumi, kad tarifs ir apstiprinats p&c gandriz 12 ménesiem no
projekta iesniegSanas; tadgjadi gan CSA uznémums, gan Regulators $aja procesa
patéré lielus laika un cilvékresursus.

Cits aspekts, kas pagaidam vél CSA uznémumus Latvija nav nozimigi ietekmgjis, ir EK
noteiktie energoefektivitates mérki un Energoefektivitates direktiva [23] paredzétais
instruments energoefektivitates paaugstinasanai pie gala patérétajiem - Energoefektivitates
pienakumu shéma (EPS), kas Latvija ir parpemta ar atbilstoSu nacionalo tiesibu aktu. IevieSot
So shému energijas gala pat€rina samazinagjumam bitu jasamazina lietotdju maksajumi par
energiju, bet no otras puses Sie pasakumi prasis noteiktus ieguldijumus. EPS paredz, ka $os
ieguldijumus ir jaapmaksa energoapgades komersantiem, bet faktiski tos apmaksas lietotaji, jo
energoapgades komersantu vienigais ienakumu avots ir lietotaju maksajumi par energiju un
tatad izdevumi par pasakumiem tiks ieklauti energijas cenas un pakalpojumu tarifos.

Ja energija tick pardota tirgi, ka tas ir gan elektroenergijas, gan dabasgazes apgadg, tad
komersants ir motivéts ar EPS uzlikto pienakumu izpildit p&c iesp&jas izmaksu efektivi.
Atskiriga situacija ir CSA, kur energija tiek piedavata par regul&tiem tarifiem.

Jau ming&tie izmaksu+ metodes pielietoSanas trikumi novedis pie ta, ka CSA uznémumi no
vienas puses biis spiesti pieprasit, lai tarifu aprékinasanas metodika tiek ieklauta jauna speciala
izdevumu pozicija EPS izpildé radusos izmaksu atgifiSanai, tacu no otras puses — p&c $adas
pozicijas ieklauSanas, ta neblis komersantam motiv&joSa meklet izmaksu zina efektivakos
risinajumus [24].

Jauzsver, ka minéto trikumu c€loni nav kadi specifiski tikai Latvijai raksturigi apstakli vai
Latvijas Regulatora prakses Tpatnibas, ne arT izveléta cenu reguléSanas metode pati par sevi. Ir
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pieejams daudz pé@tijjumu par sabiedrisko pakalpojumu uznémumu reguléSanas teoriju un
praksi, ka arT par dazadu regulé€Sanas metozu vai to kombinaciju praktisko pielietosanu, kuros
atrodami I1dzigi secinajumi.

1.2. Cenu regulésanas pamatmetodes

Cenu regul€$ana vispirms janoskir divas pieejas: ex anfe un ex post reguléSana. Pielietojot
ex ante pieeju, cenas vai tarifus nosaka vai arl péc regulgjuma uzpémuma priekslikuma
apstiprina Regulators un tie tiek pieméroti uznémuma darbibai nakotn€ péc to apstiprinasanas
briza. Savukart ex post pieeju var vertet vairak ka tirgus uzraudzibu, mazak ka cenas regulésanu,
jo pielietojot ex post, Regulators vérte uznémumu darbibas rezultatus jau pagajusa laika posma,
iejaucoties un uzdodot uznémumam veikt korektivas darbibas tikai gadijuma, ja uznémuma
darbibas raditaji nozimigi atskiras no kadiem iepriek§ definétiem parametriem. Tadel ar cenu
reguléSanu vispariga gadijuma parasti tiek saprasta ex ante reguléSana, kurai ir attistitas 3
pamatmetodes [25]:

o RoR metode jeb atdeves likmes vai dazkart arT deéveta par izmaksu+ metodi.
o RPI-x metode, tiek déveta arl par stimuléSana balstito vai arT cenu griestu metodi
o LRAIC BU' metode. So metodi médz dévét ar par hipotétisko modeli.

RoR pilniba balstas uz regulgjama uznémuma faktiskajiem aktiviem un faktiskajam So
aktivu oper&sanas izmaksam. Savukart LRAIC BU ir otrs galgjais reguléSanas pieejas variants,
jo tiek balstits uz hipotetisku idealu regul&jamo uznémumu, t. i. hipot&tiskiem aktiviem un So
aktivu opergsanas izmaksam.

RPI-x nosaciti var uzskatit par zinamu viduscelu, jo no vienas puses ta balstita uz
vesturiskajiem faktiskajiem aktiviem, bet liek regulgjamajam uznémumam efektivizét savu
darbibu un tadgjadi virzities nosacita ideala virziena.

Praksé biezak tiek pielietotas RoR un RPI-x pamatmetodes un tas plasi un detaliz&ti tiek
analizétas daudzos pétijumos. So pamatmetoZu raksturojumus un daudzo pétijumu secindjumus
parskatami ir struktur&jusi un interpret&jusi Armstrongs un Sappingtons [26] un Netzs [27].

RoR metode

Metodi var uzskatit par senako pieeju regul€Sana un tas attistibas pirmsakumi mekl&jami
ASV jau pagajusa gadsimta vidii. Metodei ir daudz dazadu modifikaciju, bet tas batiba ir loti
vienkarSa — regulgjamais uzn@émums var piemerot cenas un tarifus, kas pilniba nosedz
operacionalas izmaksas un kapitala izmaksas, kas ieklauj taisnigu atdevi no kapitala patiesas
vertibas. Gadijumos, ja piecaug regul§jama uznémuma nekontrolg§jamas izmaksas, uznémums
var sniegt Regulatoram jauna tarifa projektu. Tarifu var apstiprinat uz noteiktu periodu, vai art
nenoteiktu terminu un tada gadijuma tarifs tiek parskatits, ja to rosina regul€jamais uzn€mums
vai Regulators.

Metodes prieksrociba ir tas vienkarSums un teoretiski tarifa projekta izskatiSanas un tarifa
apstiprinaSanas procesam vajadzEtu biit raitam. Tapat pie priekSrocibam jaatzime, ka,

10 Anglu val. Long run average incremental costs, Bttom up — No apaksas uz augsu aprekinatas ilgtermina
vidgjas inkrementalas izmaksas.

18



pielietojot So metodi, reguléjamais uzn@émums teoretiski nav paklauts butiskiem riskiem, jo
tarifu aprékins tiek balstits uz uznémuma faktiskajiem vesturiskajiem datiem. Tacu prakse
médz ieilgt regulgjama uzn@muma un Regulatora diskusijas gan par kapitala patieso vertibu,
gan taisnigu atdeves likmi, gan par izmaksu pamatotibu, gan par regulgjama uznémuma
piegadatas preces vai sniegtd pakalpojuma apjomu. Sis diskusijas ir jo Tpasi biitiskas attieciba
uz preces vai pakalpojuma apjoma izmainu prognozem, izmaksu klasifikaciju kontrolgjamas un
nekontrol&jamas un nekontrolgjamo izmaksu izmainu tendencém.

Rezultata regulgjamais uznémums tiek paklauts riskiem, kas izriet no reguléSanas
procediiram un visbiezak ir saistiti ar t. s. reguléSanas nobidi'!, t. i. izmaksu vai pre¢u vai
pakalpojuma izmainas jauna tarifa tiek ieklautas ar zinamu nobidi laikd un $aja perioda
regul€jamais uznémums ir spiests absorbét zaudejumus [27]. ReguléSanas nobides var bt divu
veidu. Neizbégama ir objektiva nobide — ta izriet no pasas reguléSanas procesa, jo tas prasa
laiku gan regulgjamajam uznémumam, gan Regulatoram. Ka jau iepriek§ mingts, pieméram,
atbilstosi Latvija noteiktajam procediiram $1 nobide ir vismaz 3 — 6 ménesi, kas nepiecieSami
tarifa projekta sagatavoSanai, iesniegSanai, publiskajam apsprieSanam, tarifa projekta
parbaudei, 1@muma piepemsSanai un public€Sanai. TaCu nereti var sastapt arl subjektivo
Regulatora nobidi, jo nevar izslégt, ka Regulators, neraugoties uz savu institucionalo
neatkaribu, izmantojot birokratiskas procediiras savu lémumu var novilcinat, ja tas ir
nepopulars un pieskanot attieciga briza politiskajai vai sabiedriskas domas dienaskartibai.

Regulésanas nobide parasti ir regul€jama uzp€muma risks, jo izmaksu picauguma
gadijuma, nelauj uznémumam savlaicigi attiecigi pielagot tarifu. TaCu ta var buit arT risks
patérétajiem — gadijumos, kad tarifus objektivi biitu japazemina.

Tomér RoR metodes pats biitiskakais trikums ir daudzu pétnieku pieminétais Averha—
Dzonsona efekts, ko ASV ekonomisti Harvejs Averhs un Leilands Dzonsons defingja un
pieradija pirms vairak ka 50 gadiem, p&tot telekomunikaciju monopoluznémumu regulé$anu
ASV. Vini modelgja pelnas maksimizéSanas uzdevumu pie nosacijuma, ka uznémums var
variet ar kapitala un citu resursu, piem&ram, darbaspeka patlrina attiecibu. Briva tirgl
stradajoss uznémums $o attiecibu centisies optimizét ta, lai minimiz&tu gan darbaspéka, gan
kapitala izmaksas. Tacu reguléts uznémums, ka to pieradija Averhs un DZonsons, nemot véra,
ka ta pelna faktiski ir atkariga tikai no atlautas atdeves likmes, centisies maksimali palielinat
kapitala izmatoSanu, ja atlauta atdeves likme ir lielaka neka faktiska kapitala cena [28]. Turklat
atlautas atdeves likmei ir jabut lielakai vai vismaz vienadai ar faktisko kapitala cenu, jo pretgja
gadijuma nebutu verts vispar investét $aja regulétaja nozaré.

Tadgjadi RoR metodes pielietoSana neizb&gami noved pie parinvest€Sanas vai
parkapitalizacijas riska un Regulatoru lielakais izaicinajums ir noverst vai vismaz mazinat $o
risku. Visbiezak Regulatori ievie§ dazadus nosacijumus un procediiras, kas regul€jamajiem
uzn@mumiem jaievero veicot investicijas. Pieméram Lietuva uzp@mumiem jau pirms
investéSanas projekts ir jasaskano ar Regulatoru [29], pret€ja gadijuma projekta rezultata
izveidotie aktivi netiks ieklauti tarifu aprékinos. Savukart Latvija tarifu aprékinos var ieklaut

"' Anglu val. Regulatory lag.
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tikai jau izveidotus aktivus, tatu Regulatoram ir instrumenti diskusijai ar uzp@mumiem par $o
aktTvu apjomu un vertibas atziSanu atdeves aprekiniem.

Virkné reguléSanas teorijas un prakses petljumos secinats, ka ideala instrumenta
parinvest€Sanas riska noversanai nav un sastopamakais instruments ir investiciju administrativa
ierobezoSana — neatlauSana, neatziSana u.tml. Tacu $ads reguléSanas rezims, ja to pielietoto
parak strikti, var novest pie pret&ja efekta — nepietickamas investéSanas, kas agrak vai vélak
rezultgjas pakalpojuma kvalitates [Tmena krituma, bet ilgtermina, uzkrajoties atlikto investiciju
masai, var novest pie pakalpojuma sniegSanai nepiecieSamas infrastruktiiras degradacijas.
Diemzéel praksé Regulatori nereti labak dod prieksroku sliktiem ex post iznakumiem, t. i.
negativiem notikumiem kaut kad talaka nakotng, neka sliktiem ex ante lémumiem, t. i. tadiem,
kas, lai arT Sobrid tie biitu nepopulari, ir nepiecie$ami pozitiviem rezultatiem nakotng [27].

RPI-x metode

RPI-x metode tiek deveta par stimuléjosas regulésanas metodi, jo tas sakotngjais merkis
bija radit sistému, kas stimulétu regul&jamo uznémumu paaugstinat savas darbibas efektivitati.
Metodes pamatprincips ir tarifa fiks€Sana uz noteiktu periodu atbilstosi 1.1. formulai.

T1=To x (1 + RP[ +x), (1.1)
kur 7;— tarifs nakamajam regulésanas periodam, EUR/MWh;
Ty — tarifs ieprieksgja regulésanas perioda, EUR/MWh;
RPI — patérina cenu indekss (inflacijas raditajs), %,
x — efektivitates merkis, ko nosaka Regulators, %.

Metodes butiba ir nodro$inat, ka tarifs pieaug mazak neka inflacija un tade] x vertiba gandriz
vienmér ir negativa. Atseviskos izn€muma gadijumos, pieméram, ja uznémumam, lai
nodrosinatu ta sniegta pakalpojuma ilgtsp&ju, nepiecieSams investét vairak neka aktivu
nolietojums, x vértiba var biit ari pozitiva.

Vertgjot visparigi, RPI-x metodes pielietoSana nepasaubami sniedz acimredzamu ieguvumu
— regul&jamais uznémums vienlaikus tiek gan spiests, gan stimuléts darboties efektivak, bet
labuma guvéji ideala gadijuma ir gan patérétaji, gan reguléjuma uznémuma Ipasnieki:

o Regulatora noteiktais efektivitates merkis x uzpémumam ir jasasniedz un labuma
guvejs no atbilstosa izmaksu samazinajuma ir reguléta pakalpojuma vai preces
paterétaji;

o jauzpémums efektivitates paaugstinasanas rezultata sasniedz vél lielakus izmaksu
samazinajumus neka noteiktais mérkis x, uzn€mums var paturét papildus giito pelnu.

Tacu metodes praktiska pielietoSana ir visai komplicéta. Vissarezgitakais un zinama meéra
svarigakais jautdjums ir aprékinat un noteikt faktoru x. Uzdevuma sarezgitiba slépjas divos
apstaklos.

Pirmkart, tiri matematiski x faktora aprékinam parasti izmanto NPV'? jeb tiras pasreizejas
vértibas aprékina formulu, kas nav sarezgiti. Tacu sarezgiti ir izveidot prognozes aprékina
izmantojamajiem lielumiem un to izmainam pa gadiem izveletaja tarifa fikse€Sanas perioda, jo

12 Anglu val. Net present value.
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ir janem v&ra gan pardoSanas apjoma izmainas, gan darbibas izmaksu izmainas, gan regul&jama
uznémuma investiciju programma un atbilstosi tai — regul&jamo aktivu bazes (R4B'?) izmainas.

Otrkart, lai sagatavotu min&tas prognozes, Regulatoram vispirms ir jaizvelas kada no cenu
griestu piem@roSanas stratégijam. Tas m&dz iedalit Cetras pamatgrupas péc divam izvéles
iesp&jam diviem faktoriem:

o izteikta un tieSa x faktora sasaiste ar Regulatora noteiktiem visiem regul&jamiem
uznémumiem vienadiem izmaksu un investiciju efektivitates etaloniem vai arl
netieSa saistiba starp x faktoru ar efektivitates etaloniem, kad katram konkrétam
uznémumam tiek nemtas vera ta ipatnibas;

o x faktora noteikSanas bridis — uzsakot tarifa ciklu vai ari ta beigas.

Optimalas cenu griestu piemérosanas stratégijas izvéle ir Regulatora lielakais izaicindjums,
jo neviena no tam nav bez trikumiem, bet katrai ir savas priekSrocibas. Strat€giju viens
robezgadijums ir maksimala efektivitates prasiba, nenemot véra katra konkréta uznémuma
ipatnibas, bet ar augstu risku regul§jamo uznémumu finanSu stabilitatei. Savukart otra
robezgadijuma tiek nodroSinata minimala atdeve regul&jamam uzn@émumam, bet efektivitates
stimuli nav lieli — uzp@mums var paturét dalu papildus pelnas, ja ir istenojis efektivitates
paaugstina$anas pasakumus. Sis robezgadfjums jau klist visai lidzigs RoR metodes
pielietosanai.

Tadgjadi Regulatora uzdevums, izvéloties cenu griestu piem&roSanas strat€giju un
aprekinot x faktoru, ir atrast kompromisu starp efektivitates mérka ambiciju un reguléjama
uznémuma darbibas ilgtsp&ju un kvalitati, kam nepiecieSama pietiekami stabila atdeve [30].

Aprekinot x faktoru, nosaciti vienkar$aks uzdevums ir Regulatoram un regul&amajiem
uznémumiem izdiskutét un vienoties par regul&§jama pakalpojuma apjoma un darbibas izmaksu
prognozeém, jo to sakuma punkts ir fiks€jams balstoties uz ieprieksgjo periodu atskaitem. Tacu
daudz komplicéts ir jautajums par RAB, jeb faktiski - regul¢jama uzp€muma investiciju
programmu tarifa darbibas perioda.

No vienas puses, apstiprinot tarifu un faktoru x uz noteiktu periodu, Regulators netiesi fikse
uznémuma investiciju programmu. Tomér no otras puses $aja procesa izteikti paradisies
iepriek§ minétie privato intereSu regulSanas teorijas eclementi — Regulatoram jadarbojas
pamatojoties uz ierobezotu informacijas apjomu, bet reguléjamajam uznémumam vienmér biis
pieejama pilna un detalizéta ieks$€ja informacija investiciju programmas sagatavoSanai. No
privato intereSu reguléSanas teorijas viedokla, regulg§jamam uznémumam var bit stimuls
investiciju programmu veidot ar zinamu rezervi, ko fikséta tarifa cikla laika iesp&jams samera
vienkarsi ietaupit. Savukart Regulatoriem no §is teoriju viedokla var piemist RoR metodes
vertejuma mineta vélme pienemt popularus lémumus Sodien, neraugoties uz riskiem nakotng.
Tadel Regulatori katram nakamajam tarifu ciklam tiektos noteikt aizvien jaunus ambiciozus x
faktorus.

Rezultata pieaug risks, ka uzngmumiem risinajums ka izpildit efektivitates uzdevumus un
vienlaikus saglabat noteiktu pelnu ir atlikt investicijas, kas vidgja termina noved pie regul&jama

13 Anglu val. The regulatory asset base.
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pakalpojuma kvalitates pazeminasanas, bet ilgtermina var apdraudét arT regul&amas
infrastruktiiras un uzne€muma ilgtsp&ju.

Regulésanas teorijas un prakses p&tijjumos par metodes pielietoSanu praks€ uzsverti art
kompliceti jautajumi un negativi aspekti, kas izriet no ta, ka tarifs tiek fikséts uz noteiktu
pietiekami ilgu periodu [27]:

o metodes svarigs elements, kam teorétiski vajadzétu regulgjamo uzné€mumu Tpasi
stimul@t, ir Regulatora apsolijums, ka visa tarifa perioda dalu no efektivitates
pasakumos giita izmaksu samazindjuma uzn€mums varés paturét ka papildus pelnu;
tacu praks€ darbojas jau iepriekSmingtie privato reguléSanas teoriju elementi un
tadé] Regulatori neizbégami tiek paklauti dazadu intereSu grupu spiedieniem;
diemzgl praks€ nav reti gadijumi, kad Regulatori $adu spiedienu rezultata atver un
parskata tarifu ari fikséta reguléSanas perioda laika; $adi precedenti mazina
uznémumu palavibu un attur no iniciativam parsniegt Regulatora noteiktos
minimalos efektivitates mérkus;

o diskutabls jautajums regul€Sanas perioda beigas ir par izejas punktu nakamajam
periodam; nav viennozimigu vert§jumu vai nakamajam periodam par sakuma tarifu
biitu pareizi izveléties to tarifa Iimeni, kas ieprieksgja perioda sakuma pirms
vairakiem gadiem tika fiksets ka merkis, vai ar1 faktiski sasniegto, kas prakse
gandriz vienmer bis augstaks vai zemaks neka fiksetais merkis.

Kopuma vertgjot, RPI-x metodes pielietoSana salidzinot ar RoR, prasa no Regulatoriem loti
augstu un specifisku kompetenci un lielaku darba apjomu, kas rezultgjas ar lielakas reguléSanas
procesa izmaksas.

LRAIC Bottom Up metode

Atskiriba no abam ieprieks apliikotajam metodém, LRAIC metodes pielietoSana nekadi nav
saistita ar reguléjama uznémuma faktiskajam vésturiskajam izmaksam un redlajiem aktiviem.
Metodes pamata ir pienémums, ka var izveidot hipotétisku regul&jama pakalpojuma sniegSanas
infrastruktiras un uzn@muma modeli, kura paredzets, ka tick izmantoti labakie pieejamie
tehniskie risinajumi un §T teorétiska sistéma tiek operéta optimala rezima, tadéjadi nodrosinot
visiem patérétajiem pakalpojumu nepiecieSamaja apjoma un kvalitate, par iesp&jami
zemakajam cenam.

LRAIC metodi praksge saka pielietot telekomunikaciju sektora regulésana ap gadsimtu miju,
jo Ipasi attieciba uz starpsavienojumu tarifiem [31], [32].

Veélak metodi saka pilnveidot un izmantot arT citu tiklu uznémumu regulésanai. Veidojot
hipotetisko tiklu modeli realam regul&jam uznémumam, ka izejas dati tiek lietots realo
patérétaju pieprasijums un to realais geografiskais izvietojums. Tacu pakalpojuma sniegSanai
nepiecieSama infrastruktira tiek uzmodel€ta vai nu pienemot, ka infrastruktura it ka tiks
izveidota pilnigi no jauna ar idealu konfiguraciju, vai art ar realitatei nedaudz tuvaku pieeju —
izmantojot realas infrastruktaras topologiju, bet pienemot, ka tas konfiguracija un elementi tiek
optimizéeti.

Acimredzami LRAIC metodes galvena priekSrociba ir gandriz pilniba izslégta grimuso
investiciju un neefektivu darbibas izmaksu iesp&jamiba. Tacu tas ievieSana un lieto§ana pilna
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apjoma ir visai sarezgita, jo ir visai darga un var nenodro$inat metodes ievieSanai izvirzita
mérka sasniegSanu. Ja mérkis ir bijis panakt infrastruktiiras lietoSanas tarifa pazeminaSanu,
praksg var izradities, ka idealas sisteémas izveide un operg$ana prasitu augstakas izmaksas neka
vesturiski izveidojusas realam uzn@émumam opergjot realus aktivus. Vienlidz varbuitigs ir risks,
ka regulgjamam uzp€mumam objektivi nav iespgams parskatama laika posma sasniegt
hipotgtiski idedlas sistémas raditajus un ievérojami zemaku tarifu. Sada gadijuma atkal tiktu
eskal€ta pakalpojuma kvalitates pazeminasanas, investiciju atlikSanas un aktivu novecosanas
process. Turklat §1 riska iestasanas var izpausties ar lielu nobidi laika — pat péc 10 gadiem tadas
pakalpojumu jomas, kur raksturigs loti léns kapitala aprites atrums un ilgs aktivu kalpoSanas
laiks ka tas ir dazadiem inzeniertikliem.

Praks€ $o metodi lieto pasta pakalpojumu regulésanai Lielbritanija, atseviski tas elementi
tiek lietoti Somija nosakot RAB elektribas tiklu operatoriem. Igaunija Regulators ir méginajis
to pielietot CSA reguléSana. Tacu secinats, ka metodes pielietoSana ir parak dargs un
komplicéts uzdevums, nemot véra, ka katras CSA sistémas topologija ir individuala [25].

Aktualakais Baltijas regiona zinamais LRAIC metodes pielietojums tiklu pakalpojumu
reguléSana ir Lietuva 2015.gada pienemtais Regulatora lémums ieviest LRAIC metodi
elektribas parvades un sadales regulé$anai. Atbilstosi Sai metodei tika apstiprinati elektribas
parvades un sadales tarifi periodam no 2016. lidz 2020.gadam [33]. Pietiekami izversti
novertéjumi par metodes ieviesanas rezultatiem pagaidam nav pieejami.

1.3. Regulésanas pamatmetoZu salidzinajums

Lai novértétu vai CSA regulé$anas praksé verojamos trikums nevar novérst ar vienkarSu
metodes mainu, ir jasalidzina apliikotas tris klasiskas regulésanas metodes. Salidzinajumam
vispirms jamégina aprakstit ka varétu izpausties ideala tarifu reguléSana un jaizvélas kritériju
kopums péc kuriem apliikotas metodes varétu salidzinat ar So idealo regulésanu.

Tarifu regulé$anu varétu uzskatit par idealu, ja $is process pilniba lidzsvarotu patérétaju un
regulégjama uznémuma intereses attieciba uz tarifu, bet pats reguléSanas process neraditu
parmérigu administrativo slogu — biitu pietickami atrs un ne parak dargs.

Pateretaju intereses var definét ka — sanemt vajadzigo preci vai pakalpojumu
nepiecieSamaja apjoma un laba kvalitate Sobrid un ar garantiju arT parskatama nakotng, bet
neparmaksat par to. Savukart regulgjama uzn€muma intereses biitu — piegadat pateretajiem to
pieprasitaja apjoma preci vai pakalpojumu par cenu, kas nosedz gan darbibas izmaksas, gan
lauj investet apjoma, kas nepiecieSamas lai nodrosinatu preces vai pakalpojuma pieprasito
kvalitati ilgtermina un vienlaikus sanemtu atdevi, kas motive nodarboties ar $o komercdarbibas
veidu.

Tadgjadi, regulésanas metozu efektivitati varétu vertét péc to ietekmes uz patérétaju un
uznémumu intere$u defin€jumos mingtajiem elementiem:

o izmaksas;

o investicijas un atdeve;

o pakalpojuma vai preces kvalitate un ilgtspgja;
o regulésanas procesa efektivitate.
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Japiezimg, ka visi Sie elementi ir savstarpgji saistiti un arT viens no otra atkarigi, bet labakai
parskatamibai tie apliikoti atseviski un arT struktureti sikak.

Izmaksas

Izmaksas vispariga gadijuma parasti iedala darbibas izmaksas (OPEX') un kapitala
izmaksas (CAPEX'). Kapitala izmaksas ir tie$i atkarigas no regulgjama uznémuma
investicijam aktivos un tadgl $aja vertejuma apliikotas pie investicijam. Savukart OPEX médz
iedalit nekontrol€jamas un kontrolgjamas izmaksas.

OPEX

Regulésanas procesa OPEX ietekme uz tarifu un, attiecigi, arT uz patérétaju un uznémuma
interesém var izpausties ka nepietickamu vai art lielaku neka nepieciesams izmaksu icklausana
tarifa. NeatbilstoSu OPEX ieklausanai tarifa var biit divi no reguléSanas procesa izrietosi
iemesli:

1) Jau ieprieks piemin&ta reguléSanas nobide — gan objektiva, gan subjektiva. Jauna

tarifa projekts pielietojot RoR un arT RPI-x metodes tiek veidots sagatavojot izmaksu
prognozes, bet to izejas punkts ir vesturiskas faktiskas izmaksas. Ka mingts ieprieks,
tarifa izskatiSanas process var ilgt pat gadu, bet ja nem veéra, ka par vesturisko
izmaksu avotu ir jalieto parskati par ieprieks€jo pilnu kalendaro gadu, tad iesniedzot
tarifa projektu kalendara gada otraja pusg, faktiski reguléSanas nobide attieciba uz
izmaksu prognozém var sasniegt pat 3 gadus. Ja rezultata izmaksas ir auguSas
straujak neka prognozets, tad tas ir uzn€muma risks, ka tarifs nesegs OPEX. Var bt
arl pret€ja situacija — izmaksu pieaugums ir mazak strauj$, vai tas pat samazinas
salidzinot ar prognozi. Sada gadijuma zaudetaji ir patérétaji, turklat uznémumam
var nebiit liela motivacija RoR metodes gadijuma gatavot jaunu — zemaka tarifa
projektu, bet RPI-x metodes gadijuma reguléSanas cikla beigas nav vienkarsi
novertét, kads ieguldijums efektivitates mérka sasniegSana ir bijis uznémuma
aktivitatem un cik liela bijusi ietekme no izmaksu izmainam argjos tirgos.
Tiesi tapat reguléSanas nobide ietekmée tarifu aprékinam tik pat nozimigu faktoru
— piegadajamas preces vai pakalpojuma apjomu. CSA reguléSanas gadijuma
diskusija starp Regulatoru un regul&jamo uznémumu par apjoma prognozi faktiski
bis par energoefektivitates paaugstinasanas tempu pie patérétajiem. Var pienemt,
ka Regulatori, biezak centisies prioritati pieskirt patérétaju interesem. Tadel tie
drizak prognozes, ka energoefektivitates pasakumu Tstenosanas temps biis 1€ns, bet
regul&jamie uznemumi, jadoma, pretji — ka reguléjama pakalpojuma apjomi var
kristies strauji. Tapat ka attieciba uz izmaksu prognozem, arT apjoma prognozeésana
biis sarezgitaks uzdevums lietojot RPI-x metodi.

2) Otrsiemesls var biit arT jau ieprieks nedaudz piemingta informacijas un kompetences
asimetrija. Asimetrija starp Regulatoru un regul€jamiem uznémumiem var
izpausties vairakos aspektos:

14 Anglu val. Operational costs.
15 Anglu val. Capital costs.
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o absoluti objektivs ir fakts, ka reguléjama uznémuma riciba ir pilnigi visa
detalizéta informacija par uznémuma lietoto tehnologiju, izmaksam,
investiciju vajadzibam, efektivitates potencialu utt.; savukart Regulatoru
1iciba ir tikai tads informacijas apjoms kadu uznémumiem saskana ar likumu
ir jaiesniedz Regulatoriem un vél specifiska informacija, kuru Regulators ir
atzinis par nepiecieSamu izprasit no uznémuma vél papildus;

o uzpemumiem veidojas apjomiga uzkrata korporativa zinatiba; ta personals
un vaditaji biezi vien noteikta nozaré vai pat viena uzpémuma veido
noturigas karjeras dazkart vairak ka 10 un nereti pat 20 gadu garuma, kas
lauj uzkrat milzigu pieredzi un izpratni ne tikai par konkréto uzneémumu, bet
visas nozares kopsakaribam; savukart Regulatoros darbinieku mainiba
medz but straujaka, attieciba uz padomi nereti médz bt likuma noteikti
ierobezojumi pilnvaru terminiem — lidz ar to pieredzes uzkrajums un
parmantojamiba Regulators médz biit salidzinosi zemaka;

o gatavojot tarifu projektu un taja ieklauto izmaksu pamatojumu, argumentgjot
to diskusijas ar Regulatoru, regul€jamajam uzp@mumam ir savi augsti
kvalificéti un kompetenti darbinieki visas konkréta uznémuma darbibas
jomas — biznesa planoSana, finanses, tehnologijas, juridiskie jautajumi;
Regulatora specialistu komanda, protams, arT nosedz §is jomas, tacu parasti
visparigaka Iimeni, jo Regulatoram striktos laika, cilvéku un finan$u resursu
limita apstaklos ir vienlaikus javerte vairaki tarifu projekti un jauzrauga
daudzi, lai ar1 lidzigi, uznémumi; turklat regul€jamajiem uzpémumiem savu
poziciju nostiprina$anai ir ari ievérojami plasakas iesp€jas piesaistit augsta
Iimena atzitus ar&jos ekspertus neka Regulatoriem;

o tas pats attiecas arT uz publicitati un sava téla veidoSanu médijos — ja
nepiecieSams, uznémumi $adam mérkim ir gatavi veltit lielakus resursus
neka Regulators.

Ja pirmais mingtais aspekts ir neapstridams, tad talakie, iesp&jams, ir vairak subjektivi
secindjumi. Tacu tos ir novérojusi un piemingjusi daudzi atziti regul€Sanas teoriju un praksu
pétnieki [27, 34].

Praksé asimetrijas ietekme parasti izpaudisies ta, ka regul&jamais uznémums centisies
izmaksu un citas prognozes veidot ar zinamu rezervi, ko spes arT argumentéti pamatot. Ipasi
komplicti asimetrija ietekmé regul&Sanas procesu pielietojot RPI-x metodi. Saja gadfjuma
uznémums neapSaubami var precizi zinat savu izmaksu un tehnologiskas efektivitates
potencialu. Savukart Regulatoram savu poziciju jacenSas pamatot ar visparigu petijumu
rezultatiem, ar dazadam metodém un dazados specifiskos apstaklos iegitam Itmenatzimem.
Regulatori visbiezak centisies pielietot t. s. mérlatas'® jeb ITmenatzimju metodes, kas
pirmsskietami ir vienkarsi pielietojamas, tomer to prieksrocibas tiek arT pamatoti kritiz&tas [18].

Kritikas pamata ir fakts, ka mérlatas skaitliskas vertibas iegtiSanai biitu jalieto realie dati
no pietiekami liela skaita lidzigu un lidzigos apstaklos stradajosu uzp€mumu. Tomer praksg tas

16 Anglu val. Yardstick.
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nav iesp&jams un tadél gan uznémumu, gan to darbibas vides dati tiek dazadi korigéti un
pielagoti, lai tie kliitu p&c iesp&jas labak salidzinami. Tacu tiesi datu pielagoSanas un korekcijas
process dod uznémumiem pamatu un argumentus apstridét mérlatas vertibas un pamatot, ka
katram uzn@muma ir sava specifika, darbibas vides ir biitiski atSkirigas, katram uznémumam ir
atSkiriga investiciju vesture, un ka tade] lidzigo uzn€mumu grupa ir parak maza, lai nodrosinatu
metodes korektu pielietosanu.

VEl jo vairak §is uzdevums ir sarezgits pielietojot LRAIC metodi — Regulatoram ir jaspgj
pamatot idealas infrastruktiras idealie OPEX indikatori.

CAPEX

Tarifa ieklaujamo CAPEX butu jauzskata pat par sarezgitako, ja ne svarigako tarifu
reguléSanas jautajumu, jo OPEX tom@r var sméra vienkarsi novertét, salidzinat, izanaliz&t to
vesturisko tendenci un izveidot prognozi. Turklat attieciba uz OPEX gan uznémumam, gan
Regulatoram ir saméra vienkarsi nonakt pie Tstermina un videja termina gan uznémumu, gan
patérétajus apmierinosa risinajuma, jo ir viegli saprotams, ka, ja tarifs nesegs OPEX, vai vél jo
vairak — OPEX ietvertas nekontrolgjamas izmaksas, uzn€muma darbiba un attiecigi, regul&jama
pakalpojuma vai preces piegade nav iesp&jama vispar.

Tapat prakse ir pieradits [26, 27], ka Regulatoram izdarot pastiprinatu spiedienu uz OPEX
efektivitates paaugstinasanu, paterétaji jau istermina sagaidis servisa limena pazeminaSanu no
uznémuma puses. Pieméram, nozimiga Latvijas energoapgades uznémuma ambiciozas OPEX
efektivitates programmas planosanas un TstenoSanas ietvaros secinats, ka visatrakie izmaksu
samazinajuma rezultati panakami mainot servisa limeni klientu apkalposana - klientu klatienes
apkalposanas punktu slégSana attiecigi samazinot personalu, talakais solis — maksas par zvanu
ievieSana, lai parvirzitu komunikaciju uz virtualo vidi un talak jau botu ievieSana [35].
Sakotngji §1s parmainas klientos izsauc neapmierinatibu, tacu ta atri pierimst, jo jasecina, ka
miisdienas iesp&ja klientam komunicét klatieng ar cilvéku jau varétu biit pieskaitama elitarai
apkalposanai.

Tacu talak OPEX efektivitates pasakumi jau neizb&gami skar infrastruktiiras apkalpoSanas
un atteikumu novér$anas personalu un ar to saistitas izmaksas. Siem efektivitates pasakumiem
jau seko jutamaki negativie blakus efekti — pakalpojuma sniegSanas partraukumu raditaju
pasliktinasanas un tehnisko atteikumu novérsanas laika pieaugums.

Savukart CAPEX ierobezoSanas sekas nebils novérojamas uzreiz, bet tas biis ar daudz
lielaku ietekmi, kas izriet no CAPEX bitibas.

CAPEX lielumu pamata nosaka divi faktori, kas katrs bitu jaapliiko atseviski:

o investiciju programma, kas rezult§jas RAB lieluma;
o Regulatora atlauta atdeves likme, ko visbiezak izsaka ar kapitala vid&jo sverto cenu
wacc'™

RAB

Savu nepiecieSamo investiciju programmu neapSaubami veido pats regul&jamais
uznémums, bet Regulators de facto atzist §1s investicijas, lemjot par tarifa aprekina ieklaujama
RAB lielumu. Turklat nav nozimes vai §is l€mums tiek pienemts pirms vai pec investiciju

17 Anglu val. Weighted average cost of capital.
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veikSanas. NetieS§s l1@mums var tikt pienemts pirms investéSanas, piem&ram izskatot un
saskanojot CSA uzp@mumu attistibas programmas ka tas tiek praktizets atseviskas
Austrumeiropas valsts [36]. ArT tad, ja reguléSanas procediira paredz, ka Regulators izskata
tikai jau veiktas investicijas, uzn@mumi medz censties jau pirms projekta uzsakSanas sanemt
kadu indikaciju no Regulatora, ka Regulators planotas investicijas vartu atzit par pamatotam.
Regulésanas politikas eksperti pat ir secinajusi, ka regul&jamie uznémumi medz kliit neizleémigi
un atliek investicijas [34]. Tom&r $ada brivpratiga riciba var bt pat pretruna likumam, jo rada
riskus uznémuma ilgstspgjigai darbibai. Uznémumi nedrikstétu atlikt investicijas tadel, ka tie
Saubas vai Regulators tas atzis.

Tatad, attieciba uz RAB uznémumam un Regulatoram bitu javienojas par investiciju
programmu, kas nepiecieSama, lai uznémuma aktivu kopums spétu ilgtermina nodroSinat
regul&jama pakalpojuma vai preces piegadi nepiecieSsamaja apjoma un kvalitaté. So procesu
gluzi objektivi sarezga OPEX biitiskas at$kiribas no CAPEX:

o Investiciju programma ir veérsta uz ilgterminu. Pieméram, investicijas
siltumenergijas razosana ir japlano ar redz&umu uz aptuveni 10 —15 gadiem, bet
siltumapgades tiklos — pat uz 25 un vairak gadiem. Tas nozimé, ka gan uzp€mumam,
gan Regulatoram lémumi ir japienem balstoties uz pienémumiem un prognozem,
kas paklautas loti daudzam nenoteiktibam.

o Salidzinot ar OPEX, investiciju plano$anai un izvert€Sanai ir ari daudz grutak
pielietot vienkarSas un droSas procediiras: reti var izmatot konkréta uznémuma
vesturiskos datus, jo uzn@mumi parasti neinvestg vienada apjoma katru gadu viena
veida projektos.

Wacce

So otro faktoru, kas nosaka CAPELX, ir jaapliko no diviem aspektiem.

No vienas puses $o faktoru tiri matematiski var Sauri aplukot ka reizinataju ar kuru reizinot
RAB tiek noteikta viena no CAPEX sastavdalam - tarifa ieklaujamais atdeves apjoms naudas
izteiksmé. Sada skatfjuma wace noteik$anu lidzigi ka OPEX veidojosos elementus ari var
ietekmét regulésanas nobide. Ja finansu tirgos kapitala cena un to veidojosie faktori (bezriska
vertspapiru likmes, konkrétas valsts kreditreitingi, nozares riska prémijas) ilgstosi ir stabili,
reguléSanas nobides ietekme uz wacc ir nieciga. Tacu, kad mainas ekonomikas dabigie cikli
no izaugsmes uz recesiju un otradi, tad Sie lielumi var mainities diezgan strauji un $ados
gadijumos realitaté wacc var bt butiski zemaks neka faktiska naudas cena tirgt. Vai ari otradi
—jatarifa ir iestradata augstaka wacc, bet tirgti likmém ir kritosa tendence, uznémuma faktiskas
finanSu izmaksas samazinas salidzinot ar tarifa atlautajam.

Tacu no otras puses wacc nozime ir daudz butiskaka neka tikai ietekme uz paslaik speka
esosa tarifa lielumu, jo janem vera, ka wacc ne tikai piedalas CAPEX aprékina ka reizinatajs,
bet ir regul&jamajam uznémumam svarigs kriterijs investiciju lémumu pienemsana. Tadgjadi,
wacc faktiski atstaj ilgtermina ietekmi uz RAB lielumu. Ja wacc ilgstosi blis zemaks neka
kapitala cena tirgii, uznemums apsvers jaunu investiciju atlikSanu, kas jau vidgja termina saks
negativi ietekm&t pakalpojuma kvalitates, tehnologiju efektivitates un akfivu ilgtsp&jas
raditajus. Savukart paaugstinats wacc stimulés iepriek§ minéta Averha—DzZonsona efekta [28]
iestasanas risku.
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Tadel CAPEX regulesanas procesa, kas faktiski nozZimé R4B un wacc noteiksanu, lielakais
izaicinajums ir nonakt pie rezultata, kas biitu optimums starp parinvestéSanu un nepietickamu
investgSanu.

Regulatora ieskata parasti vislielakais risks $aja procesa ir parinvesté$ana un grimuso
aktivu'® raganas iespgja, jo, ka mingts, Regulatori biezak orient&joties uz patérétiju interesém
istermind. No patérétaju viedokla nebiitu jamaksa par aktiviem, kas vairs nav nepiecieSami
pakalpojuma sniegSanai, vai izbGivéti pamatojoties uz kludainiem investiciju l€mumiem.
Turklat grimuSie aktivi var paradities vid€ja termina, bet nepietickamas investéSanas efekts
visdrizak — ilgtermina.

Tacu no otras puses, aizvien paaugstinot jebkada procesa efektivitati, neizbégami kada dala
aktivu tiks noslogota mazak vai vispar klus lieka. Pieméram CSA gadijuma, patérétajiem
butiski paaugstinot energoefektivitati vai vél jo vairak — kliistot par aktivajiem patérétajiem,
tiklu un centralo siltuma avotu noslodze butiski samazinasies. Turklat siltumapgadg, tapat ka
citos energétikas segmentos uznémumiem ir janodrosina pietickami augsts jaudas pieejamibas
raditajs arT maksimala pieprasijuma brizos un tade]l aktivu jaudas vesturiski ir attistitas
orientgjoties uz pieprasijuma piku nosegSanu. Siltumapgadé diskusijai par grimuSajiem
aktiviem bez energoefektivitates un paterétaju uzvedibas mainas procesiem vél uzslanosies art
klimata parmainu ietekme — aizvien retak ir noveérojamas apkures perioda minimalas ara gaisa
temperatliras ar kuram rékinoties savulaik ir izv€l&tas projektetas siltumavotu jaudas.

Tadel Regulatoram pienemt optimalu lémumu par aktivu ieklauSanu vai izslégsanu no RAB
ir eksakti neatrisinams uzdevums. Regulatoram faktiski ir jaizvélas kadu investéSanas stratégiju
stimul@t, kur robezgadijumus var raksturot sekojosi:

o izvirzit par prioritati efektivitates paaugstinasanu, tarifa limena pazeminasanu, un,
palaujoties uz infrastruktiras ilgstp&jas inerci, ar striktiem lémumiem virzit
uznémumu uz investiciju atlik§anu un aktivu dal&ju norakstiSanu;

o gadijumos, kad investicijas ilgstosi ir bijusas nepietickamas ka rezultata pieaug
sabiedriska pakalpojuma kvalitates un nepartrauktibas raditaju pazeminasanas risks,
stimulét to palielinasanu ar pievilcigam atdeves likmém.

Pakalpojuma kvalitate un nepartrauktiba

Sie pakalpojumu raksturojosie kritériji jau tika apliikoti ieprieks, raksturojot izmaksu
aspektus, jo ir cieSi saistiti un atkarigi no tam. Tadg| pirms reguléSanas metozu salidzindjuma
tikai Tsi raksturotas reguléjamo pakalpojumu procesa iesaistito pusu intereses un pienakumi
attieciba pret regul&jamas preces un pakalpojuma kvalitati un ta piegades nepartrauktibu:

o pateretaju intereses neapSaubami ir sanemt preci vai pakalpojumu ar iesp&jami
augstu kvalitati un garant@ti jebkura laika bridr;

o regulgjama uznémuma pienakums ir nodroSinat kvalitates un nepartrauktibas
raditajus ne zemakus ka noteikts nozari reglamentgjoSos dokumentos; vairuma
gadfjumu regul&jamiem uzpémumiem nav tiesu finansialu stimulu uzradit labakus
rezultatus, tomér praks€ aizvien biezak tie ir ieinteres€ti nodrosinat Sos raditajus

18 Anglu val. Stranded assets — akfivi (investicijas), kuru izmanto$anas intensitate un nepiecieamiba samazinas
tiktal, ka tie nesp&j nodrosinat sakotngji planoto atdevi un ir priekslaicigi janoraksta un jaatzist ka zaudgjumi.
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augstakus neka noteiktajas minimalajas prasibas, cenSas mérit klientu apmierinatibu
un panakt to atzistama limenT; tas izskaidrojams ar to, ka arT regul&jamie uzp€mumi
piever§ uzmanibu reputacijas riskiem, censas veidot savu publisko t€lu un izvairities
no diskomforta, ka rada negativa publicitate, paterétaju siidzibas Regulatoram un
stridu izskatiSana, médiju, sabiedribas un politiku spiediens; tadel, ja izmaksas
kvalitates un nepartrauktibas raditaju sapratigai paaugstinasanai ir sameérojamas ar
noverstiem reputacijas riskiem, uznémumi centisies $os raditajus uzlabot.
Regulatoru vienkarsakais pienakums ir tikai definét kvalitates un nepartrauktibas raditajus
un uzraudzit to izpildi. Daudz sarezgitaks uzdevums ir paredzet ka Sodienas lémumi ietekmés
mingtos raditajus nakotn& un uznemties par tiem atbildibu.

Regulésanas procesa efektivitate

Par ideali efektivu regulé$anas procesu varétu uzskatit tadu, kas:

o ir pietiekami atrs;

o neprasa daudz resursu ne pasa Regulatora funkciju veikSanai, ne arl regulgjama
uznémuma ar reguléSanu saistito aktivitaSu veikSanai, jo janem v&ra, ka visu
regulésanas procesu jebkura gadijuma apmaksa regul€jama pakalpojuma paterétaji;

o process nodrosina, ka konkrétajos apstaklos tiek pienemti iesp&jami labakie [émumi
sabiedribas kopgjas interes€s ar minimalu kliidu varbitibu.

Visparigd gadijuma tarifu reguléSanas metodes izvéle ietekm& reguléSanas procesa
efektivitati — jo sarezgitaka ir izveléta metode, jo ta prasa iegit vairak informacijas un datu,
dzilaku analizi un plasakas jomas ekspertizi. Rezultata neizb&gami pieaugs reguléSanas nobide
un reguléSanas process klis dargaks. Tacu no otras puses mazinatos negativie aspekti —
Regulatora un uznémumu informacijas un kompetences asimetrija un neveiksmigu lémumu
varbiitiba.

Regulésanas metoZu salidzinajuma kopsavilkums

No tarifu reguléSanas metozu salidzinajuma (1.1. tab.) nolasams skaidrs secinajums, ka nav
universalas un idealas cenu un tarifu reguléSanas metodes. Katrai no metodém ir gan
prieksrocibas, gan triikumi. Praksé metodes mé&dz kombinét, cenSoties tada veida padarit
regulésanas rezimu efektivaku. Pieméram, RoR médz papildinat ar RPI-x elementiem ka tas ir
ieviests Latvija siltumapgades regulésana. Diemzel praksé meérkis nav sasniegts, jo vairaku
gadu laika izmaksu efektivitates stimuli nav izradijusies pietiekami, lai uznémumi veiktu
nozimigs investicijas efektivitates paaugstinasana. Tapat par 1.2. apaksnodala apliikotajam
RPI-x ¢etram modifikacijam secinams, ka modifikacijai, kura bttu minimizeti klasiskas RPI-x
trukumi vienlaikus jau paradas RoR negativas iezimes.

Tadgjadi, no tarifu regul€Sanas metozu analizes secinams, ka reguléSanas procesa trikumus
nevar noverst mainot regulésanas metodi. Attiecigi, var pienemt, ka visus regul&Sanas trikumus
varétu noverst atsakoties no tas vispar.
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1.1. tabula

Tarifu regul@Sanas metozu salidzinajums

kvalitate un ilgtsp&ja

RoR RPI-x LRAIC BU
Tarifa kopgjais parak augsta tarifa | parak zema tarifa parak zema vai parak
limenis risks risks augsta tarifa risks
OPEX efektivitate zema augsta augsta
CAPEX efektivitate | zema augsta augsta
Stimuli efektivitatei | zemi augsti augsti
Atdeve uznémumam | pietickama un zema un riskanta vid€ja un riskanta
drosa
Investicijas parinvestéSanas un | nepietickamu nepietiekamu
grimuso aktivu investiciju risks investiciju risks
risks
Pakalpojuma augsta zema zema

Regulésanas nobide

nozimigs negativas
ietekmes risks

neliels negativas
ietekmes risks

nav ietekmes

Informacijas un

vidgja ietekme uz

liela ietekme uz

nav ietekmes
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1.4. Regulesana vs dereguléSana

Neatkarigi no ta, kadas tieSi reguléSanas metodes un instrumenti tiek pielietotas katra
konkréta gadijuma, regulé$anai pasai par sevi ka noteiktu procediiru kopumam noteiktu mérku
sasnieg$anai piemit virkne neizbégamu trikumu.

Ka nozimigu trikumu vispirms jaatzimé, ka ir sarezgiti definét visa regulé8anas procesa
mérki, kam Skietami vajadzetu biit acimredzamam. Analiz&jot gan praksi, gan teoriju daudzi
pétnieki nonak pie secinajumiem, ka tas ir skietami skaidrs, kamer tiek definéts visparigi. Tacu
tas klust neskaidrs tiklidz to mégina analizét detaliz&ti.

Piem&ram, visai bieZi tiek lietots visparigs sabiedrisko pakalpojumu reguléSanas merkis:
lidzsvarot pat€rétaju un sabiedrisko pakalpojumu uzpémumu ipasnieku intereses. Tacu Sis
Skietami neparprotami skaidrais mérkis kltst dazadi interpret€jams, ja to mégina analizgt,
meklgjot atbildes jau uz konkretiz&josiem un pirmsskietami vienkar$iem jautdjumiem [34].

1. Kadu pateretaju?
majsaimniecibu, mazo—vidgjo uzp@mumu, lielo uzp€mumu intereses vienmer

Patérétaji nav homogénu vienumu kopums - vai

sakrifs, vai arT starp tam pastav objektivas pretrunas? Vai paterétaju intereses var
bit atkarigas no to geografiska izvietojuma, pieméram, vai patérétdjiem blivi
apbuvétos slodZu centros, un geografiski attalinatos regionos intereses sakritis?
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2. Kadas intereses? Vienam un tam paSam pat€rétajam intereses istermina un
ilgtermina var butiski atSkirties. Kas paterétajam Skiet nozimigaks — zems tarifs
Istermina vai uzticams un droSs piegadatajs ilgtermina?

3. Kadu ipagnieku? Uznémuma ipa$nieki var biit gan stratégiskie, gan finansu. Tie
var biit valsts, paSvaldiba vai privati, kuriem objektivi intereses var nebiit vienadas.
Pat vienam konkrétam ipasniekam var atSkirties intereses nakamajam finan$u
gadam un nakamaja desmitgadei.

Regulésanas meérki médz skatit ar vél plasak — ka sabiedrisko un privato interesu
lidzsvaroSanu [18]. Tacu definét un viennozimigi interpretét tik daudzus aspektus ieklaujoso
jédzienu sabiedriskas intereses ir visai sarezgiti. Tadel $1 jédziena interpretacijas praksé
parasti ieveérojami saSaurinas un diemz€l biezi noved pie ta, ka regulésanas aktivitates fokusgjas
gandriz vai tikai uz cenu regulésanu.

Gan teorétiskos, gan empiriskos pétljumos par sabiedribas izveélém un ekonomisko
regulésanu tiek secinats, ka valdibam un Regulatoriem parak biezi ir vélme fokuséties uz cenu
reguléSanu. P&tfjuma par asiem diskusiju procesiem Lielbritanija, kas sakas pe&c objektiva cenu
pieauguma elektribas tirgl un kas parauga visaugstaka ltmena politiskajas diskusijas par
Regulatoru un konkurences uzraudzibas institiiciju paklautibu un atbildibu, secinats, ka parak
populars ir viedoklis: "valdibai un Regulatoram nepiecieSams kaut ko darft, ja paradas bazas
par cenam", kas diemzgl var rezultéties parsteidzigos l€mumos un politiska spiediena [37].

Jasecina, ka diemzgl ir piemirstas galvenas atzinas, ko Regulatori un energgtikas politikas
veidotaji guva pirms jau vairak ka 20 gadiem péc t. s. "Kalifornijas elektribas krizes", par kuras
vienu no veicinatajiem vélak veiktajas analiz€s tika atziti politiski 1@mumi nelaut realajam
tirgus cenam sasniegt gala patérétajus [38].

Iespgjams, ka c€lonis mingtajam negativajam paradibam ir Regulatoru praktiskaja riciba
nereti izpliidusi robeZa starp divam alternativajam regulé$anas teorijam - sabiedrisko intereSu
un privato interesu, kas dazkart tiek dévéta ari par Regulatoru sasaisti§anas teoriju'’.

Regulésanas teoriju un politikas veidoSanas p&tnieku starpa diskusija par STm teorijam noris
jau desmitiem gadu - sakot jau ar Stiglera hipotézi, ka Regulatori, lai arT veidoti ar meérki
darboties sabiedrisko intereSu aizsardzibai, diemz&l praksé to isteno nepietickami, jo
pakapeniski nonak privato intereSu ietekmé [39].

Parasti pamanamaks un vairak kritiz&ts ir process, kad Regulatori parak nosliecas par labu
reguléjamo nozaru pozicijam. Tacu pilniba So paradibu izskaust nav iesp&jams un pat loti
kritiski noskanoti pétnieki ir spiesti atzit, ka padarit reguléSanu pilniba imtnu pret dazadu
intereSu ietekm@m nav iesp&ams, bet ir jatiecas paaugstinat Regulatoru rezistenci pret
sasaistiSanu [40].

Tacu no otras puses, Regulatorus var sasaistit arT citu grupu un pasu Regulatoru intereses.
Var pienemt, ka iepriekSmingtajos piemeros par parmeérigo koncentrésanos uz elektribas cenam
Lielbritanija un Kalifornija, Regulatorus faktiski bija sasaistijusi it ka paterétaji, lai gan drizak
tie bija politiki, kam attiecigaja bridi bija loti svarigi poziciongties ka pat€rétaju intereSu
aizstavjiem. Visai ticams, ka sava nozime $aja notikumu attistiba bija arT pasu Regulatoru

19 Anglu val. Capture theory.
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darbinieku un vaditaju subjektivajam interesém, jo vinu darba un karjeras iespgjas ir atkarigas
no politikiem.

