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IEVADS
Darba aktualitate

Eiropas Savieniba, tas sastdva eso$as valstis, ir viena no $adam valstu grupam, kas izstrada
stratégiju, kas versta uz energétisko resursu izlietojuma samazinaSanu un racionalu izlietoSanu. Eiropas
Savienibas valstu geografiskas atraSanas vietas un klimatiskie apstakli ir loti atSkirigi, tapéc art taktika,
jeb plana TstenoSanas veidi, bls atSkirigai. Eiropas Savienibas parlamenta un Padomes vairakas direktivas,
kas ir 8T stratégiska plana sastavdalas — par éku energoefektivitati (2002/91/EC) un (2010/31/ES), par
kogeneracijas veicinasanu (2004/8/EC), par energijas galapatérina efektivitati un energoefektivitates
pakalpojumiem (2006/32/EC), kura ir noteikts orient&joSs energoresursu taupisanas merkis — 9 gadu laika
par 9% samazinat energijas patérinus un citi stratégiskie dokumenti. (Commission of the..., 2000;
Commission of the..., 2006; Eiropas Parlamenta un... 2002; Eiropas Parlamenta un... 2004; Eiropas
Parlamenta un... 2006; Energy Efficiency. Energy..., 2011)

Eiropas Parlamenta un Padomes Direktiva 2010/31/ES no 2010. gada 19. maija par éku
energoefektivitati: ,Lielakais energijas taupianas potencials ir éku sektora. Plana TpaSa uzmaniba
pievérsta instrumentiem, kas veicina sabiedrisko un privato éku renovaciju un tajas izmantoto
komponentu un ieriu energijas patérina radrtaju uzlabo$anu. Plana minéts, ka priek§zime jarada
publiskajam sektoram — ir ierosinats paatrinat sabiedrisko €ku atjauno$anu, nosakot saistoSu mérki un
ievieSot energoefektivitates kritériju publisko ITdzeklu térinos. Energoapgades uznémumiem paredzéts
pienakums dot iespéju patérétajiem samazinat energijas patérinu. No 2019. gada noteikumi attieksies ar
uz jaunam publiska sektora ékam, kam bds japanak "gandriz nulles enerdijas” raditaji”. (Eiropas
Parlamenta un..., 2010)

Lai izstradatu un Tstenotu dzivé 3os planus, tas nozime, sekmétu normativajos aktos noteikto
mérku sekmigu izpildi, nepiecieS8ama zinatniska pieeja jautajumu risinaSana. Latvijas zinatnieku
ITdzSingjais veikums pétljumos par éku ener@étisko resursu izlietojumu, iekStelpu gaisa kvalitates
parametriem, ir atspogulots pamata tikai dzivojamo éku sektord. Lidz Sim literatlra maz atspogulots
Latvijas zinatnieku veikums péttjumos par energétisko resursu izlietojumu publisko €ku sektora. PétTjumi
pamata veikti par publisko éku IGK. (Borodinecs, Budjko, 2009; Bahmanis u.c., 2010; Stankevica, 2011)

Liela nozime ir datu iegGSanai par ekspluatacija eso$am ékam, jeb éku energoauditam un
energosertifikacijai valstl. Promocijas darbs izstradats tieSa saskana ar Sadu Eiropas Parlamenta un
Padomes Direktivas 2010/31/ES par €ku energoefektivitati noradi. (Eiropas Parlamenta un..., 2010)

Promocijas darba mérkis, pétijuma objekts un priekSmets

Promocijas darba veikts pétljums, kura mérkis bija izstradat siltumenergijas izlietoSanas
optimizacijas algoritmu publiskam ékam. Ar kvantitativas izpétes metodi tika iegata atbilstoSa rakstura
informacija par pétijuma objektu — Rigas pilsétas paSvaldibas 1paSuma vai apsaimnieko3ana esoSu
publisko éku. Pétljuma priekSmets ir siltumenergijas resursi to izlietojums iepriekSminétajas ékas
2008.gada. Promocijas darba ir veikta publisko éku sektora dalas — skolu un pirmsskolas izglitibas iestazu
éku energétisko resursu izlietojuma analize. Salidzinati un analizéti siltumenergijas patérini nerenovétas
ékas ar ekam péc renovacijas un jaunblveés. Veikta datu ieguve eksperimentalajas ekas par iekstelpu gaisa
mikroklimata parametriem un viend no eksperimentalajam eékam veikta jaunbOvétas un renovétas ekas
dalas daléjs energoaudits, lai noskaidrotu siltuma zuduma vietas un analizétu to célonus.

Promocijas darba hipotéze

Promocijas darbam izvirzita hipotéze: siltumenergijas izlietoSanas intensitate jaunbavétajas un
renovétajas ekas ne vienmér ir mazaka vai vienada ar normativajos aktos noteikto maksimalo robezu.

Promocijas darba uzdevumi

Promocijas darba mérka sasniegSanai izvirziti $adi darba uzdevumi:

apkopot viena gada energétisko resursu izlietojuma galapatérinu datus publiskajas ékas;

2. salidzinat siltumenergijas patérinus jaunbOvétajam un renovétajam ékam ar nerenovétu éku
siltumenergijas patériniem;

veikt iekStelpu gaisa mikroklimata parametru datu analizi eksperimentélajas &kas;
eksperimentalaja éka noteikt siltuma zudumu vietas;

izveidot optimizacijas algoritmu un ekonomiska izvértéjuma metodiku.
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Pétijuma metodes

Promocijas darba izstradé izmantotas Sadas pétijumu datu ieglGSanas un apstrades metodes:
monografiska, analizes, t.sk. dokumentu analizes, grafiska, logiski-konstruktiva, datu iegOSanas ar
atbilstoSiem merinstrumentiem, t.sk. kvantitativds izpétes, sintézes un matematiskds statistikas
(korelacijas analize, regresijas analize).

Pétijuma zinatniskais nozimigums

Promocijas darba ietvaros veiktais pétijums ir zinatniski nozimigs, jo tiek papildinata
blvniectbas jomas pétljumu baze Latvija ar pétijumu par siltumenergijas resursu izlietojumu publiskas
ékas atkartba no to statusa: jaunbivétas, renovétas un nerenovétas. Tik liela apjoma un 3adi strukturéts
pétijums bdvniecibas nozaré ir veikts pirmo reizi Latvija. Promocijas darba rezultati izmantojami
atbilstoSu normativo aktu, t.sk. bdvnormativu, izstradaSanai, k& arT publisko éku bdvnieciba. Tie ir
adaptéjami lietoSanai arT citas éku grupas.

Pétijuma novitate

Promocijas darba ietvaros veiktais pétijums ir:

1. pirmais $ada veida strukturétais pétljums Latvija, kad tiek salidzinats siltumenergijas resursu
izlietojums ékas ar atskirigiem statusiem — jaunblveétas, renovétas un nerenovetas;

2. pirmais pétijums, kura rezultata ir izstradats siltumenergijas resursu izlietojuma optimizacijas
algoritms publiskam ékam - GOSPIL, kas nosaka siltumenergijas patérina intensitates
maksimalos lielumus atkariba no éku gridu laukumiem, un ir sniegta metodika
kapitalieguldtjumu efektivitates novértéSanai blvnieciba;

3. pirmais tik liela apjoma pétijjums par siltumenergijas resursu izlietojumu Rigas pilsétas
paSvaldibas TpaSuma vai apsaimnieko$ana esoSajas publiskas ékas ar ta analizi.

PétTjuma tautsaimnieciskais nozimigums

Promocijas darba ekonomisko nozimigumu raksturo izveidotais siltumenergijas izlietosanas
optimizacijas algoritms publiskam &kam - GOSPIL (gada patérétas siltumenergijas intensitates
optimizacijas linija) éku energoefektivitates uzlaboSanai un izveidota ekonomiska izvértéjuma metodika
kapitalieguldijumu izvértéSanai.

Promocijas darba iegtie rezultati ir sociali nozimigi, jo pilniba atspogulo blvniecibas tendences
Latvija un atklaj dalu no 3T procesa nepilnibam.

Autora izveidotais siltumenergijas izlietoSanas optimizacijas algoritms un ekonomiska
izvértejuma metodika pielietojami bavniecibas procesa éku energoefektivitates paaugstindSanai un
kapitalieguldTjumu racionalai izmanto3anai.

Informacija par zinatniski pétniecisko darbu

Promocijas darbs ,,Siltumenergijas patérin$ publiskas ékas” izstradats Latvijas Lauksaimniecibas
universitaté Lauku inZenieru fakultaté Arhitektdras un bavniecibas katedra laika perioda no 2010. gada
septembra Iidz 2013. gada augustam profesora, Dr.sc.ing. Artura LeSinska zinatniskaja vadiba.

Aizstavamas tézes

1. Promocijas darba sasniegtais mérkis harmonizé ar Eiropas Parlamenta un Padomes Direktivas
2010/31/ES uzstadijumu, kas nosaka, ka priek§zime energétisko resursu izlietoSanas
samazinadana un taupiSana jarada publiskajam éku sektoram, pandkot augstu energoefektivitates
ITmeni taja.

2. Promocijas darba ietvaros veiktd pétijuma rezultats ir nozimigs ieguldijums bavniecibas procesa
sakartoSanai Latvija.

3. Promocijas darba atspogulota badvniecibas darbu kvalitates tendence attiecindma uz visu
bavniecibas nozari Latvija.

4. Starp éku gridu platibu un izlietoto siltumenergiju pastav pozitiva lineara sakariba.



Promocijas darba ierobezojumi

Autors pétljuma ir apskatijis un analizgjis siltumenergijas resursu izlietojumu par 2008.gadu
Rigas pilsétas paSvaldibas TpaSuma vai apsaimnieko3ana esoSas publiskds ékas, izvéloties par
eksperimentalajam divas skaitliski lielakds éku grupas péc kvantitativas izpétes datiem. Tikai
eksperimentalajas p.i.i. ékas tika iegati un analizéti telpu mikroklimata parametri un noteiktas siltuma
zudumu vietas caur €kas norobeZojoSajam konstrukcijam. Atmosféras spiediena parametri un to mainiba
netika fikséti. Promocijas darba netiek aprékinati siltuma zudumi caur ékas norobeZojoSajam
konstrukcijam, netiek noteikti un aprékinati siltuma ieguvumi no ékas esoSajiem cilvékiem, tehnikas,
elektriskajam un citam sildiericEm un virsmam. Siltumenergijas izlietoSana karsta Gdens sagatavoS$anai
nav izvértéta atseviski, bet ieklauta kopéja ékas siltumenergijas patérina, kas izlietots apkurei.

Darba aprobacija / Thesis approbation
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I1. International Scientific Conference “Civil Engineering’11”, Jelgava, Latvija, 2011.g. 12. un 13.maijs.,
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IV. 12th International Conference on Air Distribution in Rooms “ROOMVENT-2011", Trondheima,
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VI. Rigas Energétikas dienas 2011 (no 5.10.2011.-28.10.2011).
2011.10.13. — prezentacija ar zinojumu ,,Siltumenergijas patérina analizes rezultati Rigas pilsétas
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Darba struktdra

Promocijas darba veikta siltumenergijas resursu izlietojuma analize Rigas pilsétas pasSvaldibas
TpaSuma vai apsaimniekoS$ana eso$ajam publiskajam ékam par 2008.gadu.

Promocijas darba pirmaja nodala aplakoti atSkirigie zinatnieku viedokli par globalo klimata
izmainu un globalas sasil3anas céloniem, sekam un ietekmi, ko tas atstaj uz masdienu éku iekstelpu gaisa
kvalitati (IGK) un éku telpu mikroklimatu kopuma. Apskatitas IGK iedarbibas sekas uz cilvéka
organismu un veselibu. Pirmaja nodala aplikota arT energétisko resursu izlietoSanas ilgtspéjibas principu
batiba un nozime bavnieciba. Latvija Sodien neatliekami javeic darbibas, kas samazina éku
siltumenergétisko resursu patérinu, ka tas noteikts ari Eiropas Parlamenta un Padomes Direktiva
2010/31/ES par éku energoefektivitati, jo energétisko resursu patérina samazina$ana un taupiga
izlietoSana ir prioritars pasakums éku ilgtspéjibai.

Promocijas darba otraja nodala izklastitas veikta pétijuma datu ieglSanas un analizes metodes.
Kvantitativas izpétes dati iegati, izstot paSvaldibas institlcijam anketas. Tika sanemtas un apkopotas 424
anketas ar informaciju par siltumenergijas un elektroenergijas izlietojuma sadalTjumu un faktoriem, kas to
ietekmé. Saja nodala analizéta logu un stikloto virsmu ietekme uz siltumenergijas patérinu, ka ari veikta
Rigas skolu un pirmsskolas izglitibas iestazu éku siltumenergijas resursu patérinu salidzinasana starp
ékam ar at3kirigiem statusiem, t.i. nerenovétas ékas ka viena grupa un jaunblvétas un renovétas ékas ka
otra grupa. Otras nodalas turpinajuma tiek atspoguloti arT IGK (temperatdras, gaisa relativa mitruma un
oglskabas gazes koncentracijas ITmena) mérijumu rezultati, kas fikséti 2011.gada ziema, ka arT paradrti
2012.gada veikta eksperimentalas ékas termografiska apsekojuma rezultati nosakot siltuma zudumu vietas
caur ékas norobeZojo3ajam konstrukcijam. Nodald sniegti detalizéti secindjumi par vizualiz&tajiem
rezultatiem.