Tadgjadi jasecina, ka reala regul€Sanas procesa neizb&gami biis atrodama sabiedrisko
intereSu regulé$anas teorijas un vienlaikus arT privato intereSu regulé$anas teorijas elementu
lielaka vai mazaka ietekme un savstarp&ja mijiedarbiba. Ne viena, ne otra no $Im teorijam
nespéj pilniba atspogulot un izskaidrot realitati. Sadam piengmumam apstiprinajumu var rast
petijumos. Piem&ram, izmantojot empirisku matematisku modeli ir analiz&ta reguléSana prakse
Japana ar mérki noteikt cik daudz no reala regulésanas procesa var izskaidrot ar sabiedrisko
intereSu regulésanas teoriju un cik ar — privato. legiitie rezultati liecinaja, ka realais regulésanas
rezims ir iedibinats ar nelielu parsvaru par labu sabiedriskajam interesém, jo ar sabiedrisko
interesu teoriju vargja izskaidrot 4678 % no regul&sanas notikumiem, bet ar privato — 22-45
% [41].

Lidziga virziena ir veikts petfjums ar merki pabaudit sabiedrisko intereSu regul&Sanas
teorijas un Regulatora sasaistes hipotézes attieciba uz elektribas tirgus reguléSanu Zviedrija
[42]. AriSaja petijuma secinats, ka Regulators ir bijis paklauts dazadu intereSu grupu dazadam
ietekm&m, tacu Regulatora sasaistes pazimes ir saméra vaji izteiktas un noteicosaka ietekme
uz Regulatora darbibu ir bijusi sabiedriskajam interesem.

Tacu parak koncentrgjoties uz paterétaju intereSu aizsardzibu un sabiedriska visparéja
labuma sekméSanu pieaug tendence aizvien vairak aizsargat patérétajus no tirgus, kas
izpauzas ka aizvien jaunu reguléjumu, parbauzu, ierobezojumu uzlik§ana regulgjamajam
nozarém. Sada procesa regul&sanas politikas veidotaji un pasas reguléSanas institiicijas ievie§
aizvien komplicgtakas reguléSanas procediiras un aizvien vairak birokratizgjas. Rezultata notiek
t. s. parreguléSana - Regulatori sava riciba eso$os instrumentus pielieto parmerigi stingri un
rada procediiras un procesus, kas péc ieguldito resursu un laika patérina ir nesameérigi pret So
procesu un procediiru rezultata sasniegto rezultatu.

P&tot Regulatoru ricibas aspektus un to vésturi, sabiedrisko pakalpojumu regulésanas kltidas
un parregulé$anas negativas sekas var noveérot jau pat pirms vairak ka 150 gadiem, ja pie
sabiedriskiem pakalpojumiem més pieskaitam tramvaju kompaniju pakalpojumus Britu
impgrija. Valsts iejaukSanas komercdarbiba seku hrestomatisks piemérs ir 1870.gada Britu
tramvaju likuma noteiktas tiesibas pasvaldibam izpirkt tramvaju kompanijas no to privatajiem
pasniekiem par atlikuSo vértibu péc 21 gada fransizes termina. Sekas bija tehniska progresa
aizkavésanas — péc 1890.gada biitu jasakas tramvaju elektrifikacijai, bet pie §adas regulativas
vides privatie investori noléma apjomigus ieguldijumus neveikt [43].

Turklat parregulésana un tas negativas sekas var izpausties gan tad, kad Regulatori
paterétaju intereSu varda parak ierobezo sabiedrisko pakalpojumu uzpEmumus tadgjadi
aizkavgjot investicijas un, iesp&jams, tehnisko progresu, gan tad, ja Regulatori parak fokusgjas
uz sabiedrisko pakalpojumu biznesa un investiciju aizsardzibu.

Vienlaikus gan politikas veidotaji, gan Regulatori dazkart, iespg&jams, nenem véra to, ka
realaja ekonomika monopola stavoklis nemedz biit ilglaicigs un monopola tirgus speks ir
saméra trausls [44]. Jebkura nozarg uznemumi tiecoties p&c pelnas centisies ienemt monopolam
tuvu stavokli. Tacu vienlaikus iesp€ja git pelnu ierobezotas konkurences apstaklos stimulé
citus uzp@émumus méginat lauzt ieieSanas barjeras Skietami noslégtaja un ar regul&Sanu

32



aizsargataja nozar€. Turklat regul€jamas nozares attistas dinamiski gan biznesa modelu, gan
tehnologiju zina un parasti apsteidz Regulatorus. Tehnologiju attistiba aizvien biezak lauj
reguléto uzn@mumu sancensiem attistit un piedavat paterétajiem, lai arT dazkart ne perfektus,
bet sniegta labuma un funkcionalitates zina pietickami tuvus aizvietotajproduktus un
pakalpojumus.

Var $kist, ka tehnologiju attistibas ietekme uz lidz $im strikti regulétam nozarém ir XX7 gs.
pédgjo gadu fenomens: finansu tehnologiju uznémumi pret bankam, koplieto$anas auto un
mazas elektromobilitates ierices pret sabiedrisko transportu un tradicionalajiem taksometriem,
informacijas apmainas platformas pret sabiedriskajiem pamatstraumes médijiem. Tacu $adi
procesi ir risindjusies jau desmitiem gadu.

Loti apjomigi pétijumi ir veikti ASV par to ka pagajusaja gadsimta ir notikusi regul&jamo
nozaru attistiba, kas likusi radikali parskatit reguléSanas rezimus lidz pat deregulacijai [45].

1. TpaSi uzskatams parreguléSanas piemers ir dzelzcela parvadajumi ASV, kas
kops 1920.gada ilgstosi bija strikti reguléta nozare ar augstiem tarifiem, lai
nodrosinatu apjomigo investiciju atmaksasanos, izieSanas barjeram, lai garantétu §1
transporta veida nodrosinaSanu, un noteiktu Sk&rssubsidiju sisttmu. Tacu §is
parregulésanas efekts bija loti krass autoparvadajumu piedavajuma pieaugums, kas
strauji samazindja dzelzcela parvadajumu pieprasijumu un atdevi no $1 biznesa.
Teorgtiski dzelzcela kompanijam bitu bijis jalemj par izieSanu no §T biznesa, tacu
bija noteiktas striktas izieSanas barjeras un vairakas desmitgades turpinajas
dzelzcela kompaniju ienakumu erozija un vienlaikus nozares aizsargasana ar arvien
jauniem regulativiem instrumentiem. Rezultata péc 1970.gada sakas dzelzcela
kompaniju bankroti un ASV valdibai bija jaizvélas: dzelzcelu nacionalizacija vai
deregulacija. Tika pienemts lémums no 1980.gada deregul@t izieSanu un tarifus. No
apliikota pieméra secinams, ka deregulé$anas rosinatajs Saja gadijuma bija biznesa
modela maina nozaré un reguléSana ieintereséto pusu izzuSana — regulésana vairs
nebija vajadziga ne pat€rétajiem, ne regul&jamajiem uznémumiem.

2. Otrs raksturigs piemeérs, kur dereguléSana, savukart, notika tehnologiju
attistibas spiediena rezultata ir telekomunikacijas. Tradicionalo talo distancu
telekomunikaciju tehnologiju ekonomika bija loti atkariga no sakaru attalumiem un
pakalpojuma pieprasijuma blivuma. Tadél bija ieveidotas komplicétas
Skérssubsidiju shémas starp dazadu distancu pakalpojumiem. Tacu p&c otra pasaules
kara mikrovilnu tehnologijas ienaca ari civilajas nozar€s, sakas to strauja attistiba
un tas kluva aizvien l&takas. Turklat to ekonomikai nebija svarigs pieprasijuma
blivums. Augstie regulétie tarifi un jauno tehnologiju pieejamiba rosindja lielakos
sakaru lietotajus sakt izblivét savas sakaru sisttmas savam vajadzibam, lidz
1969.gada privatas mikrovilnu sakaru sisteémas Ipasniekam izdevas iegit atlauju
sniegt talo distanéu sakaru pakalpojumus pladakai sabiedribai. Sis lemums ir
uzskatams par regul&Sanas beigu sakumu $aja nozarg.
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Regulésanas izmaksas

Regulésanas sabiedrisko interesu teoriju dazkart médz interpretét samera vienkarsoti. Tiek
pienemts, ka Regulatora darbibas rezultata tiek ierobezota monopoluzp€mumu parmériga
pelna, kas savadak biitu rezult€jusies sabiedribas labklajibas samazinagjuma neefektivu un
nelietderigu izmaksu sloga forma.

Tacu nedrikst aizmirst, ka arl pats reguléSanas process rada jaunas izmaksas, kas
pirmsSkietami gulstas uz reguléjamiem uznémumiem, tacu faktiski tas vienmér apmaksa
reguléjama pakalpojuma sanémeji, bet dazkart ari visa sabiedriba. Tadé] regulé$anas intensitate
butu javerte arT no regulésanas izmaksu, jeb regul€Sanas procesa izmaksu-ieguvumu analizes
viedokla. Teorétiska pieeja $adam veért§jumam uzskatami ilustréta 1.2. attgla.

EUR
%]
N

S

[}

oot Regul&sanas intensitate

1.2. att. Izmaksu-ieguvumu optimalie limeni regulésana [18].

1.2. attela likne SZ att€lo sabiedribas labklajibas zaud€jumus nelietderigi parmaksajot par
sabiedriska pakalpojuma sniedz&a parmerigu pelnu. Liknes kreisaja pus€é pakalpojuma
sniedzgjs praktiski netiek reguléts un glist neierobezotu pelnu. Virzoties pa labi pieaug valsts
intervence pastiprinot reguléSanas rezZimu. Rezultata zaud&umi sabiedribas labklajibai
samazinas, tacu sak pieaugt regulésanas izmaksas.

Turklat reguléSanas tiesas izmaksas ir tikai viena komponente no kop&am valsts
intervences izmaksam, ko attglo Itkne /C. ReguléSanas tieSas izmaksas ir saméra vienkarsi
identific&jamas un vairuma gadijumu var pienemt, ka tas atbilst Regulatora budzetam. Tacu ir
virkne izmaksu, kas $aja procesa nav vairs vienkarsi identific€jamas un izméramas. Tas var
aptuveni iedalit divas nosacitas izmaksu papildus grupas.

1. Atbilstibas izmaksas. Regulgjamiem uzpémumiem ir javeic dazadi ieksgji

organizatoriski procesi, jaievie§ un jauztur procediras un informacijas sistémas, kas
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nepiecieSamas tikai lai nodroSinatu Regulatoram iesp&ju veikt monitoringus, analizes
un uznémuma uzraudzibu. Sie pienakumi prasa laiku un resursus, kas neizbégami
parvérsas papildus izmaksas ko regul&jamais uznémums censas iecenot pakalpojuma
vai preces cena.

2. Netiesas izmaksas. STs grupas izmaksas ir vél sarezgitak identificét, jo to radanas
c€lonsakaribas ir netiesas, to efekti médz biit dinamiski un nobiditi laika. Piemé&ram, jo
intensivak uznémums tiek reguléts un vairak pazeminas ta pelna, jo tas klist mazak
ieinteres€ts paaugstinat izmaksu efektivitati, uznemties riskus attistit jaunus produktus,
ieguldit izp&te un attistiba, investét jaunas tehnologijas un inovacijas. Pastiprinoties
reguléSanas intervencei negativi efekti paradas ari arpus reguléjama uzpémuma —
investicijas klist mazak droSas un tadg| finansu tirgi paaugstina riska prémijas. Turklat
tas var skart ne tikai regulgjamas nozares, bet arT valsts riska veértg§jumu.

1.2. att€la shematiski attelotais optimizacijas uzdevums teorétiski skiet vienkarss — ir jaatrod
intervences ltmenis /oy, pie kura SZ un /C summa ir vismazaka. Tacu prakse So punktu precizi
noteikt analitiski ir loti sareZgiti, ja ne neiesp&ami, pat izmantojot loti komplicétas izmaksu-
ieguvumu analizes metodologijas. Iemesls tam ir Joti daudzie faktori un mainigie parametri, ka
ari to savstarpgjas korelacijas un dinamiskie efekti.

Jau pats aplikotais reguléSanas intervences izmaksu iedalfjums tris grupas ir loti
vienkarSots. Ir veikti pétijumi tie$i regul&Sanas izmaksu tipologijas analizei, kur autori ne tikai
ir secinajusi, ka saméra biezi reguléSanas politikas izvertéjumos regulésanas izmaksas netiek
nemtas vera vai arT tiek interpretétas nekorekti, kas noved pie izmaksu parak zema noveért&juma
un neoptimalam izveleém, bet arT identific&jusi 16 tieSo un 2 netieSo regulésanas izmaksu veidus
[46].

Pétijumu par regulésanas izmaksam ar kvantitativiem to novertéjumiem nav daudz. Turklat
tie vairuma gadfjumu ir orient€ti uz visu valsts reguléSanas procesu kopgjo izmaksu
novertgjumu, neizdalot specifikas regulésanas jomas — ekonomisko regul&$anu vai vél vairak
saSaurinot — sabiedrisko pakalpojumu reguléSanu. Nozimigaka atzina $ados petljumos ir —
kopgjas reguléSanas izmaksas ir iespaidigas un turklat, neraugoties uz valdibu deklar&tajiem
planiem mazinat administrativos slogus, reguléSana liela da]a ekonomikas jomu aizvien turpina
pieaugt [47].

Nav Saubu, ka reguléSanas sloga izmaksas tapat ka jebkur§ nodoklis neizb&égami tiek
pamests uz produktu un pakalpojumu gala cenam. Empiriska pétijuma [48], kas aptvera
visbttiskak regulétas nozares ASV, tika atrasta statistiski pietiekami nozimiga sakariba starp
valsts reguléSanas aktivitaSu pieaugumu un pat€rina cenu izmainam un secinats, ka vid&ji
regulésanas sloga pieaugums par 10 %, rada patérina gala cenu pieaugumu par 0,687 %.

Turklat pétijuma secinats, ka attieciba uz Tpasi stingri regulétam precém un pakalpojumiem
veérojams regulacijas izmaksu sloga regresivs efekts — regulativo aktivitaSu izsauktais cenu
pieaugums vairak skar tie$i mazak partikusdas majsaimniecibas. Iemesls tam ir augstaks
izdevumu Tpatsvars triicigako majsaimniecibu izdevumu groza par vitali svarigam precém, kas
vienlaikus ir arT stingrak regulétas no valsts puses. Pieméram, izmaksu par elektribu Ipatsvars
kop@ja izmaksu groza ASV tricigako majsaimniecibu kvintile veido 4,19 %, bet turigako
majsaimniecibu kvintile gandriz divreiz mazak — 2,27 %.
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Parregulésana
Viens no visas regul&Sanas teorijas stirakmeniem ir gandriz par aksiomu pienemta teorija
par t. s. tirgus kliidu, kuras pamatpostulats ir, ka tirgus ne vienmer sp&j nodrosinat efektivu
lidzeklu izlietojumu. Savukart $T nesp&ja rezult€tos divos negativos veidos:
1) Ja kada komercdarbibas joma izveidojies monopols vai ierobezotas konkurences
situacija, tad domingjosie uzneémumi izmantojot savu speku giist nesamerigu pelnu;
2) Deformeta precu vai pakalpojumu pieejamiba; vispariga gadijuma noteiktam prec€m un
pakalpojumiem vajadzetu biit pieejamiem visiem pat€rétajiem un visas vietas, kur tas
Siem paterétajiem ir nepiecieSamas; tacu komersantiem nav intereses piegadat §1s preces
vai pakalpojumus visam pat€rétaju grupam un visas vietas, ja pieprasijuma apjoms vai
apmaksas gataviba nav pietickama lai nodrosinatu komersantiem vinu ieceréto pelnas
apjomu un gaidito atdevi.

Tadgl atbilstosi reguléSanas teorijai, lai novérstu minétas negativas izpausmes, attiecigas
tirgus jomas ir jaregul€ vai jaisteno kada cita veida valsts intervence. Pieméram, cenas tiek
ierobezotas ar cenu regul&Sanu. Savukart, lai novérstu produkta vai pakalpojuma pieejamibas
deformaciju, Regulators slédz komersantiem brivu pieeju tirgus interesantajai dalai ievieSot
licencéSanu vai citas ieieSanas barjeras un laujot piegadat Sai tirgus dalai preces vai
pakalpojumus par augstaku cenu, bet vienlaikus liek Skérssubsidét piegadi tirgus
neinteresantaja mérka segmenta [49].

Vadoties no tirgus Kkluidas teorijas, iepriek§ aplukotas reguléSanas izmaksas un to
sam@rigums ir nozimigs aspekts, kas bltu janem v&ra vertgjot kadas jomas reguléSanas
lietderibu. Vienkarsi biitu secinams, ka, ja reguléSanas process izmaksa vairak neka ieguvumi
no §T procesa, tad ta ir acimredzama ta saucamas parreguléSanas pazime.

Tacu reguléSanas tieSo izmaksu un tieSo ieguvumu sam&rojamiba nav vienigais un
viennozimigais krit€rijs, ja uz reguléSanas problematiku paliikojas no mazak pazistamas
pretgjas teorijas par ne-tirgus klidu?® skatupunkta. Ne-tirgus kliidas teorija saméra
parliecinosi tiek pieradits, ka izvéle starp briva tirgus spekiem un valsts regulgjumu drizak nav
binars, bet komplekss uzdevums. Tadg] realas pasaules apstaklos faktiski ir jameklé So divu
speku kombinacijas optimala proporcija [50, 51].

Ja netiek rasts optimals lidzsvars starp abiem spékiem, reguléSana agri vai vélu paraugs
parregulésana, kas izpauzas tados negativos ne—tirgus kliidas efektos ka [52]:

o pamatotas informacijas trikums par Regulatoru darbibas sniegto robezieguvumu,
ka rezultatd nav iniciativas un arl iesp&ju samerot $o ieguvumu ar reguléSanas
procesa robezizmaksam;

o nav indikatoru ka noveértét Regulatoru darbibas rezultatus un Iidz ar to nav stimulu
mazinat reguléSanas izmaksas, parskatit regulé$anas lietderibu vai lemt par kadas
jomas reguléSanas partraukS$anu;

o ieguvumi no regulSanas netiek sadaliti taisnigi starp ieinteres€tajam pusém —
pieméram, ir loti sareZgiti piemérojot RPI - x tarifu reguléSanas metodi, sadalit
efektivitates paaugstinasanas ieguvumus starp patérétajiem ka tarifu samazinajumu

2 Anglu val. Nonmarket failure.
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un regul&amiem uzn@mumiem ka papildus pelpu, kas bitu ka prémija par
iniciativam investét efektivitates paaugstinasana.

Miusdienas lielakajas dala pasaules attito valstu sabiedribas labklajibas, vides un patérina
drosibas un citu sabiedrisko intereSu varda aizvien ir pieaugusi valsts regul€sanas intensitate
visdazadakajas tas intervences formas. Tadgl, jau vairakas desmitgades dazadu ekonomisko
skolu pétnieki diskuté ciktal tomér reguléSanas intensitate ir optimala meklgjot atbildes uz
jautajumiem: vai regul@Sana pati par sevi ir laba ideja un vai tas intensitates palielinasana dos
arl sabiedribas labklajibas pieaugumu. Vai ari gluzi pret§ji — ta neizb&gami paraug
parregulésana un kliist par $kérsli ekonomikas izaugsmei, inovacijam, sabiedribas labklajibas
pieaugumam.

Ne-tirgus kliidas teorijas aizstavji savu sabiedrisko interesu teorijas kritiku médz veidot
ap tris hipotézém [53]:

o tirgus speki un privatas saimnieciskas attiecibas agrak vai vélak noversis jebkuru
tirgus kliidu bez valsts iejaukSanas un regulésanas;

o tajos retajos gadijumos, kad tirgus mehanismi nesp€s darboties perfekti, tirgus
dalibnieku konflikti biitu risinami §kir&jtiesas civilprocesu kartiba;

o ja problémas nespgj atrisinat ne tirgus speki, ne tiesas, tad valsts iejaukSanas un
regulSana ilgaka termina situaciju padarts vel sliktaku, jo reguléSanai biis tendence
aizvien vairak birokratiz&ties, klut neefektivakai un paklautai riskam klut sasaistitai
no kadas ieinteres€tas puses.

Tadel, ja tomér kads process tiek reguléts, tad jaapzinas, ka faktiski ir jamekle optimals
viduscel§ starp divam galgjam alternativam: absoliiti nereglamentétam privato subjektu
attiectbam, jeb nekartibu un absoliitu valsts diktatiiru. So meklgjamo kompromisu dévé par
institucionalo iespéju robeZu [54] un ta butiba attélota grafiski 1.3. attela, kur gal&ja
nekartiba ir situacija, kur privato subjektu attiecibas vispar netiek reglamentétas un tadel tie
sp&j viens otram nodarit biitiskus zaud&jums privatas ekspropriacijas veida — likt parmaksat,
uzlikt argjas izmaksas u.tml., kas rezultgjas summaros zaud&jumos visai sabiedribai. Pieaugot
valsts intervencei, Sie zaud€jumi samazinas, bet sak picaugts valsts ekspropriacijas uzliktie
slogi privatajiem subjektiem — pieaugosi nodokli un nodevas, komercdarbibas ierobezojumi
utml., kas tapat summg&jas kopgjos zaudgjumos sabiedribai. Optimals kompromiss
acimredzami ir taja institucionalo iesp&ju liknes posma, kur ta tuvojas un sasniedz minimalo
sabiedribas kop&jo zaud&jumu liniju.

Savukart valsts intervencei turpinot pieaugt, 1 politiski-ekonomiska sistéma novirzisies no
[idzsvara parreguléSanas virziena un tuvosies loti birokratiz&tai regulativas valsts sisteémai, kas
gal&jas izpausmes butu diktatorisks socialisms.

Readlie procesi attistito valstu attiecibas ar tirgus procesiem, protams, nenonak Iidz tadiem
teorgtiskiem ekstrémiem. Tomér nevar noliegt, ka, lai arT dazados politikas veido$anas un
tiestbu dokumentos, gan nacionalo valstu valdibas, gan parnacionali veidojumi ka EK, ik pa
laikam deklar€ nepieciesamibu vienkarSot parvaldibas procesus un mazinat administrativos
Skerslus, faktiski valsts institlciju vispargjais vektors ir pretjs. Ar vislabakajiem nodomiem —
aizsargat patérétaju tiesibas, regulét cenas, aizsargat apkart&jo vidi utt. valsts parvalde aizvien
palielina un detaliz& normativo regul&jumu visas 1.1. att€la shéma ming&tajas regulacijas jomas.
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Turklat tiek paplasinats arT regulativa ietvara tvérums, paklaujot tam aizvien jaunas ekonomikas
un sabiedribas funkciong$anas jomas.

Privatais
diktats

——minimalie zaud&jumi sabiedribai
—institucionalo iespéju likne

Neatkarigas
tiesas

Birokratiska
valsts

Zaudéjumi sabiedribai no nekontrolétas
privata kapitala darbibas

Socialisms

>
Zaudéjumi sabiedribai
no valsts intervences

1.3. att. Institucionalas iesp&ju robezas [54].

Mingto pienemumu samera labi ilustre regulativas vides dialektika EK. Nav noliedzams, ka
EK regulativo dokumentu sistéma gan uznémeju, gan iedzivotaju uztverg, gan arT dazadu jomu
procesu analitiku pétfjumos saméra biezi tiek atzita ka parak sarezgita, birokratiska un
administrativiem $kérSliem parbagata [55]. Faktiski parregulésanu ka problému ir atzinusas arl
pasas EK parvaldibas institiicijas. Tad€l jau vismaz 25 gadus EK augstakaja parvaldibas liment
tam tiek pieversta uzmaniba, izvert§jot situaciju un mekl§jot risindgjumus situaciju
uzlabojumiem sakotng&ji 2001.gada t. s. parvaldibas Baltaja gramata [56], talak jau izvirzot
uzdevumus regulativas vides vienkarSo$anai [57]. Jau plasaks un izverstaks aktivitasu
planojums tika publiskots 2005.gada, kuram ka ierasts EK praksg tika pieskirs arT iedvesmojoss
nosaukums Labaka regule§ana izaugsmei un darbam?' [58]. ST regulativas vides uzlabosanas
programma joprojam tiek turpinata: regulari tiek izstradati, tai pakartoti ricibas plani, noverteti
rezultati un atjauninata pati programma.

Jebkuras regulativas politikas noveértéjumam biitu jaieklauj konkrétu tas elementu — dazadu
normu un noteikumu novert€jumu. Attiecigi, galvenajam regul€Sanas uzlabosanas politikas
rezultatu novertésanas kriterijam vajadz&tu biit novert€§jumam vai pasas normas un noteikumi
ir kluvusi vienkarsaki, ertak un letak pieme&rojami [59]. Acimredzot par realu regulativa sloga

21 Anglu val. Better regulation’ for growth and jobs.
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samazinasanu varétu runat, ja ka kritérijs So aktivitasu rezultatu novert€Sanai tiktu vairak
izmantota savulaik Apvienotaja Karalisté definéta pieeja viens iek§a — viens ara. Sis princips
nozimgé, ka jaunu regul&jumu un tiesibu aktu raditas izmaksas biitu obligati jakompensg atcelot
kadu jau esosu regul&jumu. [60].

Lai arT kopuma §1 EK iniciativa un centieni mazinat parreguléSanu neapSaubami ir devusi
pozitivus rezultatus, vienlaikus tas rezultatu izveért€jumos sastopamas ari kritiskas atzinas.
Vairak ka desmit gadu laika regulé$anas uzlaboSanas joma EK fokus&ums vairak ir bijis uz
plasaku sabiedribas iesaisti jaunu tiesisko regul&jumu apspriesana un aizvien detalizétaku un
plasaku jebkuras jaunas iniciativas sakotngjo ietekmes noveértéSanu, kas patiesiba nozimé atkal
jaunu papildus procediiru ievieSsanu. Tacu pietrikst saskanotas uzraudzibas sistémas un
sistematiskas darbibas rezultatu mériSanas, kas ir bitisks priek$noteikums sabiedribas
uztic€Sanas iegiiSanai jebkadam politiskam iniciativam [61].

Lidz ar to nevar viennozimigi secinat, ka parreguléSana un regulacijas izmaksas t. s.
labakas reguléSanas politisko iniciativu rezultata patieS$am samazinatos. ASV ka jau
tradicionali liberalaka ekonomika neka EK, regulacijas un tas radito izmaksu ietekme uz
tautsaimniecibu un sabiedribas labklajibu ir petita vairak un dzilak, mekl&jot art kvantitativus
novertgjumus. Virkne $adu petfjumu diemzel liecina par gluzi pret€jo — neraugoties uz
vispargjam atzinam par nepiecieSamibu visdazadakos regulgjumus mikstinat, kopgja regulativa
ietvara sarezgitiba aizvien pieaug. Pieméram, ar analitisku modeli vertgjot regulativa sloga
evoliiciju un ietekmi ilga laika posma, pietickami pamatoti secinats, ka vairak ka 30 gadu laika
regulativa vide ir bremz&jusi ASV ekonomikas izaugsmi vidgji par 0,8 % ik gadu [62].

Parregulésana un dereguléSana centralizétaja siltumapgade

Iepriek$ apliikotie reguléSanas negativo ietekmju vispar€jie aspekti neapSaubami ir
novérojami ari CSA joma. Energétikas nozares un konkréti CSA konteksta pasi javerte tas
parregulé$anas pazimju izpausmes, kas atstadj butisku negativu ietekmi uz siltumapgades
ilgtsp&ju, droSumu un virzibu uz klimatneitralitati. Visparinot, §is izpausmes var sagrupét divas
nozimigako negativo izpausmju un $kér§lu grupas.

Pirmkart, parregulésana biitiski samazina gan uznémumu vélmi un motivaciju
investet, gan faktiskas iespéjas pienemt racionalus lemumus par nozimigam investicijam.

Ieprieks€jas apaksnodalas veikta dazado reguléSanas aspektu analize paradija, ka
regulgjamu uznémumu investicijas tiek kavétas un apgritinatas neatkarigi no pielietotas
reguléSanas metodes, jo:

o Regulatori Idz §im centusies atlaut tikai skrupulozi parbauditus investiciju projektus
un gt joprojam eksakti nedefinétu t. s. sapratigu pelnu;

o uzpémumiem ir likts konkur&t ar hipotetiskiem absoliiti efektiviem uznémumiem ar
ideali izprojektetu infrastruktiiru, vienlaikus apzinoties, ka ta ir iliizija salidzinot ar
realiem pakapeniski attistitiem aktiviem;

o uzpémumiem investicijas ir japlano ilgtermina, bet reguléSanas cikli ir sam&ra 1si un
Regulatori ir tend@ti uz stermina rezultatiem un o rezultatu pardali vairak par labu
patérétajiem.
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Prakse turklat nereti ir novérojama regulacijas reZima deformacija — Regulatoru sasaiste ar
politiskajam interesém, kas rezultgjas regul€juma fokus€juma novirzé no sabiedriskajam uz
privatajam intereseém.

Rezultata uzne@mumi nereti Saubas un atliek investicijas, pat ja Regulatoru vertgjumi tam
pirmsskietami biitu pozitivi. Apzinoties, ka Regulatori nereti ir sasaistiti ar Tstermina
politiskajam interes€m, uznémumi var vilcinaties veikt objektivi nepiecieS$amas un pamatotas
investicijas, lai izvairTtos vai atliktu uz vélaku laiku tam nepiecieSamo tarifu palielinajumu, kas
neizb&gami izsauktu negativu publicitati un politiskas diskusijas [34].

Izteikts reguléSanas reZima deformacijas un Regulatora sasaistiSanas piemérs, kas
iesp&jams nakotn€ var ka hrestomatisks iekliit regulésanas teorijas negativaja vésturé ir Latvijas
Republikas (LR) parlamenta 1@émumi 2023. gada. Nemot véra, ka Krievijas iesaktais pilna
méroga kar§ Ukraina bija izsaucis nepieredz&tu energijas cenu krizi un ari citu valstu valdibas
veica intervences energijas tirgos, 2022.gada LR parlamenta pienemtais Energoresursu cenu
arkartéja pieauguma samazinajuma pasakumu likums [63] atzistams par pamatotu valsts
iejaukSanos. Tacu 2023.gada rudeni, kad jau bija vérojams nozimigs energijas cenu kritums un
stabilizacija, tiek veikti grozijumi gan $aja likuma [64], gan Elektroenergijas tirgus likuma [65].
Ar mingtajiem likumu grozijumiem skaitliski nodefingjot sadales operatoru tarifu pielaujamas
novirzu veribas, likumdevejs faktiski parp@ma Regulatora funkcijas, bet t. s. regulativajos
kontos®’ uzkratas regulgjamo uzn@mumu iendmumu—izmaksu novirzu summas pielidzinot
nullei, ar atpakalejosu speku tika bitiski mainiti reguléSanas spéles noteikumi.

Otrkart, parmeérigi stingrs reguléSanas reZims biitiski samazinas uznémumu elastibu,
t. i. speju operativi pienemt léemumus un pielagoties dinamiskajai arejai videi.

Neatkarigi no ta kada reguléSanas metodika tiek pielietota, praksé biis novérojama
regul&$anai raksturiga 1.2. apakinodala apliikota regulé$anas nobide. ST nobide var izpausties
ne tikai ka parmeérigi ilgs laiks no tarifa projekta iesniegSanas Regulatora lidz apstiprinosa
lémuma pienemsanai, bet arT ka regul&jama uznémuma darbibai kritiski svarigu parametru
vertibu neaktualiz€8ana. Pieméram, Regulatora atlauta wacc likme ir kritiski svariga analizgjot
jaunu investiciju lietderibu un gatavojot pamatojumus investiciju lémumiem. ReguléSanas
nobides izpausmi uzskatami var ilustrét ar reguléSanas prakses pieméru Latvija. 2023.gada
decembrT Latvijas Regulatora atlauta wacc likme bija 2023.gada 10.augsuta apstiprinata -
4,51% [66]. Vienlaikus, Eiropas centralas bankas statistika par aiznemsanas izmaksam liecina,
ka Euro zona vidgja aiznemsanas likme uznémumiem ir 5,22% [67]. Turklat vél janem véra, ka
Latvija faktiski nav iesp&jams aiznemties par Euro zonas vidgjo likmi, jo pie tas ir japieskaita
salidzinosi augsta valsts riska prémija. Tadgjadi ir acimredzams, ka §ados apstaklos pienemt
ekonomiski pamatotus investiciju Ilémumus nav iesp&jams.

Savukart stingras reguléSanas ietekme uz uzp@muma elasttbu nozimé regul&jama
uznémuma loti ierobeZotu un 1énu sp&ju reagét uz dinamisku argjo vidi, kas var izpausties ka:
pieprasijuma apjoma un struktliras izmainas, paterétaju prasibas péc jauniem produktiem un
esoSu produktu augstakas kvalitates, jauno tehnologiju ienak$ana 1idz §im regul€jamajas un
nosaciti slégtajas nozar€s. Pastavot striktam regul&Sanas reZimam, Regulatoriem objektivi

22 Konts, kura apkopo regulgjama uznémuma tarifa atlauto ienémumu, faktiski giito ienémumu un pamatoto
izmaksu starpibu p&c katra tarifu pieméroSanas perioda nosléguma.
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nepiecieSams ilgs laiks jebkuras no $§Tm izmainam identific€Sanai, atziSanai, verific€Sanai,
novertésanai un iestradasanai attiecigaja normativaja regul&juma. Tikai p&c §1 procesa attieciga
norma var tikt piem&rota praks€ un regul&jamie uznémumi attiecigi rikoties.

Mingto S$keérsli un ta potencialo negativo ietekmi uz tobrid v&l saméra agrino
elektroenergijas mikrogeneracijas attistibu jau pirms EK paslaik istenota klimatneitralitates
kursa nosprauSanas bija identificgjusi Eiropas vado$a reguléSanas domnica - Florences
reguléSanas skola, kas inicigja diskusiju par Regulatoru gatavibu nakotnes izaicinajumiem
paradigmas [68, 69].

Florences regulésanas skolas izvirzitais jautdjums "Vai Regulatori sp€s pieméroties
nakotnes izaicinajumiem?" ir kluvis vél aktualaks kops EK pasludinatas programmas Zalais
darfjums [1] Tstenoanas uzsak3anas. Sis iecerétais un uzsaktais grandiozais parmainu plans
atklajas ka loti komplic@ts, ja to apliko dzilak caur sociotehnisko parejas procesu teorijas
prizmu. Dekarbonizacija nebiis sasniedzam nosprauzot politiskus mérkus un sagatavojot
linearas So merku sasniegSanas programmas. Lai sekmigi virzitos uz dekarbonizacijas mérki,
jarekinas ar daudzu uz merki orientétu daudzfunkcionalu ilgtermina nelinedru un
neatgriezenisku procesu vienlaicigu norisi. Turklat §ie procesi neizb&gami ietvers graujosas
bijuso un jauno tehnologiju, biznesa modelu un politisko viedoklu sadursmes [70].

Nepasaubami, ka energétikas nozarei, tostarp siltumapgadei, ka lidz §im nozimigam SEG
emitentam ir apjomigi uzdevumi $aja milziga méroga transformacija. Tadel EK energétikas
generaldirektorats 2023.gada publicgja tie$i siltumapgades jomai veltitu apjomigu
programmatisku dokumentu, kura izvirziti siltumapgades un aukstumapgades dekarbonizacijas
scenariji, identificétas ekonomiskas, finansu, regulativas, tehnologiskas un politiskas barjeras
izvirzito mérku sasniegSanai. Saja pétijuma atzits, ka dekarbonizacijas risinajumi siltumapgade
—bezemisiju tehnologijas, zema potenciala siltuma izmantoSana u.tml., nereguléta konkurgjosa
tirgli  joprojam nespétu sacensties ar tradicionalajam fosilos resursus izmantojosam
tehnologijam. Tadel, lai nozares transformacijai uz politiski noteiktajiem mérkiem pieskirtu
neatgriezenisku impulsu, regulativa ietvara pilnveidoSana un noteikSana ir neaizb&gama un tiek
piedavati jau paslaik lietotie politiskie instrumenti: - obligati mérki un fosilo resursu
sadardzinasana [71]. Kopuma Zala darijuma konteksta uzdevumi un mérki siltumapgades
joma ir izvirziti vairakos EK ITmena regulativajos dokumentos. Sis kopigais regulativais ietvars
ar svarigakajam prasibam shematiski att€lots 1.4. attela.

Savukart, EK energétikas politikas veidotaju un nozares investoru dialoga platforma ir
sagatavots petfjums par izvirzito meérku un wuzdevumu sasniegSanai nepiecieSamas
siltumapgades un aukstumapgades transformacijas finanséSanas vajadzibam un iespgjam. Lai
arT dokumenta noradits, ka nav precizi novert€jams cik no Fit for 55 pakotn€ noteikto mérku
sasniegSanai nepiecieSama finans€juma apjoma, kas tiek 1&st ap 350 miljardiem EUR katru gadu
10 gadu perioda, biitu jaiegulda siltumapgadg, ir secinats, ka no dazadam grantu sheémam
siltumapgadei bis pieejami tikai 126 miljardi EUR. Turklat vairums no $1 finans€juma -
kombinacija ar ieguldijumiem citos saistitos energijas veértibu kédes elementos. Attiecigi, tikai
ap 50 miljardiem EUR varétu biit fokuséti tiesi uz siltumapgadi un aukstumapgadi. Tatad
grandioza transformacijas procesa finansésanai neizbégami biis nepiecieSama privata kapitala
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piesaiste un komercialo aizdev&ju finans€jums. Tacu lai CSA sektors butu pievilcigs
komercialam investicijam, pie secinajumiem cita starpa ka buitiski skeérslis minéts, ka CSA ka
regulétam biznesam ir griitak piesaistit finanSu instrumentus. Attiecigi, bez ta, ka dalibvalstim
CSA sektora transformacijai biitu janovirza lidzekli no Atgii$anas un noturibas mehanisma®
un Modernizacijas fonda®*, ir japaskata tarifu noteikSanas shémas un Regulatoriem ir
janodrosina, ka CSA uznémumi sanem pietieckamus ienémumus investicijam un kapitalizmaksu
segSanai. Vienlaikus gan jaraugas, lai $is process neraditu parmérigu slogu patérétajiem [76].
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1.4. att. EK limena dokumenti un to galvenas prasibas attieciba uz siltumapgadi. [71].

Tatad, Regulatoru loma siltumapgades nozares sekmiga dekarbonizacija jaatzist par
iz8kiro$u. Tacu ka Regulatori turpinot darboties 1idz§ingjos striktas regulé$anas rezimos, jeb
faktiski istenojot parregulésanu, iedrosinds komersantus veikt milziga apjoma investicijas
inovativas, iesp&jams, vel griiti novertgjamas un riskantas tehnologijas?

Tacu uz Regulatoru lomu var paliikoties arl no pilnigi pretgjas puses. P&tijumos ar
kritiskiem secinajumiem attieciba uz valsts intervencém dazadas jomas atrodamas tézes par to,
ka pienémums "socioekonomiskai transformacijai vienmer ir janozime valsts intervenci" varbuit
ir kludains. Iesp&jams, labaki risinajumi ir gluzi pretgji un $ada transformacija vairak ir
jaizmanto tirgus speki [S51].

No $ada gal@ji pretgja skatu punkta visu ieprieks&jas apaksnodalas identific€to un analizgto
regul&Sanas trikumu novérsanas radikalakais risinajums biitu pilniga CSA sektora deregulacija.

Jau vairakas desmitgades sabiedrisko pakalpojumu cenu un tarifu noteikSana vispargja
tendence ir virzities uz reguléSanas rezZima mikstinasanu, kur procesa galgjais stavoklis butu
pilniga cenu un tarifu deregulacija un paklausana konkurences spekiem, kur tas iespgjams. CSA
joma plasakas reformas deregulacijas virziena ir veiktas divas Ziemelvvalstis - Zviedrija un

23 Anglu val. Recovery and resilience facility. Specials finansu instruments EK ekonomiku atbalstam pgéc COVID
pandémijas.

24 Anglu val. Modernisation Fund. Specials finan$u instruments dekarbonizacijas projektu istenosanai EK
dalibvalstis.
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Somija jau pirms vairakam desmitgadém. Somija Sis modelis, kur CSA uzn€mumi pasi nosaka
sava pakalpojuma cenas ir izradijies sekmigs. Somijas Regulatora interpretacija ir, ka CSA
uznémumi ir nevis monopolisti, bet domin&josa stavokll esosi uznémumi pret CSA sist€mai
paslaik piesleégtajiem pateretajiem. Tadel Regulators tikai veic uzné@mumu darbibas ex post
uzraudzibu un iejaucas tikai tad, ja Regulatora ieskata CSA uzp@émums ir izmantojis $o
domingjoso stavokli un noteicis nesamérigi augstas cenas [77].

Somijas pieejai lidzigu jau kops§ 2015.gada ir méginajusi ieviest Igaunija, kur Iidzigi ka
Latvija reguléjamo uznémumu skaits bija visai liels, bet lielaka dala $o uznémumu péc biznesa
apjoma — mazi. Gatavojoties regulésanas rezZima mikstinasanai Igaunijas Regulatora vertgjuma
73 % CSA uzne@mumu aiznéma tikai 7 % no kopgja tirgus apjoma, bet, salidzinot $o uznpémumu
reguléSanas izmaksas ar iespgjamo ieguvumu sabiedribai, reguléSanas lietderiba kluva
apSaubama. Turklat Igaunijas Regulatora jau tolaik CSA uznémumi tika uzskatiti nevis ka
dabigie, bet drizak administrativie monopoli [25]. Aplukojot situaciju siltumapgades
regulésana Igaunija Sobrid, jasecina, ka neapSaubami uzlabojumi liberalizacijas virziena ir
veikti, tomer tik liberalu modeli ka Somija ieviest nav izdevies. Igaunijas Regulators, lai arT
vienkar$aka procesa un cenu griestu forma, bet 2022.gada joprojam turpinaja noteikt tarifus
170 CSA apgades zonam, no kuram 137 siltuma pardoSanas apjomi bija nelieli [78].

Visvairak diskusiju, petjumu un viedoklu ir atrodams par siltumapgades sektora reformu
Zviedrija. Reformas izvertjumi un diskusijas par to cik §1 reforma ir bijusi pamatota un
lietderiga un vai sasniegti gaiditie rezultati turpinas jau otro desmitgadi. [79, 80, 81].

Lai arT sakotngji tika liktas ceribas izveidot siltuma tirgu p&c Iidzigiem principiem ka
elektribai — deregul@ta razosana un tre$as puses pieeja tikliem [82, 83, 84], vertgjot reformu
gaitu tika secinats, ka CSA specifikas dél §ads modelis nedod gaiditos rezultatus. Sajos
pétijumos iezim&jas secinajums — gaiditie rezultati nav sasniegti, bet galvenais tirgus principu
iedzivinaSanas Skeérslis ir CSA ipatniba - atSkiriba no gazes un elektribas, CSA sektoru viedo
daudzas savstarpgji nesavienotas sistémas. Lidz ar to, konkurgjoso razotaju skaits viena sistema
nav liels un, attiecigi, CSA tirgus likviditate ir zema. Tas liek apSaubit iesp&ju organizét CSA
tirgu lidzigi ka elektribas sektora — ar operatoru pilnigu nodaliSanu, brivu tre$as puses pieeju
sist€émai un razotaju konkurenci. Lidzigi secinajumi, kas apSauba iesp&ju CSA sektora organizét
tirgu lidzigi ka elektribas sektora — ar operatoru pilnigu nodaliSanu, brivu tre§as puses pieeju
sist€émai un razotaju konkurenci, atrodami ar p&tijumos par Vacijas CSA sektoru [85, 17].

Vienlaikus, no nobriedusu CSA tirgu pétjjumiem var secinat, ka jau diezgan sen vairs nevar
runat par CSA, ka klasisku dabigo monopolu, jo, ja vien regulativi netiek ierobeZotas pateérétaju
izveles tiesibas, pieméram Zviedrija var verot pietiekami attistitu konkurenci starp CSA un
individualajiem siltumsikniem [15]. Sadu dabigas konkurences elementu iendkiana CSA
uznémumiem rada ne tikai klasiskus izaicinajumus ka klientu dalas zaudesana, bet virza arT uz
fundamentalam gala tarifu struktliras izmainam, t. i. faktiski cenu diferencé$anu, kas butu
optimali pielagota aizvien dinamiskakiem gala pat&rétaju patérina profiliem, piesléguma jaudas
izcenojumiem, aktivo patérétaju integrésanas un atlikuma siltuma uznemsanai vienotaja CSA
tikla [86, 87, 88].

Nav Saubu, ka parspiléts regulésanas rezims ar maksimalo fokus€umu uz cenu
samazindgjumu un patérétaju aizsardzibu Tstermina bitiski kavés vai pat nelaus CSA
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uznémumiem klat elastigakiem un pielagoties Siem jaunajiem apstakliem, nereti tostarp paSu
aizsargajamo paterétaju diktetajiem. Ta piem&ram, analizgjot iesp&jas un Sk&rslus Latvija
esoSas CSA sistemas transformé&Sanai par 4.paaudzes sist€mu, kas ir buitisks priekSnoteikums
atlikumsiltuma uzpnemsanai sisttma un aktivo patérétaju attistibai, secinats, ka viens no
Skersliem izriet arl no parak stingras regulSanas. Ja CSA efektivitates paaugstinasanas
rezultata viss iegitais labums, pazeminot siltumenergijas tarifu, tieck nekavéjoties pardalits par
labu patérétajiem, krasi samazinas CSA uznp€muma sp&ja investet nakotnes attistiba [89, 90].

Loti Iidzigi secinajumi ir izdariti pétijumos par CSA izaicindgjumiem un tendencém
Zviedrija — aktivo patérétaju integracija CSA sistémas prasis apjomigas investicijas. To
ieguldiSanai biis japarvar gan tehniski, gan ar nenoteiktibu attieciba uz monetariem ieguvumiem
pasiem aktivajiem patérétajiem, gan investiciju apjomu, gan ar to atgliSanu saistiti Skersli
[91].

Elastigaka un dinamiskaka CSA cenoSanas sisttéma biitu ieguvums ne tikai CSA
uznpémumiem un siltumenergijas patérétajiem. Daudzos pétijumos ir pietickami parliecinosi
argument@ts, ka elastiga siltumapgades cenosana ir priekSnoteikums aktivo patérétaju,
atlikumsiltuma un siltumstknu integracijai, kas savukart varétu rezultéties nozimigas siltuma
sistému ka apjomiga un vadama energijas uzkra$anas elementa sinergijas ar elektroapgades
sist€tmu palidzot elektroapgades sisttmam kliit elastigakam [92]. Kameér fidenraza un elektribas
efektivas uzkrasanas tehnologijas vél nav sasniegusas 8.-9. TRL? limeni, elastiga CSS, kura
integréti siltumstkni, pika slodzu elektrokatli, siluma akumulatori varétu but efektivs
risingjums elektroapgades sisttmu elastibas paaugstinasanai, kas bis izSkirosais faktors
elektroapgades transformé$anai un maksimali efektivai svarstigo un nevadamo AER
generacijas avotu integré$anai.

Tadgjadi pietickami drosi secinams, ka CSA butu lietderigi deregulét un p&d&jos gados
nozares petijumos ir pieaugusi siltumapgades cenosSanas pilnveidoSanas aktualitate. Sastopama
vitkne pétfjumu, kur tiek mekléti risinajumi ka siltumapgades cenoSanas elastibas
paaugstina$anai tiek pielagotas elektribas tirgni praksé parbauditas metodes: [94, 95, 96]. Sadu
elektribas vairumtirgi ierastu elementu ievieSana var€tu jiitami paugstinat siltumapgades
cenos$anas elastibu. Vienigi jasecina, ka §o metozu lictoSanai ir zinams ierobeZojums — CSA
sistémas lielums. Vairuma mingtajos pétijumos ka model&sanas lauks ir izmantotas lielu pilsétu
CSA sistémas — Stokholma, Helsinki, Vilpa. Tacu jau iepriek$ ir uzsvérta tirgus mehanismu
ievieSana butiska siltumapgades Ipatniba - sadrumstalotiba, kamér efektivam tirgum
nepiecieSama likviditate [82, 83, 84]. Acimredzot tadg] elektribas vairumtirgus elementi nebis
pieme@roti vidéju un mazu CSA sistému cenoSanas elastibas paaugstinaSanai un jamekle
atSkirigi risinajumi deregulacijai mazas un vidgjas CSA sistemas, kur saprotamu iemeslu dgl
varbiitiba, ka $ada sistéma paradisies tirgus likviditatei pietiekams skaits konkurgjosu razotaju,
ir loti zema.

Tadgel vispirms jaapsver vai deregulacija vispar ir pamatota mazas un vidgjas CSA, vai ar1
tas joprojam jauzskata par dabigo, vai ka iepriek§ minéts administrativo monopolu?

3 Anglu val. Technology readiness level. Tehnologijas attistibas Iimenis - miisdienas pienemta tehnologiju
brieduma noveért&jmu sistéma, ko pagajusa gadsimta 70-ajos gados ieviesa ASV Nacionala aeronautikas un
kosmosa agentira (NASA) [93].
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Atgriezoties pie reguléSanas atzitako teor&tiku atzinam, uz jautajumu “kas ir deregul@Sanas
priek$noteikumi un virzitaji?” pamatoti tiek izcelti divi [45]:

1)

2)

Tehnologiju attistiba. Lidz8ingja dazadu nozaru vésturiska attistiba uzskatami
pierada, ka jaunu tehnologiju ienakSana ieprieks par dabigajiem monopoliem atzitas
nozargs var radit apstaklus gan konkurences iesp&jamibai starp komersantiem, gan
ar patérétajiem dot realas iesp&jas izmantot alternativus risindjums savu vajadzibu
apmierinasanai.

Samazinas intereSu grupas, kas ieinteresétas regulésana. Regulésanas klasiska
teorija secina, ka reguléSana ir icinteresétas tris grupas:

1. Patérétaji. STs grupas ieinteresétiba ir passaprotama un parasti jau daudzkart
iepriek$ pieminéta t. s. patérétaju aizsardziba publiskaja telpa parasti ir
prieksplana ka vienigais reguléSanas merkis.

2. Komersanti. Komersanti akceptgjot, ka tiek ierobezota atdeve, vienlaikus no
reguléSanas sagaida savas tirgus dalas un investiciju aizsardzibu.

3. Politiki. Sis grupai intereses formali neizriet no regulativas vides tiesiska

ietvara. Tacu samera biezi politikiem ka nozimigiem ekonomiskas un
socialas sistemas dalibniekiem paradas regul&Sanas privato interesu teorijam
atbilstoSas intereses, kas ka jau minets var novest pie Regulatoru
sasaistiSanas.

Aplikojot CSA no mingtajiem diviem aspektiem, nevar secinat, ka abas priek$nosacijumu

grupas ir sasnigusas ltmeni, kas lautu pilniba atteikties no jebkadas uzraudzibas un regul&Sanas.

Vienlaikus ir notikusi pietickama attistiba, lai tom&r biitu pamats pietickami nozimigai

regulésanas reformai liberalizacijas virziena, jo:

o

lokalu risingjumu siltumapgades tehnologijas ir sasniegusas pietickamu limeni, lai
patérétajiem dal&jas vai pilnigas parslégSanas izmaksas uz $adiem risindgjumiem
daudzos gadijumos jau vairs nav nesameérigas; tatad pilnigi drosi par CSA vairs
nevar runat ka par klasisku dabigo monopolu; turklat jaatzime, ka gan ekonomiskas
teorijas, gan ekonomisko procesu véstures analizes liecina, ka pat skietami pilnigi
nesatricinamu monopolu spéks praksé ilgaka vai 1saka laika izradas loti trausls;
tiklidz tehnologiju vai biznesa modelu attistiba rada kaut neliclas iesp&jas
iespraukties aizveérta un aizsargata biznesa segmentda, nekav&joties paradas
ienaksanas pretendenti [44];

ieinteresétiba stingra reguléSana samazinas aktivako patérétaju segmenta, t. i. to,
kuri veletos klut par aktivajiem patérétajiem, vai pat vispar atteikties no CSS
piedavatajiem pakalpojumiem;

lai arT reguléSana dod kaut vai nosacitas, bet tomer garantijas CSA uzp@mumu
investicijam un biznesam, arT CSA uzp@mumu ieinteresétiba ir mazinajusies, jo
palikt strikti regulétam uznémumam ilgstosi nav iesp&jams ja faktiski $aja biznesa
segmenta ir ienakusi konkurences elementi — aktivo patérétaju spiediens un jaunu
razotdju ienakSana faktiski bez ieieSanas barjeram;

teorétiski biitu jamazinas ari tresas grupas — politiku vajadzibam péc regulésanas;
pieaugot sabiedribas labklajibai butu jasartk tai elektorata bazei, kam sabiedrisko
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pakalpojumu izcenojumi ir tie§am vitali nozimigi un tade] politikiem spiediens uz
Regulatoriem §7 elektorata uzrunasanai ir $kitis efektivs instruments; nav Saubu, ka
jebkura sabiedriba bis ipasi aizsargajumu energijas patérétaju loks, tacu jauzsver,
ka sabiedrisko pakalpojumu regul€Sanas vispargjais merkis nekad nav bijis definéts,
ka sabiedribas zemu ienakumu dalas socialas aizsardzibas instruments; aksioma ir,
ka $im mérkim jalieto tieSi uz §is sabiedribas grupas vajadzibam mérketi
instrumenti, nevis spiediens pazeminat sabiedrisko pakalpojumu izcenojumus
visiem lietotajiem, tatad ne tikai sabiedribas neaizsargatakajai dalai.

Japienem ka 11dzigi procesi uzskatitajiem ir notikusi pat Danija, jo paradas secinajumi, ka
arT ilgstosi loti stingri regulétais siltuma tirgus modelis Danija biitu jatransformé un tas jau
pakapeniski tiek darits, vispirms 2018.gada atcelot obligato jaunu €ku pieslégsanu CSA tikliem
un ta piesardzigi tuvinoties pircéja speka elementu pielausanai nozaré [98]. Tapat jaunakajos
petfjumos secinats, ka dereguleéta CSA tirgii svarigakais butu palielinat siltuma cenoSanas
caurskatamibu ka ari uzlabot t. s. cenu dialogu®® [97].

CSA regul@Sanas rezima pilnveidoSanas aktualitate ir butiski pieaugusi p&dgjo divu gadu
laika, kad pasaules energijas tirgos jau kop$ 2021.gada pavasara bija v&rojams strauj§ visu
energoresursu cenu kapums, ko 2022.gada geopolitiska situacija vél vairak eskalgja un
energijas cenas Eiropa sasniedza nekad ieprieks§ nepieredzétus ekstremalus [imenus.