Promocijas darba treSaja nodala ar statistikas metodém pieradits, ka pastav lineara sakariba starp
éku plattbu un izlietoto siltumenergijas daudzumu. Pamatojoties uz eso$as normativo aktu bazes, ka art
ieklaujot pétijuma gato rezultatu analizi, darba autors parada ka tiek veidots optimizacijas algoritms un ta
rezultats: gada patérétas siltumenergijas intensitates optimizacijas ITnija (GOSPIL). Darba nosléguma tiek
dota arT ekonomiska izvertéjuma metodika.

Secindjumu un ieteikumu dala darba autors izklasta svarigakas 81 promocijas darba atzinas, kas
balstitas uz péttjuma rezultatiem un 185 informacijas avotu kritiskas analizes pamata.

Kopégjais darba apjoms ir 158 Ipp, tajas ieklauta 31 tabula un 79 attéli, ka ar1 7 pielikumi.

1. MATERIALI UN METODES / MATERIALS AND METHODS

Kvantitativas izpétes rezultata tika sanemtas vairak ka 430 aizpilditas anketas ar informaciju par
publiskam ékam. Sistematizacijas procesa tika atmestas anketas, kuras nebija ietverta visa prasita
informacija, vai art neprecizi un nepareizi aizpilditas. Kopuma par derigdm un datu analizei piemérotam
tika atzitas 422 kvantitativas izpétes anketas. Visas publiskas ékas tika iedalitas 12 éku grupas péc to
lietoSanas veida ar Sadam kopéjam gridu laukumu plattbam:

1. speciadlas nozimes izglitibas iestazu €kas (bérnu un jaunatnes centri; jauno tehniku stacijas) —
43 060m?
socialas palidzibas ékas (patversmes ékas) — 9 993m?;
Rigas pasvaldibas struktdrvienibu ékas (pa$valdibas administrativas ékas) — 44 077m?;
kultdras iestazu ékas (atpdtas un izklaides vietu ékas) — 59 994m?;
muzeju ékas — 369m?;
arstniectbas stacionaru ékas (slimnicu ékas) — 15 232m?;
sporta centru ékas (sporta halles; sporta centri) — 18 435m?;
bibliotéku ekas — 8 324m’;
9. muzikalas izglitibas ékas (mizikas skolu ékas) — 5 368m?;
10. kulta ékas (laganu nami, baznicas) — 6 067m?;
11. skolu ékas — 866 769m?;
12. pirmsskolas izglitibas iestazu ékas — 248 923m?

Kopéjas apkopoto un sistematizéto datu éku gridu platibas ir 1 326 611m?. Vidéjais pétijuma
ékas gridu laukums ir 3 144m?.

Netika sanemta neviena anketa no tiesibu sargajosam struktdram, pieméram, Rigas pilsétas
pasvaldibas municipalas policijas struktarvienibam.

Izvéléta eksperimentala - p.i.i. €ku grupa, kas skaitliski gan nav lielaka — 143 ékas, taja skaita 32
ékas nerenovétas un 111 ékas renovétas vai jaunbivétas.
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Telpu mikroklimata parametru dati tika iegati 1.0-1.5m virs gridas. Meérfjumi tika veikti

2011.gada (2010.un 2011.gada apkures sezond) un sadaliti etros posmos, ieklaujot katra tris p.i.i. €kas.
Tika pielietotas 4 verificétas mérierices, kuras paraditas 1.1. attéla.

1.1. att. Gaisa parametru datu noteik3anas un fikséSanas méerinstrumenti
Fig.1.1. Measuring tools for the fixation of air microclimate parameters

1. Weaohler CDL 210, versija 1.1.6, gaisa temperatdras, gaisa relativa mitruma un oglskabas gazes
koncentracijas ITmena noteikSanai un fikséSanai / Wohler CDL version 210, 1.1.6, for the
determination and fixation of air temperature, relative humidity of air and carbon dioxide
concentration;

2. EASYLOG 40RF GSOFT 40K V7.80, gaisa relativa mitruma noteik3anai un fikséSanai / EASYLOG
GSOFT 40 RF 40K V7.80, for determining and fixing the relative humidity of air;

3. MINILOG GSOFT 40K V7.80, gaisa temperatdras noteik3anai un fiksésanai / MINILOG GSOFT
40K V7.80, for determining and fixing the air temperature.

Tika izvéleti datu fikséSanas laika intervali, kas lautu objektivi analizét un 3kirot iegQtos datus,

un tie bija 5 Iidz 15 minates. Datu parametru fikséSanas laiki, Tpatnibas un vietas atspogulotas 1.1. tabula.

Pirmaja posma iegatos datus bija nepiecieSams brakét, jo dala no datiem nebija fikséti Wohler

CDL 210 palieko3aja atmina un mértjumus taja pasa telpa atkartoja 4.posma.

Lai iegQtu pilnigaku priekSstatu par eksperimentalajam ékam, tas papildus var raksturot Sadi (éku

nosaukumi un vieta kopéja datu izklasta redzami 2.3.attéla):

1.

2.
3.

o

A" eka — Nerenoveéta, jauns siltummezgls. Paredzéta renovécija 2011.gada: fasades siltinasanas,
logu nomaina, apkures sistémas renovacijas darbi;

,B” €ka — jaunbive, 2005.gads;

,C” 8ka — statuss — salikts, jo dala jaunblve un dala renovéta 2007.gada, kad tika veikti ékas
fasazu siltinaSanas darbi un ielikti plastmasas pakeSu logi. ApkalpojoSam persondlam stdzibas
par lielam gaisa temperatlras starpibam daZadas telpas, jo nav iesp&jams regulét apkures
sisttmas radiatoru temperatdru. Telpu temperatdru regulé, atverot logus augstas gaisa
temperatdras telpas. Ventilacijas sistémai nav nekadas ietekmes uz gaisa parametru kvalitates
izmainam telpas, tapéc to nelieto;

»,D” €éka — renovéta 2004.gada: ielikti pakeSu logi, plastmasas ramji, renovéta kanalizacijas
sistéma, iertkots jauns siltummezgls. Persondla sudzibas par palielinatu telpu atdziSanu no
arsienam, 1pasi véjainos laika apstak|os apkures sezona;

-E” €ka — renovacija veikta 2009.gada. Nomaintiti logi;

»F" &ka — jaunblve, 2009.gads. Personala stdzibas: vasara karsts, ventilacija darbojas loti slikti,
td nav reguléjama pa ékas debespusém, vestibili parak lieli, daudz apkopéju darba, lai koptu
paligtelpas, bérniem telpas mazas, daudz slimo gan audzinatajas, gan bérni.
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1.1. tabula/ Table 1.1.
Pirmsskolas izglitibas iestdZu eku telpu mikroklimata datu parametru fiksésanas seciba un vietas

raksturojums
Sequence for fixing the indoor microclimate data parameters of the buildings of day-care centres and
characteristics of the location

Datu
iegisanas . Datu iegtSanas
periods. esnl(:trlf?]:s Siltuma telpas platiba
Ekas Kopéja gy energijas Vecuma grupa. (m?),
patérins L . .
atzime gridu 2008.0. / izlieto3anas Datums. Bérnu skaits/ raksturojums,
2.3.attéla/ platiba / Therﬁél intensitate / pieauguso skaits telpa / mérinstrumenti /
Data Total floor ener Thermal Age group. Date. Number of Data acquisition
acquisition area consumg)tlion energy use children/ number of adultsina | room area (m?),
period. (m?) in 2088 intensity room description,
Building (kWh) (kwh'm™) measuring
mark in instruments
figure 2.3.
60
(telpai ir arT
gridas apsilde ar
) 4-5.v.bémi / Children of 4-5 apk.Sist.
.posms. ears of age cirkulacijas
oA Bka f 1102372 1502412 Gdent) / (the
Stage 1. 2142 278 020 130 12'02'_0 0 16.02.—5 /> room also has
B‘{!Ld,',”g 13.02-0/0  17.02-5/2 ﬂvc\’,‘i’trhr\‘s::gg
14.02.-3/2 18.02.-4/2 - -
circulation
heating system)
Minilog,
EasyLog
1.posms 4-5g.v.bérni / Children of 4-5
B eka/ years of age 45
Stage 1. 2217 208 000 94 11'02'_7;2 15'02'_5;2
Building 120200 16.02-9/2 CDL-210 (A)
ng 13.02.-0/0 17.02.-10/2
14.02.-8/2 18.02.-9/2
3-4g.v.bérni / Children of 3-4 64
1.posms years of age Telpa ekas
,C” éka/ renovétaja dala.
Stage 1. 1901 645 000 339 11.02-17/2 15.02.-8/2 / Room in the
Building 12.02-0/0 16.02.-9/2 renovated part
"c” 13.02-0/0 17.02.-9/2 of the building
14.02-1/2 18.02.-8/2 CDL-210 (B)
60
(telpai ir arT
gridas apsilde ar
3-4g.v.bérni / Children of 3-4 'apk.§|s.t_.
2.posms ears of age cirkulacijas
A" ekal 210263 2502702 “de“i)ll (tL‘e
Stage 2. 2142 278 020 130 oS oy room also has
Building 22.02.-6/2 26.02.-0/0 floor heating
np 23.02.-7/2 27.02.-0/0 with water
24.02.-7/2 28.02.-9/2 - -
circulation
heating system)
Minilog,
EasyLog
88
2 poSMS 3-4g.v.bérni / Children of 3-4 Telpa ekas
Cp cka/ years of age jaunblveétaja
P 21.02.-16/2  25.02.-13/2 dala / Room in
gh"’:?;r? 1901 645 000 339 22.02-12/2  26.02—0/0 the newly
s 9 23.02-11/2  27.02-0/0 erected part of
24.02.-13/2  28.02.-20/2 the building
CDL-210 (B)
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1.1. tabulas turpindjums / Table 1.1. continued

Datu
iegiSanas Siltuma Datu iegSanas
periods. . Siltuma telpas platiba
- energijas 2
Ekas Kopéja = energijas Vecuma grupa. (m"),
N : patérins LS ~ . .
atzime gridu ’ izlietoanas Datums. Bérnu skaits/ raksturojums,
o - 2008.9. / - . - - - _ _ '
2.3.attela/ platiba / Thermal intensitate / pieaugudo skaits telpa / mérinstrumenti /
Data Total floor ener Thermal Age group. Date. Number of Data acquisition
acquisition area 9y energy use | children/ number of adultsina | room area (m?),
: 2 consumption - . L
period. (m9) - intensity room description,

o in 2008 ) .

Building (kWh 'm™) measuring
- (kwWh) .
mark in instruments
figure 2.3.
3-4g.v.bérni / Children of 3-4
2.posms years of age
D" éka/ 60
Stage 2. 2054 486 000 237 21.02-12/2 25.02-11/2
Building 22.02.-14/2  26.02.-0/0 CDL-210 (A)
"D 23.02.-13/2  27.02.-0/0
24.02.-12/2  28.02.-13/2
60
(telpai ir arT
gridas apsilde ar
3-4g.v.bérni / Children of 3-4 'apk.§|sit_.
3.posms ears of age cirkulacijas
JA” eka / Y adeni) / (the
Stage 3 2142 278 020 130 01.03-10/205.03-0/0 room also has
Bui?din I 02.03-10/72 - 06.03.-0/0 floor heatin
) 03.03-11/2  07.03.-9/2 )
04.03— 9/2  08.03.-9/2 - .
circulation
heating system)
Minilog,
EasyLog
3 3-4g.v.bémi / Children of 3-4
Posms years of age
»E” eka/ 50
Stage 3. 2717 625 790 230 | 2032 00.08-0%0
Building ool pocll CDL-210 (A)
ng 03.03.-19/2 07.03.-21/2
04.03.-19/2
3 3-4g.v.bérni / Children of 3-4
.posms
F” eka/ " years of age 70
”Stage 3 Nebija Nav datu par Nav datu 01.03.-18/2 05.03.- 0/0
o uzbavéta 2008.g. par 2008.g. | 02.03.-19/2 06.03.- 0/0
B“,!'Fd,',”g 03.03-19/2  07.03-19/2 CDL-210 (B)
04.03.-17/2
60
(telpai ir arT
gridas apsilde ar
4.posms 3-4g.v.bérni / Children of 3-4 'apk.§|s.t_.

v = cirkulacijas
»A” Bka / years of age adeni) / (the
Stage 4. 10.03.-10/2  14.03.-7/2
Building 2142 278 020 130 11.03-10/2  15.03-9/2 room also has

A 12.03-0/0  16.03.-9/2 ot ator

13.03.-0/0  17.03.-10/2 - .
circulation
heating system)
Minilog,
EasyLog
4.posms 4-5g.v.bérni / Children of 4-5
,B” éka/ years of age 45
Stage 4. 10.03.-14/2  14.03.-18/2
Building 2217 208 000 % 11.03.-14/2  15.03-16/2 CDL-210 ()
"B” 12.03.-0/0  16.03.-15/2
13.03.-0/0  17.03.-13/2
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1.1. tabulas turpindjums / Table 1.1. continued

Datu
iegiSanas Siltuma Datu iegSanas
periods. . Siltuma telpas platiba
- energijas 2
Ekas Kopéja = energijas Vecuma grupa. (m"),
- - patérins S ~ . .
atzime gridu ’ izlietoanas Datums. Bérnu skaits/ raksturojums,
s - 2008.9. / - - - p - _ _ :
2.3.attela/ platiba / Thermal intensitate / pieaugudo skaits telpa / mérinstrumenti /
Data Total floor ener Thermal Age group. Date. Number of Data acquisition
acquisition area 9y energy use children/ number of adultsina | room area (m?),
; 2 consumption - . L
period. (m9) - intensity room description,
o in 2008 ) .
Building (kWh 'm™) measuring
- (kwWh) .
mark in instruments
figure 2.3.
64
3-4g.v.bérni / Children of 3-4 Telpa ékas
4.posms L
1005 A8 e 1y | vl
P .03. - .03.— e room in the
Stage 4 1901 645000 339 11.03.-17/2  15.03-17/2 renovated
o 12.03.-0/0  16.03 -16/2 section of the
13.03.-0/0  17.03.-15/2 building
CDL-210 (B)

Gaisa kimiska piesarnojuma noteik3anai tika lietota gazu hromatografijas metode, lai noteikto
GOS izteiktu k& oglekli, un augstspiediena Skiduma hromatografijas metode aldehidu noteik3anai. Gaisa
piesarnojums ar GOS vielam tika noteikts kokogles tabinas, un gaisa piesarnojums ar aldehidiem tika
noteikts silicija gela kasetés, tas apstradajot ar 2.4—dinitrofenilhidrezina (DNPH). WHO ir noteikusi
rekomendéjamas maksimalas kaitigo vielu koncentracijas, kas $aja gadijuma ir: formaldehidi — 0.1mg-m™
un GOS - 0.3mg-m*.