Energétikas biznesa procesi faktiski tika izsisti no lidzsvara stavokla un §is ekstremalas cenu
izmainas energokompanijas bija spiestas uznemties nekavejosi un akumulét zaudgjumus, kamér
iesp&ja tas aizvadit [1dz paterétajiem pat pilnigi deregul@ta tirgi nav neierobezota. Sektoros, kur
tiek praktizéts stingrs regulé$anas rezims, t. s. reguléSanas nobide var izradities kritiska
energokompaniju sp&jai turpinat darbibu. Ta pieméram, Latvija CSA kompanijam jaunu tarifu
apstiprina$anas process aiznem 9 ménesus, bet dazkart pat vairak ka gadu. Saja laika 2022.gada
CSA kompanijas bija spiestas pardot lietotajiem siltumu par tarifu, kas bija 2 — 3 reizes zemaks
neka galvenas izejvielas — kurinama cena.

No vienas puses §im procesam bija ari pozitiva iezime — energijas patérétaji netika uzreiz
paklauti tirgus cenu Sokam. Nemot véra energokompaniju biznesa mérogu un rezervju dzilumu
salidzinot ar lielako dalu energijas patérétaju, tas lidz zinamam bridim varétu tikt uzskatits ka
ESG principiem?’ atbilstoss atbildiga biznesa elements. Tomér $ada cenu $oka vienpuséja
uznemsanas nevar biit ilgtsp&jiga un agrak vai vélak ta bitu lidzsvaroti jadala starp lietotajiem
un uznémumiem.

Savukart Regulators ar lielu kavésanos tapat bus spiests nodrosinat, ka uzkratie zaud&jumi
tiek atgliti un rezultatad jau ar zinamu laika nobidi pateretaji sanems daudz asaku cenu Soku —
jaunu tarifu atbilsto$i jaunajam resursu cenam, kura vel biis ieklauta komponente uzn@mumu
uzkrato zaud€jumu atgtiSanai. Turklat, ja paterétaji ilgstosi nav sajutusi energijas faktisko cenu
Itmeni, tad ir zaud@ts laiks izmantot So periodu ka vislabako motivaciju patérétaju l[emumu

2 Anglu val. Price dialoge (PD) — energijas un nekustamo Tpafumu industriju izveidota brivpratiga
paregulésanas platforma.

%7 Anglu val. Environment, society, governance (ESG) - kritériju ietvars ar ilgtsp&ju saistitai uznému darbibas
novertésanai.
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pienemsanai par energoefektivitates paaugstinasanas, AER izmantoSanas un mikrogeneracijas
ievieSanas pasakumiem.

Lidzigi ka daudzas jomas arT CSA reguléSanas praks€ nav defingjama viena pareiza izvéle
— pilniba deregul@t vai stingri regulét un ja regul@t, tad izveleties vienu "pareizako" reguleSanas
metodi.

Viena no jaunakajiem pétijumiem [99] tverts loti plass un vienlaikus detalizéts CSA
regulativas vides un atbalsta instrumentu novertejums Eiropas valstis ar merki meklet sakaribas
starp regulativas vides instrumentiem un CSA uznémumu ilgtspgjas raditajiem — SEG emisijas,
AER integracija, atlikumsiltuma izmantosana, CSA dala kopga siltumapgades
nodro§ingjuma. Izanalizgjot 23 Eiropas valstu CSA sektorus 7 parametru griezuma péc to
ietekmes (regulativa sloga) intensitates, secinats, ka nav identific€jamas izteiktas korelacijas
starp atseviSkiem regulativo vidi raksturojosiem parametriem un CSA ilgtsp&jas raditajiem.
Attiecigi, sekmigai CSA attistibai biitu jalieto lidzsvarota regulativo un atbalsta instrumentu
kombinacija

ArT nesen veikta dazadu reguléSanas reZimu un cenoSanas principu analize, kuras merkis
bija noteikt piemérotako, kas vienlaikus gan nodrosinatu motivgjosu regulativo vidi CSA
transformacijai, gan arl aizsargatu paterétajus, nonakts pie secinajuma, ka $is jautajums nav
atbildams viennozimigi [100].

Acimredzot pieeja regul€Sanas reZimam ir japakarto noteiktiem mérkiem. Apstaklos, kad
visa Eiropas energgtikas sektora jau ir saku$das fundamentalas transformacijas virziba uz
dekarbonizacijas merki, arT regul€Sanai ir jatransform&jas un péc iesp&jas jatuvinas tirgus
principiem, jafokus€jas uz pat€rétaju vajadzibam un jastimule CSA uzpémumus uzlabot
darbibas efektivitati. ArT pétijuma par CSA uznpémumu klimata indeksu secinats, ka daudz un
dazadie reguléjumu biezi kavé CSA piepemt l€mumus un konsekventi virzities uz
siltumenergijas ilgtsp&jigu raZzoSanu un bitisks stimuls biitu gan tarifu noteikSanas procesa
atvieglo$ana, gan iesp&jas giit veiktajam investicijam adekvatu pelnu [101].

Attiecigi, reguléSanas rezimam ir ne tikai jasekmé CSA uzpémumu transformacija un
investéSana atbilstosi Zala darfjuma visaptveroSajiem izaicinajumiem, bet arT janodrosina, lai
CSA uzn@mumi spgj energijas cenosanu Tstenot elastigi un operativi. Sim mérkim varétu biit
piemérota limenatzimju pieejas ieviesana [102].

Vienlaikus jauzsver, ka vismaz Eiropas ZA dala siltumapgade ir eksistencials sabiedribas
funkcionésanas jautajums. Tadel pat virzoties uz loti liberalu reguléjumu CSA nozarei, javerte
ka tas ietekmés §1 pakalpojuma pieejamibu ilgtermina. Lai ar iepriek§ Saja apaks$nodala
secinats, ka jo mazaka CSA, jo mazaks pozitivais efekts no reguléSanas salidzinot ar
regul&Sanas izmaksam, uzraudzibai par o nozari jabut arl mazajas apdzivotajas vietas. Tikai
iesp&jams, ka regulativas vides galvenais uzdevums $ajos gadijumos biitu veidot tadu biznesa
vidi, kas lautu CSA uzp@mumiem vispar turpinat darbu mazas apdzivotas vietas, jo Ipasi
depopulacijas apstaklos. Sada problematika, kas pirmsikietami biitu sagaidama
Austrumeiropas valstis, ir analiz&ta un atzita par pieaugoSu izaicinajumu CSA regulativajai
videi arT ekonomiski augsti attistitaja Zviedrija [103].
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Pamatojoties uz $aja nodala veiktajiem izvertgjumiem un analiz€m, secinats, ka nav idealas
metodes CSA reguléSanai un parvaldibai. Tade] CSA ilgtspgjigai attistibai visdrizak butu
javeido regul€Sanas metozu un pieeju kombinacija.

Vadoties no §1 analizi noslédzosa secindjuma ir izvirzita hipotéze, ka var atrast optimalu
risingjumu  virzibai no CSA stingras parreguléSanas uz deregulaciju, izveidojot uz
IimenatzZimém balstitu CSA reguléSanas modeli, kas aizvietotu paslaik praktizéto skrupulozo
izmaksu parbaudi un tarifu apstiprinaSanu no Regulatora puses (strikta ex ante regulé$ana) ar
uz uznémumu darbibas efektivitates stimuléSanu verstu ex post monitoringa sist€mu.

48



2. METODOLOGIJA

Lai parbauditu promocijas darba hipot€zi, tika veikti p&tljumi un mekl&ti risinajumi, ka
izveidot algoritmu limenatzime@s balstitai CSA tarifu noteikSanas metodei, kas atbilstu $adam
prasibam:

o tarifu veidoSanas pamatprincipiem vajadz€tu biit tuviem tiem, kas notiktu
pietiekami likvida konkurgjosa tirgi, ja tads CSA biitu iesp&jams;

o algoritmam vienlaikus ir janodrosina, ka Regulatoram ir iesp&ams parraudzit
procesus CSA nozar€ un nepiecieSamibas gadijuma tos korigget;

o algoritma lietoSana nedrikst radit vairak pienakumu ne Regulatoram, ne ari CSA
uzpémumiem salidzinot ar patlaban praktiz&to stingras reguléSanas modeli, bet gluzi
pret&ji — procesu slogam biitu jamazinas abas puses.

2.1. Datu apstrade

Petfjuma sakotngjas fazes tika veiktas datu analizes dazados griezumos par Latvija
stradajoSiem realiem regulétajiem CSA uzpemumiem ar mérki atrast korelacijas starp
siltumenergijas piegades galatarifu un CSA sistému raksturojo$iem parametriem: piegadatas
siltumenergijas apjomi; izmantotais kurinama veids; siltumenergijas raZzo$anas tehnologija;
siltumtiklu garums. Tika analiz&tas arT tarifu struktiiras un tas veidojoSo elementu Ipasibas un
raksturi, kas talak varétu tikt izmantotas, veidojot [imenatzimju modeli CSA tarifu noteik$anai.

Datu analizes vajadzibam tika izveidota datu generalkopa (ierobezota, galiga un reali
eksistgjosa), kas ietver datus par 97 Latvija stradajoSiem realiem regulétajiem CSA
uznémumiem — 57 vertikali integrétiem CSA uznémumiem un 40 neatkarigajiem razotajiem?®.
Datu kopa par katru CSA uznémumu tika ieklauta §ada informacija:

o Siltumenergijas piegades gala tarifu veidojosas komponentes: raZzo$anas tarifs — 7
parvades un sadales tarifs — Ti4; tirdzniecibas tarifs — T;

o nozimigakas fiks€to izmaksu grupas - OPEX un CAPEX dalijjuma pa to elementiem
atbilstosi Regulatora publicétajai informacijai;

o CSA sistémas tehniskie dati un no tiem aprékinati darbibas raditaji: siltuma un
elektribas razoSanas jaudas; raZoSanas apjomi; siltumenergijas zudumi; patérétajiem
nodota energija, CSA tiklu garums; tiklu izmanto$anas intensitate, razo$anas jaudu
izmanto$anas raditaji; izmantota kurinama veidi un apjomi.

Datu generalkopa tika izveidota izmantojot publiski pieejamus avotus — Regulatora
[émumus par tarifu apstiprina$anu [104], informaciju sabiedribai par tarifu projektu
svarigakajam sastavdalam [105], siltumenergijas razotaju, elektroenergijas razotaju,
siltumapgades parvades un sadales operatoru un siltumenergijas tirgotaju registrus [106],
informaciju par energijas razotaju patéréto kurinamo no Latvijas Vides, geologijas un
meteorologijas centra gaisa piesarnojum parskatu datu bazes “2-Gaiss” [107], Latvijas

28 - Neatkarigie razotaji Latvijas siltumapgades nozares tiesiska reguléjuma izpratn€ ir uznémumi, kas
nodarbojas tikai ar energijas razoSanu un sarazoto energiju pardod vertikali integrétam siltumapgades
uznémumam vai siltumapgades sistémas operatoram.
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republikas Ekonomikas ministrijas pasttitd p&tijjuma atskaiti [108], ka arT veiktas Latvijas
Siltumapgades asociacijas biedru brivpratigas aptaujas. Ilustracijai datu kopas ekransavins
pievienots 1.pielikuma.

Datu sakotngjas apstrades ietvaros analiz€jamo datu generalkopa tika sadalita mazakas
kopas veidojot izlases pec nozimigakajam realo CSA uzpemu faktorialajam pazimém:

o uzn@muma sarazotas un patérétajiem piegadatas siltumenergijas apjoms (uznémuma
lielums);
siltumenergijas razo$anas tehnologija (kogeneracija vai katlumaja);
izmantotais kurinama veids (Latvijas siltumapgadé domingjosi divi kurinama veidi:
dabasgaze un biomasa).

Savukart ka rezultativa pazime tika izv€léts siltumenergijas piegades galatarifs.

Datu analize tika sakta, vispirms izmantojot visvienkarsakas datu apstrades metodes —
korelaciju un vienfaktora regresijas analizes. Ar §Im vienkarSajam datu analizes metodém
iegilitie rezultati liecinaja, ka nav nolasama tendence, kas noraditu izteiktas sakaribas starp
izmantota kurinama domingjoSo veidu, izmantoto razoSanas tehnologiju, piegadatas energijas
apjomu, tiklu izmantoSanas intensitati un tarifa [imeni attiecigaja CSA sist€ma. NeapSaubami,
katra no apliikotajam CSA sistému raksturojoSajam faktorialajam pazim€m pati par sevi
ietekm@ tarifu, tacu §1 ietekme actmredzot mazinas uz vienu vai otru pusi vai dzesas citu faktoru
ietekme. Atsevisku faktoru paru korelaciju un regresiju meklgjumu rezultati ilustréti att€los
1.pielikuma.

No mingtajiem rezultatiem tika secinats, ka realiec CSA uzp@mumi un sist€émas ir loti
atSkirigi — ja arT tie ir sagrup&jami kada kopa p&c viena parametra, tad taja pasa laika tie butiski
atSkiras p&c citiem parametriem. Tadg] Iimenatzimju modela izveidi nevar balstit tikai empiriski
ieglitos regresijas vienadojumos un tarifu noteikSana nevar izmantot vienkarSotu pieeju,
pieméram, méginot atrast vienu tarifu griestu limenatzimi, kas izteikta ar absoltito vértibu un
uz ko butu jatiecas visiem CSA uznémumiem, vai arl dazas atSkirigas Iimenatzimes
raksturigakajam CSA uzpémumu vai sistému grupam [109].

Tade], veidojot limenatzimju algoritmu, aplikojams nevis kopgjais galatarifs, bet tas
jasadala vismaz trijas ieprick§mingtajas to veidojosajas komponentgs.

Siltumenergijas tirdzniecibas tarifa 7y ipatsvars galatarifa ir neliels — analizéto CSA
uznémumu datu generalkopa tas ir robezas no 0,58 % lidz 2,85 %, un galvenokart tas ir atkarigs
tikai no rékinu un iekas€Sanas vadibas organizacijas CSA uzpnémuma. Tas nozimg, ka T
ietekme uz galatarifu ir mazaka neka, piemeram, tarifa ieklautas kurinama cenas prognozes
novirze par 1 %, un tas atzistams par nenozimigu. Tadel, veidojot algoritma ietvaru un struktiiru
CSA tarifu limenatzimju modelim, 75 var nenemt vera.

Savukart siltumenergijas razoSanas tarifs 7, veido aptuveni 60-80 % no kopgam
siltumapgades izmaksam, bet atliku§o dalu — izmaksas siltumenergijas parvadei un sadalei.
Analizgjot siltumenergijas razoSanas, ka ari parvades un sadales izmaksu veidoSanos un
faktorus, kas tas ietekmé, secinats, ka $o abu tehnologisko procesu nozimigas atskiribas liek tas
analizet atseviski un ar1 veidot atSkirigus algoritmus ITmenatzimju noteikSanai [110].

Realo CSA uzpémumu razosanas tehniskie un izmaksu raditaji, no vienas puses, ir dazadi
péc méroga un samera izkliedeti, bet, no otras puses, kopuma razoSanas izmaksu rezultatiem
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piemit tendence grupéties ap noteiktam vertibam. Turklat viens kvalitativs parametrs —
kurinama veids — faktiski determing visu razoSanas izmaksu veidoSanos. Kurinama veida izvéle
nosaka razoSanas tehnologiju. Savukart izvéléta tehnologija pietiekami viennozimigi nosaka
razo$anas tehniskos raditajus — lietderibas koeficientu, patngjo elektribas patérinu u. c. Lidz ar
to konkréta kurinama veida izmanto$anas procesa mainigas izmaksas biis atkarigs tikai no viena
argja faktora — kurinama cenas. Tas nozimé, ka var lietot lidzigu pieeju ka [111] - kurinamas
cena un attiecigi kurinamas komponente javerte ka viens no noteicoSajiem elementiem,
savukart par€jas izmaksas tarifu struktiiras analize var aplikot kopa ka otru elementu. Savukart,
ja razoSanas jaudas ir izv€létas adekvatas pieprasjjumam un ekspluatacijas procesu
raksturojosie raditaji ir optimali, ari CAPEX un OPEX faktiski ir atkarigas vairs tikai no
tehnologijas. Siltumenergijas raZoSanas kopgjo izmaksu veido$anas un kurinama veida izvéles
noteico$a loma shematiski redzama 2.1. attgla.

Kurinama
veids
o Jaudas

WL | g adekvatums

Kurinama Investiciju
cena n P izmaksas

- v v
Mainigas izmaksas OPEX CAPEX

v ) )

Kopéjas izmaksas

2.1. att. Siltumenergijas razoSanas kopg&jo izmaksu veido$anas shéma.

Tadgjadi kurinama izmaksas neapSaubami ir razoSanas tarifa noteicosais elements, tacu
pargjas razosanas tarifu veidojoso izmaksu komponentes, lai arT kopuma ir biitiski mazakas
neka kurinama komponente un liela méra ir determin&tas no kurinama veida izvéles, tas tomer
ir atkarigas no daudziem argjiem faktoriem, kas katra konkreta gadijuma ietekmé to lielumu un
attiecigi arT razoSanas tarifu ar dazadu intensitati. Tad€] So faktoru ietekmju lidzsvarosanai un
konsolidésanai metodes talakai attistiSanai tika izv€lets risinajums — turpmakam analiz€m un
model&Sanai ieviest razoSanas tarifu raksturojo$u bezdimensionalu raditaju [112].

Par $adu raditaju tika izv€leta reala siltumenergijas razo$anas tarifa attieciba pret nosacitu
efektivas siltumenergijas razo$anas etalonu — kurinama izmaksu komponenti, kada varétu tikt
iegiita t. s. BAT?® katlu maja. leviesto bezdimensiju lielumu R aprékina péc 2.1. formulas.

Ry =T"0)/ Ty , 2.1)

2 _ Anglu val. Best available technology — 1abaka pieejama tehnologija.
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kur Ry — i-ta CSA uzn@muma razosanas tarifu raksturojosais bezdimensiju raditajs;
Tpri — i-ta CSA uzn@muma razoSanas tarifs, EUR/MWh;
'y — kurinama izmaksu komponente, kada ta bitu BAT siltumavota, ko aprékina péc
2.15. formulas, EUR/MWh.

Rezultata, siltumenergijas razoSanas tarifa absolaitas veértibas vieta ievie$ot bezdimensialo
lielumu, kas raksturo konkréta razotaja kop€jo razoSanas izmaksu novirzi no vienkarSa
efektivas razoSanas etalona, — kurinama izmaksu komponentes, kada varétu tikt iegiita BAT
katlu maja, tiek panakts sekojosais:

o vienkarsi un parskatami jebkur§ razoSanas tarifs ir salidzinams ar paSu bitiskako
siltumenergijas razo$anas limenatzimi — BAT katlumajas razoSanas efektivitates
raditaju;
vienkarsi un &rti savstarpgji salidzinami dazadu CSA uzp@mumu razoSanas tarifi;
ieviestais siltumenergijas rasoSanas etalons varétu but loti érts un efektivs
Regulatora instruments CSA uznémumu motivéSanai efektivitates paaugstinasanai
(par §1 instrumenta praktisko lietojumu skat. 3.6. apak$nodala).

Turpinot apstradat realo CSA uznémumu datus un aprékinatas R, vértibas ar aprakstosas
statistikas metodem, tika novérota butiska ietekme uz tarifus raksturojoSiem raditajiem atkariba
no siltumenergijas razo$ana izmantota kurinama struktiiras. Tika secinats, ka tarifus
veidojoSajiem parametriem novérojama izteikta tendence grupéties noteiktos diapazonos
atkariba no kurinama struktiiras. Savukart, analiz&jot robezgadijumiem (CSA uzne@mumi, kas
izmanto tikai gazi vai tikai biomasu) atbilstosas datu izlases, tika novérots, ka Ry biezumu
sadalfjumiem var€tu buit normala sadalijuma pazimes [113].

Izmantojot nozimigakos aprakstosas statistikas raditajus (vidgjas vertibas, standartnovirzes
u. c.) tika uzkonstrugtas R, biezuma liknes. legiitas liknes redzamas 2.2. attéla.

a) b)

- A AN N I oy @\
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2.2. att. Rybiezumu sadalfjumi divam CSA uznémumu grupam, kas atkiras péc izmantota
kurinama veida: a) CSA uznémumi, kas izmanto tikai dabasgazi; b) CSA uzp€mumi, kas
izmanto tikai biomasu.
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Lai pirmaja tuvinajuma novertetu, vai Ry biezumu sadalijumiem var€tu biit novérojamas
normalsadalijuma pazimes, abam izlasém pie tam pasam standartnovirzém tika konstrugtas
biezuma liknes gadijumam, ja R, biezumi precizi sekotu normalajam sadalfjumam.

Ar So vienkarSo pieeju vargja nonakt tikai pie vispar&jas hipotézes par Ry abu izlasu
iesp&jamo atbilstibu normalajam sadalfjumam. Tadél talak tika veikta padzilinata datu analize,
izmantojot Statistics package “IBM SPSS Statistics for Windows version 23" (IBM Corp.,
Armonk, N. Y., USA).

Vispirms, izmantojot Kolmogorova-Smirnova, Sapiro-Vilka un Levina testus, tika
parbaudits, vai Ry vertibu, ka arT ievadito izejas datu v@rtibu, kas aprékinatas no Latvijas realu
CSA uzpémumu datiem, atskiribas starp abam izlasém ir statistiski nozimigas. Veiktie testi
pieradija, ka gan Ry, gan abu izlaSu izejas datu atskiribas ir statistiski nozimigas. Tas nozime,
ka ir pamatoti veidot atseviskus Iimenatzimju algoritmus siltumenergijas razo$anai no biomasas
un dabasgazes.

Talak turpinot datu analizi, statisko analizu testi paradija, ka nevar noraidit nulles hipot&zi,
ka abas izlas€s Ry vertibu empiriskais sadalfjums atbilst normalajam sadalijumam. Ry vertibu
sadalfjumi razotajiem, kas izmanto gazi, un razotdjiem, kas izmanto biomasu, aprékinati,
izmantojot realo CSA uznémum datus, un redzami attiecigi 2.3. un 2.4. attela.

67 ] Mean =137
Std. Dev.’= 186
N=18

Biezums
w
1

1,00 1,20 1,40 1,60 1,80 2,00
R, vértibas

2.3. att. Ry vertibu biezuma histogramma Latvijas CSA uznémumiem, kas izmanto dabasgazi.
BAT siltumavota lietderibas koeficients pienemts 1y, = 0,92 (SPSS dati).

Arf siltumenergijas razoSanas nozimigako tehnisko parametru — lietderibas koeficientu un
jaudas izmantoSanas raditaja realo datu analize un veiktie statistisko analizu testi liecinaja, ka
lietderibas koeficientiem dabasgazes katlu majam un visu siltumavotu jaudas izmanto$anas
raditajam izpildas nulles hipotéze — ar 0,95 varbiitibu nevar noraidit, ka Sie parametri ir normali
sadalfti.
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2.4. att. Ry vertibu biezuma histogramma Latvijas CSA uznémumiem, kas izmanto biomasu.
BAT siltumavota lietderibas koeficients pienemts nz, = 0,85 (SPSS dati).

Savukart biomasu izmantojo$§am katlu majam nulles hipotgze par lietderibas koeficientu
vertibu sadalijumu neizpildijas. Tacu aplikojot atbilstoSo histogrammu (2.5. att€ls), var secinat,
ka ta vizuali atgadina Puasona sadalfjuma histogrammu ar nelielu skaitu datu ar loti zemam
veértibam — lietderibas koeficienti 0,5-0,7.

Histogram
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2.5. att. Lietderibas koeficientu biezumu histogramma biomasu izmantojosiem Latvijas CSA
uznémumiem (SPSS dati).
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Jaatzime, ka tik neefektiva kurinama izmantoSana kop$ 2018.gada 1.janvara Latvija nav
pielaujama, jo ar tiesibu aktu ir noteikts, ka sabiedriska pakalpojuma sniedz&am — CSA
uznémumiem zemaka pielaujama lietderibas koeficienta vertiba izmantojot cieto kurinamo ir
0,75 [115]. Nemot vera, ka par minétas normas izpildes uzraudzibu ir atbildigs Regulators, ir
pamats pienemt, ka attiecigajiem komersantiem ir uzdots prasibam neatbilstoso siltumavotu
efektivitati paaugstinat. Tadgjadi, var pienemt, ka arT biomasu izmantojosam katlu majam
lietderibas koeficienta vertibas visdrizak tuvinas normali sadalitam.

Ar SPSS veikto datu analizu ievadlielumi un rezultati pievienoti 2.pielikuma.

Tacu par dalu no parametriem, kas ir nepiecie$ami siltumenergijas tarifu aprékinasanai, ne
no Regulatora, ne CSA uznémumu publiskotas informacijas nav iesp&jams iegiit pietickamu
apjomu nepastarpinatu un precizu datu, lai veiktu pietickami ticamus apraksto$as statistikas
aprékinus un testus datu sadalfjumu hipotézu parbaudei. Tas attiecas uz parametriem, kas
raksturo cenas par precém, pakalpojumiem, tehnologijam, ko CSA uzpémumi pérk briva tirg
no dazadiem piegadatajiem. Tadél informacija par Siem parametriem visparinatu un apkopotu
datu forma tika iegtita no dazadiem publiski pieejamiem avotiem:

O par energoresursu cenam un situdciju tirgi Latvija un globali - no Regulatora
publiskotajiem gazes, elektribas un koksnes skeldas tirgus apskatiem [116],
kokriipniecibas nozares tirgus parskatiem [117], Eiropas Energijas birzas (EEX)
datiem un tirgus apskatiem [118], biomasas tirdzniecibas platformas Baltpool [119],
Ziemelvalstu un Baltijas elektroenergijas vairumtirdzniecibas platformas Nordpool
datiem [120] un brivi pieejamas ekonomisko un finansu datu platformas Trading
economics [121];

o par siltumenergijas raZoSanas raksturigiem tehniskajiem parametriem, Ipatngjam
OPEX un CAPEX — no Danijas Energétikas agentiiras uzturéta tehnologiju datu
kataloga [122]; min&tais avots uzskatams par vienu no autoritativakajiem datu
avotiem $aja joma, jo ietver plasu, pietiekami detaliz&tu datu apjomu, ir attstits ilga
laika posma, bet vienlaikus tiek regulari atjauninats sekojot tehnologiju attistibai.

No uzskaititajiem publiski pieejamajiem avotiem nav ieglistami dati par konkrétu CSA
uznémumu konkrétiem darfjumiem — cenu, par kadu iepirkts kurinamais, konkréta uznémuma
faktiskajam darbibas un uzturéSanas izmaksu pozicijam, faktiskajiem investiciju apjomiem
razoSanas aktivu izveidei. Tadel nav arl iesp&jams analitiski nonakt pie secinajumiem par o
datu sadalfjuma raksturu. Tau no minétajiem avotiem virknei parametru iesp&jams iegt
vidgjos lielumus un raksturigakos diapazonus. No mingtajiem publiskajiem avotiem tika iegtiti
arT to parametru lielumi, kas ir vienadi visiem analiz€jamajiem komersantiem, pieméram,
dabasgazes un elektroenergijas cenas vairumtirgd.

Nemot vera to, ka nav iespgas analitiski novertet minéto parametru datu sadalfjumu,
prezuméts, ka arT Sie dati ar augstu ticamibu ir normali sadaliti, pamatojoties uz S$adiem
spriedumiem:

o visparigd gadijuma, ja nekas nebltu zinams par p€tama parametra vertibu
sadalfjuma raksturu, var€tu pienemt hipotézi par §1 parametra vienmérigu
sadalfjumu; pétamais parametrs tada gadijuma ar vienadu iesp&amibu varétu
pienemt jebkuru vértibu no intervala;
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o taCunemot vera to, ka lielako dalu no nezinamajiem datiem determin€ dazadas cenas
(darbaspeka, materialu, tehnologisko iekartu), reala pieredze par cenu veidoSanos
konkurences apstaklos liecina, ka produkta vai preces cenas tirgli médz tiekties uz
kadu vidgjo visbiezak sastopamo vertibu un no tas novirzito vertibu izkliede nav
liela—jo talak no vidgjas vertibas, jo $adi gadijumi sastopami retak, t. i., cenu vertibu
sadalfjums tirgii visbiezak ir tuvs normalajam;

o lielaka dala dabas un arT cilvéka darbibas radito procesu, kas rezultgjas kada noteikta
parametra pietiekami liela skaita empirisku vértibu, visbiezak ir normali sadaliti,
tadéjadi normalajam sadalijumam ir loti plass lietojums [123]; 1idz ar to ir maz
ticams, ka parametri, kas ietekmé siltumenergijas tarifu, kam var bt dazadas
vertibas tirgus speku ietekmg, nebiitu paklauti normalajam sadalijumam.

Ja arT kada no parametriem faktiskas vértibas nebiitu normali sadalitas, tas, visticamak,
sadalitas tuvu lognormalajam sadalfjumam, kas pamatojams ar to, ka virkne ekonomiskas
rakstura parametru realos apstaklos parasti nemédz iegiit negativas vértibas.

AtseviSku parametru veértibu sadalfjumu funkcionala forma arT neizmainttu talak izklastitas
metodes pamatprincipu, jo Regulatoru riciba neapSaubami ir visi tarifu ietekmejoso parametru
faktiskie dati un, talak piedavato metodisko pieeju piemérojot praks€, Regulatori var atrast un
lietot konkr&ta parametra vertibu faktisko sadalfjumu.

2.2. Algoritms

Realo Latvijas CSA uzn€mumu skaits ir galigs, un tas nozimg, ka visas realo datu analizes
tika veiktas, izmantojot galigas generalkopas, kuras variaciju skaits neparsniedz dazus
desmitus. Sadu salidzinosi nelielu datu kopu apstrades rezultatiem parasti novérojamas samera
nozimigas nenoteiktibas, tadé] bija nepiecieSams risinajums ka, veidojot tarifu Iimenatzimju
modeli, samazinat aprékinu rezultatu nenoteiktibas. Piemérota metode nenoteiktibu apstradei ir
Montekarlo simulacija (MCs), ko médz lietot lai analiz&tu lielu rezultatu kopu ipasibas, kuram
ir gruti vai neiespgjami izmantot deterministiskas analizes [124]. Metodes pamata ir
aprékinamo lielumu simuléSana atbilstoSi uzdotam varbiitibas sadalfjumam, izmantojot lielu
skaitu nejausi generétu skaitlu.

Nemot vera to, ka gan re@lo siltumenergijas raZosanas tarifu faktiskos Iimenus raksturojosa
bezdimensiju lieluma Ry, gan arf tarifa veidoSanai nozimigo faktoru vertibu varbiitibas ar augstu
ticamibu ir atzistamas par normali sadalitam, var prezumét, ka ar MCs metodi genergjot
pietiekami lielu skaitu So faktoru vertibu un izmantojot tas razoSanas tarifa 7, aprékiniem
var€tu mazinat nenoteiktibas un ieglit objektivaku ainu gan par 7., gan par Ry iesp&jamajam

Tadgl tarifu veidojoSo parametru, pasa razoSanas tarifa 7, un attiecigi arT bezdimensiju
raditaja R, vertibu aprékiniem MS Excel programma tika izveidots siltumenergijas razoSanas
tarifa limenatzimju aprékina algoritms, iebiivEjot taja MCs modulus. MCs metode lidzigu
nosacijumu gadijumos — augstas nenoteiktibas, galigs realo datu apjoms, bet ar nosakamiem
sadalfjuma likuma parametriem, tiek sekmigi lietota dazadu procesu modeléSana, tostarp
energétikas nozaré izmaksu un cenu analizei un prognozéS$anai nenoteiktibas apstaklos,
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pieméram, elektroenergijas birzas cenu model&sana [126], slanekla gazes biznesa analizg [127],
atlikuma siltuma cenoSanas un ieklauSanas tirgl scenariju model&Sana [128].

Nemot véra secindgjumus no realo datu analizes par to, ka ir pamatoti veikt atskirigus
aprekinus siltumenergijas raZo$anas tarifiem ja tiek izmantota dabasgaze vai biomasa, aprékina
algoritms ir pielagots divu atskirigu aprékinu veikSanai, vienlaikus saglabdjot nemainigus
aprékina algoritma pamatprincipus.

Tarifu veidojoSo parametru simulacijas un aprékina algoritma blokshéma redzama
2.6. attela, un ta ietver Cetrus talak aprakstitos blokus.

® ©

Imitéjamo datu un MCs bloks Tarifu aprékina bloks

®

Fikséto ievadlielumu bloks » Ry aprékina bloks

2.6. att. Siltumenergijas raZo$anas tarifu limenatzimju aprékina algoritma blokshéma

Imitacijas aprekinu datu ievades bloks

Saja bloka ieklauti tie tarifu veidojosie parametri, kas katra atseviska CSA uznémuma
gadijuma var pienemt individualo veértibu, tadg€jadi veidojot generalkopu. Katram no $aja
ievades bloka ietvertajiem parametriem tiek ievadita vidgja vértiba un standartnovirze, kas tiek
talak izmantotas MCs iegiistot katram parametram simul&to variaciju kopu.

Ievadamie dati iegiti, izp&tot veikto realo CSA uznémumu datu analizes, ja §adi dati bija
pieejami, vai ar1 no iepriek$mingtajiem publiskajiem datu avotiem.

Simulgjamo parametru datu ievades bloks redzams 2.7.att€la, talak modela algoritma
principu apraksta sniegts katra parametra raksturojums, datu avoti un interpretéta ta nozime
Iimenatzimju aprékina modeli.

@ Imitéjamo datu un MCs bloks

Siltumenergijas razoSanas jaudas noslodze, h/gada tm) s Yoy I—‘ MCs ti)
Kurinama mazumtirdzniecibas uzcenojums, EURMWh Pfr{m}; Pfr{(ﬂ MCs me)
Siltumenergijas raZzosanas lietderibas koeficients m)s Mo MCs )
Elektribas ipatnéjais patéring, kWhe/MWhyy, Emys Er) MCs |—— E;
Elektribas mazumtirdzniecibas uzcenojums, EUR/MWh I Pe,(m) ; Pe,(g) I—’ MCs [— Per(i)

Mainigas ekspluatacijas izmaksas, EURMWh Co,. 1 5Co8, MCs cosmr

Fiksétas ekspluatacijas izmaksas, 1000 EUR/MW gada CO&M{(m);CO&Mf(o) MCs [—— CO&W{,)
Tpatnéjas investicijas iekartas, 1000 EUR/MW | qu{m); [eq(a) I_, MCs |—] ,eqw

Ipatnéjas investicijas blvnieciba un montaza, 1000 EUR/MW | If”S{m); I”’S(H) I——> MCs «l [’"Sm I

2.7. att. Imit€jamo parametru datu ievades un MCs bloks
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Katram no Siem parametriem veicot aprékinus ar modeli, tika veikts 1000 simulaciju,
iegiistot 1000 vertibu, t. i. = [1; 1000]. Tadgjadi Sie rezultati reprezente 1000 simulétu CSA

uznému datus.

Ievadamo fikséto parametru bloks

Saja bloka ietverti tie limenatzimju aprékina modeli ievadamie parametri (2.8. att.), kuru
vertibas realajos apstaklos visiem CSA uznémumiem atskiras loti nenozimigi un tade] modelt
var pienemt, ka visiem CSA uznémumiem tas noteikta laika perioda ir vienadas. Tadgjadi So
parametru vertibas, lietojot modeli, tiktu fiks€tas kada noteikta laika posma, pieméram, gada,
jamakroekonomiska situacija ir salidzinosi lidzsvarota, vai arT uz nenoteiktu laiku, t. i., vértibas
tiktu mainitas, notiekot krasam izmainam ar&a ekonomiskaja un finanSu vid€, ka tas bija

noverojams 2022. gada.

‘ Fikséto ievadlielumu bloks

Kurinama vairumtirgus cena, EUR/MWh [ SEG emisijas faktors, kgMWh

Kurinama cenas paréjas komponentes,
EUR/MWh

"
Ploc Siltumavota ekonomiskais dzives cikls, gadi n
Elektribas vairumtirgus cena, EUR/MWh P,
Pehs

Kapitala vidéja svérta pirmsnodoklu cena, % wacc

Elektribas sistémas tarifs, EURMWh Uzstadita siltumenergijas razosanas jauda, MW Q

SEGemisijas atlaujas cena, EUR/ Lietderibas koeficients BAT katlumaja | 77,

2.8. att. Fiks€to ievadlielumu bloks

Tarifa aprekina bloks un R, aprékina bloks
Tarifu aprékina bloka struktiira redzama 2.9. attgla.

@ Tarifu aprékina bloks

Ply=(Ply+ P, +P)XCV,/CV,+ P, (14)
vai

P, :bemm + E gy X Ppyy (1.7.)

(i)

_‘ C'y=Py/my (13) I:

|Pe(i}=Pew+Per(i)+Pens (1.9.)

—| C2y=Eyx P, (1.8)

| Iy= Ty +1I",) X0 X(1-s) (L.1L)

—‘ Cey=wacc X1, /(1-(1+wacc)") (1.10.)

_| =ty XQ (1.2)

—" pv-m = Cfm + 017’; + CO&MVM + (CO&Mf/u + 0/:}) /me (L.14)

2.9. att. Tarifu aprékina bloks
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Tarifa aprékina formulu bloka ieklautas tradicionalas siltumenergijas razoSanas tarifa
aprekina formulas, kas nepiecieSamas, lai, izmantojot fiks€tos ievaddatus un parametrus,
kuriem modeli tiek ievaditas ar MCs iegutas datu kopas, aprékinatu atseviskus starprezultatus,
siltumenergijas razo$anas tarifa komponentes, to summu un — rezultata — R,rdatu kopu.

Aprekins noslédzas ar Ry aprékina bloku, kura tiek aprékinata kurinama izmaksu
komponente BAT katlu maja (5, Ry vértibas un $o vértibu biezuma sadalijums (2.10. att.).

@ R aprékina bloks

| Cy, =P /1, (1.15)

| er(u :prﬁ)/(‘fbp (1.1) |

‘ R ;) vertibu biezumu sadalijuma aprekins

7=[1; 1000]

2.10. att. Ryraprekina bloks

Visiem Siem parametriem (iznemot kurinama komponenti BAT katlu maja) aprekinato
rezultatu kopu lielumi atbilst ar MCs iegiito ievades datu kopu lielumam, t. i. i = [1; 1000].

2.3. Parametri un dati lmenatzimju apréekinam

Limenatzimju modeli ievadamie dati ir iegiiti no dazadiem avotiem un turklat virknei datu
tika veikta sakotngja apstrade un sagatavosanas aprékini, lai samazinatu to aprékina solu skaitu,
kuros modelt aprékini tiek veikti ar parametru vertibu kopam uzdoto lielumu, t. i. 1000
vertibam. Talak izklastita sakotngjo sagatavoSanas aprékinu bitiba, pieeja ievadamo datu
izvélei un lietderigo ierobezojumu ievieSanai. Savukart ievadamie dati ar skaitliskam vertibam
Iimenatzimju aprékina pieméram tris scenarijos pievienoti 3.pielikuma.

Siltumenergijas apjoms, uzstadita jauda, uzstaditas jaudas noslodze

Siltumenergijas raZo$anas apjoms ir kritiski svarigs parametrs siltumenergijas razoSanas
tarifa noteikSanai, jo no ta ir tiesi atkarigs fiks€to izmaksu komponensu lielums tarifa. Fiksgto
izmaksu Ipatsvars siltumenergijas razoSanas procesa parasti ir no ir no 15-20 % (izmantojot
dabasgazi) lidz 40-60 % (izmantojot biomasu). Attiecigi, siltumenergijas raZzo$anas apjoma
izmainas par kadu relativu lielumu, faktisko razoS$anas tarifu ietekm&tu tik pat baitiski cik kop&jo
fikséto izmaksu izmainas par tadu pasSu relativu lielumu pretgja virziena. T. i. vienkarSota
piemérd, ja siltumenergijas razoSanas apjoms samazinatos par 10 %, tas atstatu tadu pasu
ietekmi uz tarifu ka visu fiks€to izmaksu pieaugums par 10 %. Ja $aja katlu maja izmanto
biomasu, tad razoSanas tarifs gan viend, gan otra gadijuma biitu japaaugstina par 5-6 %.
Japiezimée, ka fikséto izmaksu pieaugums par 10 % bitu visai nozimigs un ne parak biezi
noverojams, jo §1 izmaksu grupa parasti nav paklauta straujam svarstibam, jo CSA uznémumi
to sp&j kontrol&t un ta butiski mainas galvenokart tikai pec apjomigu investiciju veikSanas.
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Savukart siltumenergijas apjoma izmainas par 10 %, lai ari apjomigas, nav vértéjams ka
neparastas un faktiski nav atkarigas no CSA uzn€muma darbibam.

NepiecieSama siltumenergijas raZo$anas apjoma lielako dalu veido siltumenergijas
lietderigais pieprasijums, ko ietekme daudzi objektivi un no CSA uznémuma neatkarigi faktori.
Piem@ram, siltumenergijas patérétaju struktira (dzivojamas, sabiedriskas, komercialas €kas),
un no tas atkarigs at3kirigs siltumenergijas patérina reZims, paterétaju veiktajiem &ku
efektivitates pasakumiem, un paradumiem, tostarp no dzives limena izrieto§am komforta
prasibam, faktiskajiem klimata parametriem konkrétaja geografiskaja lokacija, aktivo
patérétaju aktivitatém u. c. [129].

Sie faktori, katra CSA sistéma ir atikirigi un to ietekmes rezultata pirmsskietami vienadu
objektu siltumslodzes un patérini var butiski atSkirties. Pieméram, Latvijas klimatiskajos
apstaklos temperatiras starpibas starp iekStelpu un ara gaisu izmaina par 1 °C izmaina
siltumenergijas patérinu apkurei par 5 %. Savukart apkures vajadzibam tiek patéréts aptuveni
2/3 no lietderiga siltumenergijas patérina &kas. Tadgjadi, ja kadas &kas iemitnieki
energotaupibas noliikos izlemj pazeminat iekStelpu temperatiru par 1 °C, tad §is &kas
siltumenergijas patérin$ gada bus par vismaz 3 % mazaks neka absoluti identiskai €kai, kura
temperatiira netika pazeminata.

Ka izejas lielumu patérétaju siltumenergijas pieprasijuma noteik$anai vispariga gadijuma
vajadzetu izmanto siltumslodzi. Tacu veicot datu izgtisanu no publiski pieejamajiem avotiem,
tika secinats, ka $1 lieluma korektas vértibas, kas pietickami ticami reprezentétu realas CSA
sist€mas nav ieglistamas. Pirmsskietami ticami dati vargtu biit ieglistami par atseviskam ped&jos
gados projektetam un buvétam ekam. Tacu lielaka dala no CSA sistémam pieslégtajam ekam
Latvija ir projektétas un buivétas pirms 40—-60 gadiem Latvijas okupacijas laika. To tehniska
dokumentacija ir iztriikstoSa, neatbilsto$a, novecojusi un lielai dalai eku faktiskais izpildijums
ir sliktaks ka standartizEtaja projektu dokumentacija paredzéts [130]. Turklat Saja ilgaja
ekspluatacijas laika ¢€kas notikuSas ari izmainas, parbuves, dazviet veikti atseviski
energoefektivitates pasakumi. Minéto iemeslu dgél, veidojot modeli bija jaatsakas no
tradicionala siltumenergijas pieprasijuma aprékina, ka izejas lielumu lietojot siltumslodzi.

No otras puses, gandriz viss energiju patérgjoso eku kopums ir aprikots ar siltumenergijas
patérina uzskaites iericém, kas nodrosina, ka CSA uzpémumu publiski pieejama informacija
[105] par kopgjo lietderigo siltumenergijas patérinu konkréta CSA sistéma ir korekta un ticama.
Tapat no min&tajiem avotiem tika izgita informacija par siltumenergijas razo$anas apjoma otru
sastavdalu - siltumenergijas zudumiem tiklos un secinats, ka Latvijas CSA sistémas relativa
izteiksmé tie ir aptuveni 10-25 % no CSA ftiklos nodota (siltumavotos sarazota) apjoma.
Tadgjadi, tika iegtita pietickama korekta informacija par siltumenergijas razoSanas faktiskajiem
apjomiem realajas CSA sistemas.

Ka jau mingts, siltumenergijas lietderigo pieprasijumu nosaka daudz un dazadi faktori, kas
katra konkrétaja CSA sistéma ir specifiski. Tapat arT siltumenergijas zudumi tiklos ir atkarigi
no tiklu tehniska stavokla, to geometriskas konfiguracijas ipatnibam un citiem faktoriem katra
konkrétaja sisttma. Tadu, lai izveidotu siltumenergijas razoSanas tarifu Ilimenatzimju
simulacijas modeli, bija jaatsakas no realo sistému absoliitajiem raditajiem un jamekIe iesp&ja
visparinat siltumenergijas pieprasijuma definéSanu. Nemot véra, ka ticami siltumslodzu
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raditaji, kas lautu visparinati definét siltumenergijas apjomus no pieprasijuma puses, nav
pieejami, taCu no siltumenergijas raZotdju registra [106] ieglstama informacija par
siltumenergijas razoSanas uzstaditajam jaudam, katrai analiz€jamo datu kopa ieklautajai CSA
sist€mai tika aprekinats uzstaditas razoSanas jaudas izmantosanas raditajs «. Veikta datu analize
liecindja, ka ta vid&ja vertiba analiz&jama datu kopa ir 1492 h un $is lielums ar varbatibu 0,95
ir normali sadalits (skat. 2.pielikumu). Veicot $1 lieluma veértibu MCs tiek iegiita datu kopa, kas
ir pietieckami reprezentativa un ticami raksturo siltumenergijas pieprasijumu dazadas CSA
sisttmas, jo faktiski ir rezult€§joss raditajs visiem faktoriem (klimatiskajiem,
energoefektivitates, CSA tiklu stavokla, patérétaju struktiiras un uzvedibas, u. c.), kas gan
palielina, gan samazina siltumenergijas pieprastjumu realas CSA sistemas. Sis raditajs
galvenokart ir atkarigas no procesiem siltumenergijas patérina pusé. Var prognozet, ka realajas
CSA sistemas domingjosa tendence tam biis pakapeniski samazinaties energoefektivitates
pasakumu, aktivo patérétaju un energokopienu attistibas rezultata, CSA tiklu efektivitates
uzlabo$anas, depopulacijas u.c. faktoru ietekmé. Savukart raugoties no siltumenergijas razotaja
viedokla jo augstaks §is raditajs, jo efektivak tiek noslogoti razoSanas aktivi. Tacu razotajs So
raditaju nevar kontrolet un ietekmet pastavigi, bet gan tikai pakapienveidigi pec same&ra gariem
aktivu ekspluatacijas laika posmiem parskatot un samazinot raZzoSanas aktivu sastavu.

Realajas CSA sistemas nav iesp&jams, ka uzstaditas jaudas izmantoSanas raditajs vargtu
ieglit negativu vertibu. Tapat realitaté nav iedomajama CSA sist€ma, kura uzstaditas razoSanas
jaudas izmantoSanas raditajs butu izteikti zems un sasniegtu tikai dazus simtus h gada. Turklat
Regulators ar pasreizgjo tarifu regulésanas metodiku [21] stimulé CSA uzn@mumus neuzturst
liekas razoSanas jaudas, nosakot, ka tarifa atlauta rentabilitate var sasniegt maksimalo veértibu,
ja uzstaditas jaudas izmantosanas raditajs ¢ ir vismaz 1200 h gada.

No limenatzimju modela izveides mérka — izveidot efektiva siltumapgades tirgus apstaklu
simulacijas modeli, kura vienlaikus butu iestradati arf érti riki Regulatoram $i tirgus procesu
meérktiecigai virziSanai, secinams, ka razoSanas aktivu noslodzes raditaja vérttbam modeli, no
vienas puses, ir jaatspogulo tirgus realitate, bet, no otras puses, $is raditajs ir jaizmanto ka
kritiski svarigs Regulatora instruments aktivu efektivas izmantoSanas stimuléSanai. Tadgl
modela testeésanu MCs ievadamo lielumu izvélei lietota §ada pieeja:

o ka uzstaditas jaudas izmantoSanas raditaja videja vertiba ¢ lietota vidgja vertiba,
kas iegiita, analiz&jot realu uznému datus; tadgjadi tiek nodrosinata simul&to vértibu
kopas sasaiste ar realajiem apstakliem;

o savukart uzstaditas jauda izmantoSanas raditaja standartnovirze f pienemta ka
starpiba starp #.») un Regulatora jau paslaik noteikto jaudas efektivas izmantoSanas
kriteriju; §1izvele nodroSina gan modela sasaisti ar realitati, jo Regulatora noteiktais
kriterijs jau praksé darbojas — CSA uznémumiem tas ir zindms un tie ir ieintereséti
to parsniegt, gan arT nodrosina to, ka Regulators $o lielumu var€tu turpinat izmantot
ka efektivitati stimulgjosu riku.

Izmantojot uzstaditas razosanas jaudas izmantoSanas raditaja ar MCs iegitas i vertibas, pec
2.2. formulas modeli tiek aprékinatas sarazotas siltumenergijas apjoma vértibas.

O o=ty xQ, (22)
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kur Q") — siltumavota saraZotais siltumenergijas apjoms, MWh;
tq) — siltumavota uzstaditas jaudas izmantoSanas raditajs, h;
O — uzstadita siltumenergijas razo$anas jauda, MW.

Vispariga gadijuma modelis darbojas ar pienémumu, ka uzstadita razoSanas jauda Q =
1 MW, tacu fikséto ievadlielumu bloka iesp&jams ievadit jebkadu uzstaditas razoSanas jaudas
vertibu, ja modela precizakam lietojumam simulacijas paredzets veikt dazadiem uzstaditas
jaudas diapazoniem, vienlaikus attiecigi mainot simul&jamo ievadlielumu bloka ievadamas
vertibas tiem parametriem, kam praksé novérojams méroga efekts, piem&ram, Tpatng&jam

investicijam iekartas /s vai fiksétajam darbibas izmaksam COM,

Kurinama izmaksas
Kurinama izmaksu komponente tarifu aprékina formulu bloka tiek aprékinata péc 2.3.
formulas.
Co="Pu/ni 23)
kur ') — kurinama izmaksas, EUR/MWh;
P & — kurinama cena bridr, kad tas tiek ievadits katla, EUR/MWh;

1w — siltumenergijas raZzo$anas lietderibas koeficients.

Siltumenergijas lietderibas koeficienta 7(i) vertibas tiek iegttas MCs.

Tarifu aprékina bloka tiek lietota kurinama cena P/ , kas reprezenté kurinama izmaksas
bridi, kad tas tiek ievadits katla, t. i. $aja cena ir ieklautas visas izmaksas kurinama
transporte$anai lidz katlu majai, ar kurinama izmantoSanu saistitie nodokli u.tml. izmaksas.
Tadel kurinama cenai pirms ievadiSanas tarifu aprékina bloka tiek veikti ievadamo datu
sagatavoSanas aprékini. Ka jau iepriek$ secinats no datu analizes, pastav biitiskas at$kiribas
starp dabasgazi vai biomasu izmantojoso uznému datu un, attiecigi, ar rezultatu — razo$anas
tarifa 7, un bezdimensionala lieluma R; generalkopam. Tad€l modeli tika izveidoti divi
nesaistiti aprékinu algoritmi — siltumenergijas razo$anai izmantojot gazi vai biomasu. Sis
noskirums bija nepiecieSams ne tikai kurinama izmaksu aprékiniem, bet arT lielai dalai citu
ievadamo parametru.

Ja siltumenergijas raZoSanai izmanto dabasgazi, tad tarifu aprékina modeli lietojamo
kurinama cenu nosaka, izmantojot 2.4. formulu.

Pliy= Py + Phy+ Plog) x CVg/ CVy+ Pleoa, (2.4.)
kur mef dabasgazes cena ievadisanas katla bridi, EUR/MWh;

P, — dabasgazes mazumtirdzniecibas uzcenojums jeb marza, EUR/MWh;

P/,,— dabasgazes vairumtirdzniecibas cena, EUR/MWh;

P/,.— pargjo dabasgazes cenas komponensu summa, EUR/MWh;

CVy; CV, — dabasgazes augstaka (gross) un zemaka (nef) sadegsanas siltumspgja atbilstosi

ISO standartam 6976:2016 [131], MWh/1000 m?;

Pl..pp— siltumnicefekta gazu emisijas atlaujas izmaksu komponente, EUR/MWh.
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Dabasgazes mazumtirdzniecibas marza P"(i) ir vienigais elements gazes cenas aprekina,
kuram tiek veikta MCs, jo pienemts, ka gazes piegades ligumos atseviskas nianses katram
atseviSkam komersantam var atskirties, jo tirgli dabasgazi piedava vairaki savstarpgji samera
asi konkurg€josi tirgotaji ar atSkirigam riska apetit€m, piegades ligumi ir slégti atskirigos laika
brizos, ligumos var bt péc dazadiem principiem un uz dazadiem terminiem fiks€tas cenas vai
arT brivi svarstigas atbilstosi Eiropas gazes tirgus indeksiem. Tomér vienlaikus, nemot véra
publiski pieejamos gazes tirgus apskatus, var secinat, ka mazumtirdzniecibas marzu diapazons
nav parak plass un loti niecigi vai arT loti augsti uzcenojumi virs gazes vairumtirdzniecibas
cenam Eiropas gazes tirdzniecibas platformas sastopami visai reti, vairuma gadijumu marzas
tiecas uz kadu vid&jo vertibu. Tas izskaidrojams ar labi integréto kop&jo Latvijas, Igaunijas,
Somijas tirgus zonu, kurd visiem tirgotdjiem ir vienlidziga pieeja gan $o tris valstu vienotas
parvades sistémas ieejas/izejas punktiem, gan pazemes gazes kratuvei Latvija. Nemot véra to,
ka fiziski dabasgazes piegades mingtajai vienotajai zonai iesp&jamas tikai saSkidrinatas
dabasgazes (LNG) forma no Somijas LNG terminala “Inkoo” vai caur Lietuvas/Latvijas
robezpunktu no Lietuvas LNG terminala Klaip&da, regiona stradajosie gazes vairumtirgotdji un
mazumtirgotaji darbojas loti Iidzigos apstaklos, attiecigi cenu novirzes no vidéjam vertibam
nav lielas.

Japiezime, ka gadijuma, ja Regulators izveletos pielietot piedavata tarifu limenatzimju
algoritma principus, tad tam bis iespgjams MCs veikt, izmantojot loti korektus ievadamos datus
(mazumtirdzniecibas uzcenojuma vid€jo vertibu un standartnovirzi), jo Regulatoram ir pilna
informacija par gazes tirdzniecibas darfjumiem gan no gazes tirgotaju, gan no gazes pircgju —
CSA uzpémumu atskaitém.