Lai noteiktu siltuma transmisijas vietas. tika izvéléta p.i.i. ,,C” éka. Sis darbs tika veikts
sadarbiba ar SIA ,,ARTIVA” darbinieku Artdru Gredzenu, izmantojot firmas FLIR Systems AB
Thermal CAM produktu FLIR P25 termokameru un termo anemometru AIRFLOW TA-7, ka arl
infrasarkano staru termometru TESTO 845.

Ekas ,,C” siltuma transmisijas vietas caur norobeZojo3am konstrukcijam ar termokameras
palidzibu tika noteiktas 2012.gada 23.janvari, kad ara gaisa temperattira Riga bija —3.2 °C plkst.11:00 un
-3.6°C  plkst.14:00, v&ja  virzienss A, 4-8ms?’, saskana ar LVGMC lapas
http://www.meteo.Iv/public/26902.html informaciju.

PétTjuma iegato datu rezultati, kas redzami pielikuma Nr.7 ,,Pétijuma analizéto 156 skolu un 143
p.i.i. éku telpu platibu (m?) un izlietotas siltumenergijas (MWh) dati par 2008.gadu” analizéti ar MS
Excel rikiem.

3000 -
2500 -

2000 -

*

annum
=
a1
o
o
1

ot

y =0.09x + 183.05
R2=0.79

1000 -

500

Siltumenergijas patérins (MWh) gada
Thermal energy consumption (MWh) per

0 2000 4000 6000 8000 10000 12000 14000 16000

Gridu laukumi / Foor areas (m?)
1.2. att. Siltumenergijas patérinu (MWh) un gridu laukumu (m?) korelacijas regresijas Iinija
Fig. 1.2. Regression line of the thermal energy consumption (MWh) correlation between total

floor area (m?)
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1.2. attéla izveidota regresijas Iinija no skolu un p.i.i. éku gridu platibu (m? un siltumenergijas
gada patérina (MWh) variéSanas raditajiem ir ar vienadojumu ¥, = 0.09x + 183.05, determinécijas
koeficients R*=0.79.

2. PETIJUMA REZULTATI UN DISKUSIJA / RESEARCH RESULTS AND

DISCUSSION

2.1.Siltumenergijas patérin$ / Thermal energy consumption

Aptaujas anketa ieklautie katras ékas raksturojoSie lielumi un parametri ir svarigi, lai veiktu
detalizétaku izpéti un analizi ne vien par Rigas pilsétas paSvaldibas publiskam ékam, bet ari redzétu
bavniectbas tendences. Ka, pieméram, 2.1. tabula apkopoti iegatie dati par siltumenergijas izlietosanas
intensitati (Tpatnéjo siltumenergijas patérinu) kWh'm™ atkariba no stikloto virsmu un logu kopéjas
platibas pret éku kopéjo fasazu laukumiem.

2.1. tabula/ Table 2.1.

Siltumenergijas izlietojuma intensitate (kWh'm™) Rigas pilsétas pasvaldibas publiskas ékas

2008.gada

Thermal energy use intensity (kWh'm™) in the public buildings of the Riga City local government

in 2008

Eku grupas /
Groups of
buildings

Logu un stikloto virsmu platibas < 20 % no
éku kopejo fasaZu laukumiem / Areas of
windows and glazed surfaces < 20 % of total
building facade areas

Logu un stikloto virsmu platibas > 20 % no
éku kopejo fasdZu laukumiem / Areas of
windows and glazed surfaces > 20 % of total
building facade areas

Nerenovétas ékas /
Not renovated
buildings

Renovétas (daléji),
jaunbdves /
Renovated (partly),
newly erected
buildings

Nerenovétas ékas /
Not renovated
buildings

Renovétas (dalgji),
jaunbaves /
Renovated (partly),
newly erected
buildings

1.Specialas
nozimes izglitibas
iestazu
ékas/1.Buildings
of special
importance in
education
institutions

140

90

170

200

2.Socialas
palidzibas
ékas/2.Social
assistance
buildings

150

150

3.Rigas pilsétas
padvaldibas
struktdrvientbu
&kas/3.Buildings
of Riga City local
government units

130

120

200

990

4.Kultdras iestazu
&kas/4.Buildings
of cultural
institutions

140

100

90

20

5.Muzeju
€kas/5.Museum
buildings

200

600

6.Arstniecibas
stacionaru
€kas/6.Medical
inpatient
buildings

110

7.Sporta centru
&kas/7.Buildings
of sport centres

190

10

100
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2.1.

tabulas turpinajums / Table 2.1. continued

Logu un stikloto virsmu platibas < 20 % no
éku kopéjo fasazu laukumiem / Areas of
windows and glazed surfaces < 20 % of total

Logu un stikloto virsmu platibas > 20 % no
éku kopéjo fasazu laukumiem / Areas of
windows and glazed surfaces > 20 % of total

Eku grupas / building facade areas building facade areas
Groups of Renovétas (daléji), Renovétas (dalgji),
buildings Nerenovétas ékas / jaunbaves / Nerenoveétas ékas / jaunbaves /

Not renovated Renovated (partly), Not renovated Renovated (partly),
buildings newly erected buildings newly erected
buildings buildings
8.Bibliotéku
&kas/8.Library 60 90 20 90
buildings
9.Muzikalas
izglitibas
ékas/9.Musical _ 170 140 130
education
buildings
10.Kulta
&kas/10.Religious _ _ 70 _
buildings
11.Skolu
ékas/11.School 110 130 120 120
buildings
12Pirmsskolas
izglitibas iestazu
&kas/12.Buildings 190 310 180 220

of day-care
centres

Piezime: 2.1. tabula esoSie dati visas pozicijas objektivi neatspogulo éku grupu siltumenergdijas
izlietoSanas intensitates faktiskas vidéjas vértibas, jo iesitito anketu skaits bija parak mazs un tabulas dati
uzskatami par informativiem, pieméram 3.grupa — daléji, 5.grupa, 6.grupa, 10.grupa. / Note: The data
presented in Table 2.1. in all positions do not provide an objective reflection of the actual average values
of intensity of use of thermal energy in the groups of buildings, because the numbers of submitted
questionnaires were too small and the data in the table are considered to be of indicative value, for
example Group 3 — partially, Group 5, Group 6, Group 10.

2.1.attéla paradits kopéjais rezultats, apkopojot tabulu datus, salidzinot p.i.i. un skolu éku
siltumenergijas izlietoSanas intensitati (Tpatnéjo siltumenergijas patérinu) atkartba no éku stavokla —
nerenoveétas ékas un ékas péc renovacijas darbu veik3anas vai jaunbaves.
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200

Siltumenergijas izlietosanas
intensitate / Intensity of thermal energy consumption
(kWh'm-2)

Pirmsskolas izglitibas iestazu ékas / Day-
care centre buildings

= Nerenovétas / Not renovated

224
184
150
124 118
100
50
L | L. NS

Skolu ékas / School buildings

= Renovétas (dalgji) un jaunbavétas / Renovated

2.1. att. Siltumenergijas izlietoSanas intensitates salidzinajums renovétam un jaunbavétam

pirmsskolas izglitibas iestazu un skolu ékam ar nerenovétam ékam

Fig.2.1. Comparison of the intensity of use of thermal energy of renovated and newly erected buildings
of day-care centres and school buildings with non-renovated buildings

2.1. attéla skaidri redzams, ka veicot renovacijas darbus p.i.i un skolu ékam faktiski nav ieglts
siltumenergijas izlietoSanas intensitates samazinajums pret ékam, kuras nav renovétas. Skolu ékam tas
kopuma dod loti niecigu samazinajumu: 4.9%. Vértéjot éku jaunblves un renovacijas darbus p.i.i. grupa,
var secinat, ka to siltumenergijas izlietoSanas intensitate ir lielaka, ka nerenovétam ékam par 21.7%, kas

faktiski ir nepielaujami.

2.2. tabula paradits energétisko resursu izlietoSanas sadalTjums skolu un p.i.i. ékas.

ékas 2008.gada

2.2. tabula / Table 2.2.
Siltumenergijas un elektroenergijas izlietojuma sadalTjums pirmsskolas izglitibas iestaZu un skolu

Comparison of use of thermal energy and electrical power in day-care centre and school buildings

Nosaukums / Name

Pirmsskolas
izglitibas iestazu
€kas / Buildings of
day-care centres

Skolu ékas /
School buildings

(kwh'm™) in renovated (partly) and newly erected buildings

Kopa/Total

a) nerenovétas/not renovated 143 156

b) renovétas (daléji) un jaunbaves / renovated (partly) and newly 32 55

erected buildings 111 101

Kopéjais gridu laukums (m?) / Total floor area (m?) 248 923 866 769
TS Py = 7

Vldejal_s V|e2nas vienibas gridu laukums (m®) / Average floor area of 1741 5 486

one unit (m?)

Kopéjais siltumenergijas izlietojuma daudzums (kWh) visa éku grupa

gada / Total amount of thermal energy use (kWh) in the entire group 53102 920 103 783 050

of buildings per year

Vidgja siltumenergijas izlietodanas intensitate (kWh-m™) visa eku

grupa / Average thermal energy use intensity (kWh'm™) in the entire 213 120

group of buildings

Vidéja siltumenergijas izlietodanas intensitate (kWh-m™)

nerenovétas ékas / Average thermal energy use intensity (kWh'm™) in 184 124

non-renovated buildings

Vidéja siltumenergijas izlietodanas intensitate (kWh-m™) renovétas

(daléji) ekas un jaunblveés / Average thermal energy use intensity 224 118
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2.2. tabulas turpinajums / Table 2.2. continued

Pirmsskolas
izglitibas iestazu Skolu ékas /
ékas / Buildings of School buildings
day-care centres

Nosaukums / Name

Kopéjais elektroenergijas patérin$ (kWh) gada visa éku grupa / vidéja
elektroenergijas izlietodanas intensitate (kWh-m) / Total amount of 7010729 20207 679
electric energy consumption (kWh) per year in the entire group of /28 /23
buildings / average electric energy use intensity (kWh'm=)
Kopéjais elektroenergijas patérins (kWh) gada nerenovétas ékas /
vidaja elektroenergijas izlieto$anas intensitate (kWh-m™) / Total 1685 457 6 254 041
amount of electric energy consumption (kWh) per year in non- /25 /20
renovated buildings / average electric energy use intensity (kWh'm™)
Kopéjais elektroenergijas patérins (kWh) gada renovétas (daléji)
ékas un jaunbaves / vidéja elektroenergijas izlietoSanas intensitate

(kWh-m™) / Total amount of electric energy consumption (kWh) per 5 3?;’9272 13 9/52?5 638
year in renovated (partly) and newly erected buildings / average

electric energy use intensity (kWh'm=)

Ekas eso3as mikroklimata reguléjosas sistemas/Existing climate

control regulating systems in the buildings

1.Kopéjais vienibu skaits/Total number of units 79 106
2.Kopéjas elektrojaudas (kW) /Total electric power (kW) 262 1515
3.Kop&ja sistemu elektrojaudu intensitate (kW-m™) /Total intensity 1.10°° 2.10°°

of electric power of the systems (kWh-m2)

Ka redzams no 2.2. tabulas, kopa analizéti dati no 143 p.i.i. ékam, t.sk. 32 nerenovétas ékas
(22.4% no kopéja skaita) un 111 renovétas (dalgji) un jaunbaves (77.6% no kopéja skaita) un 156 skolu
éku dati, t.sk. 55 nerenovétas ékas (35.4% no kopgja skaita) un 101 renovétas (daléji) un jaunbaves
(64.6% no kopéja skaita). Vidéja siltumenergijas izlieto$anas intensitate p.i.i ékas ir 213 kWh-m™ un
skolu kas 120 kWh-m™, kas proporcionali sastada attiectbu 1.78:1.00, jeb p.i.i. izlietotas siltumenergijas
intensitate ir 1.78 reizes lielaka. Elektroenergijas jaudu izlietoSanas intensitate un kopéjais vienibu skaits
neparprotami norada, ka tas ir nepietiekamas. Veicot informativu aptauju, noskaidrojas, ka art eso$as
uzstaditas telpu mikroklimata reguléjoSas sistémas tiek darbinatas loti zema Iiment, jo renovétas un
jaunbiivétas ekas tas izblvétas loti nekvalitativi un veiklak veikt gaisa apmainu ir, atverot logus. Sadas
darbibas rezultata, kad gaisa apmaina, pieméram, aukstaja gadalaika, tiek veikta ar dabigas plismas
ventilaciju, bez rekuperacijas, neizbégami noved pie palielinatas siltuma izlietoSanas intensitates. Arl
apsekojot izlases veida p.i.i. €kas, tika konstatéts, ka ventilacijas sistémas jau nav darbinatas tik ilgi, ka
iekartas jau klaj diezgan liela puteklu karta.
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2.2. att. Skolu ékas - renovétas, jaunblves un nerenovétas. Kopéja éku siltumenergijas gada
patérina (MWh) korelacija ar éku gridu laukumiem (m?
Fig. 2.2. School building - renovated, newly erected and non-renovated buildings. Correlation between
the total annual consumption of thermal energy (MWh) in buildings and the building floor area (m?)