Baltijas dabasgazes tirgli vairuma mazumtirdzniecibas ligumu ka nozimigakais cenu
veidojosais elements tiek lietota atsauce uz dabasgazes vairumtirdzniecibas cenu P, kada no
Eiropas gazes tirdzniecibas platformam. Baltijas dabasgazes tirgus ir atverts salidzino$i nesen
un pirmajos gados saméra biezi tika lietoti cenu indeksi Vacijas dabasgazes tirdzniecibas birza
Gaspool, kas kop§ 2021.gada ir transform&jusies par THE (Trading Hub Europe). Tomér
pédgjos gados aizvien vairak tiek dota priekSroka dabasgazes cenu indeksiem Niderlandes
dabasgazes tirdzniecibas birza TTF (Title Transfer Facility), kas ir viena no tris Eiropa
nozimigakajiem dabasgazes cenu veidoSanas punktiem.

Dabasgazes vairumtirdzniecibas cena ir no tas atseviska patérétaja, vai pat patérétaju grupas
absoliti neatkarigs un mainigs argjais lielums, kas reagé tikai uz globaliem objektiviem
(klimata apstakli, ekonomiskas izaugsmes raditaji, energetikas politikas izmainas, nozimigi
geopolitiski procesi) vai dazkart spekulativiem procesiem. Lidzs§ingja pieredze liecina, ka nav
identificgjamas kadas noteiktas tas veidoSanas likumsakaribas un vaji izpildas pat
visautoritativakas prognozes. Piem&ram, p&dgjo divu tris gadu laika gazes cenas oscilacijas
verojamas milziga diapazona 9-345 EUR/MWh (2.11. att.).
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2.11. att. Dabasgazes cenu (nakama ménesa nakotnes ligumu — Futures) svarstibas TTF
tirdzniecibas platforma 10 gadu laika, EUR/MWh (avots: Trading economics [121])

Ja 2.11. attéla redzamie cenas rekordlimeni 2022.gada skaidrojami ar tirgus reakciju uz
Krievijas iesakto karu Ukraina un atsevisku ierasto piegades k&zu sabrukumu, tad 2020.—
2021. gada noverotajai cenas tendencei skaidrojumu rast griti.

Tadel tarifa imenatzimju aprékina algoritma pienemts, ka, model&jot tarifu [imenus kadam
noteiktam laika posmam, gazes vairumtirdzniecibas cena $aja laika posma ir vienada visiem
CSA uzp@mumiem. Attiecigi modelt ta ir iebliveta ka viena atseviski ievadama konstante, kas
pec vajadzibas mainama, ja mainas izveletais gazes cenu indekss. Modela aprekina piemeros
pienemts lietot 77F cenu indeksu. Atkariba no modela lietojama mérka p&c vajadzibas var tikt
lietoti arT dazadas ta vertibas, ja:

o jaanalizé situacija iepriek$€jos periodos, tad ievada vidgjo lielumu attiecigaja
perioda no tirdzniecibas platformu vésturiskas statistikas;

o jamodelg situacija nakotng, piem€ram uz nakamo gadu, tad jalieto nakotnes
darfjumu cenas, kadas tas ir analizes veikSanas bridi.

o nepiecieSams novertét situaciju ka reala laika momentuznémumu, tad piemérota
ir tekosas dienas cena.

Paré&jo dabasgizes cenas komponensu summa P, sastav no vairakiem elementiem un to
aprékina veicot datu sagatavosanas aprékinu péc 2.5. formulas.

Pfoy = f_;'ys + PjT 5 (25)

kur Ploe— dabasgazes cenas pargjo komponensu summa, EUR/MWh;
Py — dabasgazes piegades sistémas izmantoSanas tarifu summa, kas ietver dabasgazes
parvades, uzglabasanas un sadales tarifus, kas ir reguléti, tadel noteikta laika posma
nemainigi un vienadi visiem gazes piegades sist€mas lietotajiem, EUR/MWh;
P/r— akcizes nodoklis dabasgazei, EUR/MWh.

Tarifu aprékina modeli kurinama patgrina, attiecigi — arT izmaksu aprékinu &értak ir veikt,
izmantojot zemako dabasgazes sadegSanas siltumsp&ju. Savukart dabasgazes tirdznieciba un
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sist€émas tarifu noteikSana tiek lietota gazes augstaka siltumspé&ja. Tadel kopgjai dabasgazes
cenai pirms ievadiSanas tarifu modelt tiek veikts parrékins no augstakas uz zemako siltumspgju.

Izmantojot fosilo kurinamo un kops 2023.gada 1.janvara arT biomasu, ja energijas raZzotdgjam
nav iesp&jams pieradit tas izcelsmes atbilstibu EK AER izmantoSanas veicinasanas direktiva
[72] noteiktajam prasibam, ir jaieglist SEG emisiju atlaujas atbilstosi kurinama sadedzinasanas
procesa emitétajam CO; apjomam, t. i., japiedalas Eiropas Emisiju tirdzniecibas sistéma (ETS).

Siltumenergijas razoSanai bija dots saméra ilgs parejas periods, kad SEG emisiju atlaujas
vajadzigaja apjoma tika sanemtas bez maksas, tacu $is bezmaksas apjoms ik gadu tika
pakapeniski samazinats, un paslaik tas I1dz 2030. gadam noteikts 30 % apm&ra no nepiecieSama
atlauju daudzuma. Attiecigi pargjais emisijas atlauju apjoms ir jaiegadajas tirgl. Rezultata
nepiecieSamo emisijas atlauju iegade veido papildu izmaksu komponenti, kas jaieskaita
kurinama cenas aprékind. So komponenti aprékina péc 2.6. formulas.

P/wz = Eco2 X PEua % (] 7/()/]000, (26)
kur Peo2— SEG emisijas atlauju iegades komponente, EUR/MWh;
Eco> — emisijas faktors, kura vertiba tiek izveléta atbilstosi [132], kg/MWh;
k — bezmaksas emisiju atlauju pieSkiruma koeficients atbilstosi EK tiesibu aktos par SEG
emisiju atlauju tirdzniecibu noteiktajam [74], [133];
Prus— SEG emisijas atlaujas cena, EUR/.

Ja emisijas faktoru un bezmaksas atlauju pieskiruma koeficientu var uzskatit par konstanti,
tad Prus ir mainigais, kura veértiba veidojas argja vide un ir visai svarstiga, tomér ar saméra
skaidri saredzamu pieauguma tendenci p&€dgjos gados (2.12. att.).
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2.12. att. SEG emisiju atlauju cenas svarstibas 10 gadu laika, EUR/t (avots: Trading
economics [1211])

SEG emisiju atlaujas cenai nav jégpilni veikt statistisko analizi, meklét sadalijums un
likumsakaribas. S1 lieluma svarstibas un tendences nepaklaujas ne statistiskam likumsakaribam
un pat ne stohastiskiem procesiem brivos tirgos, jo SEG emisiju atlauja ir ar politiskiem

65



lémumiem veidots finanSu produkts apgrozibai politiski izveidota kvazitirgii jeb faktiski
parasfiskals instruments fosilo energoresursu izmantosanas sadardzinasanai.

Emisijas atlaujam l1dzigi ka jebkuram produktam tirgii ir pieprasijums un piedavajums un
pirmsskietami uz tiem darbojas Iidzigi speki ka briva tirgii. Tacu faktiski abas puses tiek
manipulétas ar legitimiem politiskiem instrumentiem:

o pieprasijums ir radits ar tiesibu aktiem nosakot, ka virknei subjektu §is produkts ir
obligati jaizmanto, t. i., jaiegadajas SEG emisiju atlaujas, lai var€tu veikt savu
komercdarbibu; turklat ik pa laikam pieprasijums tiek maksligi palielinats, gan
ieklaujot obligataja tirgii jaunus dalibniekus, gan pakapeniski samazinot bezmaksas
kvotu pieskirumus, ka tas ir noteikts siltumapgades nozarei;

o piedavajuma ietekmé&Sanai ir paredzeta t. s. stabilizacijas rezerve, tas mérkis ir
iznemt no tirgus kadu apjomu emisiju atlauju, ja klimata politikas veidotaju ieskata
SEG emisijas atlaujas cenas ir parak zemas; §is instruments ir vairakkartigi
piemérots praksé un skiet, ka devis labus rezultatus, ko var secindt no
pakapienveidigiem cenas pieaugumiem 2019. un 2021. gada; nevar gan izslegt, ka
uz SEG emisiju atlauju cenas svarstibam ietekmi atstaj ari finansu spekulanti, kas
cikliski parvieto naudas lidzeklus tradicionali starp uzpémumu akcijam,
energoresursiem, metaliem, partiku.

Tadgjadi japienem, ka lai arT ka politiskais kurss ir versts uz SEG emisiju atlauju cenas
audzéSanu, méginat to kvantitativi prognozet nav lietderigi. Tadél modelgjot tas veértiba analogi
ka kurinama cena jaievada modell atbilsto$i modeleSanas merkim un situacijai, kas ir emisiju
atlauju tirgt bridi, kad tiek veikta model&sana.

Izmantojot biomasu, modeli ievadamas kurinama cenas aprékina ir formula ir daudz
vienkar$aka (2.7. formula):

Pliy= Plio) + Ecor X Prua, 2.7)
kur P, }[) — kurinama cena bridi, kad tas tiek ievadits katla, EUR/MWh;

Plyio) — biomasas pardosanas cena ar piegadi siltumavota; §im lielumam tiek veikta MCs,

ka izejas datus lietojot informaciju par biomasas tirgu, EUR/MWh.

Savukart saskaitamais E.2 * Prus jalieto gadijuma, ja tirgli nav pieejama EK AER
izmanto$anas direktiva [72] noteiktajam ilgtsp&jas prasibam atbilstoSa biomasa un
siltumenergijas raZotajam ir japerk SEG emisijas atlaujas.

Elektroenergijas izmaksas
Elektroenergijas izmaksu komponente tarifu aprékina bloka tiek aprékinata peéc 2.8.
formulas.

Cw=Ewp x Pw, (28)
kur C¢; — elektroenergijas izmaksu komponente, EUR/MWhej;
E —elektroenergijas Tpatngjais patérins siltumenergijas razosanai, kWhei / MWhyy;
P —elektroenergijas kopgja cena EUR/MWhg,
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Elektroenergijas Tpatn&ja paterina veértibas tiek ieglitas ar MCs, kura ievaddatiem lietota
Danijas Energgtikas agenttras uzturéta tehnologiju datu kataloga informacija [122]. Ja
piedavato ltmenatzimju modeli lietotu Regulators, tad ievadamie dati MCs izglstami no
Regulatora sanemtajam realo CSA uznémumu atskaitem.

Elektroenergijas kop&jo cenu aprékina pec 2.9. formulas.

Pei= P+ Py + Péys, (2.9.)
kur P°j — elektroenergijas kopgja cena, EUR/MWh;
P¢, — elektroenergijas vairumtirdzniecibas cena, EUR/MWh;
P*.)— elektroenergijas mazumtirdzniecibas uzcenojums, EUR/MWh;
P¢,s— elektroenergijas piegades sist€émas izmanto$anas tarifu summa, EUR/MWh.

Analogi tam, ka tiek aprékinatas gazes cenas, elektroenergijas vairumtirdzniecibas cena ir
loti nozimiga elektroenergijas galacenas sastavdala, un var pienemt, ka viena laika perioda un
noteikta geografiska teritorija ta visiem CSA uzpémumiem bus vienada. Tade] ta modeli tiek
ievadita ka uz noteiktu laika periodu nemainiga konstante, ko pienem no elektroenergijas
tirdzniecibas platformu [120], [134] un elektroenergijas tirgus apskatu [135] datiem.

Elektroenergijas mazumtirdzniecibas uzcenojumam, analogi tam, ka tiek aprékinatas
dabasgazes cenas, tiek veikta MCs, pienemot, ka CSA uznémumiem elektroenergiju piedava
dazadi konkurgjosi piegadataji, kas piedava nedaudz atskirigus elektroenergijas produktus.

Elektroenergijas piegades sistémas izmantoSanas tarifu summu veido elektroenergijas
parvades un sadales tarifi. Sie tarifi ir reguléti un tade] noteikta laika posma nemainigi un
vienadi visiem elektroenergijas piegades sistémas lietotajiem. Saja summa ieklaujamas ari citas
visiem elektroenergijas patérétajiem vienadas elektroenergijas piegades izmaksu komponentes,
pieméram, specifiski nodokli un nodevas atjaunojamo energoresursu izmantoSanas
veicinasanai.

Kapitala izmaksas
Kapitala izmaksas tarifa limenatzimju aprékina modelt tiek aprékinatas p&c 2.10. formulas.

Chy=wacc x Iy/ (1 - (1 +wacc)™), (2.10.)
kur C¢;) — kapitala izmaksas, EUR;
wacc — kapitala vidgja sveérta pirmsnodoklu cena, %;
n — siltumavota akttvu (veikto ieguldijumu) ekonomiskas dzives cikls, gadi;
I — ieguldijumu apjoms siltumavota aktivu izveidei, EUR.

Kapitala vidgja sverta pirmsnodoklu cena ir plasi lietots parametrs dazados finansu analizes
aprekinos un ta aprékinata vertiba ietver un viena skaitli atspogulo gan finansu tirgu, gan valstu,
gan nozaru, gan uznémumu kapitala struktiiras un kapitalizacijas raditajus:

o bezriska ieguldijumu atdeves raditajus;
o dazadu risku (valstu, nozaru, uznémumu lieluma u.c.) prémijas;
o dazadas kreditlikmju sastavdalas;
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o nozaru vai uznémumus atdeves korelacijas raditajus ar vertspapiru tirgus atdevém
(t. s. B koeficients).

Vidgjas svertas kapitala cenas noteikSana ir loti plasi un detaliz&ti aprakstita daudzas atzitu
finanSu analitiku sagatavotas vadlinijas un rokasgramatas, pieméram [136], kura izklastita
pieeja, bet ne parametru lielumi, kas lietoti aprékinot modeli ievadamo wacc lielumu. Samera
plasi ir izplatita prakse, kad reguléSanas vajadzibam Regulators nosaka vienadu wacc noteiktam
regul&jamo uznémumu grupam vai pat nozarém. Latvija Regulators wacc visam reguléjamajam
nozarém nosaka atbilsto$i savai metodikai [137]. Metodikas pamatprincipos, protams, nevar
but butisku atskiribu no tradicionalajam finan$u analitika lietotajam pieejam, tomer secinams,
ka diskutabli vargtu biit regulativas iestades ieskati par wacc aprékina ieklaujamo riska prémiju
raksturiem un to vertibu izvéles metodém. Attiecigi, ka secinats 1.4. apak$nodala, atbilstosi
metodikai aprékinatais un apstiprinatais wacc lielums siltumapgades nozarei [66] atspogulo
stingras reguléSanas metozu un to pielietosanas prakses negativos aspektus — tendenci
minimiz&t atlauto atdeves likmi un Regulatora nobides praktizésanu. Nemot véra to, ka
piedavataja tarifu limenatzimju noteikSanas modell wacc likmi paredz€ts ievadit ka vienu
konstanti, acimredzot tas noteikSana tom@r saglabasies ka Regulatora kompetence un
pietickami nozimigs regul&sanas riks.

Siltumavota aktivu (veikto ieguldijumu) ekonomiskas dzives cikls aprékinu modeli tiek
lietots ka konstants lielums. Aprékina pieméra lietots lielums — 15 gadi, kas vidgji atbilst
miisdieniga siltumavota tehniskajam un ekonomiskajam dzives ciklam.

Ieguldijumu apjomu siltumavota aktivu izveidei aprékina p&c 2.11. formulas.

Iy = (0 + I"w) x Q x (1-5), 211)
kur /;) — ieguldijumu apjoms siltumavota aktivu izveidei, EUR;
s — lidzfinans€juma atbalsta intensitates koeficients;
1) —Tpatngjas investicijas iekartas, 1000 EUR/MW;

1" ) — Tpatngjas investicijas biivnieciba un montaza, 1000 EUR/MW.

2.11. formula ieklauts Iidzfinans€juma atbalsta intensitates koeficients, jo CSA
uzne@mumiem Latvija un ari citas Austrumeiropas valstls saméra brivi bija pieejams atbalsta
lidzfinansgjums energijas razoSanas parejai no fosilajiem uz atjaunojamajiem energoresursiem.
Gandriz visi nozimigakie biomasu izmantojo$ie siltumavotu biivniecibas un rekonstrukcijas
projekti ir stenoti izmantojot neatmaksajamu atbalsta lidzfinans€jumu. Atbalsta intensitate
sados projektos ir vid€ji 20 — 40%. ReguléSanas praksé par lidzsvarotu pieeju atzist
neatmaksajama Iidzfinans€juma izslégSanu no tarifa ieklaujamajam kapitala izmaksam.
Attiecigi, aprékina modell ieklauts koeficients tarifa ieklaujamo kapitala izmaksu
samazinasanai. Aprékina pieméra siltumavotiem, kas izmanto dabasgazi, §im parametram
pienemta vertiba 0,00, siltumavotiem, kas izmanto biomasu — 0,30 (3. pielikums).

Ipatngjo investiciju iekartas veértibam tiek veikta MCs, jo pienemts, ka siltumavotu
buvnieciba un rekonstrukcija iekartu izmaksas katra konkrétda gadijuma ir atSkirigas, tacu
tehnologiskie risinajumi un iekartu sastavi ir saméra homogéni un tade] redlo projektu
izmaksam butu jatiecas uz kadu vidgjo vertibu. Ka izejas dati MCs veikSanai nepiecieSamie
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lielumi — vidgja vertiba un standartnovirze pienemti no Danijas Energétikas agentiiras uzturéta
tehnologiju datu kataloga [122]. Tam pamata ir pienémums, ka miusdienigam siltumenergijas
razo§anas tehnologijam pastav plass vienots Eiropas tirgus un tade] tehnologiju izmaksas var
bez Ipasas pielagoSanas parnest izmantoSanai aprékiniem citas valsts apstaklos. Savukart
gadijuma, ja aprakstito metodi un limenatzimju modeli atzitu par lietderigu regulativa iestade,
tad ta ievaddatus var€tu izveidot no savam uzkratajam realo datu kopam, kas veidojamas no
regul&jamo uznemumu regularajam atskaitem.

ArT Ipatngjo investiciju blivnieciba un montaza vertibam tiek veikta MCs un ievadamajiem
lielumiem ka pirmavots izmantots Danijas Eergétikas agentiiras uzturétais tehnologiju datu
katalogs [122]. Tacu $aja gadijuma kataloga dati tiek pielagoti Latvijas apstakliem, jo nav
Saubu, ka tehnologisko iekartu izmaksas un biivdarbu un montazas izmaksas Danija un Latvija
biitiski atskiras. Sim pienémumam pamata ir loti atikirigie darbaspeka atalgojuma Iimeni un
darbaspeka izmaksu nozimigais Ipatsvars blivniecibas un montazas izmaksas. Danijas datu
pielagosanai Latvijas apstakliem tika pielietota vides ekonomikas aprékinos plasi lietotas
ieguvuma jeb vértibas parneSanas metodes*® vienkarsakais variants, kur kada nauda izteikta
lieluma vértiba, kas noteikta viena valsti, tiek parnesta uz citu valsti, koriggjot to ar iek§zemes
kopproduktu attiecibu [138]. Aprékinam tiek lietotas abu valstu kopproduktu uz 1 iedzivotaju
pirktspgjas paritates (PPS) indeksu?®' vértibas viena un taja pa$a laika posma (2022.gada) no
Eurostat datu bazes [139]. Attiecigi, datu pielagoSana investiciju blivnieciba un montaza
vidgjas vertibas pielagosanu Latvijas apstakliem tika veikta ar 2.12. formulu.

I = ["px x (GDPLy / GDPpk ), (2.12)
kur /™ —Tpatngjo investiciju biivnieciba vértiba Latvijas apstaklos, 1000 EUR/MW;
I"pk —no Danijas Energgtikas agentiiras uzturéta tehnologiju datu kataloga izgiita ipatngjo
investiciju blivnieciba vértiba, 1000 EUR/MW;
GDP.y — Latvijas iek§zemes kopprodukta PPS indekss;
GDPpk — Danijas iekSzemes kopprodukta PPS indekss.

Mainigas un fiksetas darbibas izmaksas

Gan darbibas mainigo izmaksu komponentes CO%?; gan darbibas fikséto izmaksu
COM,) vertibas tiek iegiitas ar MCs metodi, ka izejas datus izmantojot no Danijas energétikas
agentiiras uzturéta tehnologiju datu kataloga [122] izgitas attiecigo parametru vidéjas vértibas
un standartnovirzes.

Darbibas fiks&to izmaksu nozimigakas sastavdalas ir gan operativa, gan vadibas personala
izmaksas ietverot nodoklus, maksajumi par pakalpojumu ligumiem, TpaSuma apsaimniekoSanas
izdevumi un nodokli. So izmaksu poziciju lielumu butiski ietekme cenu, darba samaksas un
nodoklu Iimeni konkrétaja jurisdikcija, kur notiek siltumenergijas raZzo$ana. Tadél analogi tam,
ka tas ir Tpatngjam investicijam bilivnieciba, ari fiks€to darbibas izmaksu Danijas dati tiek
pielagoti Latvijas apstakliem ar vertibas parneSanas metodi p&c 2.13. formulas.

3 Anglu val. Benefit transfer..
31 Anglu val. Purchasing Power Standards.
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COM = COMIp x (GDPry/ GDPpx ), (2.13)
kur CO4M _ darbibas fiksgto izmaksu vertiba Latvijas apstaklos, 1000 EUR/MW;
COMfpx — no Danijas Energétikas agentiiras uzturéta tehnologiju datu kataloga izgiita
darbibas fikséto izmaksu vértiba, 1000 EUR/MW;
GDP.y — Latvijas iek§zemes kopprodukta PPS indekss;
GDPpk — Danijas iek$zemes kopprodukta PPS indekss.

Ja reguléSanas iestade izveletos piedavato limenatzimju aprékinasanas metodi lietot prakse,
tad ekspluatacijas izmaksu simulacijai ievadamo vertibu atbilstibu varés jiitami pilnveidot. Ja
Regulatora riciba bis uzkrats pietickams apjoms savstarpgji salidzinamu datu no realo
uznémumu atskaitém, tad MCs ievaddatiem var€s izmantot $o redlo datu kopu vidgjas vértibas
un standartnovirzes.

Otra mazak preciza pilnveides iesp&ja ir Danijas datu selektiva pielagosana Latvijas
apstakliem. So pilnveides iesp&ju, Regulators varétu apsvért gadijuma, ja Regulatora riciba
esosSie dati par aplikojamajam izmaksam nav pietieckami viendabigi, bet ir pietickami adekvata
informacija par So izmaksu struktliru, kas lautu novertét, kuras izmaksu pozicijas ir vairak
atkarigas no lokalajiem cenu un darba spéka atalgojuma limeniem.

Tarifu un Rysveértibu aprekins
Siltumenergijas razoSanas tarifa aprékinam Iimenatzimju modeli tiek lietota 2.14. formula.

TPy = Oy + Cy + COMYG) + (COMy + C) / O (2.14.)

kur 77" ;) — siltumenergijas raZoanas tarifs, EUR/MWh;
(- kurinama izmaksu komponente (aprekinata péc 2.3. formulas), EUR/MWh;
C¢;) — elektroenergijas izmaksu komponente (aprékinata péc 2.8. formulas), EUR/MWh;
CO&Mv,, _ ekspluaticijas mainigo izmaksu komponente, EUR/MWh;
COMy, _ ekspluatacijas fiksetas izmaksas (aprékinatas péc 2.13. formulas), EUR;
C¢@ — kapitala izmaksas (aprékinatas péc 2.10. formulas), EUR;
O ) — siltumenergijas raZo$anas apjoms (aprekinats péc 2.2. formulas), MWh.

Visi 2.14. formula ieklautie tarifa aprékinam nepiecieSamie lielumi ir atkarigi no veiktajam
MCs un, attiecigi, aprekina piemera kataram no tiem i = [1; 1000] vertibas. Tadgjadi aprekina
pieméra ari siltumenergijas razoSanas tarifam tiek iegtitas 1000 vertibas.

Siltumenergijas razo$anas tarifu limenatzimju aprékins noslédzas ar siltumenergijas
razoSanas tarifus raksturojosa bezdimensionala raditaja R, aprékinu, ko veic péc 2.1. formulas.

2.1. formula ievadamo efektivas siltumenergijas razoSanas etalonu — kurinama izmaksu
komponenti BAT katlu maja aprékina péc 2.15. formulas.

Cop =P My, » (2.15)
kur thp — kurinama izmaksu komponente BAT katlumaja, EUR/MWh;

P/ — kurinama cena pirms ta ievadidanas kurtuvé, EUR/MWh;

N — kurindma izmantoSanas lietderibas koeficients BAT katlumaja.
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Aprekinot efektivas siltumenergijas razo$anas etalonu ka kurinama cenu P’ tiek izmantots
lielums, kas ietver tikai tas kurinama galacenu veidojosas komponentes, ko CSA uznemums
nespgj ietekmét, t. i., netiek ieklautas komponentes, kuru lielums var biit atkarigs ne tikai no
tirgus situacijas, bet arT komersanta prasmém un vélmém atrast tirgii izdevigakos piedavajumus,
piem&ram, mazumtirdzniecibas marza un SEG emisijas atlaujas cena. Attiecigi, izmantojot:

o biomasu P’ = Phiopm , t. i., vienada ar biomasas cenas MCs ievadamo biomasas
tirgus cenas vidgjo vertibu;
o dabasgazi P/ = (P, + Ploe) X CVy/ CVh

Savukart lietderibas koeficients BAT katlu maja ir viens no limenatzimju modelt
paredz&tajiem instrumentiem, ko Regulators var lietot noteiktai nozares politikas veidosSanai, jo
Regulators brivi izvélas §1 parametra lielumu. Ja politika paredz agresivu efektivitates
stimuléSanu, tad jaizvélas lielums, kas tuvs attiecigaja bridl pieejamo BAT raditdjam vai pat
vienads ar to. Savukart, ja izveleta pakapeniska efektivitates stimul€sanas politika, §T parametra
lielums uzsakot piedavatas limenatzimju metodes lietoSanu jaizvélas ar rezervi pret BAT
raditaju, vienlaikus nosakot §1raditaja pakapeniskas paaugstinasanas trajektoriju. Limenatzimju
modela iesp&amas praktiskas lietoSanas aspekti detalizeti iztirzati 3.6. apaksnodala.
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3. REZULTATI UN DISKUSIJA

Atbilstosi 2. nodala izklastitajam algoritmam tika veikti siltumenergijas razoSanas tarifu

raksturojosa raditaja R,raprekini tris scenarijos:
1. siltumenergijas razoSana izmantojot biomasu;
2. siltumenergijas razoSana izmantojot dabasgazi — mérenu cenu scenarijs;
3. siltumenergijas razoSana izmantojot dabasgazi — augstu cenu scenarijs.

Sakotngji veidojot aprékina modeli, tas tika izveidots diviem scenarijiem: ja raZoSanai
izmanto dabasgazi vai biomasu. Tacu 2021.gada un jo ipasi péc 2022.gada februari Krievijas
iesakta kara Ukraina novérotais ekstremali straujais cenu pieaugums un cenas stabiliz€Sanas
visai augsta liment 2022./2023. gada ziemas sezona lika apsvért hipotézi, ka lidzsingjo ierasto
dabasgadzes piegades kézu sagrauSana var saglabat $adu augstu cenu limeni (100-150
EUR/MWh) ari pietickami ilgi. No otras puses nevargja izslégt arT gazes cenu atgrie$anos
industrijam pienemamaka Iiment (zem 50 EUR/MWh). 2023.gada pavasarT un vasara cenas arl
uzradija $adu lejupejoSu tendenci, tacu izdarit secindjumus par tas noturibu nakotné nav
iesp&jams.

Attiecigi, bija japarliecinas vai izveidota modela algoritms nodro$inas pirmsSkietami
ticamus rezultatus ari loti plasa kurinama cenu diapazona. Ipasi bitiski tas ir dabasgazes
izmantoSanas gadijuma, jo realo uznémumu datu analize liecindja (2. nod.), ka izmantojot
dabasgazi méreno cenu perioda, kurinama izmaksu komponente siltumenergijas razoSanas
tarifa veidoja 80-85 %, savukart procesi dabasgazes vairumtirgl pieradija ka divu gadu laika
dabasgazes cena var svarstities pat 9-345 EUR/MWh robezas. Tade] dabasgazes izmantoSanas
scenarijs tika sadalits divos.

3.1. Rezultatu raksturojums

Ievadot siltumenergijas raZo$anas tarifu limenatzimju modeli 3.pielikuma apkopotos
ievaddatus visiem tris scenarijiem tika aprékinatas rezultatu izlases R/*¢, R un R,
Katra no §im izlasém satur 1000 aprékinatas R vertibas.

No iegitajam rezultatu izlasem tika aprékinati katram scenarijam atbilsto$o Ry vertibu
nozimigakie aprakstosas statistikas raditaju vid&jais lielums, standartnovirze, vertibu biezuma
sadalfjums 10 diapazonos, ka arl noveért€§jums So biezumu varbitibam. 3.1. attéla redzami
scenarija R,#*®¢ rezultati: Ry biezuma sadalfjums un biezuma varbiitibas.

No 3.1. attela nolasams, ka aptuveni 67% no Ry vertibam atradisies + 1 standartnovirzes
diapazona no izlases vidgjas vertibas, bet + 2 standartnovirzu diapazona - jau 96% no vertibam.
Tadgjadi, nemot vera, ka visu aprekina pielietoto mainigo vertibu MCs bija uzdots to veikt
atbilstosi normalajam sadalfjumam, R, biezumu sadalfjums atbilsto$i gaiditajam arT ir tuvs
normala sadalfjuma likumsakaribam [140]. Nemot véra, ka talak 3.6. apaksnodala izklastitas
Iimenatzimju lietoSanas metodes pamata ir rezultatu vértibu sadalfjums standartnovirzu
diapazonos, iegiito biezuma sadalijumu raksturs ir pietickami atbilstoss izvirzitajam mérkim.
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3.1. att. Aprekina rezultati dabasgazes mérenu cenu scenarijam: a) R, biezuma sadalijums; b)
Ry biezuma varbiitibu sadalijums standartnovirzu diapazonos.

Visos tris aprekina scenarijos ieglitie rezultati grafiska forma ir paraditi 3.2. attela.
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3.2. att. Tris scenariju aprekina rezultatu grafisks apkopojums: a) Rtf absolito vértibu

biezuma sadalijumi; b) Rtf normaliz&to vértibu sadalijumi.

Rezultatu apkopojums 3.2. att€la paradits divos veidos:

1. Ry absoluto vértibu bieZuma sadalijums (3.2. a) att.). No §1 apkopojuma var
nolasit faktisko Ry vertibu diapazonus un tos savstarpgji salidzinat dazadajos
aprekina scenarijos. Ka redzams no Ry absoliito vertibu grafikiem, tos var novertét
ka pietickami atbilstoSus pirmsskietami gaiditajiem rezultatiem, jo tie labi ieklaujas
logiskos raksturojumos. Izmantojot biomasu, siltumenergijas raZoSanas tarifa
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bezdimensijas raksturotaja R, vertibas ir 1,9-3,9 diapazona, bet visbiezak ir
sastopamas ap vidgjo vértibu 2,4. Sis vértibas ir ievérojami liclakas neka dabasgazes
izmantoSanas bazes cenu scenarija: attiecigi 1,5-1,7 un 1,6 un v&l jo vairak
dabasgazes ekstrémi augsto cenu scenarija, attiecigi 1,2—1,4 un 1,3. Sie vértibu
diapazoni ir loti vienkarsi izskaidrojami, ja apliiko realu uznémumu faktisko tarifu
struktiiru. Izmantojot biomasu, siltumenergijas razoSanas struktara kapitala un
darbibas izmaksu Ipatsvars visbiezak ir 30-50 % robezas, bet ir gadfjumi, kur
parsniedz pat pusi. Savukart, izmantojot dabasgazi, pie samérigam dabasgazes un
emisijas atlauju cenam kapitala un darbibas izmaksu ipatsvars visbiezak neparsniedz
20 %. Savukart pie loti augstam kurinama cenam Sis Ipatsvars vél vairak sarik.
Attiecigi iegiitds Ry vertibas pietickami labi atspogulo tarifu struktiiras, nemot véra
dazadu kurinama veidu izmantoSanu un dazadu cenu limeni. Jo augstaka kurinama
cena un tarifa mazaks kapitala un darbibas izmaksu Ipatsvars, jo zemakas Ry
vertibas.

2. Rgnormalizéto vertibu bieZuma sadalijums (3.2. b) att.). Labakai iegtito rezultatu
interpretacijai ir lietderigi aplikot ne tikai Ry absolutas, bet arl normaliz&tas.
Normalizetas vertibas tika aprékinatas katru realo vértibu attiecinot pret rezultatu
izlases vidgjo vertibu. Normaliz&to vertibu sadalfjuma grafiki labi raksturo vértibu
izkliedi dazados scenarijos. No normaliz€to R, vertibu biezuma grafikiem
acimredzami nolasams secindjums par Ry vertibu biezuma izkliedi — jo zemaka
kurinama cena un izmaksu struktira lielaks Tpatsvars kapitala un darbibas
izmaksam, jo lielaka R, vertibu biezuma izkliede. Augsto dabasgazes cenu scenarija
visas 1000 Ry veértibas ieklaujas 0,9—1,15 diapazona no izlases vidgjas vertibas,
savukart biomasas scenarija — 0,75-1,58 no izlases vidgjas vértibas. Izmantojot
dabasgazi, uz siltumenergijas razo$anas tarifu, attiecigi ari R, vertibam noteico$a
ietekme ir dabasgazes pilnajai cenai ievadiSanas katla bridi. Savukart Sis pilnas
cenas veidoSana noteicoSais parametrs ir dabasgazes cena vairumtirgd, kas ir
vienada visos MCs 1000 aprekinos. Vienlaikus, tik pat liela ietekme uz R, vértibam
ir kurinama izmaksu komponentei siltumavota ar t. s. BAT, kaa atkal ir tieSi atkariga
no dabasgazes cenas vairumtirgi (2.1. un 2.15. formulas). Savukart visu pargjo
izmaksu poziciju vertibas rezultatus ietekmé daudz mazak, neraugoties uz to, ka to
veidojosajiem parametriem ar MCs iegltas 1000 veértibas un katra parametra
vértibam piemit noteikta izkliede. Tadgjadi, augsts kurinama izmaksu Ipatsvars un
salidzino$i neliela darbibas un kapitala izmaksu ietekme uz tarifa verttbam
rezultjas arT neliela Ry vertibu izklied€ (standartnovirzes vertiba ir maza). Savukart
izmantojot biomasu ir gluzi pret&ji — izmaksu pozicijas, kuram tika veikta MCs un
to ieglitajam vertibam ir lielaka vai mazaka izkliede, veido aptuveni pusi no
razoSanas tarifa. Attiecigi So izmaksu poziciju izkliedes butiski izkliedé arl Ry
vertibas (standartnovirzes vertiba ir liela).

No Ryaprekinu rezultatu grafiskajiem att€lojumiem (3.2. att.) pietieckami skaidri ir nolasama
grafiku zinama pozitiva asimetrija — rezultatu izlas€s ir redzamas ari tadas Ry vertibas, kas ir
lielakas par vidgjo veértibu vairak ka par divam standartnovirzém (rezultatu sadalijuma grafiku
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labais zars), savukart simetriski mazakas R, vertibas — nav noveérojamas (rezultatu sadalijuma
grafiku kreisais zars). ST asimetrija novérojama visu tris scenariju rezultatiem un pirms3kietami
Ry rezultatu sadalijumi atgadina logaritmiski normala sadalijuma funkciju. Analiz&jot realus
ekonomiskos procesus samera biezi empiriski sadalfjumi ir asimetriski un logaritmiski normali
sadaliti, jo realaja ekonomika var but dazadi izlasu ierobezojumi — visbiezak administrativi
noteikti [140], [141]. Piem&ram, valstu valdibas mé&dz ar tiesibu aktiem noteikti minimalas algas
lItmenus, vai gluzi pretgji — kadas maksimalas vertibas ka piem&ram cenu griestus.

Ja sads asimetrisks datu sadalijums bitu iegiits apstradajot empiriskos datus, atbilstosi datu
statistikas datu apstrades teorijai acimredzot biitu jalieto kadas empiriskd sadalijuma
izlidzinasanas metodes: logaritmiska, kvadratsaknes u.tml. [114]. Tacu tarifu aprékina modela
rezultati veidojas no parametru vértibam, kas iegititas MCs.

Vispariga gadijuma MCs gadijumskaitlu generators var generét jebkuru racionalo skaitli.
Atkariba no ievadamo datu rakstura — attieciga parametra vid€jas vertibas un standartnovirzes —
MCs var generdt ari negativas vértibas. Tadu virknei parametru (cenas?
realos apstaklos negativas vertibas nav iespgjamas. Tade] aprékina modeli So parametru MCs
rezultatiem iebiiveta ierobezojosa atlase — negativas vertibas netiek nemtas vera. Lai novertetu

, izmaksas, patérini)

§1 ierobezojuma iesp&jamo ietekmi, visam aprékina modelim tika veikts pietiekami liels skaits
aprékina méginajumu, kur katra méginajuma tika fikséts atmetamo negativo vertibu skaits. Tika
noveérots, ka dalai parametru tick generétas negativas atmetamas vertibas un to skaits svarstas
robezas no 0 lidz 20, bet visbiezak novérojams no 5 lidz 15 atmetamajam vértibam. Nemot
véra, ka simulgjamajiem parametriem ar MCs tiek generétas 1000 vértibas, atmetamo vertibu
skaits uzskatams par nebitisku. Tadgjadi $1 ierobezojuma rezultata aprékinu rezultatu kopa
veidojas 0,5-1,5 % vértibu iztrikums R, zemo vertibu zara talak par divam standartnovirzém
no vidgjas vertibas, bet tas butiski neietekmé biezumu sadalijumu vienas un divu
standartnovirzu attaluma no vidgjas vertibas.

legiita rezultatu izlase ar Ry loti zemo vértibu iztrikumu vienlaikus labi atspogulo Ry
ekonomisko bitibu. No Ry aprékina (2.1. formula) secinams, ka Ry = 1,0 gadijuma, ja
siltumenergija tiktu pardota par cenu, kas atbilst kurinama izmaksu komponentei BAT katlu
maja. Tas nozimé&tu, ka visas pargjas izmaksas (darbibas, kapitala u. c.) ir vienadas ar nulli. So
varétu uzskatit par robezgadijumu, kas praksé varétu biit sastopams tikai atseviskos Ipasos
gadijumos sakritot virknei faktor, kad aktivi ir pilniba noamortizeti, bet to ekspluatacija
turpinas, kurinamo ir izdevies iegadaties par Tpasi izdevigu cenu, katlu lietderibas koeficients
ir augstaks neka BAT katlumaja. V&l zemakas vertibas (Ry < 1) jau jauzskata par realos
apstaklos praktiski neiesp&jamiem gadijumiem, kas nozimétu, ka komersants savu produktu
pardod par cenu, kas zemaka neka galvenas izejvielas izmaksu komponente. Tomer nevar
izsleégt, ka prakse $adi ekstrémi gadijumi vartu bt sastopami. Tas biitu novérojams 1. nodala
analiz€tajos reguléSanas politikas deformaciju gadijumos, ja regulgjamais komersants tiek
parreguléts Iidz situacijai, kad ar reguléto tarifu vairs nespgj atgiit razoSanas pilnas
ekonomiskas izmaksas. Ka secinats 1. nodala, $adi gadijumi raksturigi, ja istermina politiskiem,

32 praksg ir sastopami iznémumi. Pieméram, elektribas vairumtirdzniecibas platformas dazkart atseviskas stundas
novérojams negativas spot cenas. Tacu tarifa aprékina model tiek lietotas ilgaka perioda novérojamas vidgjas
cenas, kuras Tstermina svarstibas ir izlidzinatas.
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jeb drizak pat populistiskiem mérkiem pakarto sabiedrisko pakalpojumu reguléSanu, bet
ilgtermina tas neizb&gami noved pie regul&jama pakalpojuma kvalitates un piegades droSuma
pazeminasanas un pat pie pasa pakalpojuma sniedzgja nespgjas turpinat darbibu.

3.2. Rezultatu adekvatuma noveértéjums

Novertgjot ieglitos rezultatus, ir bitiski parliecinaties, vai tie ir pietekami adekvati, lai
simulacija ieglitos rezultatus pienemtu ka faktisko situaciju raksturojosus.

MC simulacija izvéléts simulaciju skaits katram parametram ir 1000. Sis izvéles pamata ir
pienémums, ka $ads simulaciju skaitu vargtu biitu pietiekams, lai nodrosinatu to, ka simulaciju
rezultata iegita izlase nebitu butiski novirzijusies no generalkopas. Lai noveértétu, vai
piendmums ir bijis pietickams, model&$anas rezultatu izlasem Ry, RA"8" un Rf°, tika
veikts izlases nepiecie$ama apjoma aprekins.

Tika pienemts butiskuma ITmenis o = 0,05, un §ada gadijuma varbitiba, ka izlases vid&jais
neatskirsies no generalkopas vidgja vairak neka par robezklidu 4z irP=1-a=0,95. Pie P =
0,95 standartiz€ta normala sadalfjuma kritiska vertiba z, = 1.96. Tika piepemts, ka
pielaujamajai robezkluidai 4 relativa izteiksmé jabit ne lielakai neka 1,0 % no izlases vidgja
vertibas. Standartklada raksturo izlases vidgjo izkliedi ap genralkopas vidgjo jeb to, cik liela
kluda tiek pielauta, generalkopu aizstajot ar izlasi, kas $aja gadijuma nozimé realo parametru
aizstaSanu ar MCs iegiitiem parametriem. NepiecieSamo izlases apjomu, ja ir speka mingtie
pienémumi, aprékina p&c 2.1. formulas [141].

Z2x0?
2 El
Az

(3.1.)

kur n — nepiecieSamais izlases apjoms;

Z. — standartiz&ta normala sadalijuma kritiska vértiba, ja varbiitiba P = 0,95;

Az - robezklida;

o — izlases standartnovirze.

Visu tris scenariju Ry rezultatu izlas€m tika veikts arT apgriezts parbaudes aprekins, lai
noteiktu robezklidu lielumu, ja izlases apjoms ir veiktas 1000 simulacijas. Iegiitie rezultati
apkopoti 3.1. tabula.

3.1. tabula
Rezultatu adekvatuma novert&jums
Izlases nepiecieSama apjoma aprekins, Robezkludas aprekins, nemot veéra veikto
nemot véra defingto robezklidu simulaciju skaitu
Scenarijs Pielaujama | Pielaujama | NepiecieSamais | Veikto MC Faktiska Faktiska
robezkliida | robezkluda simulaciju simulaciju robezklida robezklida
relativa skaits skaits relativa
izteiksmé izteiksmé
Rtfghfgh 1,00 % 0,0123 57 1000 0,0030 0,24 %
Rtfgb‘”" 1,00 % 0,0159 60 1000 0,0039 0,25 %
R,/"“’ 1,00 % 0,0242 734 1000 0,0208 0,86 %
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No rezultatu novértgjuma (3.1. tab.) secinams, ka 1000 veikto MCs skaits ir pilnigi
pietiekams, lai simul&to veértibu kopas vid&ja lieluma novirze no generalkopas vidgja lieluma
relativa izteiksmé ar varbiitibu 0,95 blitu mazaka par 1,0 %. Tadgjadi ir pamats secinat, ka ar
MCs iegiitie rezultati ir pietiekami adekvati.

Talak tieck piedavati risinajumi un interpretacijas ar 2. nodala izklastito siltumenergijas
razosanas tarifu ITmenatzimju modeli ieglito rezultatu praktiskam lietojumam.

3.3. Limenatzimju modela pielagojums izmantoSanai jauktas
kurinama struktiiras gadijuma

Metodologijas nodala aprakstita limenatzimju modela algoritma izveidei gadijumiem, kad
siltumenergijas razo$anai izmantojama kurinama struktiira ir homoggna, t. i. tiek izmantota vai
nu biomasa vai dabasgaze.

Tacdu prakse tadu CSA uzpémumu skaits, kas siltumenergijas raZoSanai izmanto tikai vienu
kurinama veidu, nav liels. Latvija visbiezak CSA uznémumu izmantota kurinama strukttiru
veido abi aplukotie kurinama veidi — gan biomasa, gan dabasgaze. Parasti nozimigako apjomu
izmantota kurindma struktiira veido biomasa. Sadai CSA uznému izvélei, veidojot kurinama
struktliru, pamata ir vairaki racionali argumenti, kas lauj optimali lidzsvarot abu kurinama veidu
prieksrocibas un trikumus:

o biomasa neapSaubami ir letaks kurinamais; pirms ievadiSanas katla 1 MWh
kurinama ir aptuveni 2 reizes létaka, bet aiz katla kurinama izmaksu komponente,
nemot vera lietderibas koeficientu — aptuveni 1,8 reizes 1&taka neka izmantojot
dabasgazi pat ja So kurinamo cenas salidzina pie dabasgazes méreno cenu scenarija;

o Kkajau izanalizéts un secinats 2.2. apak$nodala, dabasgazes izmantoSanu vél vairak
sadardzina parafiskalais nodoklis — nepiecieSamiba iegadaties SEG emisiju atlaujas,
kame@r izmantojot biomasu, ja tiek pieradita tas atbilstiba ilgtsp&jas kriterijiem, tas
nav nepieciesams>?;

o biomasas izmantoSanas aktivu izveidei CSA uzpémumiem bija un joprojam ir
iespgja relativi vienkarsi iegiit atbalstu investicijam EK finanSu instrumentu forma
— gan no tradicionalajiem struktirfondiem, gan no p&d&os gados pieejama
AtgiiSanas un noturibas mehanisma;

o savukart dabasgaze, ja neskaita SEG emisijas, ir izcils kurinamais vertgjot pec
sadedzinasanas efektivitates, tehnologiska procesa automatizacijas, reguléSanas
precizitates un elastibas, izmantojamo tehnologiju brieduma pakapes, kas faktiski
sasniegusi racionalu piesatindjumu un rezultgjas izteikti zemas darbibas un kapitala
izmaksas.

Mingto apsvérumu dé] biomasu parasti izmanto konkrétas CSA sist€mas nozimigako
siltumavotu darbinasanai, kas nodrosina lielako dalu no sistémas bazes slodzes. Savukart
dabasgaze tiek izmantota pika slodzu segSanai, mazakas jaudas pilniba automatiz&tas

3 Nevar izslegt, ka ilgaka laika posma, ilgtspéjas kritériji ar tiesisko regul&jumu tiks noteikti aizvien stingraki un
§1 biomasas prieksSrociba mazinasies
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bezpersonala katlu majas, kur tehnisku un teritorialu ierobeZojumu dél nav iesp&jams racionali
izbuvet biomasas logistikas sistému. Sastopami arT gadijumi, kad gazi lieto tas izmantoSanas
izcilas elastibas deél, pieméram, paralelam darbam ar saules kolektoru sisttmu vasaras
siltumslodzes segSanai.

Attiecigi, Latvija lielaka dala CSA uznémumu, kas izmanto abus kurinama veidus, prakse
ir izveidojusi kurinama struktiru, kura 50-85 % siltumenergijas tiek sarazota no biomasas.
Sads visparinats noveértjums balstits uz datu analizé izmantotajiem stacionaro emisijas avotu
gaisa piesarnojuma datiem [107]. Tadgl, lai izveidoto Iimenatzimju algoritmu biitu iesp&jams
lietot praks€, nepiecieSams izveidot pielagojumu td izmantoSanai ari jauktas kurinama
struktliras gadijumos.

Ka jau secinats 2.1. apks$nodala, siltumenergijas razoSanai izvélétais kurinama veids
determing visus siltumenergijas razoSanas parametrus — gan tehnologiskos, gan finansialos.
Turklat visas siltumenergijas raZo$anas izmaksu aprékinasanas sakaribas ir linearas. Tadel
Iimenatzimju noteikSanas algoritma pielagoSanas pamatprincipam definéts pienémums, ka ir
pietiekami adekvati, ja algoritmu jauktas kurinama struktiiras gadijumam balstitu no dazadiem
kurinama veidiem saraZotas energijas apjomu proporcijas. Sada pieeja faktiski izriet ari no
Latvija pielietotas Regulatora apstiprinatas siltumenergijas razoSanas tarifa aprékinaSanas
metodikas [21]. Metodika paredz, ka, ja CSA uzpémums siltumenergiju razo vairakos
siltumavotos, t. sk. izmantojot dazadus kurinama veidus, tad siltumenergijas razoSanas izmaksu
aprekins tiek veikts atseviski katram siltumavotam, bet kopgjais siltumenergijas raZo$anas tarifs
faktiski tiek aprékinats ka vidgjais pec sarazota siltumenergijas apjoma svertais lielums.

Atbilstosi Sai pieejai algoritma pielagosanas aprékiniem tika izvelets vienkar$s nosacits
robezgadijums. Tika pienemts, ka CSA uznémumam ir tikai divi siltumavoti, viena no tiem tiek
izmantota biomasa, otra — dabasgaze. Attiecigi $aja robezgadijuma vienam siltumavotam tiek
izmantots siltumenergijas razoSanas tarifa limenatzimju simulacijas algoritms tadam
siltumavotam, kas izmanto dabasgazi, savukart otram — tadam siltumavotam, kas izmanto
biomasu.

Atbilstosi 2.2. apak$nodala aprakstitajam algoritmam, MC simulacijas rezultata tiek iegiitas
divas siltumenergijas razoanas tarifu vértibu kopas, kur katra ir i skaits>* at3kirigu razoSanas
tarifu vertibu. Izmantojot abu kopu elementus un pielietojot analogu pieeju ka siltumenergijas
razo$anas tarifa aprékinasanas metodika, tiek aprékinats i skaits videja svérta siltumenergijas
razoSanas tarifa vértibu péc 3.2. formulas.

T mix@) = TP bioi) X qwio + T gas@y % (1 — qwio), (3.2)
kur T i) — vid€jais svertais siltumenergijas razo$anas tarifs, EUR/MWh;
1" bi0) — O biomasas sarazotas siltumenergijas razosanas tarifs, EUR/MWh;
T qus) — no dabasgazes sarazotas siltumenergijas razo$anas tarifs, EUR/MWh;
qrio — no biomasas sarazotas siltumenergijas TIpatsvars, ko aprékina atbilstosi
siltumenergijas raZzo$anas struktirai péc 3.3. formulas.

3 Atbilstosi 3.2. apak$nodala secinatajam, pietiekami adekvatu rezultatu iegiiSanai [Tmenatzimju modelf veikto
MCs skaits pienemts i = 1000.
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{qbio = Qbio /(Qbia + an5)>

kur Owio — no biomasas sarazotas siltumenergijas apjoms, MWh;

(3.3)

Qgas — n0 dabasgazes sarazotas siltumenergijas apjoms, MWh.

Savukart, lai atbilstosi piedavatajai metodiskajai pieejai noteiktu ITmenatzimes un varétu
veikt siltumenergijas tarifu novért€jumu, ir jaaprékina ari tarifu raksturojo$a bezdimensiju
lieluma Ry veértibas jauktas kurinama struktiras gadijumam pe&c 2.1. formulas, attiecinot
siltumenergijas razo$anas tarifa veértibas pret jauktas struktiiras kurinama izmaksu komponenti
siltumavota ar labakajam pieejamajam tehnologijam. Attiecigas BAT kurinama komponentes
siltumavotiem, kas izmanto tikai dabasgazi, un siltumavotiem, kas izmanto tikai biomasu, jau
ir aprékinatas atseviski. Izmantojot $os lielumus un konkréta CSA uzpnémuma izmantota
kurinama struktiiras raksturojoSo raditaju, péc 3.4. formulas aprékinama kurinama izmaksu
komponente siltumavota ar labakajam pieejamajam tehnologijam jauktas kurinama strukttras
gadijuma.

Copmix = Coppio % qrio + Copgas * (1 = qoio), 34)
kur Cspmix — kurindma komponente BAT siltumavota, nemot véra konkréta CSA uzn@muma
biomasas ipatsvaru kurinama struktiira, EUR/MWh;
pbio — kurindma komponente BAT siltumavota, kas izmanto tikai biomasu, EUR/MWh;
ppeas — kurinama komponente BAT siltumavota, kas izmanto tikai dabasgazi, EUR/MWh.

Limenatzimju aprékinu jauktas kurinama struktiiras gadijuma tapat ka tas ir, izmantojot
viena veida kurindmo, — noslédz R,/"™ i skaita v&rtibu kopas aprekins, ko veic p&c 2.1. formulas.
Ilustracijai 3.3. attela paraditi iegiitie R;r absoltito vertibu biezuma sadalfjumi jauktas kurinama
strukttiras gadijumam, nemot véra dazadu biomasas Tpatsvaru, salidzinot ar R, vertibu biezuma
sadalfjumiem, ja siltumenergijas raZo$anai tiek izmantota tikai dabasgaze vai tikai biomasa.
Visam Cetram Ry rezultatu kopam aprekinati arT galvenie §is kopas raksturojosie parametri, kas
apkopoti 3.2. tabula.

3.2. tabula

Ry rezultatu kopas raksturojosie parametri

ergbaxe R{/nLY » 4bio = 0,50 R“mix » 4bio = 0,75 Rt/bio
Vidgja vertiba 1,588 1,875 2,090 2,389
Standartnovirze 0,062 0,126 0,198 0,305
Min + Max 1,409 + 1,860 1,603 + 2,500 1,642 + 3,114 1,692 + 3,969
Ekscesa
koeficients 0,157 1,831 1,958 1,904
Asimetrijas
koeficients 0,208 0,916 0,999 1,000
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3.3. att. R,/ absoliito vértibu biezumu grafisks salidzinjums ar R,#**¢ (gsio = 0,00) un R,/
(gvio = 1,00), ja biomasas ipatsvars kurinama struktiira ir: gsio = 0,50 un gpio = 0,75.

3.3. att€la ir nolasama vispargja tendence, ko 3.2. tabula apliecina arT parametru skaitliskas
vertibas, ka jauktai kurinama struktiirai model&tie R absoliito vertibu biezuma sadalijumi un
So sadaljjumu raksturs atspogulo logiski skaidrojamu atkaribu no kurinama struktiras

raksturojo$a raditaja gpio:.

1.

Ja Ry#%%¢ un R, pienem par robezgadijumiem, tad R,/"™ rezultatu biezuma grafiki,
gan ari rezultatu kopu vidgjas vértibas, standartnovirzes un vértibu diapazonu
sakuma un beigu vértibas novietojas starp R, un R,/ attiecigajiem parametriem.
Turklat pieaugot gsi, vertibai, gan rezultatu biezuma grafiki, gan minétas vertibas
parvietojas R,/ virziena.

Tapat novérojamas arT zinamas sakaribas R vertibu biezuma sadalijumu grafikus
raksturojosajiem parametriem:

o asimetrijas koeficients (skewness), kas raksturo vertibu sadalijuma simetriju
visos gadijumos ir pozitivs; tas nozimé, ka grafikiem ir izstiepts labais zars,
savukart kreisais — aprauts; sadu raksturu R, rezultatu sadalfjumi ir ieguvusi
limenatzimju algoritma ieviesto ierobezojumu, kas skaidroti 2.2.
apaksnodala, del; pieaugot gpi,, Vertibai, nedaudz pieaug ari asimetrijas
koeficients. So tendenci var skaidrot ar vértibu lielaku izkliedi pieaugot geio,
ko apliecina ari standartnovirzes un ekscesa koeficienta izmainu tendence.
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o Ekscesa koeficients (kurtosis) visos scenarijos ir pozitivs, kas nozime, ka
grafiki ir stavaki salidzinot ar idealu normalo sadalijumu, tacu pienemamas
robezas (neparsniedz 2).

Sis sakaribas pietickami labi atspogulo realus apstaklus, kuros aprékinot siltumenergijas
razoSanas tarifu jauktas kurinama struktiiras gadijuma, tarifs adekvati atspogulotu vid&jas
svertas razoSanas izmaksas.

3.4. Siltumenergijas parvades un sadales tarifu novertesana

Ka jau noradits 2.1. apak$nodala, nav lietderigi veikt apjomigus pétijjumus siltumenergijas
tirdzniecibas tarifa invert€§jumam ta nieciga Ipatsvara dél, jo ta ietekme uz kopgjo tarifu un
faktiskajam izmaksam par siltumenergiju ir mazaka neka klimatisko apstaklu novirzei no
vidgjiem raditajiem par mazak ka 0,5 °C vai arT analogai patérétaja ricibai izmainot savu
komforta 1imeni par §adu lielumu. Savukart nozimigako kopgja tarifa dalu veido razoSanas
tarifs. Tade] ta reguléSanas vienkarSosanai un aizvieto$anai ar uzraudzibu izstradats 2. nodala
izklastitais Iimenpatzimju modelis. Tadgjadi
vienkarSosana skartu vismaz 70—80 % no siltumapgades kopgja tarifa. Atlikusos 30-20 % no
kopgja tarifa veido siltumenergijas parvades un sadales tarifs, kas ir nozimiga sastavdala un

izv€loties lietot So modeli, regulésanas

tade]l apsverams vai un ka vartu vienkarSot arT §1 tarifa reguléSanu, nemot vera, ka
tehnologiskais process un attiecigi izmaksu veidoSanas parvadé un sadalé batiski atskiras no

razoSanas (3.3. tab.).

3.3. tabula

Siltumapgades procesu salidzingjums

RazoS$ana

Parvade un sadale

Novérojami konkurences elementi, lielas
sist€mas var tuvinaties tirgus principiem

Lai arf lokals, bet dabigais monopols

Dinamiska biznesa vide, investicijas ienak
strauji

Biznesa vide saméra nemainiga ilgaka laika

Tehnologiju ekonomiskais dzives cikls 10-15
gadi

Tehnologiju ekonomiskais dzives cikls 3040 gadi

Loti plass jaudu un tehnologiju diapazons, bet
faktiski tehnologijas iedalamas lielas nosacitas
grupas péc kurinama veida

Katra konkréta sistéma ir unikala péc
konfiguracijas, bet vienlaikus sistémas ir
homogenas un precizi aprakstamas ar
geometriskiem parametriem (caurulvadu garumi un
diametri)

Visas izmaksu grupas ir pakartotas kurinama
veida izvélei

Visas izmaksu grupas ir pakartotas geometriskiem
parametriem

Viens tehniskais raditajs — lietderibas koeficients
ietekmé 60-85 % no razoSanas tarifa izmaksam

Nav viena raditaja ar tik lielu un izteiktu ietekmi uz
tarifu. Lietderibas koeficientam analogs tehniskais
raditajs — Tpatn&jie zudumi ietekmé lidz 30 % no
parvades un sadales tarifa izmaksam

Analizei un model&sanai ir pietickami lietot
vienkarSus matematiskos rikus

Analizei un model&$anai jalieto komplicétas
matematiskas metodes
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2019.gada ar Latvijas Republikas Valsts p&tfjuma programmas projekta "Siltumapgades un
aukstumapgades sistému attistiba Latvija" (proj. Nr. VPP-EM-EE-2018/1-0002) un Latvijas
Universitates projekta "Inovativas informaciju sistémas" (proj. Nr. AAP2016/B032) atbalstu
tika veikts petijums, kura galvenais fokus&jums bija CSA sistému parvades un sadales tikla
izmaksu model&Sana [110]. Viena no nozimigam $1 pétfjuma atzinam, kas balstita arT uz 2.1.
apaksnodala aplikotajam siltumapgades kop€jo un razoSanas izmaksas raksturojo$o raditaju
datu analizém ir, ka siltumenergijas parvades un sadales sisttmu izmaksu analizei un
modeléSanai jamekle atSkiriga pieeja un siltumenergijas razo$anai pietieckami adekvatais
risinajums ar bezdimensiju raditaju Ry nav piemérots. Iemesls ir siltumenergijas razoSanas
tehnologiska un ekonomiska procesa biitiskas atskiribas no siltumenergijas parvades un sadales
procesiem.

Sakaribu mekl&sanai starp siltumtiklus raksturojoSiem parametriem un parvades un sadales
izmaksam ka riks tika izmantota R programmésanas vide un t. s. black box* modelgsanas
pieeja. Rezultata tika atrastas sakaribas siltumenergijas parvades un sadales kop€jo izmaksu
noteikSanai gan lineara, gan nelineara forma (3.5. un 3.6. formulas) izmantojot tikai divus
ievadparametrus.

Cror = —176,71 + 2304 X L + 0,99 X Dy » (3.5.)
Cror = 2541+ 2299 X L + 5,77 X 102 X D ..., (3.6.)

kur Cror — siltumenergijas parvades un sadales izmaksas, 1000 EUR gada;
L — siltumtiklu sist€émas kopgjais garums, m;
Dhnax — siltumtiklu sistéma sastopamais lielakais caurulvadu diametrs, mm.

Neraugoties uz to, ka Sajas sakaribas ka ievadlielumi tiek izmantoti tikai divi parametri,
3.4. tabula paraditie abas sakaribas raksturojosie raditaji liecina ne tikai to, ka atrastas sakaribas
starp model&tajam un faktiskajam mérka raditaja vertibam ir loti stingras, bet ar to, ka abiem
ievadlielumiem ir iz8kiriga ietekmi uz rezultatiem. Lidzigi rezultati, kas nostiprina pienemumu,
ka $ada pieeja ir adekvata siltumtiklu darbibas izmaksu model€sanai, ir ieprieks iegtti ari citos
infrastrukttiras uzne@mumu izmaksu model&Sanas p&tijumos [142].

3.4. tabula

Siltumenergijas parvades un sadales izmaksu model&Sanas sakaribu raksturojums

Sakaribas veids R P vertiba
Lineara regresija 0,9636 5,9 %1071
Nelineara regresija 0,9747 7,9 x 10716

35 Pieeja procesu un sistemu model&Sanai, kad tiek meklI&tas sakaribas starp zindmiem ievad parametriem (3aja
gadijuma siltumtiklu tehniskajiem un darbibas raditajiem) un zinamiem izejas parametriem ($aja gadfjuma
siltumenergijas parvades un sadales izmaksam), bet nepétot un neaprakstot p&tamas sistémas iek$gjos aspektus
un sakaribas.
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Modelgsana iegiitie rezultati redzami 3.4. att€la, paradot sakaribu starp konkrétu CSA
uznému faktiskajam kopgjam siltumenergijas parvades un sadales izmaksam (atspogulo punkti)
un ar iegiitajam sakartbam aprékinatajam (grafika Iinija atspogulo ar linearo sakaribu iegiitos
rezultatus).
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3.4. att. Siltumenergijas parvades un sadales kop&jo izmaksu modeléSanas rezultati

Siltumtiklu izmaksu modeléSanas problematika attistita talakos pétijumos [143], ka arl
siltumtiklu parametru model&sanas talaka attistiSana ir nozimiga sastavdala Latvijas Zinatnes
Padomes atbalstitaja pétniecibas projekta Pilsetas apsildes sistémas ilgtspéjiga parvaldiba
saskana ar ES paketi Fit for 55: metodologijas un rika izpéte un izstrade (proj. Nr Izp-2021/1-
0108). ST pétniecibas projekta ietvaros, veidojot lietotajam draudzigu riku apdzivotas vietas
siltumapgades sistémas transformacijas model&sanai viens no uzdevumiem bija meklét iesp&ju
samazinat model&Sanai nepiecieSamo ievadamo parametru skaitu. Bitiska ir Sajos p&tijumos
gita atzina, ka kopuma ir vélams iegiit vairak datu un parametru par pétamo procesu vai
sisttmu. Tacu ne mazak nozimigs ir uzdevums identificet galvenos konkr&to procesu virzosos
vai sistému determingjoSos parametrus [144]. Tas v€lreiz apliecina, ka adekvatus modelésanas
rezultatus var iegiit izmantojot nelielu ievadparametru skaitu, ja vien tiem ir butiska ietekme.

Tadgjadi adekvatus modelésanas rezultatus var iegiit, izmantojot nelielu ievadparametru
skaitu, ja vien tiem ir bitiska ietekme. Attiecigi siltumenergijas parvades un sadales izmaksu
un tarifu modelésana un Iimenatzimju noteikSana ir iesp&jama, turklat to varétu balstit neliela
skaita pasu batiskako parametru. So pieeju varétu atfistit talak, tiecoties pec vél augstakas
precizitates, ja siltumenergijas parvades un sadales tarifu apliiko ka ta nozimigako komponensu
summu. Vispariga gadijuma siltumenergijas parvades un sadales tarifu var iedalit tris
galvenajas komponentgs.
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de — (Ch1+ CO&an + C‘cnn) /QGC, (37)

kur T — siltumenergijas parvades un sadales tarifs, EUR/MWh;
0% — gala lietotajiem piegadatais siltumenergijas apjoms, MWh;
COM, — siltumtiklu sistémas ekspluatacijas izmaksas, EUR;
C — siltumtiklu sist€mas kapitala izmaksas, EUR;

CM — siltumenergijas zudumu izmaksas, EUR, ko aprékina péc 3.8. formulas.

Cl=t x v, 3.8)
kur On — siltumenergijas zudumi tiklos, MWh;
77" — siltumenergijas razoSanas tarifs, EUR/MWh.

Sada tuvinajuma var pienemt, ka siltumenergijas zudumu komponente reprezentés
siltumenergijas parvades un sadales mainigas izmaksas, savukart siltumtiklu sistémas darbibas
un kapitala izmaksas var atzit par fiksétam.

No siltumtiklu izmaksu modelé$anas pétijumu [110] un siltumapgades faktisko tarifu
struktliras analizém [109, 113] izriet, ka siltumenergijas zudumu izmaksas parasti veido 25—
45 % no kopgjam siltumenergijas parvades un sadales izmaksam. Savukart no 2.8. formulas, ka
So lielumu vienlidzigi nosaka siltumenergijas raZo$anas tarifs un siltumenergijas zudumi tiklos.
Zudumus tiklos praksg ierasts raksturot ar relativo raditaju gu, kas parada, cik % no sistema
ievaditas siltumenergijas tiek zaudéta tiklos. Misdienigas CSA sistémas relativie zudumi tiklos
blivas apbiives rajonos neparsniedz 5—8 %, savukart rajonos ar zemu slodzes blivumu var
sasniegt 15-25 %. Sist€mas, kas aptver dazada blivuma teritorijas, tie parasti ir 9-10 %. [145].
Galvenie faktori, kas nosaka $o lielumu ir: siltumtiklu tehniskais stavoklis un noslodze.
Tadgjadi, lidzigi ka siltumenergijas raZo$anda siltumavota lietderibas koeficients, ta
siltumenergijas parvadé un sadalg relativie zudumi varétu biit nozimigakais paSas tehnologijas
un tas izmanto$anas efektivitati raksturojosais raditajs. Analogi ka siltumenergijas razo$anas
lietderibas koeficientam, Regulators varétu noteikt adekvatu §1 raditaja atsauces lielumu, kas
kombinacija ar siltumenergijas razoSanas limenatzimi faktiski lautu nonakt pie siltumenergijas
parvades un sadales mainigo izmaksu limenatzimes.

Tadgjadi var prezumét, ka, ja ar siltumenergijas razoSanas tarifu limenatzimju modeli tiek
atvieglota reguléSana 70-80 % no kopgja tarifa, tad, tiesa veida So pieeju paplasinot uz
siltumenergijas parvades un sadales mainigajam izmaksam, atvieglotas regul€Sanas tvérums
nosegtu jau lidz 85-95 % no siltumapgades kopgja tarifa.

Attieciba uz atlikuso tarifa dalu — siltumenergijas parvades un sadales fiks&tajam izmaksam
— Regulators var€tu izmantot $aja apak$nodala minétajos siltumtiklu parametru modeléSanas
pétijumos secindto par pietickami adekvatu rezultatu iegiiSanu, izmantojot nelielu skaitu, bet
iz8kirigi nozimigu parametru. Turklat Regulatora prieksrociba ir pilna informacija par visam

reguléjamajam siltumtiklu sistemam?®, savukart $aja apaks$nodala mingtajai analizei tika
izmantota Latvijas Siltumapgades uznémumu asociacijas atsaucigako biedru brivpratiga daliba

aptauja, kas rezultgjas ar datiem par 21 CSA parvades un sadales sistemu.

36 Latvija vairak neka 60.
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3.5. Limenatzimju modela praktiskas lietoSanas pamatprincipi

Atbilstosi 1. nodala izklastitajiem vért€jumiem un analizei par regulé$anas un jo ipasi
siltumapgades reguléSanas problematiku, pétjjuma centralais jautajums (hipotéze) bija —
izstradat reguléSanas pieeju un principus algoritmam, kuru lietojums biitu ka viduscel$ starp
striktu CSA reguléSanu (nereti pat parreguleSanu) un pilnigu §1 energétikas sektora
liberalizaciju.

Sai pieejai un metozu kopumam biitu janodrogina, ka péc iesp&jas tiktu samazinati vai pat
novérsti 1. nodala izklastitie reguléSanas triikumi, bet vienlaikus tiktu nodrosinata CSA
uznémumu darbibas pietieckama uzraudziba.

Ka biutisks priekSnosacTjums tika izvirzita prasiba, ka veidojamajam CSA uzpEmumu
komercdarbibas uzraudzibas modelim buitu jasimul@ relativi brivam tirgum p&c iesp&jas [1dzigi
raksturigie procesi, bet vienlaikus modelim jabtt pec iesp€jas vienkarSam, kas neprasitu arT
parak komplicétus informaciju tehnologiju risindgjumus.

Talak izklastiti izveidota siltumenergijas raZzoSanas tarifu limenatzimju modela praktiskas
lietoSanas pamatprincipi, kas kopuma nodro$inatu izvirzito prasibu izpildi.

Tarifu [imenatzimju modela praktiskas lietoSanas pamatprincipu definéSanai tika definéti
divi pienémumi.

1. Regulators turpina veikt CSA uznémumu uzraudzibas funkciju un sanemt ikgadgjas
visu energétikas nozares komersantu darbibas raditaju atskaites, kas ietver gan
tehniskos, gan finan$u datus. Tad&jadi Regulatora riciba nonak precizi dati par visu
siltumenergijas tarifa noteik$anai nepiecieS8amo parametru realajam vértibam viena
un taja pasa parskata perioda no visiem regul€jamajiem komersantiem. Ja,
izstradajot $aja darba izklastito siltumenergijas razoSanas tarifu limenatzimju
modeli, tikai dala no algoritma lietojamajam vertibam bija iegiitas no redlo CSA
uznémumu publiski pieejamajiem datiem, tad Regulators var iegiit ne tikai visu CSA
uznémumu realos datus, bet ar faktiskas vertibas tiem parametriem, kas raksturo
CSA nozimigako argjo resursu (dabasgaze, biomasa, elektriba) cenu veidosanos.

2. Tiek saglabats nosacijums, ka siltumapgades razoSanas tarifa aprékins ir
konsekventi javeic péc noteiktas metodikas. Sis metodikas algoritma formulas ir
ieblivétas limenatzimju modeli. ArT siltumapgades komersantu ikgadgjo atskaisu
formats atbilst tarifu aprékina metodikai.

Ja tiek nodrosinata izvirzito pienémumu izpilde, limenatzimju modela praktiskai lietoSanai
Regulatoram biitu javeic vairakas aktivitates.

1. Izmantojot CSA uzpémumu atskaités ietverto informaciju, Regulators izveido un
uztur siltumenergijas razoSanas izmaksu aprékinasanai nepiecieS$amo parametru
datu bazi, iedalot to divas datu kopas péc izmantota kurinama veida: parametri
siltumenergijas razo$anai izmantojot dabasgazi vai biomasu.

2. Datu baz€ uzkratajam parametru realo vertibu kopam ar vienkar$am aprakstosas
statistikas analizes metodém aprékina $o kopu raksturojosos raditajus (vidgja
vertiba, standartnovirze), kas talak tiek izmantoti ka ievadlielumi $o parametru MCs,
lai ieglitu, piem&ram, 1000 vertibu variacijas, kas ka secinats 3.2. apaksnodala ir
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pilnigi pietickami, lai atzitu, ka iegiitais vertibu sadalfjums ir adekvats
atspogulojums realam tirgum tuviem apstakliem.

3. Atbilstosi 2.2. apakS$nodala aprakstitajam formulam aprékina siltumenergijas
razoSanas tarifa rezultatu kopas.

4. Regulators izv€las siltumenergijas razoSanas lietderibas koeficientus BAT
siltumavotiem, kas izmanto dabasgdzi, un BAT siltumavotiem, kas izmanto
biomasu, un aprékina siltumenergijas razo$anas tarifu raksturojo$a bezdimensijas
raditaja R, rezultatu kopas un So rezultatu varbiitibas sadalijumu. Apsveérumi un
ieteicama pieeja BAT lietderibas koeficientu izvélei izklastita 3.6. apaksnodala.

Rezultata Regulators ar MCs ir ieguvis realajos datos balstitu ainu, kas pietieckami adekvati
atspogulo situaciju, kada izveidotos tirgd, ja 1000 uzpémumi razotu siltumenergiju no
dabasgazes vai biomasas un savas izmaksas uzskaititu un aprékinatu p&c vienotiem principiem.
Katra komersanta realie dati nav iz8kirosi, tacu tie ietekmé kop&jo datu kopu un veido tendences
lidzigi tam, ka tas biitu noticis reala tirgi.

Talak Regulators izvelas un nosaka Ry v@rtibu bieZuma varbiitibu sadalfjumam Itmenatzimi
R, ST izvéleta limenatzime faktiski biitu rezultSjosais Regulatora l&mums, jo noteiktu
robezskirtni [idz kurai Regulators konkréta komersanta tarifu raksturojoso raditaju R,ratzitu par
atbilstoSu situacijai tirgii, bet kuras parsniegSanas gadijuma Regulatoram biitu jaaktivizgjas
intervencei.

CSA komersanta riciba un pienakumi, ja tiek lietos piedavatais regulésanas modelis.

1. Komersanti siltumenergijas razoSanas izmaksas strukturé un uzskaita atbilstosi
Regulatora noteiktai metodikai un noteiktajos terminos iesniedz Regulatoram savas
darbibas raditaju atskaiti atbilstosi noteiktai formai.

2. Sarazotas siltumenergijas tarifu (pardoSanas cenu) komersanti nosaka pasi aprékinot
to atbilstosi Regulatora noteiktajai metodikai.

3. Savu noteikto tarifu un faktisko izmantota kurinama struktiiras raditaju gpio
komersanti iesniedz Regulatoram.

Talak Regulators veic komersantu iesniegto tarifu parbaudi attieciba pret noteikto
limenatzimi. Ja konkrétais komersants izmanto jauktu kurinama struktiru, tad Regulators
vispirms no R#* un R,/ datu kopam aprékina konkréta komersanta faktiskajam kurinama
struktiiras raditajam gsio atbilstosu R,/"™ datu kopu péc 3.3. apaksnodald piedavatajiem
principiem. No konkréta komersanta (pieméram komersanta 4) noteikta tarifa Regulators
aprékina tam atbilsto§o R, un salidzina ar R,”". Tarifu novértesana pret noteikto [Tmenatzimi
shematiski redzama 3.5. attela.
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3.5. att. Konkr&tu komersantu tarifu novértésana attieciba pret limenatzimi.

Tarifu novertéSanas shematiskaja ilustracija (3.5. att.) att€lota divu CSA uzp€mumu
(komersanti 4 un B) tarifiem atbilsto$as R, vertibas attieciba pret visas Ry vertibu kopas
biezumu varbiitibu sadalfjumu un limenatzimi R,#" :

o Ja Ry < R#™ (3.5. att. komersanta A tarifam), tad Regulators secina, ka
konkréta komersanta siltumenergijas raZoSanas tarifs atbilst situacijai tirga,
komersanta darbiba ir pietickami efektiva un pelna sapratiga.

o Ja Ry > R/™ (3.5. att. komersanta B tarifam), tad Regulators secina, ka
konkrétais gadijums neicklaujas optimalai darbibai atbilsto$a ietvara un
nepiecieSama Regulatora iejauksanas.

Iejauksanas veidi, apsvérumi un iesp&jamie argumenti Regulatora ricibas izvélei izklastiti
talak 3.6. apaksnodala.

3.6. Limenatzimju modelis ka Regulatora instruments
energétikas politikas IstenoSanai

Izveidojot un lietojot siltumenergijas tarifu l[imenatzimju modeli, biitu iesp&jams principiali
mainit reguléSanas reZimu — atteikties no skrupulozas ex ante reguléSanas un Regulatora
darbibu fokusét uz CSA uzpémumu uzraudzibu un efektivitates stimuléSanu. Piedavata
Iimenatzimju noteikSanas algoritma lietoSana arT krasi vienkarSotu un paatrinatu reguléSanas
procediiru, jo, izmantojot piedavato pieeju, Regulatoram vairs nebiitu skrupulozi japarbauda
katra CSA uzn@muma tarifu projektu detalizeti aprékini un liels pamatojoso dokumentu apjoms,
kas atbrivotu gan CSA uzn@mumu, gan Regulatora resursus nozimigaku jautajumu risinasanai.
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Regulators ka energétikas politikas Tstenotdjs limenatzimju modeli varétu lietot motivgjosas
regul€Sanas nodroSinasanai, jo limenatzimju modela algoritmos ieblivétie mehanismi sniedz
Regulatoram instrumentus virzit CSA uzn@mumus uz efektivitates paaugstinasanu.

Nosakot atseviskus ITmenatzimju aprékinam nepiecieSamos robezlielumus atbilstosi labas
prakses raditajiem, ka ar1 pielaujamas novirzes no ar modeli iegiitajiem rezultatiem, Regulators
var panakt, no vienas puses, efektivitati stimul&josas, bet, no otras puses, redli sasniedzamas
limenatzimes. Turklat, sekojot tehnologiju attistibai, Regulators pakapeniski tas var mainit, ta
stimulgjot CSA uznémumu tuvinasanos labas prakses piemériem.

Izmantojot piedavato limenatzimju modeli, Regulatoram pieejami Cetri riki vai aktivitates
motivEjosas regulésanas istenosanai.

1. MCs nepiecieSamo ievaddatu atjauninasana atbilstos$i realo CSA uznémumu
darbibas raditaju paaugstinasanas tendencém. Regulatoram ar noteiktu regularitati
bitu jaatjauno MC simulacijai izmantotie dati un javeic limenatzimju parrékini,
tostarp Regulators atsevisku parametru vértibas lietot ka specifisku stimul&josu
instrumentu (piemeram, iepriekSmineto uzstaditas jauda izmantoSanas raditaja
standartnovirzi #)). Tad€jadi tiktu nodrosinats, ka limenatzimju modelis vienmer ir
aktuals un adekvati atspogulo nozar€ notiekosas tendences. Praks€ $o procesu biitu
lietderigi pieskanot regul&jamo uznémumu iesniedzamo atskaisu periodiskumam.

2. Jaunu siltumenergijas raZo$anas tehnologiju ieklausana limenatzimju modeli.
Limenatzimju noteikSanas algoritma modela veidoSana tika balstita redlo datu
analizé. Tade]l modeli detalizéti ir izstradata siltumenergijas razoSanas izmaksu
veido$anas, ja tiek izmantoti Latvijas siltumapgadé domingjoSie energijas resursi —
dabasgaze vai biomasa. Vienlaikus strauji attistas jaunas siltumenergijas razo$anas
tehnologijas, kuram visdrizak bus iz8kiro$s ieguldijums CSA konversijai uz
klimatneitraliem risinajumiem. Attiecigi, lietojot 3.3. apak$nodala izklastito pieeju
Iimenatzimju aprékinam jauktas kurinama struktiras gadijumiem, limenatzimju
modeli var papildinat ar jauniem aprékinu moduliem, kas simulés jauno
siltumenergijas razo$anas tehnologiju izmantoSanu.

3. Energijas raZoSanas efektivitates raditajs BAT siltumavota. Regulatoram ir
jaseko nozares tehnologiskas attistibas tendenc€m un ja nepiecieSams jaatjaunina
limenatzimju modeli lietotie BAT siltumavotu efektivitates raditaji;

4. Limenatzimes Ry " define$ana. Sis lielums ir izskirosais un apkopojosais
motivEjosas regulacijas instruments. Tas ir atkarigs no visiem Iimenatzimju modelt
ievaditajiem datiem un apkopo tr1s iepriek$€jo instrumentu ietekmi. No otras puses,
§1 lieluma vértibas defing$ana ir Regulatora ka nozares politikas Tstenotdja viedokla
visaptvero$s formul&jums par siltumenergijas raZzoSanas efektivitati.

No aplikoto regulésanas instrumentu raksturojuma secinams, ka lietojot ITmenatzimju
modeli, Regulatora izikirosas izvéles ir par BAT efektivitates raditaju un R,”” defingsanu. Abi
Sie lielumi nav defin&jami eksakti, bet faktiski ar tiem Regulatoram butu jaimite tirgus speku
riciba.

Absoliti konkurgjosa tirgt, kas gan ir tikai teorétiska konstrukcija, visu uznémumu tarifus
raksturojosas Ry vertibas tiektos uz vienu Ry vertibu — 3.5. attela att€lotaja grafika ta butu Ry
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sadaltjuma vidgja vertiba. Tacu reala CSA tirgl pastav samera liela dazadiba. Taja savstarpgji
konkuré gan kurinama, gan tehnologiju, gan citu CSA uzp€mumiem nepiecieSamo precu un
pakalpojumu piegadataji. Tadgjadi tirgl pastav gan piegadataju, gan pirc€ju speki, kas
savstarpgji mijiedarbojas, ka ar1 tirgu ietekm& daudzi citi mainigi faktori (patérétaju uzvediba
un paradumi, vispargjie komercdarbibas regul&jumi, nozares politika, valsts un pasvaldibu
nodokli un nodevas utt.). Tade] ari redlaja tirgl tarifus raksturojoSam raditagjam veidotos
sadalfjums lidzigi tam, kads ir iegiits [imenatzimju modeli.

Reala konkurgjosa tirgt butu jaizdzivo specigakajiem un efektivakajiem ta dalibniekiem,
jo arT tirgus spéki nosaciti vilktu Iimenatzimes Iiniju. Realitate, protams, nepastav sada viena
Iimenatzimes linija, bet efektivakie tirgli esosie dalibnieki vai jaunienacgji censas izspiest no
tirgus mazak efektivos. Ar limenatzimju modeli ieglitaja R, sadalifjuma grafika (3.5. att.),
visdrizak, tos reprezentetu grafika labais zars talak par 1-1,5 standratnovirzi no sadalfjuma
vidgjas vertibas, t. i., 9—16 % neefektivakie uznémumi no to kopgja skaita.

Analogiski, Regulatoram imitgjot tirgus spekus, spiediens kit efektivakiem biitu jaizdara
uz tie §1 diapazona CSA uznémumiem. Novelkot R,/*" vienas standartnovirzes attaluma,
Regulators faktiski butu nolémis, ka aptuveni 84 % no CSA uzpe€mumu tarifiem tiktu atziti par
atbilstosiem, un Regulators varétu dot atlauju tos lietot bez skrupulozas parbaudes. Tacu, lai
stimulétu efektivitates paaugstinaSanu, Regulators §1 diapazona robezas var pakapeniski
merktiecigi parvirzit.

Lai ari, ka secinats 1.3. apak$nodala CSA faktiski aizvien vairak attalinds no klasika
monopolstavokla, Regulatoram tom&r bitu jaizvairas no tik intensiviem motivacijas
spiedieniem, kas liktu CSA uzpémumam vispar pamest tirgu. Pilnigi konkurgjosa un likvida
tirgii tas atbilstu dabigajam biznesa ciklam, ta¢u CSA joma parskatama perioda maz ticams ka
ta butu pilniba aizvietojama. Savukart, adekvatas siltumapgades pieejamiba ka secinats 1.
nodala noteiktos klimatiskajos apstaklos ir sabiedribai eksistenciala.

Tade] Regulatoram izmantojot ITmenatzimju modela piedavatos instrumentus biitu jarikojas
lidzsvaroti gan attieciba uz efektivitates paaugstinasanu jau izmantojamam tehnologijam, gan
jaunu inovativu risinagjumu ievieSanu.

Attieciba uz jau aprobétu un plasi pielietotu tehnologiju efektivitates paaugstinasanu,
motivejosa regulésana firi tehniski darbotos saméra vienkarsi. Ka ieprieks izklastits, regulari
atjauninot ITmenatzimju aprékina algoritma ievadamos datus, algoritma pakapeniski ieklausies
gan jaunakie aktudlie tehnologiju darbibas raditaji, gan tirgus situacijai atbilstoSas investiciju
un ekspluatacijas izmaksas. Attiecigi limenatzimju modelis sekotu nozares realajiem attistibas
procesiem un simulétas vertibas ieklautu gan tehnologiju attistibas, gan cenu indeksu izmainu
ietekmi.

Komplicétakais jautdgjums CSA uzpémumu motivéSana jaunaku efektivu tehnologiju
ievieSanai ir - ka lidzsvarot efektivitates prasibas ar uzngémumu sp&ju atpelnit $o tehnologiju
ievieSana iegulditas investicijas un ka simulét apstaklus kados briva tirgl stradajoss uznémums
pienemtu [lémumus par investicijam un inovacijam. Pret&ja gadijuma neizdotos izvairities no 1.
nodala apliikotajiem RPI-x reguléSanas metodes trikumiem.

Jaunu tehnologiju un inovaciju stimulgjosas regul&Sanas pieejas formul&sanai piemérota ir
pagajuia gadsimta austrie$u ekonomista Jozefa Sumpétera téze par pelnas un inovaciju cieso
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saikni. Lai arT no Sodienas pamatstraumes ekonomisko skolu skata punkta vina radoS$as
destrukcijas teorija ir vert€§jama pretrunigi, tacu griti nepiekrist, ka tikai iesp&ja giit pelnu ir
patiesais dzinulis uznémgjam inovet, un, ka pelna ir balva sekmigam inovatoram par
gatavibu uznemties riskus ievieSot jaunas tehnologijas un uzlabojot produktus [146], [147].

Savukart, parreguléta komercdarbiba, kas, ka secinats 1.3. apak$nodala jo spilgti
novérojama siltumapgades regulésana Latvija, nav sagaidama komersantu patiesa iniciativa
inovet un mekl&t efektivitates risinajumus. Parreguléta vide rada stacionaru, reaktivu un sevi
atkartojosu ekonomisko procesu, kas faktiski nodrosina tikai eso$o aktivu atrazo$anu ar loti
ierobezotu atdeves likmi, kas nereti nenosedz pat patiesas finanséSanas izmaksas.
jauna efektiva tehnologija, 1idz ar to vienlaikus uznemoties jaunas kapitalizmaksas, iegtitu
prieksrocibas pietiekami atri atgiit ieguldijumus un ar giit pamatotu pelpu ka adekvatu
atalgojumu par ieguldfjumiem inovacijas un riska uznemsanos. To varétu panakt, ja jaunu
tehnologiju limenatzimju moduli vai arT krasu tradicionalas tehnologijas efektivitates
paaugstinaSanas raditaju neieklautu ITmenatzimju modeli, tiklidz ir iegiiti un uzkrati dati par
tiem, bet — ar zinamu laika nobidi.

Lidzigs process dabigi norit konkur€josos tirgos. Pirmie inovaciju ieviesg€ji zinamu laiku
var sasniegt ievérojamus pelnas raditajus, lidz pamazam $o tehnologiju parnem ari konkurenti,
un to spiediena rezultata cenas un arT pirma ievies€ja pelna samazinas.

Attiecigi, lietojot limenatzimju modeli, jaunas tehnologijas ka jauns aprékina modulis
algoritma jaieklauj tad, kad to lietojums un izplatiba jau klust plasaka. No ta briza [imenatzimju
modeli simul&tie tarifus raksturojosie raditaji jau atspogulos arT jaunas tehnologijas ietekmi, ka
rezultata CSA uzpémumiem sava produkta cenas pakapeniski biis jamazina, kas faktiski
nozimées, ka ieguvumi no jaunas tehnologijas saks pardalities par labu arT paterétajiem.

Savukart uz jautajumu, kad jauna tehnologija jaatzist par pietieckami plasi lietotu, lai to
ieklautu limenatzimju modeli nav viennozimigas eksakti atrodamas atbildes.

Starptautiskas energétikas agentiras (IEA) jaunakaja regularaja tehnologiju apskata [148]
uzsverts ka galvenais virzoSais speks tehnologiju attistibai ir pasaules vadoSo ekonomiku
energgtikas nozares politikas un, jo Tpasi nospraustie klimatneitralitates mérki. Lai arT skiet, ka
musdienas tehnologiju attistiba ir loti strauja, minétaja apskata dati liecina, ka tehnologijas
attistiba no prototipa lidz komercialam produktam aiznem pat vairak neka 20 gadus, kas ir visai
ilgs tirgh ienakSanas laiks. Turklat no nesen parvarétas Covid pandémijas un Krievijas iesakta
kara Ukraina ietekmes uz energijas un izejvielu piegades k&dém seku izveértéjuma IEA eksperti
secina, ka jaunais lielakais izaicinajums pasaules dekarbonizacijas merku sasniegSanai ir
dekarbonizacijas tehnologijam nepiecieSamo kritisko izejvielu piegades k&zu un cenu
trauslums.

Lidz ar to pat no jau Tstenotu pilotprojektu rezultatiem, kas turklat parasti ir ar loti augstu
atbalsta lidzfinans€juma intensitati, izdarit secinajumus par tehnologiju gatavibu tirgum ir
paragri. Turklat janem veéra, ka jaunu tehnologiju ienak$anas fazém tirgii var noveérot t. s. haipa
ciklu®’, kas grafiski nosaciti paradits 3.6. attgla. Lai arT to plasak lieto informacijas tehnologiju

37 Anglu val. Gartner's Hype Cycle — ASV tehnologiju uznémuma kop$ 1995.gada attstita pieeja jaunu
tehnologiju brieduma noveértésanai.
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joma, sastopamas arl ta analizes attieciba uz energgtikas transformacijai nozimigam
tehnologijam [149]. Haipa cikls nav strikta aprékinu metodika neapstridamu rezultatu
iegiiSanai, taéu dod pietiekamu pamatu sakotngjam ieskatam par jaunas tehnologijas iesp&jamo
nakotni.
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3.6. att. Haipa cikla ilustrativs raksturojums

Raugoties uz 3.6. attéla visparinato jaunas tehnologijas attistibas trajektoriju, var pienemt,
ka Regulatoram biitu jalauj inovativakajiem uznémumiem risk&t ar pilotprojektu istenoSanu un,
ja izdodas, tad giit pelnu 2.paaudzes pragmatiskas attistibas posma. Savukart, lTmenatzimju
modeli tehnologijas jau ka etalonus ieklaut, kad tas sasniedz 3.paaudzi.

Prakse sagaidams, ka jauno tehnologiju joma domingjosas biis tas, kas nodrosinas zema
potenciala siltuma, tostarp atlikumsiltuma, izmanto$anu. Vistuvak komercialas pielietoSanas
brieduma pakapei (t. i., var novertét, ka tehnologijai noslédzas pragmatiskas attistibas faze un
tair tuvu 7RL 8.—9. limenim) paslaik ir dazadu tehnologiju siltumstkni. Mazu jaudu diapazona,
kas pielietojami lokaliem risinajumiem — piem&ram, viengimenes dzivojamam &kam, tie jau ir
absoliiti konkurétspgjigi ar tradicionalajiem risinajumiem — dabasgazes vai koksnes granulu
katliem. Par to liecina aizvien pieaugosais $o tehnologiju lietojums, kura sekmigai norisei
saméra strauji samazinas nepiecieSamiba péc papildus atbalsta pasakumiem. Savukart lielas
jaudas siltumsiiknu ienaksana komerciala lietoSana ar tuvojas [150].

Tapat tuvaka nakotné komercialai lietoSanai nepiecieSamo briedumu CSA joma varétu
sasniegt saules kolektori. Savukart idenraza, sintétisko metanu u.tml. tehnologijas visdrizak
vél joprojam ir haipa cikla svarstigaja dala.

Lai arf piedavata limenatzimju modela metode biitiba nav sarezgita, no praktiska lietojuma
viedokla ta prasa darbu ar lieliem datu masiviem. Pirmsskietami tas varétu pretruna ar vienu no
sakotngji defintajam prasibam iecertajam reguléSanas modelim — Regulatora resursu paterina
samazinajumu. Tacu no otras puses, tad, kad [imenatzimju algoritms ir izveidots, talakie datu
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apstrades procesi ir sadalami vienkarsas daudzkart atkartojamas procediiras. Lidz ar to prakse
gan datu iegliSana no CSA uzp@mumiem, gan to apstrade biitu pilniba janodroSina ar
misdienigiem informaciju tehnologiju risindgjumiem. Turklat var prezumét, ka datu apstrade,
simulacijas, R, aprékini un Regulatora lemumiem nepiecieSamas analizes biitu jauztic maksliga
intelekta rikiem.

Savukart Regulatora radosa ekspertize, kompetence, pieredze biutu jaizmanto pasas
Iimenatzimes izvelei un talak iezimé€tajiem l&@mumiem par ricibu attieciba uz tiem CSA
uznémumiem, kas parsniedz limenatzimi.

Gadijumos, kad konkréta CSA uznémuma lietotais tarifs neizturétu limenatzimes
algoritmos iebiivéto testu, Regulators secina, ka ar §adu tarifu konkrétais uzne€mums ir guvis
tirgus situacijai nepamatotus iendkumus, un uzdod samazinat tarifu, kas ne tikai izpilditu
limenatzimes testu, bet arT kompensétu ieprieksgja perioda giito ienakumu parsniegumu.

Talaka riciba varétu biit divejada — vai nu CSA uznémums piekrit parskatit savu tarifu, atrast
iespgjas to samazinat un iesniegt atkartotam testam, vai arT iesniedz Regulatoram pilnu tarifa
aprékinu skrupulozai parbaudei, kas tiek veikta p&c pilnas tarifa parbaudes procediiras. Izskatot
pilno tarifa projektu, Regulatora [émumi var&tu biit trs veidu.

1. Regulators parliecinas, ka konkrétais CSA uzpémums Sobrid nespgj nodroSinat
siltumapgadi par limenatzimém atbilstoSu tarifu, bet vienlaikus secina, ka zinama
laika posma ir iesp&ams veikt uzlabojumus un pandkt tarifa atbilstibu. Sada
gadfjuma var apstiprinat terminétu tarifu, noradot parejas periodu atbilstibas
sasniegSanai.

2. Regulators parliecinas, ka konkrétajam CSA uznémumam pastav objektivi un arpus
uznémuma kontroles esoSi apstakli, kadél tam nav iesp&ams nodroSinat
siltumapgadi par limenatzimém atbilstosu tarifu, un apstiprina tarifu.

3. Tresais varétu bt galgjais gadijums, kad Regulators secina, ka konkrétaja vieta CSA
sistémas saglabasanai nav ekonomiska pamata (pieméram, CSA sistémas ar kritiski
zemiem noslodzes raditajiem mazas apdzivotas vietas ar izteiktu depopulacijas
tendenci). Sados gadijumos Regulatoram biitu jasniedz drastiska rekomendacija —
veikt planveidigu CSA sisteémas decentralizaciju un lokalo siltumavotu izbavi.

Nosléguma jaatzimé, ka Regulatoram ir japievers pienaciga uzmaniba arT tiem gadijumiem,
kad tarifu raksturojo3ais raditajs Ry ir galgji novirzits uz Rysadalijuma grafika kreiso zaru. Sadi
gadijumi var liecinat par risku, ka konkrétais uznémums kaut kadu apstaklu dél nespgj atgit
ilgtsp&jigai siltumapgades nodro$inaSanai visas nepiecieSamas izmaksas. Nemot véra to, ka
Regulators ir atbildigs ne tikai par paterétaju aizsardzibu, bet ar1 pakalpojumu sniedzgju
komercdarbibas ilgtsp&ju un attistibu, Regulatoram javeic arT $o situaciju c€lonu analize un
savas kompetences ietvaros, ja nepiecieSams, jasniedz uzpémumam un ta IpaSniekam
rekomendacijas kritiskas situacijas noveérSanai.
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4. SECINAJUMI UN PRIEKSLIKUMI

Secinajumi

Apstaklos, kad visa Eiropas energgtikas sektora norit fundamentala transformacija virziba

uz dekarbonizacijas merki, arTt CSA regulSanai ir jatransformejas un p&c iespgjas jatuvinas

tirgus principiem, lai ne tikai stimulétu CSA uznémumus paaugstinat darbibas efektivitati,
bet arT virzitu tos investé$anai klimatneitralitates sasnieg§anai nozimigas tehnologijas,
vienlaikus pielagojoties paterétaju jaunajam prasibam.

No reguléSanas teoriju, metozu un praksu analizes izriet secinajums, ka nav defingjama

ideala pieeja reguléSanai un atrodama universala un ideadla cenu un tarifu reguléSanas

metode. Gan pilnigi liberalizétam siltumapgades tirgum, gan arT stingrai siltumapgades
nozares regulacijai ir daudz trikumu. Tadg] ir jamekl€ optimals viduscel$ starp §im divam
alternativam, pieeju regulé$anas rezimam pakartojot noteiktiem mérkiem.

Promocijas darba gaita izstradata CSA tarifu Iimenatzimju metode, kuras pamata ir virtualu

CSA tirgus apstaklu imitéSana, izmantojot Montekarlo imitacijas modeli, tiek piedavata ka

optimals kompromiss starp CSA nozares parreguléSanu un pilnigu liberalizaciju.

No tarifu limenatzZimju modela izveidei veikto redlo CSA uzp@mumu datu analizu

rezultatiem tika secinats, ka:

o limenatzimju modela izveidi nevar balstit tikai empiriski ieglitajos regresijas
vienadojumos un tarifu noteik$ana nevar lietot vienkarSotu pieeju, pieméram, m&ginot
atrast vienu tarifu griestu limenatzimi, kas izteikta ar absoliito vértibu un uz ko biitu
jatiecas visiem CSA uzpémumiem, vai arT dazas atSkirigas ITmenatzimes
raksturigakajam CSA uznémumu vai sistému grupam;

o redlo uznémumu datu apstrade ar komplicétakiem statistiskas analizes testiem pierada,
ka gan tarifa vértibu, gan nozimigako to aprékina elementu vértibu izlasém, kas
veidotas p€c izmantota kurinama veida pazimes, ir statistiski nozimigas atskiribas, ka
ari to, ka So vértibu empiriskais sadalfjums ar augstu ticamibu atbilst normalajam
sadalfjumam. Tade] l[imenatzimju noteikSanai aprékinu moduli MCs veikSanai javeido
atseviski katram izmantojama kurinama veidam.

Tarifu limenatzimju modela galvenais elements ir bezdimensiju lielums Ry, kas raksturo

noteikta CSA uzpémuma siltumenergijas razoSanas tarifa attiecibu pret efektivas

siltumenergijas raZoSanas etalonu — kurinama izmaksu komponenti BAT siltumavota. Ar

MCs generéto Ry vertibu biezumu sadalijums imite situaciju, kada veidotos nosacita CSA

tirgli konkurences apstaklos.

Iegiito rezultatu novertéjums lauj secinat, ka tie ir pietickami adekvati:

o rezultatu robezkliidas novertgjums liecina, ka visos aprékina variantos ta ir mazaka par
1 %, tadgjadi ar MCs generetos rezultatus var pienemt ka adekvati raksturojosus realos
apstaklus;

o dazadajos aprekinu scenarijos iegiito rezultatu izlases raksturojoso raditaju vértibas
korekti atspogulo siltumenergijas razoSanas izmaksu veido$anas specifiku atkariba no
izmantoto kurinamo veidu struktiras. Jo augstaks Tpatsvars siltumenergijas razo$anas
izmaksas ir kurinama izmaksam, jo Sauraks ir R, v@rtibu diapazons un mazaka
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standartnovirze. Izmantojot tikai dabasgazi, mérenu cenu scenarija Ry vid&ja vertiba ir
1,875, savukart standartnovirze 0,126. Pieaugot biomasas Tpatsvaram kurinama
strukttira, pakapeniski pieaug arT gan Ry vidgja vertiba, gan So vertibu izkliede lidz,
izmantojot tikai biomasu, Ry vidgja vertiba sasniedz 2,389, savukart standartnovirze
0,305. ST tendence atspogulo realitati, jo, siltumenergijas razofanai izmantojot
biomasu, pieaug darbibas un kapitala izmaksu ietekme, un ta rezultata siltumenergijas
tarifu vertibas vairak izkliedgjas.
Promocijas darba gaita izveidotais siltumenergijas tarifu limenatzimju modelis nav
komplicéts, un ta lietosanai ir pietickami ar ikdiena plasi pieejamiem IT risinajumiem.
Tadgjadi modeli nav sarezgiti papildinat ar lietotajiem &rtiem saskarnes risindjumiem un
ieviest lietoSanai praksé. Lietojot limenatzimju modeli praksé, Regulators to varétu
vienkarsi kalibrét lidz augstakai precizitates pakapei, jo Regulatoram ir pieejami visu
regul&jamo uzn@mumu visi realie dati, kas izmantojami MCs ievadamo lielumu noteikSanai.
Kopuma secinams, ka izveidotais limenatzimju modelis, ta IpaSibas un lietojuma iespgjas
liecina, ka izpildas promocijas darba hipotéze, darba merkis ir sasniegts un uzdevumi
izpilditi.

Priekslikumi
Piedavata siltumenergijas tarifu limenatzimju noteikSanas algoritma izveide un lietoSana
krasi vienkarSotu un paatrinatu regul€Sanas procediiru. Regulatoram butu iespgjams
principiali mainit reguléSanas rezZimu — atteikties no skrupulozas ex ante reguléSanas un
katra CSA uznémuma tarifu projekta detaliz&to aprékinu parbaudes. Tas atbrivotu gan CSA
uznémumu, gan Regulatora resursus nozimigaku jautajumu risinasanai.
Regulators ka energétikas politikas istenotajs limenatzimju modeli varétu lietot
motivéjosas reguléSanas nodroSinasanai, jo limenatzimju modela algoritmos iebiivétie
mehanismi sniedz Regulatoram instrumentus virzit CSA uznémumus uz efektivitates
paaugstinasanu. Nosakot atseviSkus ITmenatzimju aprékinam nepiecieSamos robezlielumus
atbilstosi labas prakses raditajiem, ka arT pielaujamas novirzes no ar modeli iegiitajiem
rezultatiem, Regulators var panakt, no vienas puses, efektivitati stimul§josas, no otras
puses, reali sasniedzamas limenatzimes. Turklat, sekojot tehnologiju attistibai, Regulators
pakapeniski tas var samazinat, ta stimulgjot CSA uznému tuvinasanos labas prakses
piem@riem.

Savukart CSA uzpémumiem tirgus apstaklus imit€joSas CSA reguléSanas metodes

ievieSana:

o uzlabotu komercdarbibas plano$anu ilgterminam;

o paaugstinatu motivaciju uz komercialiem principiem investet efektivitates
paaugstina$anas un emisiju mazinasanas tehnologijas, pieméram, siltumstkni, zema
potenciala atlikumsiltuma izmantosana;

o radttu prieks$noteikumus elastigas sava pakalpojuma cenoSanas un tarifu struktiiras
veidoSanai, lai pielagotos paterétaju jaunajam prasibam un aktivo paterétaju
integracijai CSA sistémas;
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o sekmétu CSA sisttmu ka apjomiga un vadama energijas uzkraSanas elementa
sagatavoSanu sinergijai ar elektroapgades sistému tas clastibas paaugstinasanai, kas
biis izSkiroSais faktors elektroapgades transforméSanai un maksimali efektivai
svarstigo un nevadamo AER generacijas avotu integré$anai.

4. Promocijas darba izstradatais algoritms un modelis paver arT talakas p&tniecibas iespgjas,
jo to iesp&jams izmantot ne tikai praktiskai CSA regul&Sanai, bet ari tarifu dinamikas
pétisanai dazadu argjo faktoru izmainu ietekmge.
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Siltumenergijas kopgja tarifa atkariba no pardoSanas apjoma gada (CSA uznpémumi ar
apjomu lidz 10 GWh gada)
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Rratkariba no raZoSanas jaudu noslodzes
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Realu CSA uzpémumu atsevi§ku siltumtiklu darbibas raditaju apraksto$as statistikas
analizes rezultatu grafisks attélojums

Siltumtiklu noslodze
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2. pielikums
Rvertibu statistiskas analizes rezultati

Ry vertibu analize tika veikta datiem, kas iegiiti no 26 realiem Latvijas CSA uznémumiem,
kas izmanto biomasu un 16 uzpémumiem, kas izmanto dabasgazi. Analize tika veikta
izmantojot Statistics package “IBM SPSS Statistics for Windows version 23” (IBM Corp.,
Armonk, N.Y., USA). legtitie aprakstosas statistikas raditaji apkopoti tabula p.2.1.

p-2.1. tabula
Ry vertibu apraksto$as statistikas raditaji
Descriptives
Statistic | Std. Error
R Fuel - Mean 2,7342 ,08859
woodchips | 95% Confidence Interval | Lower Bound 2,5518
for Mean Upper Bound 2,9167
5% Trimmed Mean 2,7412
Median 2,7200
Variance ,204
Std. Deviation ,45173
Minimum 1,75
Maximum 3,52
Range 1,77
Interquartile Range 72
Skewness ,008 456
Kurtosis -,426 ,887
Fuel - Mean 1,3711 ,04379
natural gas | 95% Confidence Interval | Lower Bound 1,2787
for Mean Upper Bound 1,4635
5% Trimmed Mean 1,3640
Median 1,3450
Variance ,035
Std. Deviation ,18579
Minimum 1,04
Maximum 1,83
Range 79
Interquartile Range 24
Skewness , 755 ,536
Kurtosis 1,243 1,038

Nemot véra, ka gan biomasu izmantojo$o, gan dabasgazi izmantojo$o uznémumu izlases ir
relativi nelielas (N<30), tika lietots ¢ — tests, lai parbauditu vai atskiribas starp abu izlasu Ry
vertibam ir statistiski nozimigas (rezultatus skat tabula p.2.4.).



Vispirms ar Kolmogorova - Smirnova un Sapiro - Vilka testiem tika parbauditas vai redlo
uznémumu datu sadalfjumi atbilst normalajam sadalijjumam (skat. tabulas p.2.2., p.2.3.)

p-2.2. tabula
Ry vertibu normala sadalfjuma testi
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk

Fuel Statistic df Sig. Statistic df Sig.
Ryt Woodchips ,087 26 ,200° 978 26 ,827

Natural gas ,160 18 ,200° ,956 18 ,528
*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Nemot vera, ka bitiskuma raditajs (p) = 0,2 > 0,05 visos gadijumos, nevar noraidit nulles
hipotezi, ka empiriskie sadalfjumi atbilst normalajam sadalfjumam.
p-2.3. tabula
Kolmogorova — Smirnova normala sadalijuma tests vienai R vertibu izlasei (biomasu
izmantojo$am katlu majam)

One-Sample Kolmogorov-Smirnov Test
Fuel —

woodchips

N 26
Normal Parameters®? Mean 2,7342
Std. Deviation ,45173

Most Extreme Differences Absolute ,087
Positive ,087

Negative -,065

Test Statistic ,087
Asymp. Sig. (2-tailed) ,20004

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

d. This is a lower bound of the true significance.

Nemot véra, ka bitiskuma raditajs (p) = 0,2 > 0,05, nevar noraidit nulles hipotézi, ka
empiriskais sadalijums atbilst normalajam sadalfjumam.
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p-2.4. tabula
Dabasgazi un biomasu izmantojosu katlu maju Ry vertibu ¢ - testa rezultati

Independent Samples Test

Levene's Test
for Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the
Sig. (2- Mean Std. Error Difference
F Sig. t df tailed) Difference | Difference | Lower Upper
Ry | Equal variances
13,136 | ,001| 12,080 42 ,000 1,36312 ,11284 | 1,13540| 1,59084
assumed
Equal variances
13,794 | 35,585 ,000 1,36312 ,09882 | 1,16262| 1,56362
not assumed

Levina tests parada, ka izlasu vienadiba ir nenozimiga (p < 0.05). Tadgjadi dabasgazi un
biomasu izmantojosu katlu maju Ry vertibu izlasu atkiribas ir statistiski nozimigas.

Nozimigako ievaddatu statistiskas analizes rezultati
Izmantojot redlo CSA uzpému datus, nozimigakajiem siltumenergijas raZoSanas

tehniskajiem parametriem, kuru ietekme uz siltumenergijas razoSanas tarifu ir vislielaka, tika
veikta apraksto$as statistikas analize, ka arT Kolmogorova -Smirnova tests, lai novértétu vai ari
o0 parametru redlo datu kopas nav normali sadalitas.