1 - renovéta skolas éka ar lielu siltumenergijas patérinu / renovated school building with high thermal
energy consumption;

2 — nerenovéta skolas éka / not renovated school building;

3,4,5,6,7 — renoveétas skolu €kas ar maziem siltumenergijas patériniem / renovated school buildings with
low thermal energy consumption.

2.2. attéla atspoguloti dati par 2008.gada izlietoto siltumenergijas resursu korelaciju ar kopéjo
ékas gridu platibu renovétam, jaunbivétam un nerenovétam skolu ékam. Apkopoto datu attéls liecina par
to, ka, eku renovacijas darbi un/vai ekspluatacija aplikojamaja gada ir veikti slikti. Pieméram, skolas éka
Nr.1: kopégjie telpu gridu laukumi — 687m?, kopéjais gada siltumenergijas patéring — 567.79MWh, péc
renovacijas. Salidzinajumam izvélos skolas &ku Nr.2: kopéjie telpu gridu laukumi — 621m?, kopéjais gada
siltumenergijas patérind — 225.46MWh, nav veikti renovacijas darbi. Abu So éku kopéjo gridas laukumu
attiectba ir: 1.11:1.00, bet kopéja gada siltumenergijas patérina attieciba ir: 2.52:1.00.

2.2. attéla atspogulotajos datos tapat varam atrast arf loti labi renovétas €kas: Nr. 3, Nr.4, Nr.5
Nr.6 un Nr.7.. So éku siltumenergijas patérinu izlietojums 2008.gada, neatkarigi no 30 éku kopéjo gridu
laukumiem atrodas gan zem renovéto éku tieksmes Iinijas, kuras vienadojums ir; y = 0.09x + 176.44, gan
arT zem normativas tieksmes Iinijas, kuras vienadojums ir: y = 0.07x + 40.64 un ta izveidota nemot véra
siltumener@ijas resursu izlietojuma samazindjumu par normativajos aktos (Eiropas Parlamenta un
Padomes Direktiva 2002/91/EK un velak Eiropas Parlamenta un Padomes Direktiva 2010/31/ES)
noteikto. Nerenovéto skolu éku tieksmes linijas vienadojums ir: y = 0.12x + 67.72. 2.2. attéla novilkta
ITnija ar vienadojumu: y = 0.15x atbilst EM uzstadijuma prasibai sasniegt maksimalo éku siltumenergijas
izlietosanas intensitati 150 kWh'mgada.

2.2. attéla redzams, ka skolu éku renovacijas darbi veikti slikti, jo tikai 5 skolu ékas, tas ir 4.9%
éku siltumenergijas izlietoSanas daudzumi pret ékas gridu laukumiem, atrodas zem vai uz normativas
tieksmes Inijas.

2.3. attéla atspoguloti dati par 2008.gada izlietoto siltumenergijas resursu korelaciju ar kopéjo
ékas gridu platibu renovétam, jaunbavétam un nerenovétam p.i.i. ékam. Apkopoto datu attéls liecina par
to, ka, éku renovacijas darbi un/vai ekspluatacija aplikojamaja gada veikta loti slikti. Vairuma gadijumu
renovéto un jaunblvéjamo éku siltumenergijas patérini ir lielaki neka atbilstoSo nerenovéto éku
siltumenergijas patérini. No 8T attéla redzams, ka renovacijas un jaunbdves darbi vairuma gadijumu veikti
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tikai dar13anas dél, jo kopéjo ieguldTjumu uz energétisko resursu taupisanu un sapratigu lietoSanu tie nav
bijusi orientéti. Par to liecina arT abu grupu: renovéto un jaunblvéto €éku un nerenovéto éku novilktas
tieksmes linijas. Renovéto un jaunbadvéto eku tieksmes linija ar vienadojumu y = 0.13x + 149.05 atrodas
virs nerenovéto eku tieksmes linijas, kas novilkta péc vienadojuma y = 0.12x + 124.14. Tas apliecina
iepriek§ minéto, ka kopuma Sie éku projektéSanas, renovacijas darbi un, iespéjams, ari, vairuma
gadijumu, ekspluatacija, veikti loti slikti. Tas apliecina un apstiprina jau iepriekSminéto, pieméram,
attélotaja un analizétaja gadijuma ar skolu ékam, nav sakartotibas paSvaldibas éku bavniecibd un tas
procesos. Veiktie darbi nav orientéti uz ilgtspéjibu, iznemot daZzus gadijumus, kas kalpo ka pieradijums
tam, ka to tomeér var izdarit.

Novilkta ITnija ar vienadojumu y = 0.15x, kas atbilst EM prasibai sasniegt maksimalo éku
siltumenergijas izlieto$anas intensitati 150 kWh m~gada.

Normativa tieksmes linija ar vienadojumu y = 0.07x + 74.49 izveidota nemot véra
siltumenergijas resursu izlietojuma samazindjumu par normativajos aktos (Eiropas Parlamenta un
Padomes Direktiva 2002/91/EK un vélak Eiropas Parlamenta un Padomes Direktiva 2010/31/ES)
noteiktajam prasibam. Abas $§is taisnes atrodas zem renovéto un jaunbavéto éku tieksmes linijas ar
vienadojumu y = 0.13x + 149.05 un nerenovéto éku tieksmes linijas ar vienadojuma y = 0.12x + 124.14
apliecina, ka nepiecieSams veikt kvalitativus renovacijas darbus, lai tiktu sasniegti un Tstenoti dzivé ES
Parlamenta un Padomes un Latvijas republikas MK Iémumi par ener@étisko resursu taupigu lietoSanu un
saglabasanu.
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2.3. att. Pirmsskolas izglitibas iestaZzu ékas: renovétas, jaunbaves un nerenovétas. Kopéja éku
siltumenergijas gada patérina (MWh) korelacija ar éku gridu laukumiem (m?)
Fig.5. Buildings of day-care centres: renovated, newly erected and non-renovated buildings.
Correlation between the total annual consumption of thermal energy (MWh) in buildings and the
building floor area in (m?)

1,4,5 — renoveétas p.i.i. ékas ar mazu siltumenergijas patérinu / renovated d.c.c. buildings with low thermal
energy consumption;

2,3 —renovétas p.i.i. ékas ar lielu siltumenergijas patérinu / renovated d.c.c. buildings with high thermal
energy consumption;

6 - nerenovéta p.i.i. €ka ar mazu siltumenergijas patérinu / not renovated d.c.c. building with low
thermal energy consumption;

AB,C,D,E —eksperimentalas ékas (dati 1.1. tabulai ) / experimental buildings (data for Table 1.1.).
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2.3. attela redzams, ka p.i.i. €ku renovacijas darbi veikti loti slikti, jo tikai 3 p.i.i. (Ekas Nr.1,
Nr.4 un Nr.5), tas ir 2.7% éku siltumenergijas izlietoSanas daudzumi pret ékas gridu laukumiem, atrodas
zem vai uz normativas tieksmes linijas. Turpat redzams, ka nerenovéta éka Nr.6 jau pirms iespéjamiem
renovacijas darbiem ir ar loti zemu siltumenergijas patérinu, kas tai lauj atrasties zem normativas
tieksmes Inijas.

ProjektéSanas un renovacijas darbu kvalitati zemo kvalitati raksturo, pieméram, nerenovéta p.i.i.
éka Nr.3, kuras kopéjie telpu gridu laukumi — 1920m? kopéjais gada siltumenergijas patérind —
456.00MWh. Salidzinajumam izvélos renovéto un jaunbdvéto éku grupas p.i.i. ku Nr.2: kopéjie telpu
gridu laukumi — 1901m?, kopéjais gada siltumenergijas patérin$ — 645.00MWh. Abu $0 éku kopéjo gridas
laukumu attiectba ir: 1.01:1.00, bet kopéja gada siltumenergijas patérina attieciba ir: 1.00:1.41.

2.2. lekstelpu gaisa kvalitate / Indoor air quality

2.4.,2.5.un 2.6. attélos atspoguloti dati no otraja posma iegitajiem mérijumiem Sadam ékam:

1. ,A” éka— Nerenovéta, jauns siltummezgls. Paredzéta renovacija 2011.gada: fasades siltinaSanas,
logu nomaina, apkures sisttmas renovacijas darbi;

2. ,C” éka — statuss — salikts, jo dala jaunbilve un dala renovéta 2007.gada, kad tika veikti ékas
fasazu siltinadSanas darbi un ielikti plastmasas pakeSu logi. Gaisa temperatdras un citi mértjumi
un fiksacija 88m? telpa, kas atrodas jaunbivétaja ékas dala. Apkalpojosam personalam siidzibas
par lielam gaisa temperatlras starpibam daZadas telpas, jo nav iespéjams regulét apkures
sisttmas radiatoru temperatdru. Telpu temperatdru regulé, atverot logus augstas gaisa
temperatdras telpads. Ventilacijas sistémai nav nekadas ietekmes uz gaisa parametru kvalitates
izmainam telpas, tapéc to nelieto. Gaisa temperatiras un citi mérijumi un fiksacija 88 m? telpa,
kas atrodas jaunbivétaja ékas dala.

3. ,D” éka — renovéta 2004.gada: ielikti pakeSu logi, plastmasas ramji, renovéta kanalizacijas
sistéma, iertkots jauns siltummezgls. Personala stdzibas par palielinatu telpu atdziSanu no
arsiezném, TpaSi véjainos laika apstaklos apkures sezona. Telpas, kura veikti mérfjumi, platiba
60m°.

Atspogulotas gaisa temperatlras 2.4. attéla sadalijums uz ,,X” ass parddits no 2011.gada
21.-27 februarim. Mazaka iedalas vértiba ir tris stundas, tas ir intervals no viena fikséta nolasijuma lidz
otram. Uz ,,Y” ass atspogulotas gaisa temperatlru vértibas novérojuma perioda laika. Taisnes ,,Min.”, kas
$aja gadijuma ir +19 °C un ,,Maks.”, kas $aja gadijuma ir +25 °C, novilktas saskana ar MK 2009.gada
28.aprila noteikumiem Nr.359.

MK noteiktie normativie dokumenti, kas nosaka prasibas iekStelpu gaisa kvalitatei p.i.i. ir:

1. MK noteikumi no 2002.gada 27.decembra Nr.596 ,Higiénas prasibas izglitibas iestadém, kas
isteno pirmsskolas izglitibas programmas”, kur punkta 49 minéts, ka pielaujama minimala gaisa
temperatdra iestades telpas, kuras uzturas bérni ir :

1.1. kuri ir jaunaki par 3 gadiem, — vismaz 20 °C;
1.2. kuri ir vecaki par 3 gadiem, — vismaz 18 °C;

2. MK noteikumi no 2009.gada 28.aprila Nr. 359 ,Darba aizsardzibas prasibas darba vietas”,

1.pielikums.
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2.4. att. Gaisa temperatara ,,A”, ,,C” un ,,D” éku telpas
Fig.2.4. Indoor air temperature for buildings ,,A”, ,,C” and ,,D”

ara gaisa temperatdras Iinija —,,1” / Outdoor air temperature line — “1”;

2. iekstelpu gaisa temperatdras Iinijas, ,,A”; ,,C” un ,,D” ékam, / Indoor air temperature lines for
buildings “A”, “C” and “D”;

3. robeZlielumu vértibu taisnes ,Max.” un ,Min.”, saskana ar MK noteikumiem Nr.359 ,,Darba
aizsardzibas prasibas darba vietas” / Limit value straight lines ,,Max.” and ,,Min.”, in accordance
with Cabinet of Ministers Regulation No. 359 “Labour Protection Requirements in Workplaces™.