Lietderibas koeficienti — dabasgaze

Histogram

127 Mezn = 52
Sid_Dev. = 034
N=38

8

Frequency
iy

0T T T T T
B0 85 A0 85 1,00 108

Lietderibas koeficienti-gaze
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One-Sample Kolmogorov-Smirnov Test

Lietderibas

koeficienti-gaze

N 36
Normal Parameters®® Mean ,9231
Std. Deviation ,03438

Most Extreme Differences Absolute ,131
Positive ,067

Negative -,131

Test Statistic ,131
Asymp. Sig. (2-tailed) ,123¢

a. Test distribution is Normal.
b. Calculated from data.

c. Lilliefors Significance Correction.

Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
The distribution of Lietderibas :
1 koeficienti-gaze is normal with Ogﬁ;‘soa':,%lve. 1231 sﬁff'n L
mean 0,92 and standard deviatio g '

0.034 mirmnov Test hypothesis.

Asymptotic significances are displayed. The significance level is 05.

Lilliefors Corrected

Lietderibas koeficienti — biomasa

Histogram

Wlean = 79
Std. Dev. = 076
N=39

Frequency

I_DA/

o T T
50 60 70 g0
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One-Sample Kolmogorov-Smirnov Test

Lietderibas
koeficienti-
koksne
N 39
Normal Parameters®® Mean ,7949
Std. Deviation ,07586
Most Extreme Differences Absolute ,203
Positive ,155
Negative -,203
Test Statistic ,203
Asymp. Sig. (2-tailed) ,000°
a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
| BS{ERSIIE poe
0.076. mirnov Test hypothesis.

Asymptotic significances are displayed. The significance level is 05.

Lilliefors Corrected

Uzstaditas jaudas izmantoSanas stundas

Histogram

Wlean = 1492,37
Std. Dev. = 521,744
N=58

=
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One-Sample Kolmogorov-Smirnov Test

Jaudas

izmanto$anas h

N 59
Normal Parameters®® Mean 1492,3729
Std. Deviation 521,74389

Most Extreme Differences Absolute 114
Positive 114

Negative -,068

Test Statistic ,114
Asymp. Sig. (2-tailed) ,053°

a. Test distribution is Normal.
b. Calculated from data.

c. Lilliefors Significance Correction.
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Ievadamie dati imenatzimju aprékina pieméram

3. pielikums

Aprekina scenariji

Parametrs Apz. Meérv. gaze gaze bio Avoti / piezimes
base high
2 3 4 5 | 6 7 8
Uzstadita MW 1 1 1
siltumenergijas
razo$anas jauda:
Uzstaditas
siltumenergijas
razo§anas jaudas
noslodze:
vidgjais tom h/gada 1492 1492 1492 no realo datu
analizes
standartnovirze t) h/gada 292 292 292 no realo datu
analizes un
Regulatora
metodikas
Siltumenergijas
razoSanas
lietderibas
koeficients
vidgjais R 0.923 0.923 0.800 | no realo datu
analizes
standartnovirze h 0.034 0.034 0.070 | no realo datu
analizes
Dabasgazes P, EUR/MWh 35.00 150.00 TTF indeksi no
vairumtirdzniecibas European Energy
cena Exchange AG un
tradingeconomics
.com. Base -
2024.2.cet; High:
2022. gada vid.
Dabasgazes
mazumtirdznieciba
s uzcenojums
vidgjais P EUR/MWh 3.50 12.00 no dabasgazes
tirgus datu
izvertejuma
standartnovirze Py EUR/MWh 0.52 1.00 no dabasgazes
tirgus datu
izvertejuma
Dabasgazes Clg MWh/1000m® | 10.58 10.58 kostante
zemaka (net)
siltumspéja
Dabasgazes cv, MWh/1000m? 9.47 9.47 kostante
augstaka (gross)
siltumspgja
Dabasgazes Pl EUR/MWh 2.70 2.70 ietver
piegades sistemas uzglabasanas,
izmantoSanas tarifu parvades, sadales
summa vidgjos tarifus
akcizes nodoklis Pr EUR/MWh 1.65 1.65 no likuma Par

dabasgazei

akcizes nodokli
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1 2 3 4 ‘ 5 H 6 7 8
10 | CO2 emisijas Ecor kg/MWh 199.44 | 199.44 | 35532 | no LVGMC
faktors metodikas
11 | bezmaksas emisiju k 0.00 0.00 1.00 pienemts, ka visa
atlauju pieskiruma izmantota
koeficients biomasa atbilst
ilgtsp&jas
krterijiem
12 | SEG emisijas Prua EUR/t 75.00 75.00 75.00 | no European
atlaujas cena Energy Exchange
AG; 2024.2.cet.
13 | Biomasas cena ar
piegadi siltumavota
vidgjais | Plhiom EUR/MWh 22.00 | no biomasas
tirgus datu
izvertéjuma;
2024. 2.cet.
standartnovirze Phhioy EUR/MWh 1.50 no biomasas
tirgus datu
izvertgjuma;
2024. 2.cet.
14 | Elektroenergijas
patn&jais paterins
vidgjais Em kWhe/MWhy, 1.65 1.65 10.00 no Danijas
energétikas
agenturas
kataloga
standartnovirze Ey kWhe/MWh, 0.35 0.35 1.50 no Danijas
energétikas
agentiiras
kataloga
15 | Elektroenergijas Pe, EUR/MWh 80.00 230.00 80.00 no Nordpool;
vairumtirgus cena Base un bio -
2024.2.cet; High:
2022. gada vid.
16 | Elektroenergijas
mazumtirdznieciba
S uzcenojums
vidgjais Py EUR/MWh 10.00 20.00 10.00 | no elektribas
tirgus datu
izvertejuma
standartnovirze Py EUR/MWh 2.00 4.00 2.00 no elektribas
tirgus datu
izvertéjuma
17 | Elektroenergijas Peys EUR/MWh 29.30 29.30 29.30 ietver parvades
sistémas tarifs un sadales tarifu
vidgjas vertibas
18 | Mainigas darbibas
izmaksas
vidgjais | COMY,, EUR/MWh 1.00 1.00 1.20 no Danijas
energétikas
agentiiras
kataloga
standartnovirze | CO%M, EUR/MWh 0.10 0.10 0.12 no Danijas
energétikas
agentlras
kataloga
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1 2 3 4 5 6 7 8
19 | Ipatngjas
investicijas iekartas
vidgjais I t. EUR/MW 40.00 40.00 331.00 | no Danijas
energétikas
agentlras
kataloga
standartnovirze I t. EUR/MW 4.00 4.00 49.65 no Danijas
energétikas
agentiiras
kataloga
20 | Ipatngjas
investicijas
biivnieciba un
montaza Danija
vidgjais | "pgam t. EUR/MW 20.00 20.00 184.00 | no Danijas
energétikas
agentlras
kataloga
standartnovirze | I"™pk) t. EUR/MW 2.00 2.00 27.60 no Danijas
energétikas
agenturas
kataloga
21 | Fiksetas darbibas
izmaksas Danija
vidgjais | CO%Mpks,) EUR/MWgada | 1950.00  1950.00 | 31800.00 | no Danijas
energétikas
agentiiras
kataloga
standartnovirze | COMpy, | EUR/MWgada | 195.00 = 195.00 | 4770.00 | no Danijas
energétikas
agenturas
kataloga
22 | Latvijas ick§zemes GDPry 73.00 73.00 73.00 | no Eurostat
kopprodukta PPS
indekss
23 | Danijas ickSzemes GDPpxk 136.00 | 136.00 136.00 | no Eurostat
kopprodukta PPS
indekss
24 | Investiciju atbalsta s 0.00 0.00 0.30 piend@mums no
intensitate lidzsingjas
atbalsta fondu
prakses
25 | Siltumavota n gadi 15 15 15 pienemts no
ekonomiskais prakses
dzives cikls
26 | Kapitala vidgja wacc % 5.00% | 5.00% 5.00% | regulésanas
sverta instruments,
pirmsnodoklu cena izv€las un nosaka
Regulators
27 | Kurinama hip 0.950 0.950 0.850 | regulesanas
izmantoSanas instruments,
lietderibas izvélas un nosaka
koeficients BAT Regulators
katlu maja
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2 3 4 5 6 7
Ievades datu starpaprekinu rezultati
Ipatngjas
investicijas
biivnieciba un
montaza Latvija
vidgjais | "Ly t. EUR/MW 10.74 10.74 98.76
standartnovirze | ™y t. EUR/'MW 1.07 1.07 14.81
Fikséetas darbibas
izmaksas Latvija
vidgjais | COMy,,) | EUR/MWgada | 1046.69 | 1046.69 | 17069.12
standartnovirze | COM,,, | EUR/MWgada | 104.67 = 104.67 | 2560.37
Kurinama Cp EUR/MWh 46.28 181.52 25.88
komponente BAT
katlu maja
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4. pielikums
Publikacijas par promocijas darba téemu

Implementation of the Energy Efficiency
Directive and the Impact on District Heating
Regulation

Aris Zigurs, Ugis Sarma, Polina Ivanova
Latvenergo ASPulkveza Brieza iela 12, Riga, LV-1230, Latvia
e—mail: aris.zigurs@latvenergo.lv,
ugis.sarma@]latvenergo.lv,
polina.ivanova@latvenergo.lv
Abstract

Discussions in Latvia are ongoing regarding the optimum solution to implementing Directive 2012/27/EU on energy
efficiency.

This study analyses a scenario where a significant fraction of target energy efficiency is achieved by obliging energy
utilities to implement user-end energy efficiency measures. Investment related costs are likely to be included in the
energy prices and service tariffs therefore gains for the users are under question.

The authors analyze ways to achieve a balance between user gains from energy end-use savings and increased energy
prices and tariffs as a result of obligations imposed upon energy utilities including the energy supply sectors where
supply tariffs are regulated.

Authors also have assessed the disadvantages of the current Latvian district heating regulation and have marked the
next steps for a transition from hard regulation towards the approximation of benchmarking and market principles.

Index Terms — Energy efficiency, energy efficiency obligation scheme, district heating tariff setting and benchmarking.

I.INTRODUCTION
Directive 2012/27/EU envisages three options to achieve the end-use energy savings target [1]:

1.To introduce an energy efficiency obligation scheme (EEOS), i.e. to oblige energy utilities to implement user-end
energy efficiency measures, and each utility must thereby achieve specific energy end-use savings;

2.To implement alternative measures. In this case, various tax, public financing and fiscal stimulus instruments would
be employed to achieve the energy efficiency target;

3.To combine the EEOS with alternative measures.

In preparations and discussions for implementation of Directive 2012/27/EU the Latvian government has conceptually
decided that the combination of EEOS and alternative measures shall be employed in order to achieve the end-use energy
savings target. Moreover, the goal is to achieve the mandatory end-use energy savings target mostly (65%) by means of
the EEOS [2].

II. GAINS FROM ENERGY EFFICIENCY VS INCREASED ENERGY COSTS

There is no doubt that implementation of the EEOS and fulfilment of the obligation to implement user-end energy
efficiency improvement measures imposed on energy utilities will achieve certain energy end-use savings. The EEOS
provides that these energy efficiency measures shall be financed by energy utilities. Thus, it may seem that the energy
users should be the ones who gain: the amount of energy they consume would be reduced without any investment, and
therefore, the charges to be paid for energy consumed should also go down.

Yet, the only source of income for energy utilities is the sale of energy or provision of energy supply services.
Consequently, to finance measures implemented at the user end, the energy utilities will inevitably have to raise the prices
of energy supplied or services provided. Energy policymakers also acknowledge the increase in energy supply costs
expected as a result of the implementation of Directive 2012/27/EU, estimating it to be 2-4%. It should be noted, however,
that this estimate is not based on an analysis of costs of the selected EEOS model in Latvian conditions, but rather refers to
the experience of other countries.

In a general case, EEOS implementation should be modelled with a cost-benefit analysis, selecting the most
expedient solution for the public at large, which may be characterized in a simplified way as the solution that fulfils
the following ratio:
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BE=C (1)
where B stands for total gains; C — for total costs.

Total gains for the public should be considered on a larger scale than mere reduction in user payments for
energy, because it may reasonably include benefits that are difficult or even impossible to quantify and monetize.
For instance, they include the positive effect of reduced GHG emissions, increased energy supply security and
lower energy dependence. In this case, one might consider that a positive effect for the public is also achieved in
the event that gains directly amenable to evaluation are lower than costs; in such situation, one should select a
solution ensuring the lowest exceedance in ratio (1).

Having considered the available information about forecasts of results under the scenario selected in Latvia,
the apparent perception is that cost-benefit ratio (1) will be fulfilled, because the set energy end-use savings
target to be achieved by means of the EEOS (6-8%) in relative terms is specified as higher than the assumed
relative increase in energy and service costs (2-4%) as based on the experience of other countries.

However, the conclusion is premature, because it is not based on specific analytical evaluations, particular
suggested guidelines for which are outlined below.

III.  IMPACT OF ENERGY EFFICIENCY MEASURES ON ENERGY PRICES AND TARIFFS

The public organization Latvijas siltumuznémumu asociacija (Association of Latvian District Heating
companies) has polled its members — district heating utilities — asking them to estimate the impact on tariffs for
provided services that would result from the implementation of the imposed EEOS requirements. The utilities’
evaluations ranged quite widely, estimating an increase in tariffs from 5 to 25%, mostly keeping within the 9-
16% range. Furthermore, a large fraction of poll participants noted that a relatively significant part of the energy
efficiency obligation could be achieved not by implementing customer energy efficiency measures but by
contributing a specific amount of money to the energy efficiency fund, as permitted by Directive 2012/27/EU.

Even assuming that the poll cannot be considered sufficiently representative, one may forecast with relative
certainty that the actual increase in energy prices and service tariffs will exceed the policymakers’ forecast of 2-
4% by a significant margin.

Thus, a competent and detailed analysis of EEOS implementation should be undertaken in order to evaluate
expected increases in cost and identify sets of energy efficiency measures that would be suitable for balancing
costs and benefits better.

Prior to the EEOS implementation, it is advisable to first carry out assessment of energy efficiency potential
in following areas:

o The market potential that is achieved by reduction in energy consumption with relatively low cost measures
with fast payback;

e The economic potential in perfectly functional market where energy prices give customers right signals with
all costs included and pay back in intermediate term;

e The social potential that is higher than the economic potential but the gains are difficult to assess because of
spread across various areas of public interest (e.g. environmental, energy supply security);

e The technical potential that refers to the best commercially available technologies that recoup the high costs
in the long term;

e The theoretical potential that represents an ideal energy supply and consumption system that is virtually
impossible in reality but can be applied as a distant goal to strive for.

Practical assessments generally divide the overall energy efficiency potential into three types: technical,
economic and achievable [4]. Accordingly, implementation of energy efficiency measures should be planned by
progressing from those which are cheapest and can be implemented quickly (the market and economic
potentials) to those which require greater investments that return slower (the social, achievable, partly even
technical potentials).

An evaluation of energy efficiency potentials requires accurate performance indicators for potential energy
efficiency measures. The cost-benefit analysis, therefore, should be carried out differentially for each type of
energy efficiency measure.
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In a general scenario, energy price and service tariff increases arising from implementation of energy
efficiency measures are caused by two factors:

- Cost of investment in implementing an energy efficiency measure;

- Reduced volume of supplied energy, given the same infrastructure and ensuing permanent
costs.

If energy utilities have correctly considered both factors in their estimates, it still is a narrow view,
because increased energy prices and tariffs are a relative value that only shows how much more expensive
a unit of energy or supply service has become. On the other hand, from the energy consumer’s standpoint,
what should be evaluated is not the increase in prices and tariffs but the changes in the payment charged
per unit of process, service or other benefit for which the user is consuming the energy. In an ideal case,
the consumer payment amount per such unit would be reduced as a result of implementation of an energy
efficiency measure regardless of increased energy prices and tariffs, i.e. the following inequality would

apply:
PiQy, = P, 2

where P1, P2 refer to the cost of energy before and after the implementation of the energy efficiency
measure, and Q1, Q2 characterize the energy consumption before and after the implementation of the
energy efficiency measure.

In accordance with the energy potential distribution theory, energy efficiency measures ensuring
fulfilment of the requirement (2) would generally exploit the market and economic potentials of energy
efficiency. As specified earlier, some consumers exploit the energy efficiency market potential themselves,
with no external stimuli and state policy. In the case of Latvia, we should also consider the results of the
energy efficiency programs that have already been implemented using the European Community structural
fund co-financing. We may accordingly presume that, in implementation of EEOS goals, energy utilities
should also target the tougher, more expensively exploitable potentials, where requirement (2) would no
longer be fulfilled.

For Latvian situation, to reach the cost-benefit balance would not be an easy task. For an illustration
let’s consider an average Latvian heat supply company: annual supply of heat 185 GWh, current tariff
58,57 EUR/MWh, where the fixed cost component is 13,94 EUR/MWh. The company shall reach
consumption reduction at the customer end by 1,5%. Latvian policy makers have recognized the programs
as cost-effective with specific investment of 426-853 EUR per MWh saved [2]. Assuming the payoff
period 10 years with return on investment of 5%, we arrive at the following results:

Specific investment, Investment, Consumption Tariff changes Payment
EUR/MWh MEUR changes changes
426 1.18 -1,50% +1,80% +0,30%
853 2.37 -1,50% +3,20% +1,70%

Therefore, in order to have the lowest possible exceedance of the cost-benefit balance following the
implementation of the EEOS duties, the plan of the EEOS duties should grade the energy efficiency
measures in an order based on the outcome of their cost-benefit evaluation. A variety of methods can be
adapted for the purpose of analyzing the costs and benefits of energy efficiency measures, for example, the
Total Resource Cost Test — a method devised in the U.S. [5].

The test is performed for each type of measure using the formula:

BAT 3
TC+AC &)

TRC =

where BAC stands for Benefits of Avoided Cost, meaning the monetized total gains from reduced
energy and demand (including avoided expenses on investment in generation, transmission and
distribution, and variable energy production costs); TC stands for Technological Cost, meaning
incremental expenses on implementing the energy consumer’s equipment and assets (if current equipment
is replaced before the end of its life cycle as a result of implementing an energy efficiency measure, these
costs are equal to the total cost of the equipment); and AC stands for Administrative Cost, representing the
full cost of the implementing party’s execution of the energy efficiency program.

It is easy to conclude that an energy efficiency measure is cost-efficient and achieves the market or
economic energy efficiency potential when TRC > 1. To stimulate the introduction of some new
technologies to the market, the relevant thresholds are specified at less than 1. Furthermore, the
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implementing energy efficiency programs have clear guidelines for quantitative evaluation of energy
efficiency measures and development of energy efficiency programs.

In terms to plan, prioritize and focus sets of energy efficient measures it is advised to carry out such
analysis for energy efficiency potential across various energy sectors and consumption segments.
Simultaneously inputs for the necessary investments, expected results, and the ensuing impact on energy
prices and tariffs are acquired.

IV.ALLOCATIONS OF EEOS OBLIGATIONS

Currently, Latvia only has a draft energy efficiency target distribution between the EEOS and
alternative measures within the framework of the total energy efficiency target stipulated in Directive
2012/27/EU. However, with regard to the distribution of the EEOS target by energy subsectors and
energy consumption segments, only the intentions of policymakers are known.

Available information shows that the plan is to include energy utilities that supply electricity, natural
gas and district heating in the EEOS. Outside this obligated group are utilities that supply primary energy
resources to final consumers. Implementation of such an approach completely deforms the allocation
landscape of EEOS obligations. It follows from the overall final energy consumption structure of Latvia
[6] that, if the energy consumed in the transport sector is subtracted from the total final energy
consumption (since this amount is not included in the country’s total energy efficiency target calculation),
the amount of energy supplied by energy utilities subject to the EEOS constitutes about 54% of the final
consumption specified in the energy efficiency target (Fig. 1). Consequently, 46% of the final energy
consumption is supplied by utilities that will not be bound by the energy efficiency obligation.

Not included in EEOS Included in EEOS

Otherbiomass 2%

Waste 3% 15% Natural gas

Coaland coke 4%
19% District heating

Wood 37%

Total:  46% Total:  54%

Figure. 1 Inclusion of the final energy consumption suppliers in the EEOS (without the transport sector) in Latvia

If distribution of EEOS obligations is implemented in accordance with the envisaged scenario, the
cost burden that the energy utilities included in the EEOS are forced to transfer to consumers will be
divided in a highly discriminatory fashion. The energy utilities will be obliged to implement measures for
achieving the overall energy end-use savings; and they will be able to implement these measures for any
consumer. At the same time, they will be able to transfer the energy efficiency measure costs only to
those consumers who receive energy from them. As a result, gains from the EEOS will be available to all
energy consumers but paid for only by those who represent 54% of the total final consumption. In this
situation, one may presume with certainty that the costs in excess of gains for consumers receiving energy
from EEOS utilities will be far from balanced.

Moreover, the allocation of EEOS duties in the district heating sector will bring about a second
negative aspect. The EEOS currently stipulates a very high threshold for including district heating utilities
— the amount of thermal energy supplied per year should be 40,000 MWh [3]. In this case, the EEOS
would include the utilities that provide about 70% of the total thermal energy supplied to district heating.
The number of thermal energy utilities outside the EEOS is high, while the amount of energy supplied by
each is small. This factor will significantly deform the non-equitable distribution illustrated in Fig. 1 even
further, because the amount of energy that would not be subject to the EEOS will increase by about 6
percentage points, as a result of which the EEOS obligations will be imposed on utilities that supply less
than half (or about 49%) of the total final energy consumption.

The proposed threshold for including the district heating utilities in the EEOS will also produce a
significant risk in the district heating sector itself. An inevitable increase in prices and tariffs for thermal
energy supplied by EEOS utilities will cause some consumers or even groups of consumers to reject the
district heating services and establish local heating sources or small district heating systems.
Consequently, as the amount of energy supplied by EEOS utilities is further reduced, the costs would
continue to loom ever higher above benefits for remaining users. This will bring about a positive
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lower number of larger energy utilities, and this requires fewer administrative resources. Another
argument in favor of such a choice is avoiding administrative and cost burdens on a large number of
small utilities.

However, considering that implementation of the proposed EEOS scenario in Latvia will result in
the energy supplied by energy utilities not subject to the EEOS exceeding one half of the total final
energy consumption, such a solution is unacceptable from the point of view of equitable distribution of
cost burdens imposed on energy consumers.

Therefore, despite requiring more complex and resource-intensive administration of the EEOS,
there is a reason to expand the EEOS in two directions, namely:

- to include those utilities that supply primary resources for final consumption in the EEOS;

- to remove the threshold for inclusion of district heating utilities in the EEOS.

V. REGULATORY REGIME

If energy is sold on the market, as is the case in electricity supply, then energy utilities are
motivated to fulfil the obligations under the EEOS as cost-effectively as possible. The situation is
different in the energy sectors where energy is offered for sale at regulated tariffs, for instance, thermal
energy supply for district heating.

Latvia applies the Cost Plus method to thermal energy supply regulation. On the one hand, this
method requires thorough calculation of all costs and check-up of the relevant supporting documents.
However, on the other hand, the regulator has rather limited instruments to evaluate effectiveness of
costs based on supporting documents. Part of the costs may be evaluated using technically verifiable
and measurable indicators. For instance, it is possible to check if fuel costs are substantiated by
evaluating the fuel consumption ratio and comparing it to similar indicators and good practice. The
regulator has no basis for doubting other cost substantiations and forecasts provided by utilities,
however. For instance, this applies significantly to investment costs, including investments in fulfilment
of the energy efficiency obligation.

The current tariff calculation methodology does not stipulate any cost item to ensure recovery of
costs arising through fulfilment of the EEOS [8]. One would expect the relevant cost item to be
included in the methodology sooner or later, but given the regulatory approach practiced in Latvia, it
will not motivate energy utilities to seek more cost-effective solutions, as they will be able to include in
the tariff calculation the cost of any energy efficiency measure that they have implemented.

The regulator will lack argumentation to doubt the costs of a given measure. The only motivation
for seeking more cost-effective solutions is the efforts of thermal energy utilities to keep their thermal
energy market and attract new users, because, although the thermal energy tariff is regulated and
provision of this public utility service is characterized by monopolistic elements, any increase in tariffs
would be targeted at reducing thermal energy sales further.

In turn, the maximum borderline case that the regulator itself will be able to use as a lawful
restriction would be the amount of the EUR/MWh payment specified in legislation, which an energy
utility would be obliged to contribute to the energy efficiency fund for each “non-economized” energy
unit if it fails to fulfil its individual duty within the EEOS framework.

Therefore, one may expect the current regulatory regime to be another factor that will effectively
shift the cost-benefit ratio away from the balance.

The risk that in existing regulatory system companies will apply the EEOS obligations by choosing
cost-inefficient solutions is by far not the only disadvantage of regulatory system applied in Latvia.
Introduction of Directive 2012/27/EU will only escalate these problems further. The current regulatory
system is not motivating the companies to increase operational efficiency and to optimize investments.
As a result overinvesting in assets and poorly utilized production facilities are observed and these are
additional costs that are shifted to the customers.

Regulatory regime improvements should be sought in relaxing the regulatory regime, i.e.
transitioning from the current strict regulation and the ex ante principle towards regulation relying more
on the market, benchmark and ex post principles.

The foremost task for an improvement of tariff setting is to use a benchmark from the most efficient
district heading companies in Latvia and countries where district heating is wide spread with a goal to
design a system of parameters, indicators and benchmark that would help to scrutinize and compare the
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VL CONCLUSIONS
To achieve a greater balance between public benefits and additional costs from meeting the
requirements of Directive 2012/27/EU, the following steps are recommended:

» To carry out an assessment of the conventional types of energy efficiency potential from
the perspectives of the energy sectors and consumption segments;

* To carry out a cost-benefit analysis for each type of energy efficiency measure;

* To include in the EEOS those energy utilities that supply primary energy resources for
final consumption;

* To abolish the threshold for including district heating utilities in the EEOS;

* In the district heating sector, to proceed towards relaxation of the regulatory regime and its
approximation to market principles;

 The first step towards improving tariff setting is analysis of operations of a real district
heating company with a goal to design a system of parameters and indicators for evaluation and
benchmarking of its efficiency;

* Subsequently by applying the established empirical correlations of the aforementioned
system of indicators a mathematical model of incentive regulation can be designed.
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Abstract

In this paper the authors have assessed the disadvantages of the current Latvian district heating (DH) regulation system and
marked the next steps for a transition from hard regulation towards the approximation of benchmarking and market
principles.

The current regulatory system in Latvia which is based on the “cost+” method is not motivating DH companies to increase
operational efficiency and optimize investments. As a result, overinvestment in assets and poorly utilized production
facilities resulting in additional costs which are shifted to the customers are observed.

In general terms, a cost-efficient DH tariff depends on the investment choices, conditions of capital utilization and
operations performance. Using the operation data of Latvian DH companies, the authors analyze which cost drivers and
exogenous factors (e.g. heat load density, scale, resource prices, DH technical parameters, etc.) are the most relevant for
reflection of the mentioned three aspects and could be useful for the benchmarking model.

©2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of Riga Technical University, Institute of Energy Systems and Environment.

Keywords: benchmarking; district heating; regulation; tariff seting

1. Introduction

In Latvia, as in most of North-eastern Europe, quality of life and the operation of various sectors of the
economy are strongly affected by access to affordable, reliable and high-quality heat supply. Latvia relies
extensively on a district heating (DH) model of supplying thermal energy, and most cities have well-developed
DH infrastructure. The infrastructure leverages a number of well-known advantages of DH: material resource
savings thanks to economy of scale; a low number of concentrated sources of emissions is better than a large
number of distributed sources, because
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it allows cost-effective solutions to matters of environmental protection; the possibility of large-scale combined heat
and power (CHP) generation; compared to numerous small heating sources, improved efficiency of using renewable
energy sources, making a significant contribution to the mitigation of greenhouse gas emissions [1].

However, DH does have a major weakness: it bears the elements of a natural monopoly. As a result, heat supply has
been treated as a public utility, i.e. a service where one economic operator provides a very important, vital service to a
large number of users who, owing to a range of technical and economic factors, have limited possibilities to select a
different service provider or substitute the service they currently receive with a similar one. Consequently, DH services
are mostly subject to regulation.

The economic essence of regulation is specification of prices and tariffs on goods and services provided by such
natural monopolies. As a rule, the regulator should specify a price or tariff that covers justified expenses and allows
adequate profitability that will enable company development and returns on equity, yet protect consumers from price
gouging. Methods of regulation and its effectiveness have been subject to theoretical and applied discussions for
decades, with two basic questions [2]:

e How justified are the expenses that a company reports to the regulator?
e  What is a “moderate” or “adequate” rate of return on equity, and what would be the most appropriate way of defining
the basis itself, i.e. a company's equity?

The main criticisms of regulation have been the alleged inability of regulators to determine a “moderate” rate of
return on equity, prevent inefficient capital expenditures and evaluate companies' production costs.

The criticisms are rationally substantiated: objectively, the regulator and the regulated are in an imbalanced
relationship. In practice, a regulated company has access to all information about its business activities and plans,
whereas the regulator is only able to analyse and assess the information that a company has submitted in accordance
with statutory procedures. As a result, a company will always have a better chance to substantiate the price project it
has applied for than for a regulator to question it. Another pitfall of regulation is so-called over-regulation, when the
regulator inefficiently allocates resources towards in-depth analysis and protracted discussions over marginal issues and
justification of relatively insignificant costs.

At present, the overall trends in specifying pricing and tariffs for public utilities have been towards relaxing
regulatory regimes; the ultimate result of such a process would be complete deregulation of prices and tariffs, subjecting
them to the forces of competition where possible. However, a clear-cut answer to the question of how much regulation
is justified remains to be found [3-5].

Latvia, like other countries in Eastern Europe, has established a relatively inflexible, “strict” regulatory regime for
DH, applying the so-called “cost+” method, supplemented with several elements borrowed from the “price ceiling”
approach [6]. Put simply, the method works like this: a DH company calculates and substantiates all expenses on
generation, transmission, distribution and trade of thermal energy, then adding the allowed margin of return on equity,
while the regulator reviews the cost substantiation and decides to either approve or reject the proposed tariff.

Practical application of the current regulatory model has had numerous flaws:

e It does not allow optimal investment in DH technology. Considering that all investments may be recouped with an
approved tariff, DH systems are subject to elevated risks of over-investment and inefficient loading of facilities. The
regulator's range of instruments for rejecting the investments made is very limited, which does not motivate DH
companies to prioritise and balance their capital expenditures. Consequently, there have been cases where the
technological dimension would exceed the demand dimension, leading not only to elevated capital expenditures but
also to decreased operational performance of technology due to low loadings.

e Low motivation to improve efficiency and optimise costs. In accordance with the tariff calculation methodology
[6], a DH company must calculate heat supply costs and substantiate them with appropriate supporting documents.
When verifying the expenses submitted by a DH company, the regulator can very often only identify that there are
documents that substantiate an expense item but not what the substantiation itself is. As a result, even utterly
scrupulous review of documents substantiating costs does not exclude the likelihood that some heat supply processes
will be less than cost-effective.
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e The regulator does not have effective instruments to influence companies. The regulator's activity is strictly specified
in the law, which determines exact procedures for its operation [7]. The legislation, however, is based mostly on
administrative procedure and legal considerations, greatly restricting the regulator's ability to doubt that documents
submitted by a DH company actually substantiate the costs.

e Resource-intensive work of determining tariffs. Tariff determination is a very time-consuming process, with a lot of
document verification. The law [7] specifies 90 days as the time to review a draft tariff; however, the countdown is
suspended if the regulator requests submission of additional information or substantiating documents. In practice,
there have been cases where adoption of a tariff was delayed for nearly 12 months after the draft tariff had been
submitted. The DH company and the regulator are spending a lot of time and human resources on the process.

e  Moreover, the approved tariffs are not always strictly comparable. Although a rather detailed methodology is applied
to tariff calculations and the process of evaluating draft tariffs is long and scrupulous, the results achieved are not
always adequate — due to the aforementioned complications. There have been practical cases where economic
operators with similar key parameters (i.e. technology, type of fuel, amount of energy supplied) had very disparate
approved tariffs with no evident explanation, since both DH companies had substantiated their expenses to the
regulator with appropriate documents.

The most radical solution for eliminating these faults would be complete deregulation. Notably, this model, where
DH companies specify pricing independently, has already proven to work well in Finland. The Estonian regulator is also
considering steps towards DH deregulation, indicating that, in a number of countries, DH is not a state-regulated sector
but a market-driven one [8]. A DH sector reform has been promoted for a long time in Sweden, aiming to integrate the
market that would, theoretically, have prices trending towards one common baseline. However, this model is also being
disputed, with relatively robust proofs that Sweden's DH sector is not suited for transformation into a single market and
the ambitions of the reform are not being achieved [4, 5, 9].

Thus, it would be expedient to seek a middle ground solution somewhere between the extremes of strict DH regulation
and complete deregulation, relaxing the regulatory regime and introducing benchmarking elements in regulation. The
authors presumed that the introduction of benchmarking could prevent the main shortcomings of the "hard
regulation": in case of benchmarking, justification of costs (from the company's side) and process of detailed
checks (from the regulator side) would not be required. There will be no need for discussion of the return of capital
- the regulatory asset base (RAB) would be accepted in accordance with the benchmark for the effective company, but
returns in accordance with the simple WACC calculation where benchmarking application is already being widely used
in practice. Benchmarking methods like the regulatory theory and methods in general develop on the basis of
electricity supply, because this energy sector has both a long history and it is topical everywhere in the world, unlike
district heating. Also, benchmarking elements use is more common for electricity distribution regulation. In Europe
benchmarking is relatively widely used for single cost group of distribution system operators — to establish levels of
OPEX [10], however in case of formation of complete distribution tariffs, benchmarking is used only in two countries
— Netherland and Norway [11]. For district heating sector benchmarking currently is being used even less
commonly - the individual elements are determined that way in Poland and Lithuania only [12].

The aim of this study is to find out possible correlations between some key DH performance indicators and thermal
energy tariffs in the DH sector of Latvia that could be used in applying a benchmarking model for determining DH
tariffs. Results obtained during the study indicate that benchmarking elements of tariff determination should not be
implemented in a simplified manner, e.g., by specifying one or several tariff ceilings for all regulated DH companies;
instead, a system of benchmarks should be created that would consider the effect of various parameters on different tariff
components.
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2. Methodology

Currently, the regulator has approved 65 DH tariffs for 58 regulated DH companies in Latvia. There are more tariffs
than companies because some of the companies provide services through unrelated DH systems; a tariff is then approved
for each of the DH systems separately. Data on the tariffs applicable in April 2015 were obtained from information
published by the Latvian regulator [13]. The analysis also incorporates data compiled by the authors regarding key
performance indicators of the said regulated DH companies, namely: volume of heat supplied, type of fuel, heat
production technology, length of DH networks. The purpose of this data analysis is to evaluate whether actual tariffs in
real DH systems have any usable correlations with these performance indicators.

DH systems with approved tariffs in Latvia range widely in terms of the volume of heat supplied: from 1 GWh to
2970 GWh per year. DH systems can be divided into two groups by heat production technology: generation from boilers
only, and generation of significant amounts in the CHP mode. CHP outputs also differ widely across DH systems [14].
However, even with lower CHP output ratios, the effect on tariffs is significant, because the support scheme in Latvia
includes procurement of CHP electricity at a very high price, applying most of the income from selling the electricity
towards reducing thermal energy costs [15, 6]. There are two basic types of fuel: natural gas and biomass. Most
companies rely on both types, but the ratio of one will usually be higher, making it the dominant type of fuel. Based on
these two parameters, the data may be arranged into four groups, with the following number of objects (i.e. DH systems)
per group: boilers, natural gas — 10; boilers, biomass — 26; CHP, natural gas — 19; CHP, biomass — 10. Initially, the four
groups were analysed across the entire range of heat supply volumes. Next, given that the DH systems under
consideration are very different in terms of how much thermal energy they supply, the dataset was subdivided into three
ranges, which correspond to the kinds of DH companies active in Latvia: small companies — thermal energy sales of
less than 10 GWh per year, medium-sized companies — 10 to 50 GWh per year, and large companies — more than 50

GWh per year (see Fig. 1).
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Fig. 1. Data grouping.

3. Results and Discussion
By dividing tariffs into the four groups shown in Fig. 1 and arranging them by the amount of heat supplied to the

relevant DH system, a very diffuse data cloud was obtained, with no evident correlation with the type of predominant
fuel, energy generation technology, or DH system size (see Fig. 2).
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Fig. 2. Tariffs depending on the volume of thermal energy supplied per year.

Even greater diffusion was observed when arranging tariffs in the four groups by network usage intensity (MWh/year
per km of network length) (see Fig. 3).
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Fig. 3. Tariffs depending on network loading intensity.

However, once data were subdivided into the aforementioned three ranges of heat supply volume and viewed within
separate ranges, some types of generation technology and predominant fuel showed signs of correlation (see Fig.
4).
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Fig. 4. Tariffs depending on the volume of thermal energy supplied per year within different supply volume ranges.

The results do not identify an evident trend with marked correlations among the dominant type of fuel, generation
technology, amount of energy supplied, network usage intensity, and the tariff within the relevant DH system. Without
a doubt, each of the parameters characterising a DH system has an effect on the tariff, but the effect on one or another
side apparently decreases or is negated due to other factors.

Therefore, the findings indicate that, although the DH systems are all similar in terms of operational and organisational
principles, each of them differs greatly from the others by the extent of factors that might impact tariffs and by the
intensity of such impacts. Consequently, one cannot use a simplified approach to implementing tariff benchmarking
elements by identifying a single price ceiling for all DH companies to target, or several different benchmarks for the
most typical DH system groups, subdividing them by, e.g. the predominant type of fuel used.

Some correlation is evident if tariffs are considered within narrower DH system groups. This means that the effect of
certain parameters on similar DH companies is more pronounced, and a way to shape a more nuanced benchmarking
system should be sought that would consider the effects of a wider range of parameters than this comparative analysis
had specified. It should also be noted that an isolated parameter of a DH system does not impact the tariff as a single
variable: it only affects one of the tariff components, i.e. variable, operational, or capital expenditures. Therefore, further
analysis of data should concentrate on the impact of various parameters on certain tariff components. As part of further
analysis, the authors intend to create a model of specifying benchmarks with a conceptual structure displayed in Fig. 5.
Model data input would consist of three data groups: “External physical factors”, “Factors selected by company” and
“Prices in the markets”. First, based on the “External physical factors” and “Factors selected by
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company” “Selecting of technical parameters” would be done. In the next step, using the “Selected technical
parameters” and the necessary data from all three input groups, costs would be calculated.
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Fig. 5. Conceptual structure of the benchmark specification model.

4. Conclusion

No clear and straightforward correlations have been observed among the parameters characterising DH systems and

thermal energy supply tariffs within the dataset for this study.

The same parameters have impacts of different intensities on tariff levels in specific DH systems. Considering that

tariffs are affected simultaneously by a range of parameters, tariff benchmarking elements cannot be implemented in
a simplified manner, e.g., by defining one or several tariff ceilings for all regulated DH companies.

For creating a benchmarking system, tariffs should be subdivided into their constituent components, and the effects

of DH system performance indicators as well as other parameters related or unrelated to the DH company should be
further analysed.
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Abstract — The overall objective of this study is to create a benchmark model for setting district heating (DH)
tariffs. The analysis covered the group of 12 largest DH companies in Latvia, and correlation analysis included
the parameters characterizing the DH systems such as influence of cogeneration (CHP), fuel mix, utilisation of
installed generation capacity, network heat load density, components of tariffs and most significant groups of the
fixed costs. The analysis resulted in correlations found between the intensity of use of DH networks and the
transmission and distribution tariff, as well as between the proportion of gas in the fuel mix and OPEX. No
previously expected correlations were found between specific parameters and CAPEX, however, the potential
direction for further research was marked. A significant result is the observation of a close correlation between
the influence of CHP and the generation tariff.

Index Terms — Cogeneration, District Heating, Tariff Benchmarking

I INTRODUCTION

Today, the general trend of price and tariff setting for public utility services is moving towards
“softening” of the regulatory regime, where the ultimate result of the process would be a complete price and
tariff deregulation and their exposure to competitive pressures where possible. However, there is still no
straightforward answer as to the justification and feasibility of deregulation [1], [2], [3].

In Latvia, like in other Eastern European countries, inflexible and “strict” regulatory regime has been
established for district heating (DH), and the so-called “cost+” method, complemented with certain “price
cap” elements, is applied [4]. While evaluating the implementation scenario of the Energy Efficiency
Directive in Latvia [5], the authors arrived at the conclusion that it is necessary to soften the existing
“stringent” regulatory regime because practical application of the current regulatory model has had numerous
flaws:

e low motivation to improve efficiency and optimize costs and overinvestment in assets and poorly
utilized production capacities;

e problematic comparison of the approved tariffs;

e the regulator's activities are strictly defined by the law [6] which results in lack of effective
instruments for regulators to influence companies and resource-intensive tariff determination process.

Theoretically, the above-mentioned shortcomings could be eliminated through deregulation of the sector,
as it has been the case in Finland. Their neighbour Sweden, however, is still studying and discussing the
feasibility of such a model, and the DH reform has not yet been completed [7], [2], [3]. Similar conclusions
questioning the possibility to organise the market in the DH sector similar to that of the electricity sector,
with complete separation of operators, free third party access to the system and competition between
producers, are also drawn in Germany's DH sector study conducted by Bundeskartellamt (Independent
federal competition authority of Germany) [8]. Therefore, the authors presumed that it would be useful to
look for a medium between an “over-regulated” and fully liberalised DH market where tariff setting is based
on benchmarking elements instead of thorough examination of all costs.

In the previous study [9], the authors started investigation with searching correlations between full
end-use DH tariffs approved by regulator and basic key performance indicators of 58 regulated existing
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DH systems such as amount of heat supply, type of fuel, heat production technology and length of DH
networks. Unfortunately, the results obtained did not indicate a marked relationship between the above
mentioned parameters and the end-use tariff level in the relevant DH system. The authors concluded that a
simplified approach could not be used for the introduction of benchmarking elements in the tariff setting, for
example, by trying to find a single tariff cap benchmark for all DH companies. Therefore, here the study is
continued by expanding the set of parameters to be analysed, dividing the thermal energy end-use tariff into
its constituent components and analysing the impact of various parameters on such separate components.

It must be noted that the topicality of changing the regulatory regime of district heat supply in Latvia will
increase in the coming years due to another factor: after long discussions, movement towards the opening of
the natural gas (hereafter — gas) market has started. The Regulator approved the gas tariffs for the single gas
trader in the Latvian gas market that was fully closed until recently in the form of a matrix: at a fixed gas
sales price, each consumer could read the gas sales end-use tariff corresponding to their annual gas
consumption. The gas sales prices, in their turn, are set in the tariff matrix with a constant step
(7.11 EUR/1,000 m%), and each month the seller announces the current sales price, which is pegged to the
current price of oil products [10].

Accordingly, thermal energy tariffs for DH companies using gas for generation are approved in the form
of analogous matrices: at different gas prices, the respective thermal energy supply tariffs can be read with
the same step. Therefore, the variable part of the thermal energy tariff can change every month, while its
setting remains simple.

Although the gas market model to be introduced is yet unknown, it is clear that maintaining such a
strictly structured district heating tariff system will not be possible, since with the entry of new gas traders
into the market it can be expected that they will offer the gas at prices that could be linked to various
references with the help of different formulas. DH companies, in turn, will probably buy gas from various
suppliers, creating different gas procurement portfolios. Under such changing circumstances, a regular and
complete review of all the approved tariffs would be irrational and probably even impossible.

IL. METHODOLOGY

During the second stage of the study, which is described in this paper, a more detailed analysis was done,
starting with the largest group of Latvian DH companies, i.e., those supplying to consumers more than
45 GWh of district heat per year. Twelve DH companies were included in this group, constituting
approximately 20% of the regulated DH companies and covering 86% of the regulated market in terms of the
amount of district heat supplied, or a total of 5.33 TWh.

All the studied DH companies operate DH networks and supply heat to end users. However, they
materially differ in terms of the heat generation structure: some generate all the necessary energy in their
own boiler houses and/or cogeneration plants (CHP), while most of them buy certain amounts of heat from
the so-called “independent” producers. Moreover, there are considerable differences regarding both the share
of energy purchased (18-100%) and the number of “independent” producers supplying energy to a single
system (1 to 10).

An important aspect for analysing the generation component of the heat tariff is the support mechanism
for energy generation in CHPs. In Latvia, the so-called feed-in tariff is applied for support to CHP, i.e., a
specially designated institution procures all the electricity generated by CHP plants at considerably higher
prices than the electricity market price. As a result, CHP operators generate a considerable “extra” profit,
while, according to the regulatory framework, CHP operators must “share” the gain with the district heat
consumers. If CHP operator's tariff is approved by the Regulator, the total return on equity is being limited.
If the “independent” producer sells heat to a DH system operator for the agreed price, it must be proven that
the heat is purchased at lower price than the DH operator could be able to produce at its own heat source.

Taking into account that only two of the 12 DH companies analysed do not generate in or buy energy
from CHPs, the share of energy generated in CHPs and the type of its price setting, as well as the CHP
support intensity, are very important factors that have a significant impact on heat tariffs within the group of
DH companies being analysed. However, taking into account the different variations of this impact, its
quantitative assessment is quite complicated. In order to evaluate the CHP impact to a first approximation, at
this stage of the analysis, a dimensionless value, which is simple to obtain and characterises the intensity of
the CHP impact sufficiently well was introduced:

ecip=Net/ Oprod (1)
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where N, is the total electrical capacity of the CHPs connected to the relevant DH system, and Qproa is
the total amount of heat generated by the relevant DH system (boiler houses and CHPs).

Another important factor with a potentially significant impact on the tariff components is the fuel mix.
Two fuel types dominate in the Latvian district heating supply: gas and biomass. The analysed DH
companies (including the independent producers that sell heat to the studied companies) use these fuel
types in different proportions. Therefore, the share of gas in the total fuel consumption s, is used for the
impact evaluation: s, may vary from 1.0 to 0.0, where 1.0 means that gas only, and 0 — biomass only is
used by the company for the generation. In calculations where DH companies were to be grouped by fuel
mix, the DH companies with s, <0.95 were included in the group with a considerable share of biomass.

From other indicators characterising the DH system and capable of affecting the heat tarifi
components, the DH network utilisation intensity ¢ (GWh/km) was also included. It is determined as the
ratio of the amount of heat supplied to consumers to the network length of the relevant DH system.
Another indicator used was the utilisation indicator of the installed heat generation capacity . (h), which
is determined as the ratio of the heat generated by the relevant system to the installed generation capacity.

From the components constituting the end-use tariff and from cost categories, the production tariff 7,
transmission and distribution tariff 7, fixed operational expenditure (OPEX) and capital expenditure
(CAPEX) were selected for the analysis. The following characteristic fixed cost items were included in
CAPEX: depreciation, interest payments, income and property taxes, net profit; while in OPEX -
personnel, maintenance and operation and other fixed costs. In CAPEX and OPEX analysis, specific
indicators (i.e. EUR/MWh) are used instead of absolute numbers (i.e. EUR). The third component of the
end-use tariff, the sales tariff, was not used in the analysis, since its share in the end-use tariff is
insignificant: in the dataset of the studied DH companies it ranges from 0.58% to 2.85% and basically
depends on how the billing and collection management is organised at the company.

As already mentioned in the Introduction, gas tariffs in Latvia are set in the form of a matrix and alsc
depend on the amount of gas consumption. In the tariff matrix, gas consumers are divided into 8 groups
based on their annual consumption: Group 8 — the highest consumption, Group 1 — the lowest. These
groups are used for the differentiation of the gas supply system tariffs: the higher the consumption group,
the lower the system tariff. In the dataset reviewed, according to gas consumption, DH companies were
included in Groups 5 to 8, which means that at equal gas prices different system tariffs and, accordingly,
also the gas sales end-use tariffs are applied. This definitely affects heat production tariffs as well. For
example, assuming that all other conditions are the same and gas is used in equally efficient boilers
(efficiency rate of 0.95), the difference in gas system tariffs between Group 5 and Group 8 leads to a
3.99 EUR/MWh difference in production tariffs. Therefore, in certain stages of the analysis where it was
important to exclude the impact of the system tariff groups, instead of absolute tariff values of heat
generation, dimensionless ratio characterising the proportion of the relevant 7). tariff and the fuel
component Fy,, which would be achieved in a “best practice” boiler house (efficiency rate of 0.95) while
using gas of the same group tariff, were used:

Ry =Tpr/ Fip @

Data about a total of 42 companies, 12 DH companies and 30 independent producers, obtained from
the following public sources were used in the analysis: Regulator's decisions on tariff approval [10],
public information about the most important tariff components [11], registers of heat and power producers
[12], information published by the Ministry of Economics about electrical energy producers receiving aid
[13], information of the Latvian Environment, Geology and Meteorology Centre database about fuel
consumed by energy producers [14].

III.  RESULTS AND DISCUSSION

From the results of data analysis, those results were selected for comments where certain correlations
which confirmed the initial presumptions of the authors were found, as well as the results, where,
completely contrary to the expected outcome, correlations were not observed.

Considerable signs of correlations can be observed in the dependence of transmission and distribution
tariff on the intensity of using DH networks (see Fig. 1), which was expected by the authors and which
also has a very simple explanation — the more energy is transmitted through networks, the lower are
network maintenance costs per one unit of energy. However, relatively low correlation coefficient shows
that the transmission and distribution tariff is obviously significantly influenced by other factors too;
therefore, a more detailed analysis shall be done during further research.

3
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Figure 1. Dependence of the transmission and distribution tariff 7,, on DH networks’ utilisation intensity g.

The second group of data, where a previously expected correlation was detected, is dependence of OPEX on the type of the
utilized fuel (see Fig. 2). The fact that less staff and other operational resources are necessary when using gas instead of solid
fuel (biomass) is widely known, and the performed assessment of the actual data confirms that this tendency is relatively well
observable. However, also in this case, the analysis will have to be continued in order to search for closer correlations.
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Figure 2. Dependnece of OPEX on the proportion of gas s, in fuel mix.

At the same time, in two other groups of data, no correlations were observed contrary to the expectations. It is generally
known that technologies for using gas are cheaper than those intended for using biomass. Therefore, it should be expected that
CAPEX is higher in DH systems with lower proportion of gas use s,. However, the data of actual DH systems do not show
such a tendency.

Also, it is known that the fixed costs per one production unit decrease with increasing production for any particular
equipment. The authors tried to verify this correlation for the generation capacity utilization ratio #,, and CAPEX (see Fig. 3).
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Figure 3. Dependence of CAPEX on the installed thermal energy generation capacity utilisation ratio f,.
However, Fig. 3 reflects data dispersion with no observable trend. By trying to explain, why no dependence of CAPEX on

the generation capacity load and the fuel mix used can be observed in the data of actual DH companies, the authors came up
with a hypothesis that expected correlations could
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materialize only in terms of value of assets for mutually well-comparable DH companies. The value of assets
is the factor that is most significantly influencing CAPEX, since all components of CAPEX directly or indirectly
depend on the value of assets. Whereas in real conditions, DH companies that are very similar in terms of other
parameters can differ considerably in terms of value of assets, because assets of different age and value can be
used. Namely, some companies may use recently reconstructed assets, where extensive investments are made,
versus companies that use fully depreciated assets with very small accounting value. Therefore, in further stages
of the research, it is planned to search for an approach for using benchmarks according to the age and value of
assets for comparison of CAPEX of different DH companies. One of the verifiable solutions may be to use a
benchmark of the value of assets that would correspond to a newly built DH system that is similar in terms of
parameters. At the same time, a relative indicator should be found for comparison of actual DH systems, which
could characterize the position of each actual DH system against the benchmark.

The review of results was concluded with an assessment of a quite important parameter — extent of CHP
influence. By assessing the influence of this parameter on the production tariff Ty, the data to be analysed were
divided into two groups according to the fuel mix used: DH systems with a considerable influence of biomass (s,
<0.95) and without influence of biomass (ss> 0.95). The obtained results are reflected in Fig. 4 from which a few
conclusions can be drawn. Firstly, the general tendency can be seen that in majority of cases the use of CHP
lowers the overall production tariff. Secondly — from DH systems, where the influence of biomass is significant
in the fuel mix, there are only three systems with CHP influence. Consequently, it doesn't seem rational to look
for deeper regularities in this group. But a quite interesting situation can be observed in the second group (without
influence of biomass) of points: the layout of the first four points gives impression of a strong correlation,
whereas the last two points show strong deviation from this tendency. The authors tried to find an explanation for
this tendency. First, in order to exclude the influence of groups of gas system tariffs from the analysis, the
assessment was made against the dimensionless ratio R, rather than against the generation tariff 7, (see Fig. 5).
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Figure 4. Dependence of productuin tariff 7, on the parameter of CHP influence .
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Figure 5. Dependence of R,;on the parameter of CHP influence e.;,,. Red squares correspond to the outliers for the data s,> 0.95 in the
Figure 4.

It can be observed in Fig. 5 that four points have a strong correlation — the larger is CHP influence, the lower
is Ry i.e., the ratio between 7, and F;,. This correlation has a simple explanation — the high price of electricity
procurement from CHP allows to sell heat from CHP for a price that is considerably below the production costs
in the boiler house and is close to the fuel component, and frequently even lower than that. Deviation of both
points outside the tendency, in its turn, has not changed significantly, therefore, the cause of such a deviation is
not the different groups of gas system tariffs. Consequently,
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the authors compared those parameters in the entire group, which may also be causes for this
deviation, with the aim to verify, whether any of these parameters do not differ from the general
tendency in the group for both specific DH systems. The authors compared the following indicators
within the group: OPEX, CAPEX, generation capacity utilization ratio t,,, However, none of these
indicators showed pronounced differences in these two DH systems compared to the rest of the group.

If the comparison of the above mentioned factors does not provide an explanation why Ry is
increasing rapidly when the indicator of influence of combined heat and power generation in the two DH
systems is increasing, it can be concluded that the most likely cause is prices for heat procurement from
CHP. As already indicated above, DH operator can purchase heat from the “independent” producer for a
price approved by the regulator, or for the agreement price. Therefore, one more parameter was included
in the assessment — the proportion of heat purchased at the agreed price in the respective DH system. It
is surprising that the values of this parameter are radically different in these two DH systems that deviate
from the general tendency, compared to these values in other systems. If this proportion is very small or
equal to 0 in other DH systems, it is very significant in both systems that deviate from the tendency —
0.34 and 0.40 (see Tab. I).

TABLE 1. COMPARISON OF PARAMETERS FOR EXPLANATION OF THE DEVIATION
tut OPEX CAPEX Proportion of heat
[ Re purchased for an
h | EURMWh | EURMWh | oreement price
0.018 1.39 1412 14.75 9.80 0.000
0.024 | 1.34 1734 9.06 17.07 0.000
0.036 1.11 1111 6.35 5.44 0.015
0.042 1.02 1642 10.09 8.31 0.000
0.056 | 1.40 995 8.24 5.10 0.340
0.102 1.22 1828 5.12 1.84 0.402

Apparently, the agreement price for procurement of heat in both observed DH systems is lower than
generation costs in the boiler house of DH company, since otherwise such a procurement would not
happen and the regulator would not allow to include it in the tariff. However, it is also obvious that the
benefit of using CHP in these cases is not divided between the “independent” producer and consumers,
as basically it is retained by the independent producer. This leads to a conclusion that it would be too
challenging to completely deregulate the district heating market, and once more confirms the thesis
declared by the authors that a compromise has to be found between the “hard” regulation and a
completely deregulated sector.

IV.  CONCLUSIONS

Considerable correlations can be observed between the DH networks usage intensity g and
transmission and distribution tariff 7.4, as well as between the proportion of gas s, in the fuel mix and
OPEX. A more detailed analysis should be carried out here in order to find closer correlations.

The analysis showed that the purchase of heat from “independent” producers, who use CHP support
systems — selling the generated power for the feed-in tariff — have a massive influence on tariffs.
Therefore, deeper and more detailed research shall be conducted on correlations between feed-in tariff
support schemes and the sales prices of heat generated by CHPs, as well as redistribution of benefits of
using CHPs between the “independent” producer and consumers of the heat.

The other direction for further research — an approach for determination of CAPEX benchmarks shall
be found, considering massive differences of actual DH companies in terms of size of assets, their age,
investments made and time of making such investments, as well as accounting values of the assets. A
solution may be found in defining a benchmark for assets and creating parameters that would describe
the position of the assets and CAPEX of each actual DH company against this benchmark.
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Abstract

The aim of this study is to search for possible correlations between tariff components of Latvian district heating (DH) companies and
their specific performance indicators. The purpose of the correlation analysis is to find parameters which can be used for the creation
of a tariff benchmark model, which might be used in Latvia, as well as in other countries in order to eliminate negative aspects of
“stringent” DH regulation currently in use.

The authors focus on significant components constituting the tariff — the dependence of the heat production tariff on the cogeneration
support schemes, fuel mix used, capacity load indicator. The authors conclude that actual DH companies and systems are very
different — even though they are grouped in a set based on one parameter, at the same time they considerably differ based on other
parameters. Therefore, the creation of a benchmark model cannot be based on empirical regression equations only.
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1. Introduction

Today, the general trend of price and tariff setting for public utility services, including district heating (DH), is
moving towards “softening” of the regulatory regime, where the ultimate result of the process would be a complete
price and tariff deregulation and their exposure to competitive pressures where possible. However, there is still no
straightforward answer as to the justification and feasibility of DH deregulation [1, 2]. In the evaluation of the DH
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regulation environment in Latvia, in their previous studies the authors identified a range of serious drawbacks having
as their main cause a “stringent” regulatory regime and rigid “cost+” method for DH tariff setting [3]: “overinvestment”
risk [4], low incentive to increase the efficiency and to optimize costs [5], the tariff setting process is too ponderous
and time-consuming [6, 7].

However, although complete deregulation as practised in electricity and natural gas (gas) sectors might probably
eliminate the identified drawbacks, it may also cause other adverse effects — “stranded” investment costs or unjustified
extra profit incidents. According to the comparatively recent evaluations of results of DH sector deregulation in Sweden
[8], the main reason for the expected results not to be achieved was the peculiar nature of DH — unlike gas and
electricity, the DH sector consists of many systems, which are not interconnected. Similar conclusions questioning the
possibility to organise the market in the DH sector similar to that of the electricity sector, with complete separation
of operators, free third party access to the system and competition between producers, are also drawn in Germany's DH
sector study conducted by Bundeskartellamt (Independent federal competition authority of Germany) [9]. Therefore,
the authors presumed that it would be useful to look for a medium between an “over-regulated” and fully liberalised
DH market where tariff setting is based on benchmarking elements instead of thorough examination of all costs.

In the previous study [7], the authors began to explore the regularities between some of the most important
parameters characterising the DH and the overall end-use tariffs of heat in the Latvian DH sector, which could be

further used for developing a benchmarking model for DH tariff setting. For the purpose of analysis, the companies
were divided into several characteristic groups, differentiated by the size of the DH company (amount of energy

supplied), type of fuel used, type of heat production technology. Unfortunately, the results obtained did not indicate a
marked relationship between the dominant types of fuel used, the generation technology applied, the amount of energy
supplied, the network usage intensity and the end-use tariff level in the relevant DH system. The authors concluded
that a simplified approach could not be used for the introduction of benchmarking elements in the tariff setting, for
example, by trying to find a single tariff cap benchmark for all DH companies, or couple of different benchmarks for
the most characteristic DH system groups by categorising them only by the dominant type of fuel used, for example.

It must be noted that the topicality of changing the regulatory regime of district heat supply in Latvia will increase
in the coming years due to another factor: after long discussions, a decision has been made to open the gas market.
Although the gas market model to be introduced is yet unknown, it is clear that maintaining such a strictly structured
heat tariff system will not be possible, since with the entry of new gas traders into the market it can be expected that
they will offer gas at prices that could be linked to various references with the help of different formulas. DH companies,
in turn, will probably buy gas from various suppliers, creating different gas procurement portfolios. Under such
changing circumstances, a regular and complete review of all the approved tariffs would be irrational and probably
even impossible.

Nomenclature

Toubs dimensionless value which characterises the intensity of the effect of subsidies received by CHP

n heat generation efficiency

NPS  price of electricity at Nordpoolspot platform in the Latvian bidding area in the period concerned,
EUR/MWh

P; subsidised purchase price of electricity for each CHP, EUR/MWh

Qi amount of heat transferred to networks of each heat source connected to the respective DH system, MWh

Ry dimensionless value characterising the proportion of the relevant generation tariff and the heat effective
generation benchmark

Sy share of gas in the total fuel consumption

Tor heat generation tariff, EUR/MWh

Ts heat sales tariff, EUR/MWh

Tu heat transmission and distribution tariff, EUR/MWh

tut installed heat capacity utilisation indicator, h
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1. Methodology

At the second stage of the study, which is described in this paper, a dataset for detailed analysis, which comprises
and characterises all the 57 Latvian DH companies having a regulated end-use tariff was created. All the DH companies
reviewed operate DH networks and supply district heat to end users. However, they materially differ in terms of the
heat generation structure: 30 of them produce all the necessary energy in their own boiler houses and/or cogeneration
plants (CHP), while others buy certain amounts of the heat from the so-called “independent” producers. Moreover,
there are considerable differences regarding both the share of energy purchased (10-100 %) and the number of
“independent” producers supplying energy to a single system (1 to 9). When the dataset was created, “independent”
manufacturers were also identified, including data that are available about them and their production sites. Therefore,
data about a total of 97 companies, 57 DH companies and 40 “independent” producers, obtained from the following
public sources were used in the analysis: Regulator's public information about the most important tariff components
and decisions on tariff approval, registers of district heat and electrical energy producers, information published by the
Ministry of Economics about electrical energy producers receiving aid, information of the Latvian Environment,
Geology and Meteorology Centre database about fuel consumed by energy producers.

The authors included the following information about each DH company in their dataset: components constituting
the end-use tariff (generation tariff — Ty, transmission and distribution tariff — Ty, sales tariff — Ts), most significant
groups of fixed costs (fixed operational expenditure (OPEX) and capital expenditure (CAPEX) broken down by their
elements according to the information published by the regulator), technical indicators of a DH system and operational
performance indicators calculated from them (heat production capacity, amounts of the heat produced, heat losses,
energy transferred to customers, length of DH systems, network usage intensity, district heating loads, type and amount
of fuel used).

At this stage of the study, the authors focused on the generation tariff component T, because it has a domineering
influence on the end-use tariff — in the dataset of the DH companies reviewed its ratio in the end-use tariff ranged from
0.59 to 0.92, but the average value is 0.73.

An important aspect for analysing the generation component of the heat tariff is the aid mechanism for energy
generation in CHPs. In Latvia, the so-called feed-in tariff is applied for aid to CHP, i.e., a specially designated institution
procures all the electricity generated by CHP plants at considerably higher prices than the electricity market price. As a
result, CHP operators generate a considerable “extra” profit, while, according to the regulatory framework, CHP
operators must “share” the gain with the heat consumers. If a CHP operator's tariff is approved by the Regulator, total
return on equity is being limited, and if the “independent” producer sells heat to a DH system operator for an agreed
price, it must be proven that the heat is purchased cheaper than the DH operator could be able to produce at its own heat
source.

Taking into account that 30 of the 57 DH companies analysed generate or buy energy from CHPs, the share of energy
generated in CHPs and the type of its price setting, as well as the CHP aid intensity, are very important factors that have
a significant impact on heat tariffs [10]. The CHP support system introduced in Latvia is complicated — an increased
purchase price for the electrical energy generated by CHPs is calculated using the formulac determined by the
government and depends on electrical capacity of the CHPs, on the fuel type use and on the actual natural gas price,
which may change every month [11]. Also, depending on the fuel type and technology use, the amount of generated
electricity vs the heat load covered by CHPs may also very greatly [12]. In order to define the economic impact of CHP
support correctly, the authors have chosen to introduce a dimensionless value, which characterises the intensity of the
effect of subsidies received by CHPs in each DH system as a ratio of income from subsidised electrical energy generation
and income from heat generation (1).

Another important factor with a potentially significant impact on T is the fuel mix used. Two fuel types dominate
in the Latvian district heat supply: gas and biomass. In the DH systems of 57 companies analysed in this study (also
taking account of the 40 “independent” producers that sell heat to those systems) these fuel types are used in different
proportions. Therefore, the share of gas in the total fuel consumption s, is used for the fuel mix impact evaluation: it
may vary from 1.0 to 0.0, where 1.0 means that gas only, and 0 — biomass only is used for the generation. In calculations
where DH companies were to be grouped by fuel mix, DH companies with s, <0.90 were included in the group with a
considerable share of biomass.
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where

E the amount of electricity sold by each CHP connected to the respective DH system

(MWh); P; a subsidised purchase price of electricity for each CHP (EUR/MWh);

NPS  the price of electricity at Nordpoolspot platform in the Latvian bidding area in the period
concerned, EUR/MWh;

Qi the amount of heat transferred to networks of each heat source connected to the respective DH

system.

The initial attempts to analyse the potential dependence of Ty, absolute values on different factors failed to
find considerable correlations leading to conclude that the absolute T value is affected by many factors at
the same time and the intensity of this impact varies. Therefore, a dimensionless value characterising the
proportion of the relevant Tpr and the heat effective generation benchmark — the fuel component Fy,, which
might be achieved in a “best practice” boiler house was introduced:

@

_c 3)

where
Cr  the actual price of the fuel type concerned expressed in energy units;
n heat generation efficiency.

If Ty is replaced with Ry;, the following benefits were obtained:

e Any T, is comparable with the most significant heat generation benchmark — a generation efficiency indicator
of a “best practice” boiler house. At this stage of the study, it is still assumed that the efficiency indicator of gas
boiler houses was 0.95, and that of biomass — 0.85. These indicators can be changed depending on the
ambitiousness of the regulatory policy goal. For example, more efficient DH companies supplement their
biomass boiler houses with condensing economizers, which considerably increase the total heat generation
efficiency [13];

e The impact of the gas supply system tariff is thus prevented. In Latvia, gas system tariffs are differentiated based
on the amount of gas consumption — the higher the consumption, the lower the system tariff and therefore the final
payment for the gas. In the dataset being analysed, the gas system tariff difference itself at other conditions being
equal makes the T difference among the largest and the smallest producers using gas to reach 6.20 EUR/MWh.
This difference makes quite a considerable impact, since the entire dataset had T, in March 2016 ranging from
25.66 to 51.74 EUR/MWh. This asymmetry is prevented, if Fy, is calculated for each specific producer using the
system tariff corresponding to its gas consumption and then the relevant Rysis obtained.

3. Results and discussion

From the results of data analysis, the authors selected, commented and tried to explain the results where certain
correlations were found, which confirmed the initial presumptions, as well as the results, where, completely contrary
to the expected outcome, correlations were not observed.

Taking into account the rather high levels of subsidies for electricity generation at CHPs and the wide use of CHPs
in Latvian DH systems, it was assumed that the intensity of subsidies received by CHPs might be the factor, which
significantly affects Rir and therefore Ty, as well. Ry of all DH systems were first grouped by Luss. The obtained results
are reflected in Fig. 1(a). A few general conclusions can be drawn from Fig. 1(a). Firstly, a general trend is observed
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that, in the majority of cases, the use of CHP reduces Ry compared to the DH systems, which have no CHP (the
respective points concerned are on the vertical axis). Secondly, this trend seems to have no strict correlation. However,
it can be observed that data points of DH systems with CHP effect tend to form two groups: one with Ry ranging from
1 to 1.7, and the other with the value ranging from 2 to 3. If we conduct further analysis and break down DH systems
with CHP into two sets by fuel mix: DH systems with considerable biomass impact (S, < 0.90) and the one without
biomass impact (Sg> 0.90), it turned out that the group having Ry ranging from 2 to 3 includes only systems with
considerable biomass impact, however, the dispersion of points indicates that it would not be rational to search for
deeper regularities in this group. On the contrary, in the datasets representing systems with gas dominance in their fuel
mix — the points are located more densely. A more detailed analysis of this group leads to the conclusion that it also has
two subgroups, and each of them might have indications of correlation (see Fig. 1(b)).
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Fig. 1. The dependence of dimensionless value characterising the proportion of the relevant generation tariff and the heat effective generation
benchmark (Rtf) on the CHP subsidy intensity indicator (Iss): (a) in entire data set; (b) in data group of DH systems without biomass impact.

Both subgroups show the following trend: the higher the CHP influence, the smaller Ry, i.e. the ratio between Ty,
and Fyp. The high price of electricity procurement from CHP allows to sell heat from CHP for a price that is considerably
below the production costs in the boiler house and is close to the fuel component, and frequently even lower than that.
However, it is necessary to find an explanation for the deviation between these two subgroups.

If the comparison of the above mentioned factors does not provide an explanation why one subgroup shows
considerably higher Ry, it can be concluded that the most likely cause is the price for heat procurement from CHP. As
already indicated above, the DH operator can purchase heat from the “independent” producer for a price approved by
the Regulator, or for an agreement price. Therefore, one more parameter was included in the assessment — the proportion
of heat purchased for an agreement price in the respective DH system. It is surprising that the values of this parameter
are radically different in these two subgroups. In the subgroup with a lower Ry trend (filled rhombuses on Fig.1b) this
proportion is negligible or 0, while in the subgroup with a higher trend (empty rhombuses on Fig. 1b it is quite
considerable — from 0.34 to 1.0.

It should be assumed that the agreement price for procurement of heat in the subgroup with the highest R indicators
is lower than generation costs in the boiler house of DH company, since otherwise such procurement would not occur
and the regulator would not allow to include it in the tariff. However, it is also obvious that the benefit of using CHP
in these cases is not divided between the “independent” producer and consumers of heat, as basically it is retained by
the independent producer. This leads to the conclusion that it would be too challenging to completely deregulate the
district heating market, and once more confirms the thesis declared by the authors that a compromise has to be found
between the “stringent” regulation and a completely deregulated sector. Similar conclusions that prices in DH systems
do not converge and known price control mechanisms are required can also be found in the latest research on the results
of the Swedish DH sector reform [14].

An attempt was then made to verify whether there are correlations which would characterise the dependence of R
on the generation capacity utilization and the mix of assets. It is a generally known economic regularity that the more
is produced with any particular equipment, the lower are the fixed costs per one unit produced, and the unit price or, in
this case, Ry, should reduce, respectively. The percentage of depreciation in the total fixed costs was chosen as an
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asset age indicator. However, analysis of the dataset from different angles: i.e. based on the fuel mix type used and
individually at the DH systems, which use only one fuel type, and separating DH systems with and without CHP impact,
no considerable correlations were observed and data groups with varying dispersions were obtained. One of those
examples is shown in Fig. 2.
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Fig. 2. The dependence of dimensionless value characterising the proportion of the relevant generation tariff and the heat effective generation
benchmark (R) on the installed heat capacity utilisation indicator (t,) in DH systems, which use gas (S,= 1) or only biomass (S, = 0).

In the attempt to explain why data of actual DH companies do not show any dependence on parameters, when there
should be such a dependence from the point of view of economic theory, a hypothesis was proposed that actual DH
companies and systems are very different — even though they are grouped in a set based on one parameter, at the same
time they considerably differ based on other parameters. Expected correlations may appear only comparing very similar
DH companies or systems using several parameters. Therefore, a solution might be similar to the introduction of R —
to find benchmarks for significant parameters, which would match new and/or efficient systems.

However, another characteristic mark can be noticed on Fig. 2 — data tend to group within certain Ry ranges.
Therefore, a hypothesis was proposed that although the study failed to find stringent correlations in the impact of one
individual parameter on the tariff, combinations of different parameters with different values still assign certain
distribution indications to Ry frequencies characterising the size of tariffs. Fig. 2 shows that the data tend to group into
two sets differing by fuel type used. The descriptive statistic indicators were calculated for each of these two sets: mean,
standard deviation, etc. and designed Ry frequency distribution curves. Although the first approximation or Ry
frequency distributions might show indications of normal distribution, for the same datasets with the same standard
deviation the frequency curves for the occasion, if Ry frequencies accurately follow normal distribution were obtained
(Fig. 3).
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Fig. 3. Frequency distributions of dimensionless value characterising the proportion of the relevant generation tariff and the heat effective
generation benchmark (Rtf) for two groups of DH companies: a) DH companies using gas only; b) DH companies using biomass only.
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The nature of the curves displayed on Fig. 3 allow one to conclude that in further studies it would be reasonable to
propose a hypothesis that the Rtf frequency distribution is subject to known distribution laws and to verify this using
statistical data analysis methods.

4. Conclusions

Based on the results of the data analysis, it is concluded that CHP aid schemes have considerable impact on the heat
production tariff. A correlation is observed between the intensity of CHP aid impact and the heat production tariff — as
the aid intensity increases, tariffs get close to the efficient heat generation benchmark — fuel cost component Fy, in a “best
practice” boiler house. At the same time, a trend is being observed that when heat is purchased from “independent”
producers for an agreement price, the benefit of CHP aid is asymmetrical and in this case the CHP aid impact intensity
on the tariff is smaller. This proves that some price control mechanism would be worth introducing in this process.

Taking into account that, unfortunately, the study failed to find expected correlations between generation tariffs and
operating and asset mix indicators of DH companies, it was concluded that actual DH companies and systems are very
different — even though they are grouped in a set based on one parameter, at the same time they considerably differ
based on other parameters. Therefore, the creation of a benchmark model cannot be based on empirical regression
equations only. A solution may be to search for proper parameter benchmarks for efficient and/or new DH systems and
to create relative indicators, which would describe the deviation of the indicators of each actual DH company from the
benchmark values. At the same time, it can be noticed that combinations of different parameters with different values
still assign certain distribution indications to Ry frequencies, which may probably be close to normal distribution,
characterising the size of tariffs.

Therefore, in further steps of the study, the plan is to combine the use of benchmarks and relative indicators,
correlation analysis and statistical hypothesis verification methods.
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Abstract

In the North-Eastern European region, a quality of life of population and an activity of the economic sector is largely affected by
availability of a qualitative and safe thermal energy for adequate prices. District heating (DH) systems are inherent of natural
monopoly elements and in the majority of cases are subject to regulation The existing DH regulation environment often has a range
of serious drawbacks having as their main cause a “stringent” regulatory regime and rigid “cost+” method for DH tariff setting:
“overinvestment” risk, low incentive to increase efficiency and to optimize costs, time-consuming and ponderous tariff setting
process. The purpose of this study was to create a benchmark-based model for regulation of district heating (DH) tariffs. Based on
the previous studies about the most important elements of DH supply tariffs, properties and nature of individual tariff components,
as well as the impact of parameters of DH systems on tariffs, a framework and a structure for the algorithm, which might be used
for benchmarking and for checking compliance of the specific tariff against benchmarks was formed.

Based on the framework and the structure defined in this publication, as well as by integrating the proposed modules and
mechanisms (Monte Carlo simulation; instruments for a regulator for implementation of energy policy; specific tariff compliance
tests), it is possible to create algorithms for calculation of benchmarks for DH generation, transmission and distribution tariffs and
evaluation of specific tariffs. These algorithms allow to make radical changes in the regulatory regime, i.e. to refuse from the
scrupulous ex-ante regulation and to focus the activity of a regulator on supervision and stimulation of efficiency of DH companies,
thus eliminating any drawbacks, which are characteristic for the “stringent” regulatory regime.
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1. Introduction

In Latvia, like all over the North-Eastern European region, a quality of life of population and an activity of the
economic sector is largely affected by availability of a qualitative and safe thermal energy for adequate prices. Latvia
widely uses district heating (DH) and a well-developed DH infrastructure in most cities enables to use well-known
advantages of DH. However, DH systems are inherent of natural monopoly elements and in the majority of cases DH
as public service is subject to regulation.

In the previous studies of the DH regulation environment in Latvia [1, 2] a range of serious drawbacks having as
their main cause a “stringent” regulatory regime and rigid “cost+” method for DH tariff setting [3] is identified:
“overinvestment” risk [4], low incentive to increase efficiency and to optimize costs [5], too ponderous and
time-consuming tariff setting process. These drawbacks might be probably eliminated through deregulation of the
sector as practised in electricity and natural gas sectors. However, a complete deregulation may cause other adverse
effects — “stranded” investment costs or unjustified extra profit incidents. Sweden has just recently deregulated its DH
sector and the results are still being evaluated and analysed [6-9]. A conclusion is traced in these studies — the expected
results have not been achieved, but the main obstacle to the implantation of market principles is a peculiarity of DH,
unlike gas and electricity, the DH sector is shaped by many separated systems. Therefore, the number of competing
producers in one system is not large and; therefore, liquidity of the DH market is low. This makes us question a
possibility to organise a market in a DH sector similarly to that of an electricity sector, i.e. with complete separation
of operators, free third party access to the system and competition between producers. Therefore, the present study
looks for a medium between an “over-regulated” and fully liberalised DH market where tariff setting is based on
benchmarking elements instead of thorough examination of all costs.

At previous stages of the study [2, 10, 11], regularities, which can be found between some of the most important
parameters characterising DH and DH tariffs in Latvia’s DH sector, and which could be further used for developing a
benchmarking model for DH tariff setting are explored. The study is based on the data analysis, using a dataset which
includes data about 97 actually regulated Latvian DH companies: 57 vertically integrated DH companies and
40 independent producers. The following information about each DH company in included in the dataset: components
constituting the end-use tariff (generation tariff — Ty, transmission and distribution tariff — T, sales tariff — Ts), the most
significant groups of fixed costs (fixed operational expenditure (OPEX) and capital expenditure (CAPEX) broken down
by their elements according to information published by the regulator), technical indicators of a DH system and
operational performance indicators calculated from these (heat production capacity, amounts of generation, heat losses,
heat supplied to customers, length of DH systems, heat network usage intensity, heat loads, type and amount of fuel used).

Nomenclature

bio;gas  indices representing type of fuel
Cr actual price of the fuel type concerned, EUR/MWh

C gfa . operation and maintenance costs of heat production, EUR/MWh

operOPeration and maintenance costs of heat transmission and distribution, EUR/MWh

FCy  fixed cost component of generation tariff, EUR/MWh
FCu fixed cost component of transmission and distribution tariff, EUR/MWh
FCr the maximum value of fixed cost component of transmission and distribution tariff allowed by a regulating

authority, EUR/MWh

n heat generation efficiency

MNbp heat generation efficiency which might be achieved in the “best available technology” (BAT) boiler house
| specific investment costs of boiler house, EUR/MW

T specific investment costs of district heating (DH) network, EUR/km

Tsubs dimensionless value which characterises intensity of the effect of subsidies received by CHP

Lig linear heat load density, MWh/km
MCs  Monte Carlo simulation
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Q.q
(max

Rir
Ru'max

heat loses in DH network, MWh/year or %

the maximum value of specific heat loses allowed by a regulating authority, %
dimensionless value characterising a ratio of the relevant generation tariff and the effective heat generation
benchmark, calculated by using the heat generation efficiency of BAT

the maximum value of Ry allowed by a regulating authority

share of gas in the total fuel consumption

standard deviation

heat generation tariff, EUR/MWh

heat transmission and distribution tariff, EUR/MWh

heat sales tariff, EUR/MWh

installed heat capacity utilisation indicator, h

economic lifetime of investments, years

variable cost component of transmission and distribution tariff, EUR/MWh
weighted average cost of capital, %

1. Methodology

Based on the considerations obtained at previous stages and conclusions about elements of heat supply tariffs:
properties and nature of individual tariff components, as well as the impact of parameters of DH systems on tariffs, a
framework and a structure for the algorithm, which might be used for benchmarking and for checking compliance of
the specific tariff against benchmarks was formed. At previous stages of the study, the most important conclusions
which are used for further work on the creation of the algorithm are:

e A simplified approach could not be used for introduction of benchmarking elements in the tariff setting, for

example, by trying to find a single, expressed as an absolute value, tariff cap benchmark for all DH companies, or
couple of different benchmarks for the most characteristic DH system groups by categorising them only by the
dominant type of fuel used [2];

Actual DH companies and systems are very different — even though they are grouped in a set based on one
parameter, at the same time they considerably differ based on other parameters. Therefore, the creation of a
benchmark model cannot be based on empirical regression equations only. A solution may be to search for proper
parameter benchmarks for efficient and/or new DH systems and to create relative indicators, which would describe
the deviation of indicators of each actual DH company from benchmark values;

A useful solution for development of a benchmarking model could be replacement of the absolute values of the
parameters being analysed by the dimensionless values, which characterise a ratio of some specific parameter to
the efficient process, or a value characterizing the best available technology (BAT). For example, the dimensionless
value Ry characterising a proportion of the relevant generation tariff Ty and the effective heat generation
benchmark, i.e. the fuel cost component, which might be achieved in the BAT boiler house [10], turned out to be
fit for comparison of heat production tariffs;

A support mechanism for power generation at CHP has a significant impact on heat production tariff. In order to
correctly define the economic impact of CHP aid on heat supply, a dimensionless value isws was introduced. The
dimensionless value characterises, in a complex way, intensity of the impact of grants received by CHP on heat
tariffs, taking into account the share of heat generated in the respective DH system and the type of its price setting,
as well as the CHP aid intensity [11];

Although no sufficiently firm correlations were found as a result of the analyses, it was concluded that the fuel mix
used in heat production (two fuel types dominate in the Latvian DH supply: gas and biomass) has a significant
impact on tariff indicators. It was also concluded that a clear trend is observed in the parameters forming tariffs,
i.e. these group in certain ranges depending on the indicator characterising the fuel mix — share of gas in the total
fuel consumption —sg [11];

When analysing data sets corresponding to s, marginal cases (DH using gas or biomass only) with descriptive
statistics methods, it was observed that Ryt frequency distribution have indications of the normal distribution [11].
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The end-use DH tariff is formed by three components: generation tariff — Ty, transmission and distribution tariff —
Tu, sales tariff — Ts. The share of T; in the end-use tariff usually is small — in the dataset of the reviewed DH companies
it ranges from 0.58 % to 2.85 %, and it mainly depends only on the invoicing and payment collection management in
a DH company. It means that the impact of T, on the end-use tariff is smaller than, for instance, the fuel price forecast
deviation included in the tariff by 1 % and it is deemed to be insignificant. Therefore, at this stage T; is not taken into
account, when establishing the framework and the structure of the algorithm. Results of the previous stages of the
study evidence that although T, and Tw are linked, as Tw variable cost component VCy directly depends on Tpy;
however, each of them largely depends on substantially different set of parameters. Thus, the algorithm is formed by
dividing it into two parts — separately for evaluation of T, and Ty. For evaluation of T, the algorithm is based on the
use of the dimensionless value R and setting of benchmarks for two marginal groups of DH companies, i.e. whose s
is 0 or 1, obtaining different Ryt benchmarks for the DH group using a gas only and for the group using a biomass only,
respectively. Furthermore, a comparison of Ty, of any specific DH company to these benchmarks would be carried out
by calculating the weighted average R according to the actual s, value of the specific DH company.

Number of the actual Latvia’s DH companies is limited, which means that all the data analysis was carried out by
using final general sets. However, at the previous stages of the study, it was concluded that the datasets being analysed
show indications of the normal distribution. For example, Ry frequency curves were built for two datasets: for DH
companies using gas only and DH companies using biomass only (Fig. 1). For the same datasets with the same standard
deviation frequency curves were also designed with Ry frequencies following the normal distribution (Fig. 1).
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Fig. 1. Frequency distributions of the dimensionless value characterising a proportion of the relevant heat production tariff and the benchmark of
effective heat generation (Rtf) for two groups of DH companies: a) DH companies using a gas only; b) DH companies using a biomass only.

It may be presumed from this observation that if simulation is based on sufficiently large number of possible input
values necessary for the calculation of Ty, it could be possible to obtain a more objective picture of potential variations
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of Ty Therefore, it was decided to build Monte Carlo simulation [12] modules for calculation of the parameters
forming tariffs, Ty value itself and also for Ry calculations. The Monte Carlo method is successfully used in case of
similar conditions — a case with the final amount of actual data, but with parameters of the statistical law to be defined,
for example, in modelling of the electricity generation portfolios [13].

The approach integrates a mechanism in Ty benchmark calculation algorithm, which would provide a regulator
with a possibility to ensure implementation of a certain energy policy and stimulate efficiency of operations of DH
companies. That would be organized by setting a range of limit parameters to be entered in the algorithm for calculation
of Ty benchmarks (Fig. 2).
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Fig. 2. An algorithm for calculation of Ty, benchmark.

The algorithm determining T benchmarks is also based on similar principles. Like in the case of Ty, it integrates
Monte Carlo simulation modules and a mechanism for a regulator for implementation of energy policy. However,
unlike Ty, calculations of the Tw benchmark and the evaluation of T calculated for the specified DH company are
intended to be carried out individually for components forming T — the variable cost component VCyq and the fixed
cost component FCu. Ty of a specific DH company would be considered proper only in the case, if evaluation criteria
of both components are met at the same time. The scheme of the algorithm for the calculation of Ty benchmarks is
shown on Fig. 3.

3. Results and Discussion
When creating and using DH tariff benchmark evaluation algorithms according to the schemes presented above, it

would be possible to make quite radical changes in the regulatory regime, i.e. to refuse from a scrupulous ex-ante
regulation and to focus the activity of a regulator on supervision and stimulation of efficiency of DH companies. The
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algorithms defined according to the previously defined principles will ensure use of the actual data and additional
variations for determining parameters forming tariffs, the tariffs itself and setting of their benchmarks. For the inputs,
i.e. fuel price, efficiency ratios, specific investment costs, specific operation and maintenance costs, economic lifetime
of assets, weighted average costs of capital, specific heat losses, linear load of heating networks, not only available
statistics of Latvia’s DH companies, but also performance indicators from other countries, where efficient DH is widely
employed, could be used. All the above mentioned datasets, before entering into the calculation algorithm, require
calculations of the parameters characterising the set using descriptive statistics methods, which, in its turn, are required

for calculation of a set of potential tariffs and benchmarks using the Monte Carlo method.
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Fig. 3. An algorithm for calculation of T« benchmark.

The mechanisms built into the algorithms also provide a regulator with instruments to advance DH companies on
the way to increasing their efficiency. By setting individual limit values necessary for calculation of benchmarks
according to BAT indicators, a regulator may achieve benchmarks, which are stimulating, on the one hand, and actually
achievable, on the other hand. The second tool for stimulation of efficiency is updating of the input data necessary for
the Monte Carlo simulation according to technological development and actual improvement of performance
indicators of DH companies. A regulator may recalculate the benchmark values after each known period of time (once
a year or biannually) with updated statistical data and thus increase the efficiency requirements arising from the
benchmarks. A use of the offered benchmark setting algorithms would drastically simplify and accelerate the
regulation procedure. Using the offered approach, a regulator would no longer need to thoroughly check detailed draft
tariff calculations and bunches of supporting documents of each DH company. If a benchmark setting algorithm is
used, each specific DH company would calculate the desirable tariff and submit it to a regulator along with some
parameters characterising its activity and tariffs. In its turn, a regulator would have to determine the permissible range
for frequency distribution of benchmarks in advance. In a general case, this range might be one standard deviation on
either side of the highest frequency of the normal distribution. In this case, it is expected that about 68% of tariffs of
DH companies would be deemed proper and a regulator might permit to use them without a thorough check. However,
in order to stimulate efficiency, a regulator may gradually redirect the limiting range in a targeted way. If any specific
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tariff, submitted by a DH company, does not withstand the test integrated into the algorithms, a regulator would reject
the tariff. Further action would include one of the two options: either the DH company would agree to review its tariff,
i.e. to look for the possibilities to reduce it and submit for retesting, or would submit its complete calculation of the
tariff to a regulator for a thorough review, which is carried out according to the procedure currently in force. When
reviewing a complete draft tariff, a regulator may take one of the three decisions:

[5]

A regulator makes sure that the specific DH company is currently unable to heat for a tariff matching the
benchmarks, but at the same time concludes that improvements may be made in a known period of time and the
compliance of the tariff might be achieved. In this case, a terminated tariff may be approved specifying a transition
period for the achievement of the compliance;

A regulator makes sure that the specific DH company has objective and irreversible conditions making it impossible
to supply heat for the tariff matching benchmarks, and approves the tariff;

The third might be an extreme case, when a regulator concludes that it is not economically sound to keep a DH

system in the specific place (for example, DH systems with critically low linear heat load density in scarcely
populated areas with a clear depopulation trend). In these cases, a regulator would have to provide a drastic
recommendation — to perform a prearranged decentralisation of the DH system and installation of local heat sources.

. Conclusions

Based on the defined framework and the structure, as well as by integrating the proposed modules and mechanisms

(Monte Carlo simulation; instruments for a regulator for the implementation of energy policy; specific tariff
compliance tests), it is possible to create algorithms for calculation of benchmarks for district heat production,
transmission and distribution tariffs and evaluation of a specific tariffs. Using the offered heat tariff benchmark
evaluation algorithms, it would be possible to make considerable changes in the regulatory regime and to eliminate its
major drawbacks, namely:

A regulator would get instruments to advance DH companies on the way to increasing their efficiency. Moreover,
the offered algorithms would ensure that the set efficiency requirements tend to reach compliant BAT indicators,
but at the same time the majority of DH companies could actually gradually reach the benchmarks;

The regulation process would be simplified and accelerated, and the administrative burden on DH companies and
a regulator would reduce.

Future studies are planned to be devoted to development of more detailed algorithms for calculation of benchmarks

for heat production, transmission and distribution tariffs, and to create a calculation model and validate it using real data.
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11. Toward solutions for energy efficiency: modeling of district heating costs

Nomenclature

Cdep depreciation costs (1000s V)

Cfu fuel costs, expressed in energy units (V/MWh)
Cl heat loss costs (1000s V)

Clab labor costs (1000s V)

Cpr total heat production costs

(1000’s V) Ctr(lin) modeled costs,

linear modeling (1000s V) Ctr(nolin)
modeled costs, nonlinear
modeling (1000s V) Ctr(m)
modeled heat transmission

costs (1000’s V) Ctr total

transmission costs (1000s V)

Dmax the largest inner diameter of pipes (mm)
Dmed inner diameter of most frequently used pipes (mm)
Dmin the smallest inner diameter of pipes (mm)
Ktf heat generation costs index

L network length (km)

n number of connected users

Pcon connected load (MW)

Pins installed heat capacity (MW)

Qpr produced thermal energy (GWh)

Qus thermal energy transferred to users (GWh)
R2 coefficient of determination

Rtf indicator on proportion of Tfu in Tpr

T total district heating tariff (V/MWh)

Tfu tariff component that covers “the best practice” fuel costs
Tpr heat production tariff (V/MWh)

Tpr(sim) simulated heat production tariff (V/MWh)
Ttr transmission tariff (V/MWh)

P set of transmission predictors

h heat generation efficiency
Abbreviations

ANSDM average normalized squared deviation from the mean value
CAPEX capital expenditure

CHP cogeneration

DH district heating

DHO1-DH23 district heating utilities

KPI key performance indicators

NRA National Regulatory Authority

OPEX operating expenses

VIF variance inflation fact
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Introduction

Introduction

The provision of networked utility services d electricity, gas, heat, and water supply
d is naturally divided into two stages, which are characterized by principally different
technolo- gies, processes, and competition prerequisites. Some limited competition is
possible in the commodity production stage. Actually, all production segments legally
are opened for com- petitors; in practice there are more competitors (e.g., power
generation) or only very few ac- tivities (e.g., drinking water production) in various
branches. At the same time, an expensive infrastructure (network of cables/wires or
pipes) with a very long payback period is a strong barrier for competition in
transmission/distribution (hereinafter transmission) stage, leaving a monopoly in
particular area).

The economic regulation of utility services has been introduced d more general and
soft procedures in the production segment and the strong cost control and following
tariff setting in transmission segment. Specific input data for regulation, which utilities
should declare, actually are insufficiently qualitative (unreliable, mutually
incompatible) for the large num- ber of district heating (DH) utilities. Submission of the
large number of data is a strong administrative burden even for large utilities.
Assessment of costs is a laborious task for the National Regulatory Authorities (NRAs);
especially this relates to the water supply and district heating because of their high
fragmentation even within a single country, and a large number of the local monopolies
(see, e.g., Zuters et al., 2016). The usage of advanced data mining technologies has
become more and more popular for investigation, management, and prediction of
physical, technological, and economic issues of all utility services, including those relating
to regulation (e.g., Mansura et al., 2018; Tutusaus et al., 2018). In recent years simulation
and modeling tools have been widely created and offered (e.g., Strzelecka et al., 2014;
Berg van den et al., 2016; Molinos-Senante et al., 2017; Schweiger et al., 2018); bench-
marking methods, which are based on the aggregation of a large number of key
performance indicators (KPIs), are preferred as suitable tools (e.g., Festel and
Wiirmseher, 2014).

DH services naturally are not as comprehensive as electricity or water supply; these are
not developed in the European Union’s (EU) most influential countries with mild
climate, with the exception of some of the largest cities (Werner, 2017). In contrast, the
DH is very impor- tant in Nordic countries and in Eastern Europe. Latvia ranks second
in Europe behind Iceland (Epp, 2016) by population served by DH (65% in 2015);
nevertheless, only about two-thirds of Latvian households are using a centralized
heating supply.

Studies on the DH pricing models and strategies for implementation of optimal price
struc- ture have been carried out, and various models of the final price’s structure and
price differ- entiation are described; they are based on users’ consumption profile and
load demand (e.g., Song et al., 2016; Dyrelund, 2017). Nowadays it is becoming
particularly topical to take into account integration of renewable and waste energy
sources as well as development of low- temperature DH systems (Schmidt, 2018).

Very few studies are devoted to the DH regulation and tariff-setting principles. A
positive exception is rather widely analyzed reform of the DH in Sweden. The reform’s
vision was to build a common single heat market, in which heat prices in all DH systems
will strive to a single level. Unfortunately the conclusion is that the goal was not
reached (Magnusson and Palm, 2011; Soderholm and Warell, 2011; Aberg et al., 2016).
There is a lack of a major normative framework on DH at the EU level. Despite acknowl-
edgment of the DH as a significant contribution to mitigation of the climate change
and to
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4 11. Toward solutions for energy efficiency: modeling of district heating costs

reaching the objectives of decarbonization (e.g., Rezaie and Rosen, 2012; Ziemele et
al., 2014; Delangle et al., 2017; Song et al., 2017), relatively minor activities had been
made to improve and to synchronize the DH regulation at the EU level. Currently
the regulatory regime in Nordic countries is more liberal, but in Eastern Europe
overregulation can be observed (see, e.g., Zigurs et al., 2015).

Although the interest in simulation and modeling of the DH processes is lower in
compar- ison with electricity and drinking water supply, advanced technologies are
used to optimize the DH systems. It is self-explanatory that the direct quantitative
calculation of the adequate heat supply costs is practically an impossible approach
for regulatory authorities. The alter- native option that ensures a well-based
compromise between high credibility of the cost eval- uation and rapidity of the
calculations is usage of the intelligent benchmarking data mining methods and
mathematical modeling tools. The DH utilities provide identical service under
homogenous geographic, normative, and business environment; because of
analogous impact of external factors, the benchmark methodologies are applicable.

A wide range of academic literature relates to the thermohydraulic modeling
(e.g., Arce et al., 2018; Vivian et al., 2018; Dahash et al., 2019; Denarie et al., 2019);
economic and financial issues (Persson and Werner, 2011; Song et al., 2017; Ahnetal.,
2018) as well as the management of DH business (Wang et al., 2018) are less popular.
Nevertheless, the tariff-setting process re- mains very traditional; it is based on careful
evaluation of all declared cost items including the very insignificant ones. At the same
time, exact and objective tariffs are a critical precondition for efficient and
sustainable energy supply (e.g., Lukosevicius and Werring, 2011).

The aim of the current study is development of the methodology for fast and
objective evaluation of the actual costs of DH to optimize the regulatory process and
to set the adequate tariffs for consumers, as well as to increase the DH systems’
efficiency and to reduce the administrative burden on utilities. It would support also
a gradual shift from the strict ex ante regulation to flexible ex post monitoring. The
concrete developed methodology will be based on the data sets of Latvian DH
providers, but the methodological principles will be applicable in another area too.

Previous analysis, performed by the authors, indicated that the heat production
and the transmission networks should be analyzed separately because of
differences in processes and technologies (Bazbauers and Sarma, 2016).

Simulation of the heat production tariff

In the previous studies (Sarma et al., 2016; Sarma & Bazbauers, 2017a, 2017b)
authors have focused on the heat generation segment, which is quite fragmented
in Latvia. On the one hand, heat generation is the regulated segment; on the other
hand, there are ele- ments of competition d several larger and smaller heat
producers operate in a number of the DH systems. The NRA approves a heat
production tariff for vertically integrated companies; the legislation also allows
an agreed upon price between the independent heat producer and the network
operator. Two fuel types dominate the heat production: nat- ural gas and biomass
(mainly wood chips, somewhere granules). Also, several technologies are used d
heat-only boilers and cogeneration (CHP) plants d the latter being granted state aid
under a rather complicated scheme, which sometimes leads to cross-subsidies and
also market distortion.
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Simulation of the heat production tariff 5
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f0010 FIGURE 11.1 Dependence of the production tariff structure on Qpr in the concrete plant (A);
correlation of actual and simulated heat production costs (B); developed by the authors.

p0260 A reciprocal of the specific indicator Rtf, which was offered in the previous stage
of the study (Sarma and Bazbauers, 2017a), shows the proportion of the tariff
component Tfu in the total heat production tariff Tpr:

Cfu * Rtf

Tpr = Tfu * Rtf = N ,where Tfu = Cfu /h (11.1)

p0265 The conclusion in Sarma and Bazbauers (2017a) is very informative (see Fig. 11.1A);
it is clearly evident that the chosen fuel defines Rtf. In the case of gas use, the
mean Rtf = 1.37 is actually independent from the amount of heat Qpr produced in
the plant, which can be characterized by the Pins. Small dispersion of Rtf values is
caused by specifics of the concrete plant: heat generation efficiency, company’s
performance, consumption of electricity, etc.

p0270 In the case of biomass use, the proportion of other costs slightly decreases as Qpr
rises. Nevertheless, in the first simulation we can assume that the proportion is
rather constant and use the mean value of Rtf = 2.69; the error of this assumption
in the real range of installed capacity utilization does not exceed 8% as can be seen
in Fig. 11.1A (fluctuations of fuel price during the heating season often are higher).

p0275 In addition h also is quite constant for adequately maintained and operated plants:
h = 0.95 for gas-fired plants and h = 0.85 for biomass-fired ones. Thereby:

Tpr(sim) = Cfu * Ktf (11.2)
where:

Ktf = Rtf /h (11.2a)

u0010 Ktf = 1.44, using natural gas;
u0015 Ktf = 3.16, using biomass.
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6 11. Toward solutions for energy efficiency: modeling of district heating costs

If the production capacities are selected adequately to the actual demand and heat
gener- ation efficiency h is near the optimal one, the heat production tariff using the
certain type of fuel will depend on a single external factor d fuel price (Eq. 11.2).

It is obvious that the tariff component Tfu directly depends on Cfu and h (Eq. 11.1).
This component is a large part of the heat production tariff Tpr. Its proportion highly
depends on fuel type (75%€80% for gas-fired plants, 40%e45% for biomass-fired
plants in average, considering the reasonable heat generation efficiency), while the
objective differences be- tween costs of heat-only boiler and CHP technologies are
practically aligned by the CHP sub- sidies. On the other hand, the chosen fuel
determines production technology, which in turn defines the technical parameters of
production, as well as variable costs, CAPEX and OPEX cost items.

Comparison of the heat production costs, which are covered by the actual tariffs Tpr
and the simulated ones Tpr(sim) (Fig. 11.1B), shows extremely high correlation
between them. It should be noted that for efficient producers (the deviation from
benchmark is less than one standard deviation) actual tariffs in real terms are similar
in both groups (Fig. 11.1B). This can be explained by the fact that if the gas prices are
approximately two times higher than the prices of biomass, then other costs
associated with biomass fuel usage are much higher than for the gas-fired
technologies. Despite fluctuations of prices in short term, in the medium term the ratio
between the gas and biomass prices remains quite stable and consequently the tariffs
are similar.

The conclusion is that the fuel type and specific fuel costs can be classified as the KPI
for determination of production tariff in the first simulation.

Transmission costs modeling: the paradigm

The transmission segment is very different from the production one in several
aspects. The network systems are more homogeneous (assets mainly consist of
standardized pipe- lines) and determined; the design of the networks does not change
significantly during long time period. Changes in segment structure are much slower
than those in the genera- tion segment; the network renovation projects, which are
directed to replacement of the pipelines with those that are better insulated and more
adequate for the real heat demand, are planning investments for a long life cycle
(30e40 years). It is strictly regulated because of the natural monopoly in a certain area
d in the license zone of the DH network system operator.

On the other hand, the DH network system is characterized by many interconnected
geo- metric (lengths and diameters of pipes, branching, number of connecting points
of heat pro- ducers and customers), thermophysical (heat flows and temperatures), and
energetic (amount of delivered heat, heat losses) factors.

The intelligent data mining methods are appropriate for the discovery of existing
regular- ities in the network’s data set. The benchmarking data mining algorithms are
well suited to investigate cause-and-effect relationships and to compare the
performance aspects of com- panies, to discover the top performing leaders, and to
identify how current less successful op- erators could progress.
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Data gathering and exploratory analysis 7

The usage of mathematical modeling tools has become a popular and generally accepted
method for the prediction of the scenarios in a wide variety of fields. In our case the modeling
will determine the exact relationships between the network indicators as independent vari-
ables (predictors) and some cost indicator as the dependent variable, which should reflect the
technological and economic performance of the network operator. This way we will disclose
the impact of indicators on costs and extract the KPI, reducing a large number of po- tential
factors.

There are several multivariate analytical methods that are appropriate in principle for the
investigation of cause-and-effect relationships between the input and output variables
without investigation of internal aspects of the system (a black box modeling). Regression
analysis, as the method at the crossroads of data mining and modeling, was chosen as the
most preferable statistical modeling tool, which is directly focused on the relationships be-
tween the dependent variable and several predictors. The authors already have successfully
used regression methodologies for the cost modeling in a related industry d water supply
(Karnitis et al., 2017); the results obtained have shown the suitability of the method to solve
similar tasks.

Data gathering and exploratory analysis

Predictors

The quality of output data strongly depends on the quality of input data. Therefore, we
used only a limited number of clearly and unambiguously defined predictors, which are
quantitatively measurable and controllable, and which are obtainable for the NRA without
additional administrative burden on utilities.

These predictors were separated from the sets of indicators, declared by 23 DH utilities,
which were available for modeling (see Appendix, Table 11.4).

s0040 Dependent (target) variable

p0345

t0010

To perform the modeling, the dependent (target) variable (total transmission costs or several
separate cost components) should be determined. An analysis of the structure of declared
cost components has been made; it identified a great variety in these components (Table 11.1).
There are several objective reasons for it, e.g., utilities are using various business

TABLE 11.1 Proportion of transmission cost components; developed by the authors.

Percentage of total costs Ctr

Min Max
Heat loss costs Cl 20.9% 83.3%
Labor costs Clab 5.5% 58.3%
Depreciation costs Cdep 24% 41.3%
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8 11. Toward solutions for energy efficiency: modeling of district heating costs

models, wide but uneven investments (from both national resources and EU
Structural In- vestment Funds) have been made for extension and efficiency
increase of the DH networks; in addition, the national regulations on accounting
and bookkeeping are quite general, as well as accuracy and uniformity of data
on several cost components remains some challenge for the utilities.

The Ctr can be evaluated as more qualitative (accurate, reliable) data in
comparison with the separate cost components. In addition, exact total costs are
the main DH efficiency crite- rion and basic regulatory focus as the determinant
of tariff; analysis of cost structures and ex- amination of every cost component
leads to overregulation of utilities and is not an NRA function. Consumers also
are interested in the total costs only. Therefore, the total transmis- sion costs were
chosen as the dependent variable. The modeled Ctr(m) would be defined as a
multiparameter function of the set of predictors:

Ctr(m) = f(¥) = {{i1, iz, -, ik}

(11.3)
where:
kenumber of predictors i.
Outliers
One can find several data points in Table 11.4 that deviate significantly from

other data points in the columns of indicators Q, L, n, and C. The identification
of outliers, i.e., data points that are too far away from the central data cluster, is
an essential preparatory activity before benchmarking modeling. Outliers may
have a different essence and cannot be used to create general regularities.

Rejection of such data samples from the total data set is necessary to
achieve the normal observations on costs of the heat transmission processes in
the corresponding network. “Detected outliers are candidates for aberrant
data that may otherwise adversely lead to model misspecification, biased
parameter estimation and incorrect results. It is therefore important to
identify them prior to modeling and analysis” (Ben-gal, 2010).

Using a box plot procedure for normalized (in the range 0el) values of the
Qpr, L, n,and Ctr, we identified three DH utilities (DH01, DH09, DH15) as
extreme outliers (Fig. 11.2A). The scale of their business is relatively very high
in comparison with other utilities; in total they serve 76.6 % of users, maintaining
77% of the total pipe length and operating 83.7% of heat in networks (Fig.
11.2B). Two of them lie just beyond an upper outer fence, and the third one
(DH15) lies in extremely abnormal distance from the central data cluster.
Nevertheless, all of them should be qualified as bad data sets and
excluded; data samples of remaining 20 DH utilities had been used for the
modeling.
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Data gathering and exploratory analysis

(A)
| ° 8 8 R
81 o - T
e L
.;‘;’ - T _lL T T
(B) Qpr L n Ctr
Indicators S roporticie
DHO01 DH09 DHI35
Opr 48% 8.6% 702%
L 7.7% 9.1% 60.2%
n 7.5% 9.3% 59.8%
Ctr 6.0% 7.1% 68.1%

f0015 FIGURE 11.2 Box plots of indicators (A) and proportion of outliers’ business in total business of 23 DH
utilities (B); developed by the authors.

s0050 Multicollinearity

p0375 Having so many independent variables, it is necessary to check their
cross-independence level, to make sure how strong are the mutual
correlations between the predictors. Usage of strongly correlated
predictors would lead to the so-called multicollinearity problem (see,
e.g., Allen, 1997). The essence of the problem is the possibility of
obtaining unreliable results by usage of interdependent predictors.

p0380  To examine the potential problem, the typical tool was used d the
variance inflation fac- tors d which characterize the mutual
correlation between any pair of predictors. The reli- ability criterion
is:

VIF=1/(1—R?) <d

p0385 There are various evaluations of the critical value d. We followed the
strong recommenda- tions of the Allen(1997) and used d = 2.5 as the
value of the threshold.

p0390  The VIFs were calculated for full matrix of predictors; the mutual
correlations of five vari- ables are above the mentioned threshold
(Table 11.2). There is an obvious conclusion: only one of the five
strongly correlated predictors can be used for modeling, the others
should be excluded from the data set.
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10 11. Toward solutions for energy efficiency: modeling of district heating costs

TABLE 11.2 Fragment of the VIF matrix; developed by the authors.

Variance inflation factors

Pcon Qus Qpr L
Qus 133
Qpr 155 2381
L 55 113 14.3
n 50 6.7 6.7 49

Modeling of transmission costs

Multistage linear modeling

For modeling we chose the well-developed, powerful, and at the same time user-friendly
R statistics environment, which provides flexible algorithms for modeling. We started
modeling by using the simpler linear regression algorithm. The postmodeling analysis of
residuals will show the purposefulness of continuation of modeling by usage of more
complicated nonlinear regression algorithms to obtain the stronger cause-effect
relationship.

For the linear modeling we used the built-in linear regression model, implemented in
R as a function Im, which is called by command Im. The target was to detail the general
regularity (Eq. 11.3) and to create the benchmarking model as the linear mathematical
expression:

Ctr(lin) =a+ b1 *i1 + by *i + .+ b *ix (11.4)

where:

ae constant
bxe estimated optimal weight of predictor ix.

In the first stage we included all nine thermal energy and geometric indicators in the set
of predictors with a single goal d to define the most preferable one among the strongly
inter- connected five predictors and to avoid potential multicollinearity. The general
regularity (Eq. 11.4) in this case becomes:

Ctr(lin9) = a + by * Pcon + by * Qus + b3 * Qpr + by * Tpr + bs ¥ L + b * n + by * Dmax
+ bg * Dmin + by * Dmed
11.5)

The result is very instructive (Table 11.3, column Ctr(lin9)). Although the correlation be-
tween any of processed five predictors and Ctr(lin9) is very strong (>0.9), their impact
on Ctr(lin9) is different (their mutual correlation is one of the basic reasons). A perusal
of P- values shows that the network length L is the most significant predictor among the
five mentioned mutuallycorrelating ones; there is only 3.8% probability on random
impact of
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Modeling of transmission costs 11

Characteristics of the models and predictors; developed by the authors.

Characteristics of the predictors

Linear models

Nonlinear model

Ctr(lin 9) Ctr(lin 5) Ctr(lin 2) Ctr(nolin)
Model Model

Indicators  P-Value P-Value parameters ~ P-Value Model parameters ~ P-Value parameters
Pcon 0.2730
Qus 0.2730
Qpr 0.6256
L 0.0381 5.84e—08 3.05e—10 211e—13
n 0.8499
Dmax 0.0916 0.00428 0.000309 7.25e—06
Dmin 0.9038 0.70497
Dmed 0.3632 0.83559
Tpr 0.4303 0.79119
Statistical characteristics of the models

1.071e—09 5.89e—13 791e—16
R2 0.9651 0.9636 0.9747
ANSDM 0.0736 0.1443 0.0303

p0425

p0430

p0435

the L on Ctr(lin9). Chances of other indicators to be accidental ones are incomparably higher
(27%e85%); the network length L was chosen as the predictor for the next modeling stages.