Izvértéjot gaisa temperatdras Iiniju p.i.i. ékam ,,A”, ,,C” un ,D” atraSanos Saja temperatras

intervala, var secinat, ka ,,C” ékai daudzos gadijumos fikséta gaisa temperatlira pie un virs maksimali
noteiktas robezas +25.0 °C, sasniedzot pat +27.0 °C un vairak, atzimi. No 2.4.attéla redzams, ka
pamatotas ir apkalpojo3a personala stidzibas par paaugstinatam gaisa temperataram telpas. Savukart, ,,.D”
éka no 2.4. attela var saskatit pamatotas apkalpojo3d personala stdzibas par pazeminatam gaisa
temperataram, sevidki véjainos laika apstaklos. Attéla redzams, ka ,,D” ékas gaisa temperatdras lnija
daudzos gadijumos atrodas zem minimali noteikta gaisa temperatiras sliek$na, t.i. +19.0 °C. Lai cik tas
izskatas nepareizi, bet vispiemérotaka iekStelpu gaisa temperatdra ir ,,A” €kas telpa. Tas temperatdras
linija loti labi ieklaujas ierobeZotaja intervala starp ,,Min.” un ,Maks.” taisném un praktiski neviena
gadijuma nav fiksétas gaisa temperatdras, kas iziet arpus Sim intervalam, iznemot vienu, kad fikséta
temperatdra ir +25.2 °C.

1.

2.

Secindjumi par 2.4. attéla redzamajam ,,A”, ,,C” un ,,D” éku telpu gaisa temperattram ir §adi:
visu éku iekStelpu gaisa temperatiras linijas atdarina ara gaisa temperatdras kritumu un
pacélumu virzienus. Tas varétu bt ka sekas nepieregulétai siltummezgla vadibas sistemai.

daléji jaunbovétas ekas ,,C” telpa fiksétas gaisa temperatdras Inija ,,C” uzrada parak lielas
temperatiiras vértibas un novilkta tieksmes Iiija ,,T¢” atrodas robezas no +24.7 °C novérojumu
sakuma, ITdz +25.9 °C novérojumu beigas. Pieaugosas tieksmes tendences Iinija, ir arT novilktajai
ara gaisa tieksmes linijai ,,T,”. Ar1 Sis faktors norada uz ekspluatacijas trakumiem un kladam
siltummezgla apkalpoSana.

arT ,,D” ékas telpas gaisa temperatlras linija ,,D” un tieksmes linija ,, Tp”, kas ir no vértibas
+19.3 °C novérojumu sakuma perioda, Iidz +19.2 °C novérojumu beigu perioda, norada jau uz
l.un 2.punkta minétajam kladam ekspluatacija, kuras vél tiek izjustas pastiprinati €kas
norobezojoSo konstrukciju zemas siltumnoturibas dél.

gan ,,C” gan ,,D” éku renovacijas un jaunbives projekti un/vai éku blvniecibas un renovacijas
darbi veikti loti zema profesionala [iment.
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5. tikai ,,A” ékas telpas gaisa temperatQras Iinija ,,A” un tieksmes linija ,,To” atrodas attiecigi starp
minimalo un maksimalo pielaujamo gaisa temperatlru ITnijam, saskana ar MK noteikumiem Nr.
359 ,,Darba aizsardzibas prasibas darba vietas” un uz +23.2 °C atzimes;

6. MK minéto noteikumu Nr.359 un Nr.596 neievéro3ana var bat par iemeslu palielinatam skaitam
saslim3anu ar akdatam respiratoram slimibam gan personala, gan bérnu vidd. BieZa saslimstibu
atkartoSanas var veicinat slimibas hroniskumu un hronisku slimibu progresésanu.

2.5. attéld atspogulotas gaisa relativd mitruma sadaltljuma Inijas uz ,,X” ass paraditas no
2011.gada 21.-27.februarim. Mazaka iedalas vértiba ir tris stundas, tas ir intervals no viena fikséta
nolasijuma lidz otram. Uz ,,Y” ass atspogulotas gaisa relativa mitruma vértibas novérojuma perioda laika.
Taisnes ,,Min.”, kas $aja gadtjuma ir 30% un ,,Maks.”, kas $aja gadijuma ir 70%, novilktas saskana ar MK
2009.gada 28.aprila noteikumiem Nr.359 un nav atkarigas ne no darba perioda, ne arf no darba
kategorijas.
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2.5. att. Gaisa relativais mitrums ,,A”, ,,C” un ,,D” éku telpas
Fig.2.5. Relative humidity of indoor air for buildings ,,A”, ,,C” and ,,D”

1. aragaisa relativa mitruma linija — 1/ line of outdoor relative humidity of air — 1;

2. iekstelpu gaisa relativa mitruma Inijas, ,,A”; ,,C” un ,,D” ékam, / lines of indoor relative humidity of
air for buildings “A”, “C” and “D”";

3. RobeZlielumu veértibu taisnes ,,Max.” un ,Min.”, saskand ar MK noteikumiem Nr.359 ,Darba
aizsardzibas prasibas darba vietas” / Limit value straight lines ,,Max.” and ,,Min.”, in accordance
with Cabinet of Ministers Regulation No. 359 “Labour Protection Requirements in Workplaces”.

Izvértéjot gaisa relativa mitruma liniju p.i.i. ékam ,,A”, ,,C” un ,D” 2.5. attela redzams, ka to
svarstibas iekStelpas ir ITdzigas ar ara gaisa relativa mitruma Iinijas svarstibam. 1znémums ir brivdienas:
26. un 27.februaris, kad telpas nav cilveki un audzékni. Sajas divas dienas Iiju, kas raksturo ékas ,,A”,
,C” un ,D” gaisa relativo mitrumu ,,svarstigums norimst”. Ara gaisa relativa gaisa mitruma tieksmes
Iija ,,T,” $aja novérojuma perioda ir ar negativu tendenci, jeb tendenci samazinaties. Eka ,,C” un ,,D”,
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ka redzams 2.5. attéla, ir loti zems iekStelpu gaisa relativais mitrums un uz to norada ari tieksmes linijas
»Tc’ un ,Tp”, kuras atrodas loti zemu, 13-16% robeZas. Jaatzimé, ka viena ir nerenovéta un otra
jaunbivéta éka, attiecigi ,,A” un ,,C”. Salidzinot So abu €ku iekStelpu gaisa relativa mitruma lnijas,
redzam, ka jaunbivétas €kas gaisa relativa mitruma linija ,,C” ar atbilstoSo tieksmes Iiniju ,,T¢c”, vairuma
gadijumu atrodas zem linijas ,,A” ar tai atbilstoSo tieksmes Iniju ,, TA”. Labaks iekStelpu gaisa relativais
mitrums ir fikséts éka ,,D”, un atbilstoSo liniju ,,D” un tieksmes Iiniju ,, Tp”, kas atrodas uz atzimes 26%.
Siem fiksétajiem datiem ir arT skaidrojums un personala sidzibas par palielinatu telpu atdzisanu no
arsienam, TpaSi véjainos laika apstaklos apkures sezona, ir ka apstiprinajums dotas ékas norobezojoSo
konstrukciju palielinatai gaisa infiltracijas ietekmei no véja spiediena un ara gaisa relativd mitruma
palielinatai ietekmei uz iekstelpu gaisa relativo mitrumu.

Secindjumi par 2.5. attéla atspogulotajam gaisa relativa mitruma linijam éku ,,A”, ,,C” un ,D”
telpas ir Sadi:

1. gandriz visos fiksétajos gadijumos nerenovétai, renovétai un jaunblvétai €kas telpai fiksétais
gaisa relativais mitrums telpas ir zem MK 2009.gada 28.aprila noteikumu Nr.359 ,Darba
aizsardzibas prasibas darba vietas” noteiktas minimalas robezas;

2. nerenovétas ékas ,,A” telpas gaisa relativa mitruma linijas atraSanas vieta, kas ir zem minimali
noteiktd pielaujama gaisa relativd mitruma robezas — 30%, neparprotami norada uz to, ka
iespéjamo renovacijas darbu ietvaros, japaredz arl pasakumi telpu gaisa relativd mitruma
uzlaboSanai I1dz MK 2009.gada 28.aprila noteikumu Nr.359 prasibam;

3. daléji jaunblvétas ekas ,,C” gaisa relativais mitrums atrodas zem noteiktas minimalas robezas,
kas minétas MK 2009.gada 28.aprila noteikumos Nr.359 ,,Darba aizsardzibas prasibas darba
vietds”. Gaisa relativa mitruma mérijumi un fiksacija veikta 88 m? telpa, kas atrodas
jaunbiveétaja ékas dala. Dalgji tas izskaidrojams ar to, ka telpd, kura veikti mérijumi, tika fikséta
art parak augsta gaisa temperatara, kas, savukart, veicinajusi gaisa relativd mitruma zema lIimena
stavokli;

4. renovétas ékas ,,D” gaisa relativa mitruma Iinija un art tieksmes linija Tp atrodas loti tuvu MK
noteikumu Nr.359 prasibam, bet pilda tos tikai dazos gadijumos 22.,24.un 25.februart, kad
Tslaicigi tiek sasniegtas Sadas gaisa relativd mitruma vértibas attiecigajas dienas 33.4%, 35.8%
un 36.0%. Tieksmes linijas vértiba ir 26.0%, kas norada uz to, ka gaisa relativais mitrums telpa
éka ,,D” novérojumu perioda ir neatbilsto§s MK noteikumu Nr.359 prasibam;

5. projektéSanas darbi un éku ekspluatacija ir loti zema, neprofesionala ITment, jo nenodroSina MK
noteikumu ievéroanu;

6. iepriek§ minétie trakumi un neatbilstiba MK noteikumu Nr.359 prasibam, var bat par iemeslu
palielinatam skaitam saslim3anu ar akatam respiratoram slimibdm gan personala, gan bérnu
vidl. BieZa saslimstibas atkarto$anas var veicinat slimibas hroniskumu un hronisku slimibu
progresésanu;

7. jebkura no éku telpdm gaisa relativo mitrumu var palielinat, ierikojot lokalas gaisa mitrinaSanas
ierices.

2.6. attéla atspogulotas novérojumu perioda fiksétas oglskabas gazes koncentracijas Iimenis
telpds. Dabiga fona, jeb oglskabas gazes koncentracijas limenis ara gaisa netika noteikts, jo tas ar
esoSajiem méraparatiem nebija iespéjams. Pienemtais dabigais fons ir ap 420 ppm, kas tika fikséts ka
vidéjais aritmétiskais lielums Riga, Pardaugava, bet citd Rigas rajona tas var bt atSkirigs péc vértibas
lieluma. Pasaulé vidéjais dabiga CO, limenis, ka jau iepriekS minéts, ir 350 — 450 ppm. Linijas ,,C”
mazakas vértibas fiksétas sestdien un svétdien, 26.un 27.februart un ir 431ppm, bet Iijas ,,D” attiecigi
407 ppm naktt uz pirmdienu, 21.februari. Jaatzimé, ka ,,C” p.i.i. €ka atrodas Centra rajona, bet ,,.D”
Vidzemes priek3pilséeta.

Ka jau iepriek3éjas nodalas apskatits, oglskabas gazes koncentracijas ITmenis var bat bistams
cilvéka veselibai, pat navéjoss. Jaatceras, ka ieelpotas oglskabas gazes daudzumi summéjas laika. Ja CO,
koncentracijas ITmenis sasniedz 1000 — 2500 ppm paradas nogurums un miegainiba, nelabvéligu ietekmi
uz veselibu tas atstaj pie 2500 — 5000 ppm, neliela intoksikacija, elpoSanas un pulsa biezuma
palielinaSanas ap 30000 ppm, viss iepriekSminétais un galvassapes ar vieglu nelabumu ap 50000 ppm,
samanas zaudéSana ar iespéjamo letdlo iznakumu ap 100000 ppm. Rekomendéjamais uzturéSanas
diapazons, kas nav kaitigs veseltbai 600 — 1000 ppm (ASHRAE standarti 62-1989). Taja pasa laika 8
darba stundas nekaitigais un vélamais kopéjais daudzums ir 5000 ppm un normals oglskabas gazes
koncentracijas ITmenis darba telpas ir 600 ppm, turpmak attélos, kur atspoguloti oglskabas gazes
koncentracijas ITmeni, Sie robeZlielumi tiks novilkti ka taisne ,,Norm.”, kas atspogulos rekomendéjamo
CO, Itmeni un maksimala CO, koncentracijas robeZa, kad vél nav draudu veselibai — tiks attélota ar taisni
~Max.”.