The second stage is creation of 5-predictor model, using the network length L and remain- ing

four indicators as predictors, in the form:

The obtained correlation is extremely strong, the P-value for the model is very small (Table
11.3, columns CTR(lin5)). Nevertheless, high P-values of three predictors show that their impacts on
costs are insignificant; these predictors only complicate the model unnecessarily.

In addition, the average normalized squared deviation from the mean value (ANSDM) of the actual
costs Ctr from those of modeled Ctr(lin5) is quite big; we have used the normalization for evaluation

Ctr(lin5) = a + by * Tpr + b2 * L + +bs * Dmax + by * Dmin + bs * Dmed

of deviations here and further because of the large range of networks size:

20
ANSDM = Z((Ctr — Ctr (m))/Ctr)?/20
1
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authors.

p0440  The 5-predictor model approves the paradigm on length of the pipelines and inner
pipe- line diameter as the determining (significant) factors for the flow of the heat
carrier in the pipes and consequently for network design (Pusat and Erdem, 2014).
Costs for laying out pipes (Delangle et al., 2017) as well as the total cost of piping per
meter (District, 2013) strongly depend on the pipes’ diameter, therefore significance of
the largest diameter is well explained. Thus L and Dmax were chosen as the predictors
for creation of 2- predictors model (Eq. 11.7) in the third modeling stage:

Ctr(lin2) = a + b1 * L + b * Dmax (11.7)

p0445  The final result of linear modeling (Table 11.3, columns Ctr(lin2) is:
Ctr(lin2) = —176.7086 +23.0418 * L + 0.9863 * Dmax (11.8)

p0450 The correlation parameters are virtually unchanged in comparison with the Ctr(lin5)).
Extremely small P-value confirms the validity of the predictors choice; the abandoned
three indicators really have no significant impact on the searched regularity. At the
same time the excellent correlation is partly misleading because of too few data points
in the 30-fold range of the actual Ctr values (Fig. 11.3A); this is confirmed by the quite
large value of ANSDM.

p0455 R diagnostic plots also point to incomplete compliance of the linear model Ctr(lin2)
with the actual data. The plot 3b shows that residuals are not equally spread around a
horizontal line (especially at small fitted values). It is an indication that the linear model
doesn’t capture the existing nonlinear relationship between predictors and the target
variable. The plot 3¢ identifies the data point that lies very near to the threshold, so-
called Cook’s distance. This point is not an outlier; nevertheless it can become
influential against a general regularity.

s0065 Nonlinear modeling

p0460 Using the traditional method of the least squares, it was found that the nonlinear
trendline in the linear model (Fig. 11.3A) provides a little higher coefficient of
determination R? in
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FIGURE 11.4 Scatter plots Ctr versus L (A) and Ctr versus Dmax

B); developed by the authors.

comparison with the standard linear one. It approves a necessity to add some nonlinearity
in the model.

To find the correct way, we checked the scatter plots Ctr versus L and Ctr versus Dmax
(Fig. 11.4). The impact of each individual predictor on the result of the total mining is, of
course, different from the individual correlation (e.g., due to some mutual impact of
predic- tors). Nevertheless, the qualitative differences between both scatter plots provide
some comparative indication. The optimum trendline on the scatter plot (Fig. 11.4A) is
linear, while on the scatter plot (Fig. 11.4B) one can observe a moderate nonlinearity as well
as can indicate that the inclusion of power function is preferable.

increase the coincidence of the searched regularity with declared transmission costs, thus

improving the quality of the model. As the first step, we used the NLS function, which de-

13

A nonlinear regression process was applied to reduce the mentioned inconsistencies and to

termines the nonlinear (weighted) least-squares estimates of the parameters of the nonlinear

p0470

p0475

p0480

model, to define the nonlinearity that best matches the regularities of the actual costs Ctr:
modell < —nls(Ctr wby ¥ L + b, * (Dmax)9, start = list(b; = 23, b2 = 1))
where the start values of by and b, were determined according to the linear model (8).

The optimum values of the coefficients by and b, were calculated by NLS function
for number of picked g values using the correlation (Ctr:Ctr(nolin)) as the quality

criterion.

As the second step we used linear modeling to find the free term of the final model
Ctr(no- lin) by processing function (Eq. 11.9) that was found in the first step:

Ctr (nolin) < —Im(Ct w predict (model 1))

The final result is:

Ctr(nolin) = 25.40652 + 22.994925 * L + 5.77105E — 09 * (Dmax)* (11.10)
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11. Toward solutions for energy efficiency: modeling of district heating costs

Slightly improved formal correlation and P-value (Table 11.3, columns Ctr(nolin)) in com-

parison with the linear model Ctr(lin2) is not the main achievement. One can see that
nonlinear model (Fig. 11.5A) is much more coinciding with the actual costs of utilities.
Devi- ation of actual costs Ctr from the modeled Ctr(nolin) has decreased for 18 utilities,
while it has insignificantly increased only for two utilities; ANSDM has decreased
significantly as the result. The highlighted confidence interval (at 95% confidence level)
is satisfactorily narrow (Fig. 11.5A).

R diagnostic plots show better behavior of the residuals in comparison with the linear

model. The residuals are more equally spread around the horizontal zero line (Fig.

p0490
11.5C).
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Im(Ct ~ predict(model1))
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There are no patterns between the residuals and fitted values, thus the independence
assump- tion might hold as well. No data point is near the Cooks distance (Fig. 11.5D).
The histogram on Fig. 11.5B suggests the normality of the residuals around the zero
value that is desirable for a good model.
p0495  Then the transmission tariff can be determined as:
Ctr(nolin)

Ttr =
1000 * Qus

11.11)

where Ctr(nolin) is defined by (11.10).

p0500 The conclusion is: the network length L, the largest inner diameter of pipes Dmax and
the amount of thermal energy transferred to users Qus can be classified as KPI for
determination of the transmission tariff.

s0070 Results and discussion

p0505 The achieved accuracy of the results and their coincidence with the parameters of real
DH utilities clearly demonstrates correctness of the trend of the current research and
its perspec- tive. Several KPIs have been identified, which are decisive for the definition
of adequate tar- iffs of heat production (fuel type and fuel price) and of heat
transmission/ distribution (length of pipes, the largest inner diameter of pipes, and
amount of thermal energy transferred to users).

p0510  The analysis of results of heat production simulation (Fig. 11.1B) shows that more
than 85% of utilities lie in the corridor 20%. This proportion is higher for the
utilities using gas-fired technologies (94%), and lower for biomass users (82%), thus
confirming a thesis on higher share of the fixed costs in the case of biomass use (e.g.,
much higher labor costs).

p0515  The histogram on Fig. 11.5B indicates that there are five utilities with actual Ctr that
are more than 10% above the values of Ctr(nolin); it is the combined effect of several
causes. The specific heat loss per unit of the virtual pipe surface (p -L - Dmax) in each
of these net- works is significantly higher than the mean level. The heat loss in DH11
network is near one- third of produced heat, while the loss in DH20 network is very
high for the very short network (600 m only). In addition, utilities DH10 and DH20 have
declared high depreciation costs, i.e., large investments in the networks, which indicate
the massive renovation of the networks that should have significantly reduced losses.
The labor costs in DH7 and DH18 are incomprehensibly high.

p0520  Further improvement of the models certainly is possible and necessary; the impact of
other cost items should be assessed in more detail in the next studies. Reduction of the
existing in- formation asymmetry is the primary task; the input data problems currently
are greater than the inadequacy of the proposed methodology. One can understand
that a large number of data sets are required for modeling to select the most significant
KPI Currently data on only 43 of existing 107 heat generation plants and 23 of 56
functioning pipe networks were available for simulation/modeling.

p0525 While the total number of transmission systems would be sufficient for further
modeling in case of the full coverage due to their comparative uniformity, the
number of production
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16 11. Toward solutions for energy efficiency: modeling of district heating costs

plants in each of the segments (natural gas or biomass use, heat-only boiler or CHP)
definitely is too small. It was concluded in Sarma and Bazbauers (2017b) that the
simulation should be based on a sufficiently large number of possible input values to
obtain a more objective pic- ture of potential variations of Tpr. Therefore, a study has
been started to build Monte Carlo simulation models for calculation of the parameters
forming Tpr values and to integrate them in the data mining algorithm.

Conclusions

The created benchmarking models well reflect the association of fuel parameters (fuel
type and fuel price) with the heat production tariff, as well as the association of network
param- eters (length of pipes and largest inner diameter of pipes) and amount of the
thermal energy transferred to users with the tariff for heat transmission and
distribution. The performed analysis and the models indicate the KPIs, which
determine generation and transmission costs and tariff quite objectively.

The models well illustrate appropriateness of the proposed methodology for
development of tools and procedures for the regulatory analysis of operation
performance of the DH com- panies and for evaluation of the DH tariffs. The
methodology is a reasonable compromise be- tween accuracy and simplicity, which is
its strong advantage for practical applications. Despite the use of a small number of
predictors, the correlations between the modeled and the actual costs are extremely
strong and average deviation small. Because of constantly developing technologies,
growing efficiency and changing external factors, for practical ap- plications the NRA
should make annual calibrations of the model according to the data declared by DH
utilities.

Based on the proposed methodology, it would be possible to make considerable
changes in the regulatory regime. The NRA, as an energy policy implementer, could
use this tool for incentive regulation by setting tariff ceilings and permissible deviations
of the actual values from the tariffs calculated by the models. Furthermore, following
technological and economic developments, the NRA can gradually reduce the
permissible deviations, stimulating in this way the DH utilities’ approach to the best
practice. The goal should be a transition to the model-based tariff setting by using KPIs
that are declared in annual reports of the utilities.

Using the described methodology, the NRA could also draw conclusions on economic
soundness of the specific DH system in cases with critical deviations from the model
value. Such cases are becoming more of a reality due to continuing decrease of heat
demand because of implementation of energy efficiency measures in buildings and
pipe networks (Persson and Werner, 2011).

DH utilities could use the methodology for the sustainable planning and assessment of
in- vestments and activities to increase their efficiency. This will be a very important
aspect in the near future when the number of prosumers and their activity will increase
(see, e.g., Song etal., 2017).

Overall, by using the proposed methodology the regulation process will become
simplified and accelerated; the administrative burden on the DH utilities and the

NRA will substantially reduce while NRA efficiency will significantly increase.

172



s0080

Appendix

Appendix

17

10025 TABLE 114 Performance indicators of district heating utilities.

Leon, Qpr, Qus, Tpr, Dmax, Dmin, Dmed, lcgg()s ?ébO’s Clab, Cdep,
Utility MW ~ GWh GWh V/MWhL, kmn mm mm mm v v 1000°s V' 1000’s V
DH1 103.00 246.63 21529 3436 10218 990 600 25 100 30080 1077.0 376.0 1018.0
DH2 2026 4790 4051 4150 1280 192 400 40 80 3680 3064 499 10.7
DH3 1509 3546 3017 3681 1450 158 250 32 100 3175 1946 175 53.8
DH4 6546 156.01 13345 36.85 58.60 349 400 40 200 15246 8314 2819 157.4
DH5 2980 7090 5918 3827 2730 264 500 25 80 10934 4483 2019 3047
DH6 660 1517 1411 4987 539 55 300 20 150 1433 527 126 29.7
DH7 1539 3502 30.78 2781 9.50 123 300 25 65 3445 117.8  116.3 458
DH8 2834 6450 5871 3751 2120 162 500 50 65 7323 2171 1552 250.1
DH9 429.89 438.85 366.74 37.93 120.68 1238 750 32 200 35969 27354 268.6 375.7
DH10 4.11 9.63 7.87 54.99 691 43 150 65 150 214.6 97.0 314 579
DH11 3440 3807 2550 3276 1100 140 400 32 150 6061 4119 799 96.0
DH12 1550 3477 2833 3489 2097 250 250 32 200 4587 2250 973 744
DH13 465 2935 2401 3089 1145 158 400 15 65 4626 1650 810 1228
DH14 330 1008 837 3188 470 69 200 32 100 1286 545 235 9.8
DH15 3085.00 3576.73 3152.04 31.41 800.00 7941 1200 25 80 34369.0 13341.0 6398.0 5452.0
DH16 14.00 3820 3041 3624 1929 175 250 25 150 5202 2820 96.6 98.6
DH17 9.85 2329 1970 3290 13.00 130 250 25 65 332.3 1183 495 96.5
DH18 1500 1501 1391 3473 3.9 48 200 40 100 1540 380 73.0 19.0
DH19 110 246 215 5769 044 20 200 65 200 46.0 18.0 5.0 19.0
DH20 150 349 295 6066  0.60 21 150 65 150 62.0 33.0 7.0 16.0
DH21 7611 16023 14549 4472 4559 567 500 32 100 14633 6593 2243 3023
DH22 1200 3096 2502 3397 1208 143 300 40 150 3342 2019 376 81
DH23 380 1018 923 3364 5.68 35 150 40 150 1539 321 89.7 85

Source: Utilities, members of the Latvian Association of Heat Companies.
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Abstract. Most socioeconomic processes (Processes) develop by performing various process-
driving actions. A large amount of data is usually generated at the same time; they form specific
indicators that are more or less distinctive for the Process. No Process management can really
perform all the relevant actions to achieve progress of the whole set of indicators. Hence,
prioritization of the action lines and determination of the key performance indicators (KPIs) has
become an essential factor. Unfortunately, KPIs and their weighting are still largely subjectively
defined and there is a lack of qualitative and quantitative justifications for choices. The article
describes the universal methodology developed for objective mathematical computation of KPIs of
the Processes and their weighting. By means of the regression analysis algorithms for statistically
significant KPIs are computed and mathematical expression has been obtained showing the impact
of each selected KPI on the Process development. The methodology has been tested in several
Processes, achieving convincing results; applying it to variety of Processes requires mediocre
programming skills only. Process management can put the methodology into practice to monitor
the achieved development level of the Process in statics and dynamics, to observe progress and
deficiencies in separate aspects, to take these into account when making the sustainable planning
and strategic decisions.

Keywords: process management, key performance indicators, regression analysis.

This paper is an extended version of paper (Karnitis et al., 2022).
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1. Introduction. More data is better, but is it all significant?

1.1 Sharply growing amount of available data — a natural tendency

The ongoing digital transformation of a wide range of socioeconomic processes
(Processes), together with the direct benefits, also provides an increase in the availability
of various generated data which is collected in public and private data bases. Advanced
data gathering technologies and cheap data storage are strong enablers of the data
collection tendency. This phenomenon can be expected to continue to expand in the future.

There are two kinds of new data. Part of them only increases the amount of data in the
existing data series, which are the basis for indicators that describe various aspects of the
respective Process. However, this quantitative change sometimes can generate a
qualitative effect; the time series data is a convincing example, especially when ad- vanced
data mining algorithms are used ((Wauchope et al, 2021), (Warrier et al., 2022), (Li,
2021)).

Another part of new data creates new data series (indicators) that can qualitatively
improve the reflection of the Process and its progress; they emerge or lose their rele- vance
as the Process evolves. Comparing the sets of indicators forming Digital Economy and
Society Index (DESI) (WEB, a) and (WEB, b) and European Innovation Scoreboard (EIS)
(WEB, c¢) in 2016 and 2022, it can be seen that the indicators, which have lost their
significance as a result of sociotechnical development, have been replaced by more
advanced ones. Thus, the indicators reflecting the effect of digital transformation and
green course on innovation are added to the set of EIS indicators; the innovation
performance currently is assessed against 32 indicators, while in 2016 — only against 25
indicators (for more details on the evolution of DESI see Sections 3.2.1 and 3.3).

It would be natural to believe that the amount of data available and used can improve
the quality of and trust in the process analysis (description, assessment, forecast, etc.).
Academic discussions demonstrate benefits generated by the use of large amounts of data
(Philips-Wren, 2021). Developing new indicators is proposed with a view to improve the
assessment of Processes in different sectors: economy ((Li, 2020), (Gabbi, et al., 2021),
(Eggenberger et al., 2018), ecology (Zhang, et al., 2020), social sectors (Onel et al., 2019),
etc. The purpose of the proposals is treated quite differently, but in practice it is relatively
the same: to improve the implementation and management of the corresponding process
and to increase its efficiency.

A large number of indicators is used to create various national and municipal scale
indicator sets and composite indices. Hence, the Global Competitiveness Index (GCI) is
composed of 103 different national-size indicators (WEB, d); Global Innovation Index
(WEB, e) consists of 80 indicators, while 15 of them are composite indices, which in turn
are made up of many indicators; 141 indicators are approved by Saeima (the parliament
of Latvia) to evaluate implementation of the National Development Plan of Latvia for
2021-2027 (WEB, f).

Data processing companies are demonstrating the potential advantages of widespread
use of large data massifs, with a particular focus on business processes. “The ability to
gather data from disparate sources and analyze it for strategic decision-making is the key
to the gold mine” (Polakoff, 2020). However, far not all companies are blindly following
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these recommendations, apparently carefully considering the pay-back of investment
required. According to Eurostat, only 13% of EU enterprises without financial sector (10+
employees) analysed big data internally in 2020 (for comparison — 36% of EU enterprises
had one of the ERP software packages in 2020). To accelerate the digital transformation
of the industrial ecosystems EC propose that 75% of all European enterprises (including
SMEs) would take up big data by 2030 (WEB, g).

Sometimes there is even an over-reliance on the amount of data; this is well illus- trated
by the public confession of the Google’s Chief Scientist Peter Norvig: “We don’t have
better algorithms than anyone else; we just have more data” (WEB, h).

1.2.Determination of KPIs — a practical necessity

Clearly, in many cases national, sectoral or local management cannot perform all the
activities to achieve progress in all the indicators, due to the insufficient capacity and
inability to invest simultaneously in all action lines. The same relates to businesses; far
not all companies are blindly following these recommendations, apparently carefully
considering the pay-back of investment required.

Not without practical reason there is published information in recent years on studies,
which shows that sometimes usage of too much data is not purposeful, that it leads to
statistics exaggeration — overfitting; this may be direct result of high data availability. “The
answer to the question of how much data we really need depends on the use case, as well
as who is asking the question” (Karnitis et al., 2021). Not all data series are statistically
significant; they could be dropped, but which ones? “Knowing more details about each
example doesn’t necessarily help. It might even hurt, if the extra details are irrelevant to
what you’re trying to learn” (Sarma et al., 2019). And for a specific purpose: “The results
reveal that, while data variety and velocity positively enhance firm innovation
performance, data volume has no significant impact” (Zuters et al., 2016).

Simplicity of the composite index, use of limited number of input indicators are
attractive characteristics of the Human Development Index (HDI), which is globally
accepted at the various levels; it consists of four indicators only (Sarma et al., 2019). “The
HDT’s simplicity, coupled with the transparency assured by the utilization of data
published by international organizations, has been one of the main drivers behind the
success of the HDI in the past twenty years”. The aspect of simplicity should not be
underestimated: this would be one of the reasons why Google search engine found more
than 11 million items on the query “Human Development Index”, and only 460 thousand
items on the query “Global Competitiveness Index”; Science Direct database provided
7911 and 595 scientific publications respectively.

In order to improve each of the indicators included, the national and / or local
government must take various coordinated activities that form several action lines. It is
absolutely clear that no government can really grasp and perform all of them to achieve
progress, even in part, due both the insufficient capacity to cover the whole very wide
spectrum and inability to invest immediately and simultaneously in all action lines. The
same relates to businesses. The prioritization of the indicators (and hence, the related
action lines) has become an essential, sometimes — even critical factor. This encourages
analysts to create methods that determine which indicators from the large data set are
decisive Process drivers, the key performance indicators (KPIs). Discussion papers are
published (Goldstein, 2022) and (Trerotola et al., 2021) to reflect this issue, presenting the
advantages, as well as the disadvantages of large data sets (WEB, a). The larger the number
of available data series, the more likely it is that the priority data series
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(indicators), which best reflect the regularities of the process. Therefore, development of
methodologies for selecting KPIs from the total available set as well as their weighting in
the composed indices is relatively active. But the identification of KPIs also means the
identification of related action lines that are prior for the progress. Prior actions are drivers
of the progress, while the indicator measures the progress made.

The first step in selecting a KPI is defining a target (e.g., growth, performance,
productivity, sustainability, even creditworthy), followed by creating an appropriate
massif of candidate KPIs that characterize the target variable from various aspects.
Statistics, surveys, interviews, literature review, research studies, experience are used.
Various procedures for selection of KPIs are proposed in a variety of sectors, including
economy ((Li etal., 2018), (Tesic et al, 2018), (Kaur etal., 2021)), social services ((Jiang
et al., 2020), (You ,2016)), environment (Pakzad et al.,2017) etc.

The methodologies used to select KPIs and to determine their weighting can be
grouped into several clusters. It is still popular to rely on the experts’ subjective choices
in the KPI selection procedure ((Pakzad et al., 2017), (Zacepins et al., 2019), (Kibira et
al., 2018), (Cakula, 2020)). In a number of cases, experts directly subjectively carry out
the weighting of the selected KPIs too. In other cases, various mathematical methods are
additionally used for processing expert assessments, for example, fuzzy analytical
hierarchical process (Kaur, 2021), decision making method DEMATEL (Jiang et al.,
2020), qualitative scoring method and analytical hierarchical process (Kubiszewski et al.,
2021). The results of these calculations, of course, maintain the subjectivity of the experts'
assessments.

However, some methodologies, which aim at obtaining as objective as possible
selection of KPIs, have also been proposed, involving mathematical tools. Weighting
calculations can also be performed at the same time. There are applied data envelop and
correlative analyses (Tesic et al., 2018), ontologies (Roldan-Garcia et al., 2022), machine
learning algorithms (WEB, i), regression analysis (You, 2016), (Kubiszewski et al., 2021).
Unfortunately, the methodologies proposing the application of mathematical tools for
selection of KPIs are not opened in referred publications, which make their re- apply for
similar tasks practically impossible.

The aim of this study is development of universal transparent methodology for
objective mathematical computation of KPIs of the socioeconomic processes and
determining their weighting. Objective computation of KPIs (resp., decisive independent
input variables) from the set of Process indicators is important for the creation of high-
quality Process models, enabling the correct reflection of the impact of key drivers in the
model (Karnitis et al., 2022). The actual KPIs are the basis for a model that is accurate as
possible and at the same time simple and understandable to its users — non-IT
professionals. Furthermore, a transparent KPI computing methodology is one of the key
aspects for trust in the model. Therefore, only the application of mathematical tools for
determination of KPIs has been considered acceptable.

Selection of the appropriate mathematical tool is described in Section 2, while the
Section 3 is devoted to the methodology itself. Section 4 discusses the results obtained and
provides conclusions.

2. Regression analysis: a suitable mathematical tool

To achieve the stated aim, a working hypothesis was put forward: let us consider that any
Process contains k static units of observation, at which the achieved level of the
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Process development is indicated by the characteristic headline indicator (Yk), the value
of which depends on values of n KPIs (plk, p2k,....pnk). Then the Process as a whole can
be described by the mathematical model of the Process, where the achieved level of the
Process development is described by target/dependent variable (Y) that is a multi-
parameter function (f) from the set of KPIs (p1, p2,....pn):

Y=f(pl,p2,...,pn) M

Changes in the value of (Y) reflect the progress achieved. Each KPI shows pro-gress
in some aspect of the Process that has been achieved due to the performance of relevant
action lines. Thus, the identification of KPIs will also mean the identification of related
action lines, which performance is a priority for the Process development, whereas
determination of KPIs weighting will show the impact of a specific KPI on the Process.

Today, no direct theoretical calculation is possible for the function (f) and the
subsequent measurement of progress in the Process. However, there are several data
mining technologies that are suitable for studying cause and effect relationships between
x input/independent variables (il, i2, ..., ix) and target variable (Y) without exploring the
internal aspects of the Process (black box principle).

Various data mining procedures could be used to simulate socioeconomic processes.
The adaptation of the data processing methods for the selection of KPIs is an innovative
approach that provides significant benefits, which are shown in the following sections.

The regression analysis was chosen as the most preferable mathematical tool. It is
directly focused on the revealing causalities between several independent variables and
the dependent variable. Most of regression analysis algorithms do not require
normalization of indicators’ data; although normalization is widespread and is per- formed
by maintaining the ratio of data point values for a particular indicator, the choice of
min/max values affects the inter-indicator comparison. The obtained modelling result is a
decoded mathematical expression (1) that shows weighting of each independent variable.
In addition it indicates p-value — probability that null hypothesis is taking place and no
statistical causality exists between specific independent indicator and target variable; the
lower this probability, the higher the statistical significance of the indicator. The result is
understandable and convincing for non-IT professionals too. The procedures of analysis
are relatively easy to apply.

The authors have modelled several Processes over the years: regularities of EU
economies (Karnitis, 2017), the impact of digitalization on economic growth (Karnitis et
al., 2018), priority actions for urban sustainable development (Karnitis et al., 2021), and
the efficiency of district heating networks (Sarma et al., 2019). For the control of stability
and sustainability, a computation of KPIs for the digitalization process was also
performed, using highly modified in 2021 set of indicators for recalculated DESI 2019-
2020 (for greater detail see Sections 3.2.1 and 3.3).

By means of regression analysis algorithms we have disclosed and extracted the most
significant indicators, i.e., the KPIs, reducing a large number of potential Process drivers
(n << x). The practice of applying regression analysis has proven its suitability for the
analysis of the status quo and for revealing causal relationships between the independent
and dependent variables, as well as for forecasting.

Therefore, the creation of a building thermal efficiency model has been initiated with
the aim to determine and select KPIs from the large set of indicators that is currently used
for laborious complicated calculations. Whereas up to 75% of the EU around 120 million
building stock remains energy inefficient, there is a need for easy-to-use
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methodology and an appropriate innovative tool, which would allow rapid and at the same
time sufficiently accurate and objective analysing at the pre-design stage the potential and
benefits of the various complex renovation projects’ variants (on the first results see in
Sections 3.1.1 and 4).

Specific assumptions to be considered when using regression analysis:

e The model cannot be an abstract representation of the data scope. Whether and why
a relationship between two variables has a causal interpretation or why an existing
relationship has the power to predict new content should be carefully investigated.

e Not always it is possible to carry out the modeling and select KPIs using standard
procedures. Usually, they need to be individually innovatively supplemented and/or
modified for a specific Process (see examples in the Section 3). In this aspect, the
main requirement is not a high qualification of the software engineer; mutually
interested close cooperation of the Process expert, data analyst and programmer is the
basis for success when processing observational data.

Obtaining a qualitative result of the modelling requires:

e Full data set (values of independent variables and target variable) in all observation
points.

e  Similar impact of external factors on all observation points.

Applying mutually absolutely independent modelling tools very different mathematical
expressions of the Process model can be obtained, but they usually give very comparable
qualitative results, as shown by the usage of different modelling procedures for the same
task (Zuters et al., 2016), (Sarma et al., 2019). Thus, Fig.1 shows an excellent coincidence
of both the nonlinear regression and neural network models of heat transmission costs.

1600 -
Ctr(neur), 1000's € s
1200
800 .
R*=0.9927
400
Ctr(nonlin), 1000's €
o] T T T 1
0 400 800 1200 1600

Figure 1. The mutual coincidence of the neuron network model Ctr(neur) and the nonlinear
regression model Ctr(nonlin) of heat transmission costs.

3. Methodology: sequential steps

The methodology consists of 5 sequential steps (Fig. 2). The single target (dependent)
variable (Y) should be determined in the first step of the modelling procedure. Indicators
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(independent variables) that describe the target variable as comprehensively as possible
from different aspects are selected in the step 2. Computing of KPIs is taking place in the
third step by the multi-stage linear regression procedures. In the step 4, the KPIs weights
are specified by adding nonlinearity at the level of KPIs and/or the level of the
mathematical expression of the model. Varied application-related tests can be applied in
the step 5 to check stability and sustainability of the models.

Socioeconomic process

Input \ Output/resu\tlng N
indicators A\ indicators

Correlation test

Step 1. Determi nati on Step3. // Stepa. ﬂ ep\
Y °“he target variabl e Linear [ Adding nonli nearity: Stabilityand |
Step 2. Sel ection of model ling: KPls | specification of kPI's sustai nability |

wpenden:varw comnuty wei ghti ry &esn ng/

Figure 2. Design of the methodology.

3.1. Selection of variables for modeling

Please note that, when determining the variables for modeling, it is necessary to test the
existence of causalities between the target variable and each independent variable. If some
correlation is very weak, the particular combination of variables is not suitable for building
the model. If, when evaluating the Process, the functional impact of the relevant indicator
on the Process is visible, it is worth looking for ways to modify the variable, thus
strengthening the existing weak causality.

3.1.1. Determination of the target variable

The most complete and comprehensive headline indicator of the Process is usually used
as the target variable to reflect a progress toward the set strategic goal. Result-oriented
indicators are preferable, in addition to describing the development process, they
characterize the achieved result. Determining the target variable, which is an indicator that
characterizes the process in general, is a critical step toward obtaining a reliable result. If
the target variable is determined incorrectly (inaccurately), KPIs will also be selected
incorrectly.

So, if the Process relates to the national economy, Gross Domestic Product (GDP) or
its derivatives can be used. Similarly, the level of the socioeconomic development is
generally described by the Human Development Index (HDI) (WEB, d). Both indicators
are accepted by experts and politicians. Success of the business activities could be
characterized by the profit obtained, performance of the health care system — by treatable
mortality, level of education — by years of schooling, efficiency of services at a defined
quality/performance — by price (tariff), etc.
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Figure 3. Achievement of the causality by development of the secondary indicators:
heating demand (kWh/m?a) dependence on area of external walls (a) and on U-value (W/m?K) (b),
causality among secondary indicators (c).

Sometimes it is necessary to modify a widely used target indicator. E.g., the ther-mal
performance of a building is usually expressed as the energy use intensity — heating
demand per square meter of heated area per year (kWh/m2a). However, the heated area
correlates weakly with areas of the building envelope components (external walls,
windows, etc.) (Fig. 3a) and their thermal transmittances (U-values, expressed in W/m2K)
(Fig. 3b), as well as with other physical and thermal parameters; such regularities are not
usable for modelling. For our task we modified the standard indicator developing the total
heating demand per heating day (MWh/day). Such a secondary indicator directly reflects
the heat transmission process in buildings, forming the necessary causal relationship. Later
the modelling result would be converted to a square meter of heated area and to a year.
This transformation proved necessary but not sufficient; it turned out that the independent
variables also need to be transformed (see Section 3.1.2).

If the corresponding comprehensive indicator is not available, in individual cases it is
necessary and possible to create one. For instance, there was no indicator to show the
sustainable development (SD) level achieved by countries according to the UN globally
accepted SD paradigm — integrity and balance of the economic, social and environmental
dimensions. Therefore the appropriate indicator — an Advanced Human Development
Index (AHDI) was created to use it as a target variable in modelling the SD process
(Karnitis et al., 2021), (Fig. 4).

A purposeful detailed investigation of the cohesion of SD vision and past experi-ence
in usage of the HDI for measurement of human development in pre-SD years was carried
out, as well as examination of existing proposals A targeted analysis to this end opened
several aspects that were considerably taken into account: heredity and simplicity of the
target variable, authority of the HDI calculation methodology, the need to use an already
accepted comprehensive headline environment indicator. AHDI was created by
supplementing HDI with the comprehensive Environmental Performance Index (EPI),
which provides an incomparably wider coverage of the environmental aspects in
comparison with that of the other options. HDI calculation methodology was precisely
adapted to obtain the mathematical expression of the AHDI and to use it as target variable
for modelling.
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Figure 4. Design of the AHDL

3.1.2 Selection of independent variables

Sometimes the set of independent variables (indicators) that characterize the Process is
already defined (e.g., (Karnitis et al., 2018)), at other times one’s own has to be created.
In the latter case to create a good model it is important that the selected indicators describe
the target variable (Y) as comprehensively as possible, from different aspects. So, for
many-sided reflection of the growth of EU economies, and their gradual transformation
on innovation-driven growth path, the indicator set of the EIS was supplemented by DESI
and energy productivity indices (Karnitis G. et al., 2017). The set of the sustainable
development goals (SDGs) have detailed the UN's understanding on the urban SD format,
therefore, selected independent indicators (il, i2, ..., ix) should associate with one of the
13 SDGs related to city-level performance (Karnitis et al., 2021); 49 selected indicators
were grouped in 13 separate groups related to one of the SDGs. The existence and
availability of data sometimes is a constraint on the set formation (this was the case when
modelling heat transmission (Sarma et al., 2019).

Also, when selecting the independent variables, it may happen that the traditional
indicators have to be modified to improve the causality with target variable. Continuing
case of modelling thermal efficiency of buildings, it should be noted that the causal
relations of the areas of building envelope's components with the total daily heating
demand were found to be sufficient for modelling, while those of the U-values were too
weak. Thus, the area of the component (e.g., external walls) was put together with the U-
value of the respective component obtaining an integrated indicator — the heat transmission
power through the respective element; the causality of the latter with the total daily heating
demand is very strong (Fig. 3c).

The need to compile the most comprehensive set of independent variables some- times
may lead to contradiction. To achieve the most objective computing KPIs from the
selected set of indicators, as many quantitative indicators, which characterize very various
aspects of the Process, as are accessible should be selected. On the other hand, to obtain
reliable modelling results based on the causal relationships between the x independent
variables and the dependent variable (Y) and to exclude individual deviations, a number
of observation points k>>x is required. The stronger this inequality, the more accurate
causal relationship (from the point of view of general causality) can be created. If k=<x,
we could certainly find several relationships that perfectly reflect all the points of
observation, but without the possibility of further generalization (which is needed for
prediction and forecasting).
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In cases with an insufficient number of observation points, an individual innovative
approach is needed to overcome this shortage. So, using the fact that the DESI
methodology had not been changed for several years, the data on EU countries for four
years (2014-2017) were combined, thus virtually quadrupling the number of observation
points (Karnitis et al., 2018).

In any case, contradictory conditions should be overcome.

3.2. Modelling

The choice of the optimal modelling method can be determined by the requirements set
by the task to be solved: (1) the mode and tool of modelling should allow easy repeatability
of the modelling if data and/or indicators change, and (2) the model should be
implementable, recomputable and adaptable to a specific task by a person with mediocre
programming skills.

Several general and specialized programming languages are suitable for our task.
Among them is the well-developed and user-friendly R statistics environment, which is
specialized for data analysis; it has a number of advantages that are important to our aim:
(1) open access to the most popular operating systems; (2) a qualitative connected open
integrated development environment (IDE) RStudio; (3) an interpretation mode that
speeds up program development; (4) many open access external libraries for data analysis
and display, and (5) simple and easy-to-learn syntax.

R allows for interactive execution of commands on the fly and an immediate display
of the result; this speeds up the ad hoc analysis of data. It is possible to create complex
data analysis programs. RStudio is a user-friendly environment for development that
allows users to interact with, as well as develop and operate complex applications. For
these reasons, we used the R statistics language, and used the built-in linear regression
model, which is called by command /m.

3.3.Linear modelling: KPI computing

The multiple linear regression algorithm was chosen as the first option, because (1) it is
mathematically the simplest method, (2) the obtained model is a linear expression, there
is a simple and clear interpretation of the model, (3) basic knowledge in mathematics and
programming is sufficient for model computation, and (4) using the mathematical
expression of the model it can be easily calculated by spreadsheet or even by calculator.
The linear regression presents the model in the form of a simple linear equation that shows
well the effect of each KPI on the dependent variable, which characterizes the overall
process.

R language contains the built-in linear regression model, which is called by com- mand
Im. The achieved level of compliance of the modelled target values (Ym) to the real values
(Y) (mutual correlation) is serving as a quality criterion in the modelling procedure. The
determination coefficient R2 is used as the unit of correlation during the modelling.
Environment R issues a modelling result showing, inter alia, the estimated weighting
coefficients Px and p-value for each indicator (see Table 1).

The first modelling procedure is performed including all indicators ix. Using a linear
algorithm, the general mathematical function (f) is expanded in linear expression:

Yml =oc+B1 x il + P2 x i2 +--+ Px x ix @
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where o is the intercept and PBx is the modelled weight of the indicator ix in the linear
model.

The post-modelling selection of statistically significant indicators (KPIs) can be done
either manually or by supplementing the standard modelling procedure; it is based on two
features:

e The KPI is by definition the driver of the function Ym1; so, the indicators ix should
be selected, for which the coefficient Bx has a sign that drives the progress of Yml: a
(+) sign if the increase of ix promotes an increase of Ym1, but a (—) sign if the increase
of Ym1 is promoted by a decrease of ix.

e Indicators ix should be selected, for which the p-value is less than a certain cut-off
value; usually 0.05 or 0.1 is used as a threshold. It should be noted that other values
also may be used.

Modelling procedure is repeated with only those indicators that have both features; the
others relate to factors that are insignificant and even burdensome for the progress of
Process. It is possible that in this narrower set of indicators some of them have lost
statistical significance. They can be discarded and the next modelling procedure
performed. After repeating the modelling procedure several times, we obtain an expression
of resulting Ymlin, in which p-values of all indicators are small, while correlation between
the (Ymlin) and (Y) remains strong (e.g., outputs of three-stage linear modelling of DESI
2019-2020 are shown in the Table 1). High statistical significance of these indicators
shows their decisive role in the model’s regularity; it clearly means that they are the
sought-for KPIs (p1, p2,....pn). Action lines, which lead to progress in these KPIs, can be
recommended to provide the overall progress of Process. Impact of other indicators on
target variable (resp., progress of Process) is insignificant, even random; these indicators
only complicate the model unnecessarily.

It should be noted that sometimes the general algorithms and standard software
package should be adapted and supplemented to perform specific tasks. Thus, for
modelling SD (Karnitis et al., 2021), a combined multi-stage modelling process was
developed.

All 49 gathered indicators, which associate with one of the 13 sustainable development
goals (SDGs) related to city-level performance, were grouped in 13 separate sets. All
indicators were used for modelling as independent variables. According to the UN's vision
of balanced SD, all SDGs should be evenly represented in the search for KPIs in the
modelling process. Together, this means that only one indicator from the each set of
indicators can be used as the predictor in each modelling procedure (P = 13 in SD study,
providing T >>P).

Obviously, the highest obtained efficiency of the SD process will be achieved if all
terms in expression (2) are compatible, and the progress of all predictors used had a
positive effect on the progress of the target variable. To determine such good combinations
of predictors, it was necessary to model all possible combinations, in which a single
indicator from each indicator set was used as the predictor; more than 1.7 million models
for subsequent testing were created in total. Each modelling procedure was supplemented
with a compatibility test to check the mutual compatibility of the specific indicators’
combinations and 232 “good” combinations were identified; they were analysed to
determine statistically significant indicators
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Tablel. Output data in DESI 2019-2020 multistage linear modelling.
Significance codes: 0 “****0.001 “*** 0.01 <** 0.05 < 0.1 <’ 1

1st modelling procedure 2nd modelling procedure 3rd modelling procedure

Indic. Estimate p-value Indic. Estimate p-value Indic. Estimate p-value

lal  2.254e-03  0.350947*** Ibl  0.0074910  0.02474 * Ibl  0.0094988  0.00276 **
la2  -3.105e-04 0.732016 2bl  0.0006251  0.03654 * 2bl  0.0007550  0.00530 **
a3 7.070e04  0.758560 32 0.0006766  0.10212 3b3 0.0016639  0.00647 **
1bl  1.809¢-02  0.008904 ** 3b3  0.0012171 0.05697 . 4al  0.0005243  0.00772 **
162 7.449e-04 0371116 3b7  0.0001773  0.34889 435 0.0968844  2.19¢-05 ***
163 -1.958¢-04  0.666097 4al  0.0004773 0.01450 *

1b4  -6.329¢-03  0.008443 ** 4a5  0.0770913 0.00122 **

2al  -3.410e-04 0.457984
2a2 3.999¢-04  0.147012
2a3 8.261e-04  0.440479
2bl 8.462e-04  0.010701 *
22 -2.153e-04  0.048438 *
2cl -4.064e-03  0.090427 .
2c2 6.483e-05  0.631385
2c3 NA NA

2c¢4  -2.749¢-04  0.586070
2d1 -6.899e-05  0.848519
3al  -5.490e-05 0.941947
3bl -7.426e-04 0.071429.
3b2 1.311e-03  0.001997 **
3b3 2.456e-03  0.00014] ***
3b4  -3.193e-03  0.000178 ***
3b5  -4.795¢-04  0.216064
3b6  -3.079¢-04  0.411530
3b7 7.587e-04  0.004916 **
3cl 1.574e-03  0.118141
3c2 5.645¢-04  0.642668
3c3 2.141e-04  0.854528

4al 4.479¢-04  0.054915 .
4a2  -1.628¢-04  0.487793
4a3 4.841e-04 0.142318
4ad  -5.864¢-04  0.105467
4a5 8.120e-02  0.001513 **

It should be noted that sometimes the general algorithms and standard software
package should be adapted and supplemented to perform specific tasks. Thus, for
modelling SD (Karnitis et al., 2021), a combined multi-stage modelling process was
developed.

All 49 gathered indicators, which associate with one of the 13 sustainable development
goals (SDGs) related to city-level performance, were grouped in 13 separate sets. All
indicators were used for modelling as independent variables. According to the UN's vision
of balanced SD, all SDGs should be evenly represented in the search for KPIs in the
modelling process. Together, this means that only one indicator from the each set of
indicators can be used as the predictor in each modelling procedure (P = 13 in SD study,
providing T >> P).

Obviously, the highest obtained efficiency of the SD process will be achieved if all
terms in expression (2) are compatible, and the progress of all predictors used had a
positive effect on the progress of the target variable. To determine such good
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combinations of predictors, it was necessary to model all possible combinations, in which
a single indicator from each indicator set was used as the predictor; more than 1.7 million
models for subsequent testing were created in total. Each modelling procedure was
supplemented with a compatibility test to check the mutual compatibility of the specific
indicators’ combinations and 232 “good” combinations were identified; they were
analysed to determine statistically significant indicators.

Of the 49 indicators, 15 were found to be statistically significant in at least in one of
the good combinations, even using a low threshold for evaluating the significance of
predictors: the probability of rejection of the null hypothesis (p-value) is less than 0.1.
These indicators divided into two drastically different groups by the intensity of their
inclusions in the good combinations: 11 indicators were represented fewer than 10 times
each, while 6 indicators more than 25 times each. Using only these 6 indicators as
predictors we performed and individual modelling procedure, creating the mathematical
expression of the high-quality 6-predictors’ linear model (see Section 4).

3.4. Adding nonlinearity: quantitative clarifications

High numerical characteristics have been achieved creating linear models. Neverthe-less
sometimes a detailed post-modelling analysis of residuals points toward an in-complete
compliance of the actual data with the linear model. R diagnostic plots (frequency of
residuals, residuals vs fitted, Q-Q, etc.) can show that the linear model does not fully
capture the existing nonlinear relationship between the target variable and KPIs. E.g.,
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Figure 5. Residual characteristic of the urban SD (a) linear model, (b) final non-linear model.

the R diagnostic plot of the linear urban SD model (Karnitis et al., 2021) (Fig. 5a) shows
that residuals are not relatively evenly spread around a horizontal zero line (especially at
high fitted values).

It is possible to improve the model by adding nonlinearity to obtain the stronger
causality and to specify the impact of KPIs on the target variable, i.e., KPIs weighting.
This can be done both at the level of KPIs and the level of the mathematical expression of
the model. We used the RStudio NLS function, which determines the nonlinear (weighted)
least-squares estimates of the parameters of the nonlinear model.

The individual causal relationships between each KPI (pn) and the target variable (Y)

were checked to process the level of KPIs. The real impact of specific KPI on (Y) is, of
course, different from the individual regularity (e.g., due to some mutual impact of
KPIs). Nevertheless, the strong qualitative difference of some individual (e.g., p2) causal
relationship from the optimum linear one indicates a reduced quality of the linear model.
E.g., the strongly nonlinear data set p2 was tested by several relative nonlinear
relationships, finding the fN(p2), which provides the strongest possible correlation
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between the modified Np2= fN(p2) and Y. By repeating the linear modelling, a corrected
version of the expression (2) was obtained:

Yml= oc+B1xp1+2xfN(p2)+...+fnxpn 3)

In this way in the case of urban SD the G6.2 data set (Fig. 5a) was transformed into a
new data set GN6.2, achieving a stronger linear relationship between GN6.2 and AHDI.
The strongest correlation (Fig. 5b) was achieved by modelling the inverse proportionality
expression.
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Figure 6. (a) Regularity G6.2. vs AHDI and (b) regularity Gn6.2 vs AHDIL

To process the level of the mathematical expression of the model the causal relation-
ship between the Ymlin and the target variable (Y) was checked. It needs to be clarified
whether the linear trendline provides the highest possible correlation, or whether there is
some nonlinear function fP that improves the correlation. If so, the quantitative parameters
of the model can be refined by modifying expression (3) accordingly, obtaining the final
nonlinear expression of the model (Ym):

Ym= fP(oc+B1xp1-+B2xEN(p2)+-+Bnxpn) @

Thus, a corresponding scatterplot in (Karnitis G. et al., 2018) shows that the linear
trendline of the data points is slightly skewed with respect to the axis of symmetry in case
of urban SD. As a result, smaller fitted values of AHDIlin are generally slightly above the
corresponding AHDI values, while large fitted values are below them. Such shifts indicate
that the sigmoidal function is best-suited for improving the model. Several S-shaped
functions were checked to decrease the aforementioned offset.

The R plot of the final nonlinear model (Fig. 5b) shows an improvement of the model
quality in comparison with the one depicted in fig. Sa due to adding nonlinearity. Thereby,
a more exact weighting of KPIs has been achieved.

3.5. Stability and sustainability testing

As each Process evolves, the numerical values of KPIs are changing in observation points.
In addition to these justified changes, data holders are typically revising and updating the
raw data repeatedly in order to reflect reality more accurately. We checked if and how
these data changes affect the Process model, with respect to whether the model is stable
against such data variability.

The model of EU economies was created for 2008-2015, that was a period of hard
economic crisis, post-crisis recovery and return to sustainable growth (Karnitis et al.,
2017); there were very different preconditions for the progress in particular years of the
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period. Calculations, which were made for each year using the created joint regularity,
show a gradual increasing of correlation (Fig. 7a); it reflects the sustainability of both EU
innovation-driven economic policy and the model, as well as an increasing convergence
of the EU economics on the innovation-driven growth strategy. The fact that a single
functional regularity could be used for years of such diversity, even that the regularity of
deep crisis year 2008 could be used for growth year 2014 (Fig. 7b), attests to the
universality and sustainability of the model.

Figure 7. (a) Correlations of fitted GDP pc models 2008-2015 and (b) coincidence of GDP pc
2014 vs model 2008.

To quantify the stability of the urban SD model (Karnitis et al., 2021) several
AHDIm5% control models were computed using the modified data, with 5% chosen as
the maximum level of random variability of the input data; 5% is close to the median
change in EU27 data over the previous 3 years. Of course, these changes have a
corresponding effect on the modelled assessment of each individual country; however, the
shift using models AHDIm and AHDIm5% does not exceed 0.2% across the EU27
countries.

Both cases clearly show that for practical applications annual calibration of models is
not necessary.

In the DESI case the direct quantitative comparison of models 2014-2017 and 2019-
2020 is impossible; nevertheless a qualitative comparison well reflects the compatibility
of both models. European Commission in 2021 strongly adjusted the approach to DESI to
reflect technological developments and the major political initiatives that impact
sustainable digital transformation of EU countries, namely, Green Deal, Recovery and
Resilience Facility and the 2030 Digital Decade Compass. The target function is extended
from economic to socioeconomic development. An increased number of indicators is
concentrated around four principal and interconnected policy areas: human capital,
connectivity, integration of digital technology and digital public services. Particular
attention is given to the fact that developments in DESI assessment should be achieved
through improvements in all four areas. It was worth to repeat DESI modelling according
to the updated indicator set and to compare the KPI selection with 2014-2017 for
aforementioned policy areas; the data of 2019-2020 was used to avoid a possible Covid-
19 impact in 2021.

Inclusion of the indicator “ICT specialists” in both KPI scopes clearly indicates that a
lot of skilled ICT workers are necessary for socioeconomic development. As in 2017, the
deficiency of ICT workforce remains a pan-European long-term problem. On the other
hand, Internet use in 2020 in the EU27 countries has already become a common practice
in society and therefore it has lost its statistical significance.
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The connectivity to broadband networks (BB) should be evaluated as very valuable
enabler of digital transformation. Both our models recognized fixed BB as a key
technology, but technological development is perfectly reflected. Overall fixed BB
coverage was important in 2014-2017, while due to technological developments exactly
fast BB (NGA and VHCN) coverage became essential in 2021. On the other hand, the
average level of the fast BB coverage in EU27 has achieved 85% of the overall fixed BB
coverage; therefore the overall fixed BB coverage is no longer statistically significant
indicator and it was excluded from DESI structure [40]. Despite the good availability of
spectrum and stable y-o-y growth of the mobile data traffic, mobile BB still has a small
weight in total broadband. 5G is still a technology of the future that has no significant
impact on socioeconomic development today.

Both the big data (large data massifs) and open data (general availability of data) reflect
the principles that have become strong enablers of any application and service in both
private and public sectors. They are a basis for business transactions; they determine the
current rapid spread of e-governance. Their selection justifies the exclusion of the
narrower parameter “Electronic information sharing” from the set of indicators at the
current level of development.

Sharply growing e-governance services on all levels (transnational, national,
municipal) is reflected by radically increased statistical significance of e-government
usage in 2019-2020.

In general, despite the drastic changes in the set of indicators, the heritability of the
choice of KPIs is visible; they represent all four policy areas in DESI 2021 approach.

4. Results and conclusions

The achieved accuracy of the Processes’ linear models, excellent correlations with the real
Processes and microscopic p-values of the models (Table 2) clearly demonstrate the
correctness of the trend of the current study and practical perspective of obtained results
and conclusions. Statistical significance of mathematically selected KPIs confirms that
these KPIs are the real drivers of the Processes.

Of course, an always linear causal relationship between the KPI and the process vari-
able cannot be expected; the location of the residuals in the R diagnostic plots is a reliable
indicator that model can be further refined, reducing the effect of existing nonlinear
causalities. One can see that by adding nonlinearity in the model numerical characteristics
are further improved (Table 3); the nonlinear model coincides better with the actual values
of target indicator in comparison with the linear one. Thus, a more exact weighting of
KPIs has been achieved.

Table 2. Parameters of the Processes” models.

R " GDP pc 2008 DESI Heat transmission DESI
Model type Parameter 2015 20142017 costs 2017 CSDI2019 39192020
Indicators (x) 25 31 5 49 33
KPIs (n) 3 7 2 6 5
Linear je"égﬁf“ne;‘l;sz 0.9305 0.766 0.9636 0.9421 0.7506
p-value <22E-16 <2.2E-16 5.9E-13 25E-11 2.1E-13
Coefficient of
Non-lin. determination R? 0.9747 0.9638
p-value 7.9E-16 <2.2E-16
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Varied tests show stability and sustainability of the models. For practical applications
annual update of the KPI set due to technological and/or economic development is not
necessary; this needs to be done with significant changes of the set of indicators ix (e.g.,
due to differences in DESI 2015 and DESI 2020 methodologies).

Table 3. Numerical characteristics of linear and non-linear urban SD models.

Number of residuals, whose value

Model R2 p-value Residual standard error

>2.5% 1.5-2.5% <1.5%
Linear 0.9421 2.5x10" 0.01472 2 8 17
Non-linear 0.9638 <2.2x101 0.01042 0 3 24

The developed universal methodology is a reasonable compromise between accu- racy,
stability, and simplicity, which is a strong advantage for the practical applica-tions. KPIs
and their weighting, found in this way, are mathematically computed, and modelling
quality (accuracy) is quantifiable. Likewise modelling takes into account the complicated
crosslinks between KPIs, as well as the integrity and interplay of separate action lines.
Despite of the small number of selected KPIs that are the key drivers of the corresponding
Process, the correlations between the modelled and the actual values of the target indicator
are very, even extremely strong. The convincing results have obtained applying the
mathematical calculation of KPIs; it shows a huge advantage over the methodologies using
the voluntarily selected set of indicators and their weighting.

The popular Pareto principle, which over time has even been called “universal truth”,
states that typically 20% of inputs determine 80% of outputs. The computed pilot projects
show that the described universal KPI computation methodology provides an even better
outcome. While the average number of KPIs is around 20% of number of independent
indicators (Table 2), the average degree of variability in the target variables that is
explained by the KPIs (i.e., R2) is close to 0.9.

The methodology is applicable for variety of Processes; currently we are working on
creation of models of the urban heating system for its management and renovation
programs to reduce CO2 emissions and to achieve the climate goals, set by EU package
“Fit for 55”.

Only mediocre programming skills are needed for the application of the methodology.
Its transparency, detailed description and open access to mathematical expressions
computed for reported cases provide an opportunity for Process management to put the
methodology into practice in order to monitor the achieved development level of the
Process in statics and dynamics, to see progress and backwardness in particular aspects. It
should be mentioned that KPIs reflect relevant action lines. This can be taken into account
in strategic planning and decision-making; it will undoubtedly constitute a significant
contribution to the Process development and management.

Based on the results of the study, the answer to the introductory question can be
formulated, as follows: yes, it is always desirable to obtain more data that provide new
data series for a comprehensive description of a particular Process from different aspects
and for increasing the number of observation points. For the practical use of large amounts
of data, it is recommended to find the KPIs driving the Process, using a mathematical
algorithm that provides an objective choice of KPIs. The larger the amount of input data,
the more accurate is the computation of KPIs and their weighting.
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Based on the results of the study, the answer to the introductory question can be
formulated: yes, it is always desirable to obtain more data that provide new data series for
a comprehensive description of a particular Process from different aspects and for
increasing number of observation points. For the practical use of large amounts of data, it
is recommended to find the KPIs driving the Process using a mathematical algorithm that
provides an objective choice of indicators. The larger the amount of input data, the more
accurate it is to define KPIs and their weighting. At the same time it can be predicted that
it will not be achievable the scope of KPIs that is fully adequate to the Process; selection
of KPIs is a simplification that cannot includes all nuances of the Process. The model
cannot be also an abstract representation of the data massif. The analyst always should
carefully justify if and why a relationship between two variables has causality, do the
existing relationships have predictive power for a new ones.
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