Apskatamaja perioda ,,C” p.i.i. k& vismazaka oglskabas gazes koncentrécija telpa darba diena,
ir 23.februari. Tad konkrétaja telpad ir vismazak cilvéeku — 11 bérni un 2 audzinatajas. Kopégjais darba
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dienas sanemtais CO, daudzums ir ap 6500 ppm, kas ir loti liels un tuvu bistamibas robeZai, kad paradas
pirmas noguruma pazimes un miegainiba, kuras pavada arT koncentréSanas spéju mazinasanas.
Vislielakais stundas oglskabas gazes koncentracijas ITmenis ir fikséts 24.februart, kas bija 1195 ppm un
jau parsniedz nekaitiguma lIimena maksimalo robeZu.
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2.6. att. Oglskabas gazes koncentracijas ITmenis (ppm) ,,C” un ,,D” éku telpas
Fig. 2.6. Carbon dioxide concentration level (ppm) for buildings ,,C” and ,,D” indoors

1.,,C” - oglskabas gazes koncentracija,,C” €kas telpa / carbon dioxide concentration for the ,,C”
building room;

2.,,D” - oglskabas gazes koncentracija,,D” ekas telpd/ / carbon dioxide concentration in the room of
building ,,D”’;

3. Max. - oglskabas gazes koncentracijas maksimala rekomendéjama robeZza mérenam gaisa kvalitates
ITmenim / maximum recommended limit of carbon dioxide concentration for moderate air
quality; (EN 13779:2005, 2005)

4. Norm. — oglskabas gazes koncentracijas zemaka robeza mérenam gaisa kvalitates ITmenim / lowest
level of carbon dioxide recommended borderline for the buildings indoor with mild air quality.
(EN 13779:2005, 2005).

Ekai ,,D” & linija, kas atspogulo CO, koncentracijas Iimeni 2.6. attéla, parada, ka faktiski visu
darba dienu gan bérni, gan audzinatajas atrodas vidé, kas bistama un kaitiga veselibai, jo vienas stundas
CO, koncentracijas ITmenis parsniedz pat 1500 ppm un trijos gadijumos pat 2000 ppm. Maksimala darba
dienas deva, ko sanem bérni un apkalpojo3ais personals, kas uzturas Sajas telpas, sashiedz 12000 ppm,
kas bérniem jau var radit nelabvéligu ietekmi uz veselibu, bet iepriekSminétais nekaitiguma slieksnis
pieaugudam cilvékam — 5000 ppm, tiek parsniegts 2.4 reizes!

Secinajumi par 2.6. attéla attélotajam CO, koncentracijas daudzumu linijam ,,C” un ,,D”, kas
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1. visos gadijumos fiksétds oglskabas gazes koncentracijas Iimena veértibas to summésanas
gadijuma darba laika, jeb darba dienas lieluma noteik3anas gadijumos, ir virs 5000 ppm sliek3na;

2. labaki oglskabas gazes koncentracijas limena parametri ir ,,C” €ka, jo to fiksétas vértibas
novérojumu perioda neparsniedz 1000 ppm, iznemot 24.februart fiksétaja maksimuma -
1195 ppm;

3. ,D” ékas telpa fiksétie oglskabas gazes koncentracijas ltmena daudzumi ir parsniegusi
maksimala Iimena, nekaitiguma, robezu — 1000 ppm un sasniedz pat véribu 2285 ppm
24.februart (telpa 12 bérni un 2 audzinatajas);

4. ,D” ékas 60m? telpa fiksétie oglskabas gazes koncentracijas limena daudzumi jau ir
klasificéjami ka draudi bérnu un apkalpojosa personala veselibai;

5. ,D” ékas telpa fiksétie oglskabas gazes koncentracijas ITmena daudzumi bija novérSami, atverot
logus uz 10-15min. un tadéjadi dabiga cela veicot telpas ventilaciju;

6. 2.6. attéla atspogulotie fiksétie oglskabas gazes koncentracijas ITmena daudzumi novérojuma
perioda, jo seviski €ka ,,D”, var izraisit bérnos palielinatu nogurumu un miegaintbu, kas mazina
koncentréSanas spéjas;

7. oglskabas gazes koncentracijas limena daudzumu samazindSanai jaizmanto mehaniskas
ventilacijas sisttmas, pieméram, ,,C” éka, vai to neesamibas gadijuma, dabiga ventilacija,
pieméram, ,,D” éka;

8. ,C” éka esosa, bet funkcijas neveicoSa ventilacijas sistéma un ,D” éka neeso$a mehaniskas
ventilacijas sisttmas parada projektéSanas stadijas klldas, kas Kklasificéjamas ka
neprofesionalitate no projektétaja un/vai pasatitaja puses;

9. es08as situacijas normalizéSanai, vismaz ,,D” éka, jaizmanto bieZzaka telpu ventilacija atverot
logus, bet nemot vérad art iepriek3minétos secindjumus, kas doti par telpas gaisa temperatdru,
gaisa relativo mitrumu, ka art palielinato siltuma plasmu caur norobeZojosam konstrukcijam un
novecojoSo apkures sistému, jaizvérté iespéja veikt kvalitativu otrreizéju renovaciju,
pamatojoties uz veicama energoaudita rezultatiem, kas samazinds arl siltumenerdijas gada
patérinus vismaz lidz izstradatam normativam lielumam.

Saja pétijuma, kas tika veikts p.i.i. ,,C” éka tika konstatéts $ads gaisa piesarnojums ar
aldehidiem:  formaldehidi  0.023+0.005mg-m™; acetaldehidi  0.015+0.003mg-m™;  benzoaldehidi
0.004+0.001mg-m’®; propilaldehtdi 0.003+0.001mg-m™ un GOS 0.56+0.11mg-m™. Gridas klajums bija
linolejs, logu ramji — plastikata, mehaniskas ventilacijas sistémas telpa nav.

Secinajumi par telpas gaisa piesarnojumu ir $adi:

péttjuma rezultati parada dazadu kimisko vielu esamibu gaisa;

aldehidu kopéja koncentracija neparsniedz WHO rekomendéto maksimalo robeZu;

GOS piesarnojums ir lielaks nekda WHO rekomendéta maksimala robeZa;

persondlam un bérniem ir pamatotas stidzibas par sliktu gaisa kvalitati telpas;

nepiecieSams samazinat plastmasas un citu sintétisko materialu pielietojums p.i.i. €kas, seviski
interjeram;

iekartas, kas lautu noveérst kaitigo kimisko vielu ietekmi uz bérnu un personala organismiem;

7. puteklu lielais daudzums norada uz elementaru sanitaro normu parkapumu.

agrwdE

S

2.3. Siltuma zudumu vietas eksperimentalaja éka / Locations of heat loss in the
experimental building

Eksperimentalajai ékai ,,C” viena dala jaunblvéta, bet otra dala renovéta. Darbi veikti
2007. gada. Renovétajai dalai tika veikti ékas fasazu siltindSanas darbi un veco logu vieta ielikti pake3u
logi ar plastmasas ramjiem. Kopéjas gridu platibas — 1901 m? siltumenergijas patérind 2008. gada —
645000 kWh ar siltumenergijas izlietosanas intensitati — 339 kWh'm™ Apkalpojo$am personalam
sidzibas par lielam gaisa temperatlras starptbdam daZzadas telpads, jo nav iespéjams regulét apkures
sistémas radiatoru temperatdru. Telpu temperatdru regulé, atverot logus augstas gaisa temperatdras telpas.
Ventilacijas sistémai nav nekadas ietekmes uz gaisa parametru kvalitates izmainam telpas, tapéc to
nelieto.

Ekas ,,C” siltuma transmisijas vietas caur norobezojo3am konstrukcijam ar termokameras
palidzibu tika noteiktas 2012.gada 23.janvari, kad ara gaisa temperatira Riga bija —3.2 °C plkst.11:00 un
-36 °C plkst.14:00, véja virziens: austrumu, 4-8 ms', saskand ar LVGMC lapas
http://www.meteo.Iv/public/26902.html informaciju.

Saja éka, jaunblvétaja un renovétaja dalas, veiktais termografiskais audits, paradija siltuma
zuduma vietas un célonus, un iegatie batiskakie un nozimigakie rezultati ir atspoguloti attélos no
2.7. = 2.30., kur redzami ékas elementu fotoattéli un to termogrammas, kas parada virsmas temperatdras
izmainas, ar novilktam temperataru profillinijam ,,Li 1” un temperatdru mérijsumu apgabaliem ,,Ar 1”.
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2.7. att. Ekas fasades austrumu puse, renovéta
dala
Fig.2.7. Eastern side of the facade of the
building, renovated section

Object Parameter Value
Emissivity 0.96
Object Distance 3.0m
Reflected Temperamre 20.0°C
Atmosphenc Temperamre -4.0°C
Almosphenc Transmission 0.99
Label Value
Lil: Max -6.1°C
Lil: Min -1.6°C
Arl: Max 0.4°C
Arl: Min -9.2°C

2.9. att. Datu tabula
Fig.2.9. Data table
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2.8.att. Ekas fasades termografiskais attéls
Fig.2.8. Thermographic image of the building
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2.10. att. Virsmu temperatdra apgabala ,,Ar 1”

Fig.2.10. Surface temperature in the area ,,Ar 1”

No 2.7. attéla, kur redzams ékas elementa fotoattéls, Iidz 2.10. attélam paradits iegata
termografiska 2.8. attéla datu izklasts. 2.9. attéla redzami iegatie dati. 2.10. attéla atspogulotas ékas
virsmas temperatdras ar procentualo sadalijumu izvélétaja apgabala ,,Ar 1”. No 2.9. un 2.10. attéla
redzams, ka izvélétaja apgabala ,,Ar 1” temperatdras svarstas robezas no —9.2 °C uz sniega virsmas Iidz
+0.4 °C uz ekas pamata plaknes virsmas, kas norada uz ievérojamu siltuma transmisiju caur ékas
pamatiem. Ekas austrumu dalas fasadei nav redzami lieli siltuma zudumi. 1znémums 3aja ékas fasades
dala ir jau minétie siltuma zudumi caur pamatiem un logu ailam.

2.11. att. Ekas fasades dala, rietumu puse,
jaunbave
Fig.2.11. West side of the facade of the newly
erected building

3.1°C

-13.5

2.12. att. Ekas fasades termografiskais attéls
Fig.2.12. Thermographic image of the building facade
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Object Parameter Value =8
Emissivity 0.96 4.5
Object Distance 3.0m P
Reflected Temperawre 20.0°C 3.0
Atmosphenc Temperawre -40°C ;:g
Atmosphenc Transmission 0.99 : 3
Label Value 0:5
Lil: Max 3.0°C 0.0< <
LI],’ '\hﬂ _13 (_ -4 .0 - 2.0 0.0 2.0 4.0
Arl: Max 50°C [Lobel Pesk Min Max Ay
Arl: Min 32 e Art 5.5 32 50 0.2
- — [ Lit 179 33 30 1.2
2.13. att. Datu tabula 2.14. att. Virsmu temperatdra apgabala ,,Ar 1”
Fig.2.13. Data table Fig.2.14. Surface temperature in the area ,,Ar 1”
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2.15. att. Temperatidra uz ékas fasades profillinija ,,Li 1”
Fig.2.15. Temperature on the building facade in profile line ,,Li 1”

No 2.11.attéla, kur redzams ékas jumta elementa fotoattéls ITdz 2.15. attélam paraditi iegata
termografiska 2.12. attéla datu izklasts. 2.14. attéla redzams gaisa temperatdras procentualais sadaltjjums
izvélétaja apgabala ,,Ar 1”. 2.15. attéla redzams temperatlras sadalijums izvélétaja profillinija ,,Li 1”. No
2.14. un 2.15. attéla redzams, ka izvélétaja apgabala ,,Ar 1” temperatdras svarstas robezas no —3.2 °C uz
ekas fasades virsmas lidz +5.5 °C uz ékas jumta apak$éjas dalas virsmas, kas norada uz ievérojamu
siltuma transmisiju caur pédgja stava parsegumu uz béniniem. Ar austrumu virziena véju siltais gaiss tiek
izvadits uz ékas rietumu pusi.

Salidzinot ékas austrumu puses fasades un rietumu puses fasades termogrammas, redzam, ka uz
austrumu fasades termografiskaja attéla novilkta profillinija ,,Li 1”7 temperatira ir robezas no — 6.1 °C
lidz 7.5 °C. Termogramma uz ékas fasades rietumu dalas, kur novilkta profillinija ,,Li 1", kas paradita
2.15.attéla., temperatlras svarstibas uz ékas fasades virsmas ir robezas no -3.3 °C Iidz +3.0 °C.
Temperatiras starpibas uz ékas austrumu un rietumu fasades ir fiksétas robezas no —7.5 °C Iidz +3.0 °C.
Tas nozimé, ka €ka ir gaisa caurlaidiga ar nepietiekamu un/vai nekvalitativu siltinajumu. Tas rada lielus
un nevienmérigus siltuma zudumus ékas telpas, jo Tpasi, véjainos laika apstak|os.

A =9 1.1 °C
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2.16.att. Ekas fasades renovéta dala, rietumu puse 2.17.. att. Ekas fasades termografiskais attéls

Fig.16. Renovated part of the facade of the building, on Fig.17. Thermographic image of the building
the west side facade
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Object Parameter Value ey

Emissivity 0.96 E

Object Distance 30m 1

Reflected Temperamre 20.0°C §

Atmospheric Temperaure -40°C c:.

Atmospheric Transmission 0.99 &

Label Value i : =
Lil: Max -1.9°C : .2.0 .1.0
Lil: Min -46°C ol Poak  Min Mex  Avg
Arl: Max -08°C D 156 44 0.8 3.7
Arl: Min -44°C 1 Lit 100 46 -1.9 -3.7

2.18. att. Datu tabula
Fig.2.18. Data table

2.19.att. Virsmas temperatira apgabala ,,Arl”
Fig.2.19. Surface temperature in the area ,,Ar 1”

o, =
0.0

-0.5

«1.0

«1.5
«2.0

«2.5

-3.0

«3.5

-4.0

.4_5.wr

[abeT

[v]=u

Cursor Wi Max

-4.6 -19

2.20.. att. Temperatdra uz ékas fasades profillinija ,,Li 1”
Fig.2.20. Temperature on the building facade in profile line ,,Li 1”

2.16. attéla paradita ékas renovétds dalas rietumu puses fasades dala. 2.17. attéla redzamaja
termogramma atziméts temperatras mérjjumu apgabals ,,Ar 17 un profillinija ,Li 1”. Attéla skaidri
redzamas siltumizolacijas materiala stiprindjumu vietas, caur kuram ir palielinati siltuma zudumi un kuras
ir tehnologiski nepareizi izveidotas (jabat &etram stiprinajuma vietam uz 0.5m?). 2.18. attéla paradita datu
tabula, kur redzamas temperataras gan ara gaisam, gan arf virmas mazakas un lielakas vértibas apgabala
»Ar 17 un profillinija ,,Li 1”. 2.19. attéla redzams virsmas temperatlras procentualais sadalijums ar
fikséto mazako temperatiru uz fasades apgabala virsmas, kas ir —4.4 °C un augstako § apgabala
temperatdru, kas ir —0.8 °C. Uz termografiska attéla un profillinijas ,,Li 1”7, kas redzama 2.20. attéla
skaidri paradas palielinata siltuma zudumu vieta — loga ailas, kas varétu bat celtniecibas tehnologijas
neievérosanas rezultats. Fikséta temperatdra ir robezas no —4.6 °C Iidz -1.9 °C.

2.21.att. Jaunbaveétais korpuss, gulamistabas
staris

e

2.22 att. Gulamistabas stdra dalas termogramma

Fig.2.22. Thermographic image of the corner of

Fig.2.21. The corner of the sleeping room in the
newly erected block of the building

the sleeping room
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Object Parameter Value by =
Emissivity 096 :g | |
Obgect Distance 30m 4.5 |
Reflected Temper ature 200°C ';:2
Atmospher ic Temperature 200°C 3.04
Atmospheric Transmission 0.99 ;:g:
Label Value 1.51
Til: Max 193°C ol
Lil: Min 150°C 0.0- o
Arl: Max |TJ *C 15.0 16.0 17.0
Arl: Min 149°C bel Peak Min  Max  Avg
®| Art 5.7 149 173 16.1
] Lin 28 150 19.3 17.8
2.23.att. Datu tabula 2.24. att. Virsmu temperatdra apgabala ,,Ar 1”
Fig.2.23. Data table Fig.2.24. Surface temperature in the area ,,Ar 1”
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2.25.att. Temperatura uz gulamistabas sienam profillinija ,,Li 1”
Fig.2.25. Temperature on the building facade in profile line ,,Li 1”

2.21. attéla redzams gulamistabas stlris un 2.22. attéla ta termogramma. Telpas fikséta
temperatira redzama 2.23. attéla un ta ir +20.0 °C. Izvéléta apgabala ,,Ar 1” temperatiras sadalijums
redzams 2.24. attéla un ir robezas no +14.9 °C Iidz +17.3 °C. Temperatras svarstibas profilliija ,,Li 1”
paraditas 2.25. attéla un ir robezas no +15.0 °C lidz +19.3 °C. Telpas stari ir ievérojams virsmas
temperatiras samazinajums Iidz +15.0 °C. Salidzinot to ar gaisa temperatdru telpa, ta ir par 5 gradiem
zemaka, un Seit var veidoties peléjums paaugstinata mitruma iespaida.

———y

21.8°C

\_A

D 15.7
2.26. att. Renovétais korpuss, rotalu telpa 2.27. att. Telpas sienas un griestu termogramma
Fig.2.26. Renovated block of the building, Fig.2.27. Thermogram of the room wall and

playroom ceiling
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Object Parameter Value
Emissivity 0.96
Object Distance 1.0m
Reflkected Temperaure 20.0°C
Atmosphenc Temperatwre 20.0°C
Atmosphenc Trammission 0.99
Label Vaue
Lil: Max 17.6°C
Lil: Min 15.7°C e e e
Arl: Max 18.4 °C el Posk™ Wn Wex g
Arl: Min 5.7 °C 2l Art By, Smw e S
[ It ] 15.7 & 6
2.28. att. Datu tabula 2.29. att. Virsmu temperatdra apgabala ,,Ar 1”
Fig.2.28. Data table Fig.2.29. Surface temperature in the area ,,Ar 1”
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2.30. att. Temperatira uz telpas sienas un griestiem profillinija ,,Li 1”
Fig.2.30. Temperature on the building facade in profile line ,,Li 1”

2.26. attéla redzama renovéta korpusa telpas arsienas, starpsienas un griestu dala un 2.27. attéla

tas vietas termogramma. Termogramma un 2.28 un 2.29 attélos skaidri redzamas temperatiras starpibas
uz starpsienas, arsienas un griestu virsmas, kas sastada pat 4.5 °C Iidz 5.0 °C diferenci ar telpas gaisa
temperatdru. Griestu pievienojuma vieta ar arsienu temperatra, kas atrodas apgabala ,,Ar 1”, fikséta
robezas no +15.7 °C lidz +18.4 °C un redzama 2.28. un 2.29. attéla. 2.30.attéla redzamas temperatiiras
izmainas uz profillinijas ,,Li 1” un ir robezas no +15.7 °C Iidz +17.6 °C.

Secindjumi par p.i.i. ,,C” ékas, jaunbOvétaja un renovétaja dalas, veikto daléjo termografisko

auditu, kura rezultati paraditi no 2.7. attéla Iidz 2.30. attelam par norobeZojo3ajas konstrukcijas
noteiktajam siltuma zuduma vietam un céloniem, ir $adi:

1.

o

renovétaja dala sienu siltinaSanai pielietotais siltumizolacijas materials dod siltumenergijas
resursu ietaupijumu, uz ko norada zemakas, tuvas ara gaisa temperatdrai, fasazu sienu virsmu
temperataras;

jaunbivétaja dala ara sienas pielietotais materials, FIBO bloki bez papildus siltumizolacijas
materiala, ir ar lielu siltuma caurlaidibu un tadéjadi rada lielus siltuma zudumus ékas telpam;
visa éka, veicot logu nomainu un iebavi, nav ievérota logu iebdves tehnologija, tapéc loga ramju
un sienu savieno$anas vietas ir ar loti lieliem virsmas temperatiru, pat lidz 5.0 °C,
pazeminajumiem, veidojot 3ajas vietas papildus siltuma zudumus;

starpstdvu parseguma un arsienu savienojuma vietas (atbilstou siltindSanas materialu
neesamiba) ir izveidotas ta, ka Sajas vietds ir palielinati siltuma zudumi, uz ko norada
pazeminatas virsmu temperatdras telpas;

ékas bénini nav atbilstosi nosiltinati, un tapéc veidojas loti lieli siltuma zudumi;

ékas stari (siltinaSanas materialu neesamiba) nav izveidoti atbilstoSi prasibam, tapéc ari tie ir ar
pazeminatam virsmu temperatram un attiecigi palielinatiem siltuma zudumiem.

2.4. Pétijuma datu statistiska analize / Statistical analysis of research data

1.2. attéla izveidota regresijas Iinija no skolu un p.i.i. éku gridu platibu (m?) un siltumenergijas
gada patérina (MWh) variéSanas raditajiem ir ar vienddojumu ¥, = 0.09x + 183.05. 2.3., 2.4. un 2.5.
tabulas paradtti datu analizes rezultati.
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Regresijas linijas statistiskie raditaji
Statistical indicators of the regression line

2.3. tabula/ Table 2.3.

Raditaju nosaukums / Indicator designation Radrtaji / Indicators
Iy (korelacijas koeficients) / ry., (correlation coefficient) 0.89
R? (determinacijas koeficients) / R? (determination
L 0.79
coefficient)
Syx (standartkltda) / Sy (standard error) 144.18
Paru skaits, n / Number of pairs, n 299

No 2.3. tabulas redzams, ka regresijas ITnijas korelacijas koeficients r = 0.89 un determinécijas
koeficients R? = 0.79, kas norada uz cie3u linearu sakaribu starp pazimém.

Regresijas linijas F testa rezultati
Regression line F test results

2.4. tabula / Table 2.4.

Raditaii / Brivibas

In dicatjo rs pakapes / SS MS F p—vértiba / p- value
Freedom levels

Egg;gzgﬂ 1 22949290.66 22949291 1103.92 4.7692E-102

'S‘;Lfi';‘fj’:a/ 297 6174299.11 20788.89

Kopa / Total 298 29123589.77

No 2.4. tabulas redzams, ka regresijas Iinijas F testa p vértiba ir 4.7692°10"

192 un ta ir mazaka par

batiskuma ITmena vértibu: 4.7692°107% < 0.05, kas norada, ka starp pazimém pastav lineara sakariba pie
pienemtas varbatibas P = 95%.

2.5. tabula / Table 2.5.

Regresijas vienadojuma koeficienti un tos raksturojosie lielumi
Regression equation coefficients and their characteristic values

Koeficienta 95% ticamibas intervals / 95%
Raditaii / Indicators veértibas / Standartklada / p—vértiba / Kre:::;taln interval
! Coefficient Standard error p - value N Laba robeza /
robeza / Left - o
values limi Right limit
imit
Brivais loceklis / 183.05 13.156 3.132E-34 157.16 208.94
Free member (by)
Virziena koeficients
/ Direction 0.09 0.002 4.77E-102 0.09 0.10
coefficient (b,)

2.5. tabula redzami regresijas vienadojuma koeficienti un nosakams regresijas vienadojums:
¥, =183.05 + 0.09x;.

Virziena koeficienta 95% ticamibas intervala vértibas $aja gadijuma ir Sadas: 0.09 < (; < 0.10,
kas nozimé, ka siltumenergijas patérina faktors ir batisks, ar varbatibu 95%.

2.5. GOSPIL un ekonomiska izvértejuma metodika / GOSPIL and metodology of
the economic evaluating

Kopa ir 143 p.i.i. éku siltumenergijas izlieto$anas viena gada dati, t.sk. 32 nerenovétu éku un 111
renovétu vai jaunbivétu éku. Kopéjas visu p.i.i. éku gridu platibas sastada 248 923 m? kopéja 3o éku
izlietota siltumenergija 2008.gada bija 53 102 920 kWh. 111 renovéto p.i.i. éku kopéjas gridu platibas ir
17 866 m2 ar kopéjo izlietoto siltumenergiju 40 328 MWh (dati no 2.2. tabulas). Vidé&ja renovéto un
jaunbivéto p.i.i. eku siltumenergijas izlietosanas intensitate 2008.gada ir 224 kWh-m™. No 2.3. attéla
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izvélos divu nerenoveéto p.i.i. éku datus: viena, kas atrodas zem tieksmes ITnijas un 81s ékas gridu platibas
ir 1 605 m? ar kopéjo gada izlietoto siltumenergijas daudzumu 269 000 kWh, jeb siltumenergijas patérina
intensitati 168 kWh-m™ un otras nerenovétas p.i.i. ékas ar kopéjo gridas laukumu platibu 1920 m? un
gada izlietoto siltumenergijas daudzumu 456 000 kWh, jeb siltumenergijas patérina intensitati 238
kWh-m™. So divu p.i.i éku gridu platibas ir vistuvak vidéjam raditagjam — 1741 m?. Interpolacijas cela
nosaka virtualas ékas (vidéja raditaja) siltumenergijas patérina intensitati no divam nerenovétajam p.i.i.
ékam ar vistuvak eso$am gridu platibam. Ta ir 198 kWh-m™. 2008.gada A/S ,Rigas Siltums”
siltumenergijas tarifs vislielakais bija decembri — 44.89Ls-(MWh)™ + PVN. Vadoties péc Siem skaitliem,
art veikts aprékins, kas apkopots 2.6. tabula par Sada veida renovacijas un bavniecibas darbu ekonomisko
izdevigumu.

2.6. tabula / Table 2.6.
Pirmsskolas izglitibas iestazu ékas veikto renovacijas darbu ietekme uz siltumenergijas resursu
izlietoSanas samazinasanu
Impact of the renovation works performed in the day-care centre buildings on the reduction in use of
thermal energy resources

1741 m? virtuala
éka (videja radrtaja

Nosaukums / Desianation 1 605 m® éka / 1920 m? éka / éka) / 1,741 m?
9 1,605 m? building 1,920 m? building virtual building
(average indicator
building)

Siltumenergijas izlietoSanas intensitate
( kWh'm™) / Intensity of thermal energy 168 238 198
use (KWh'm™)

Renovéto eku siltumenergijas
izlietoSanas intensitates raditajs
(kwWh'm™) / Intensity index of thermal 224
energy use for renovated buildings
(kWh'm?

Siltumenergijas izlietoSanas
intensitates starpiba (kWh'm™) /

Intensity difference of thermal energy use 56 14 26
(kWh'm2)

Maksimalais 2008.gada tarifs, bez PVN

(Ls'(kWh)™) / Maximum tariff of 2008, 44.89:107

VAT excluded (LVL'(kWh)™)
letaupTjums no siltumenergijas
izlieto3anas intensitates samazinasanas
uz telpas m? (Ls)/ Economy from -2.51 0.63 -1.17
intensity reduction of thermal energy use
per m? of the room (LVL)

Renovécijas darbu izdevumi uz telpas m?
(Ls) / Costs of renovation works per m? 20-30
of the room (LVL)

Kopéjie renovécijas darbu izdevumi (Ls)/
Total costs of renovation works per m? of 32100-48 150 38 400-57 600 34 820-52 230
the room (LVL)

Siltumenergijas resursu ietaupTjums gada
2008.gada decembra cena (Ls)/ Economy
of thermal energy resources per annum, -4 028.55 1209.60 -2 036.97
according to the price of December 2008
(LVL)

Atmaksasanas laiks (gadi)/Recoupment
period (years)

Nav / Nonexistent 31.8-47.6 Nav / Nonexistent

Piezime: samazinoties siltumenergijas tarifam, atmaksasanas laiks proporcionali palielinas. / Note: when
the thermal energy tariff reduces, the recoupment period increases proportionally.

No 2.6. tabulas redzams, ka $ada veida veiktie renovacijas darbi (logu nomaina neievérojot

ieblves tehnologiskas prasibas, bez pilnigas ékas norobezojoso konstrukciju siltinaSanas, ievérojot
tehnologiskas prasibas, bez apkures sistémas un siltummezgla renovacijas, ka arT bez energoefektivas
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ventilacijas sistémas iertko3anas) nav saimnieciski izdevigi pasdtitdjam, jo Sada veida bivdarbi rada
zaudéjumus vai art atmaksajas loti ilga laika, kas virtualas ekas gadijuma ir 31.8-47.6 gadi.

Kadi optimizacijas pasakumi batu javeic, lai nodroSinatu Tsu blvdarbu izmaksu atmaksasanas
laiku uz éku siltumnoturibas palielinaSanas rékina?

Vispirms jasakarto tiesiska atbildiba tam bdvnieciba iesaistitajam pusém, kuras veic
nekvalitativu darbu. Ja tiek pielauta batiska kltda, kuras rezultata netiek sasniegti projektétie kritériji vai
pasititaja nekompetences dél tiek pielauta batiska klida projektéSanas stadija, bavuzraudziba nepilda
savas funkcijas, atbildigie un vainigie ir atbrivojami no iespéjas turpmak piedaltties blvniecibas procesa.
Paslaik Latvija nav sakartotibas bavniecibas sféra.

Bavniecibas process batu jauzrauga kompetentiem specialistiem no valsts parvaldes puses, par
ko arT viniem janes atbildiba, vismaz par katru padvaldibas vai valsts iestades finansétu blvniecibas
objektu.

Svariga ir valsts parvaldes puse, jo visus ES un Padomes attiecigas direktivas bavniecibas joma
pienem Latvijas valsts un ir par to izpildi arT atbildiga. Pieméram, valsts méroga normativie akti un
Eiropas Parlamenta un Padomes Direktiva 2010/31/ES par éku energoefektivitati (iepriek§ — Eiropas
Parlamenta un Padomes Direktiva 2002/91/EK par éku energoefektivitati).

Optimizacijas algoritma uzdevums ir: noteikt optimalas siltumenergijas patérina maksimalas
robezas ékam, atkaritha no to gridu platibam (pie noteikuma, ka telpu apkures sistémas ir bez gridu
apsildes). Tas atspogulots 2.31. attéla ,,Gada patérétas siltumenergijas intensitates optimizacijas ITnija”,
kur no vairakam krustojosam taisném: N; — p.i.i., N; — skolas, N-100 un N-90 ir izveidota GOSPIL -
gada patérétas siltumenergijas intensitates optimizacijas ITnija.
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2.31. att. Gada patérétas siltumenergijas intensitates optimizacijas Iinija (GOSPIL)
Fig. 2.31. Annual thermal energy consumption intensity optimisation line (GOPIL)

N.t.—skolas - siltumenergijas patérina ITnija skolu ékam (y = 0.07x+40.64), ievértéjot normativo aktu
prasibas / thermal energy consumption line for school buildings (y = 0.07x+40.64) in
accordance with legal acts;

N.t.—p.i.i. — siltumenergijas patérinalinija p.i.i. ékam (y=0.07x+74.49), ievértéjot normativo aktu
prasibas / thermal energy consumption line for day-care centre buildings
(y = 0.07x+74.49) in accordance with legal acts;

N-100 — siltumenergijas patérina Iinija pie intensitates 100 kWh'm™ gada / N-100 — normative
straight line at a thermal energy consumption intensity of 100 kWh'm™ per annum;

N-90 — siltumenergijas patérina Iinija pie intensitates 90 kWh'm™ gada / N-90 — normative
straight line at a thermal energy consumption intensity of 90 kWh'm™ per annum;

GOSPIL — gada patérétas siltumenergijas intensitates optimizacijas Iinija / Annual thermal energy

consumption intensity line.
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2.32. attela paradita GOSPIL ar tas Cetriem veidojoSiem posmiem:
0-1 punktu intervala taisnes vienadojums: yo.; = 0.11x-1.67;

1-2 punktu intervala taisnes vienadojums: y;., = 0.09x+21.67;
2-3 punktu intervala taisnes vienadojums: y,.; = 0.07x+93.00;
3-4 punktu intervala taisnes vienadojums: y;., = 0.07x+116.37.

POONE

So posmu vienadojumi atspogulo maksimalos siltumenergijas patérinu lielumus un kritisko
punktu koordinates ar to vértiham, kur mainas vienadojumu matematiskas izteiksmes.

1200 -
g x, = 14000
= y, = 1033
2 1000 - ¢ 4
o
1S
>
2
3
>
S 800 -
2
(<5}
®
£
o . =0.07x+116.37
ﬁg 600 - Y34 = 0.07x+116.3
~E
[[3+]
85
=2
S 400 -
@
o
2
5
5
é 200 -
E
=
0 Yo =30

0 2000 4000 6000 8000 10000 12000 14000
Gridu platibas /Floor areas (m?)

2.32. att. GOSPIL posmu vienadojumi un kritisko punktu koordinates
Fig.2.32. Link equations and coordinates of critical points of the annual thermal energy consumption
intensity optimisation line

No 2.31. attéla redzams, ka GOSPIL sadalijums Cetros posmos, kas izdalita atseviski un paradita
2.32. attéla, veidojas no Sadu taidnu krusto3anas:
1.posms — &ku gridu laukumi ir no 300 m? lidz 2100 m? taisnes Yo, = 0.11x-1.67 sakums ir

N-100 (N-90) taisnes sakums un ar nelielu pieaugumu uz Y ass ta turpinas nesasniedzot N.t.—p.i.i. taisnes
vértibas Iidz x = 2100. Taisnes sakotnéja vértiba uz X ass ir 300 m?, jo minimala gridu platiba p.i.i. ékam
veikta pétijuma ietvaros ir 331m>.

2.posms — &ku gridu laukumi ir no 2100 m? Iidz 3000 m?, taisnes y;, = 0.09x+21.67 stavoklis
pret x asi ir ar nedaudz lielaku lenki, ka 1.posmam un beigu punkts ir taisnes N— 100 un N.t.—p.i.i.
krusto3anas vieta.

3.posms — éku gridu laukumi ir no 3000 m? Iidz 4500 m?, taisnes y,; = 0.07x+93.00 beigu
punkts uz X ass ir taisnes N.t.—p.i.i. krustoSanas vietas ar taisni N-90 sakums un maksimalais gridu
laukums p.i.i. ekam (pétijuma konstatétais maksimalais gridu laukums p.i.i. ékam ir 4464 m?).

4.posms — éku gridu laukumi ir no 4500 m® Iidz 14000 m? taisnes ys, = 0.07x+116.37 beigu
punkts ir lielaka gridu laukuma veértiba — 14000m? (pétijuma konstatétais maksimalais gridu laukums
skolu &kam ir 13393 m?). Sis posms GOSPIL linijai atrodas starp taisném N.t.—p.i.i. un N.t.—skolas.

Tatad, rezuméjot visu iepriek$éjo, var teikt, ka GOSPIL linija ir ierobeZota no pétijuma
rezultatos iegatajam p.i.i. un skolu éku normativajam tieksmes linijam, kuras, attiecigi, ir kd maksimalas
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un minimalas robeZas. Pétljuma rezultata iegitas p.i.i. éku gridu laukumu maksimalas vértibas ir ka
laizuma punkts GOSPIL Iinijai, un péc x vértibas 4500 m? GOSPIL Iinija lineara sakariba tiecas uz taisnes
N.t.—skolas maksimalo vértibu uz x ass —14000 m?. Turklat, GOSPIL linija atbalsta Eiropas Parlamenta
un Padomes Direktivu 2010/31/ES par éku energoefektivitati (iepriek§ ar1 Eiropas Parlamenta un
Padomes Direktivu 2002/91/EK par éku energoefektivitati).

2.7. tabula / Table 2.7.
Pirmsskolas izglitibas iestazu éku renovacijas darbu ietekme uz siltumenergijas resursu izlietoSanas
samazinasanu ievérojot optimizacijas planu
Day-care centres building renovation works on the thermal energy reduction of the use of resources
under the action plan

1741 m? virtuala eka
(videja radrtaja eka) /
1,741 m? virtual
building (average
indicator building)

1 605 m? éka / 1920 m? éka / 1,920 m?

Nosaukums / Designation 1,605 m? building building

Siltumenergijas izlietoSanas
intensitate

( kWh'm)/Intensity of thermal
energy use (KWh'm™2)

Renovéto eku siltumenergijas
izlietoSanas

intensitates raditajs

( kWh'm™) /Intensity index of
thermal energy use for renovated
buildings (kWh'm™)
Siltumenergijas izlietoSanas
intensitates starpiba

( kWh'm™) /Intensity difference of
thermal energy use ( KWh'm™)
Maksimalais 2008.gada tarifs, bez
PVN (Ls' (kWh)™)/ Maximum tariff
of 2008, VAT excluded

(LVL (kwh)™)

letaupTjums no siltumenergijas
izlieto3anas intensitates
samazinasanas uz telpas m? (Ls)/
Economy from intensity reduction
of thermal energy use per m? of the
room (LVL)

Renovacijas darbu izdevumi uz
telpas m? (Ls)/ Costs of renovation 50-70
works per m? of the room (LVL)
Kopéjie renovécijas darbu
izdevumi (Ls)/ Total costs of
renovation works per m? of the
room (LVL)

Siltumenergijas resursu ietauptjums
gada 2008.gada decembra cena
(Ls)/ Economy of thermal energy 4 895.25 11 884.80 7 660.40
resources per annum, according to
the price of December 2008 (LVL)
AtmaksaSanas laiks
(gadi)/Recoupment period (years)

168 238 198

100

68 138 98

4489107

3.05 6.19 4.40

80 250-112 350 96 000-134 400 87 050-121 870

16-23 8.1-11.3 11.4-15.9

Piezime: samazinoties siltumenergijas tarifam, atmaksasanas laiks proporcionali palielinas. / Note: when
the thermal energy tariff reduces, the recoupment period increases proportionally.

GOSPIL Iinija (maksimalie siltumenergijas patérina daudzumi) adaptéjama jebkurai publiskai
ékai Latvija, nosakot tas maksimali pielaujamo siltumenergijas patérina intensitati, jo pétijuma rezultata
iegtie dati balstiti uz paslaik spéka esoSiem normativajiem aktiem un pétijuma veikta p.i.i. un skolu éku
siltumenergijas izlietojumu analizes rezultatiem, un $1s éku grupas ir vienas no visprasigakajam péc
atbilstoSa iekstelpu mikroklimata, tatad arT energijas patérina.
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Siltumenergijas izmantoSanas efektivitates paaugstinasanai izveidotd GOSPIL linija ir izveidota
uz Rigas pilsétas 2008.gada meteorologisko datu bazes (apkures sezonas vidéja temperatira bija +3.8 °C,
garums 207 dienas). Datu ieguSanai katra konkrétaja gada javeic parrékini saskana ar MK noteikumiem
Nr.39 no 13.01.2009., ,,Ekas energoefektivitates aprékina metode™:

Q=Q.-GDD,-(GDD)™* .1)
kur / where:
Q — koriggjosais energijas patérins (Wh) / correcting energy consumption;
Q: — energijas patérin$ novérojuma perioda (Wh) / energy consumption (Wh) during the

observation period,;

GDD; - normativais gradu dienu skaits / normative number of degree days;

GDD - gradu dienu skaits novéroSanas perioda / number of degree days during the
observation period.

GDD; = Dnapk.-(Tl_TZ) (2.2)
kur / where:
Dk — NOrmativais apkures dienu skaits saskana ar LBN 003-01 ,,Bavklimatalogija” / norms
of heating days in accordance with LBN 003-01 ““Construction Climatology’’;
T, — iekstelpu temperatira novérosanas perioda (°C) / indoor temperature during the
observation period (°C);
T, — vidéja ara gaisa temperatira saskana ar LBN 003-01 ,,Bavklimatalogija” (°C) /

average outdoor air temperature in accordance with LBN 003-01 “Construction
Climatology™.

GDD = Dapk.'(Tl—Tg) (23)
kur / where:
GDD - gradu dienu skaits novéroSanas periodd / number of degree days during the
observation period,;
T, — iekstelpu temperatira novéro$anas perioda (°C) / indoor temperature during the
observation period (°C);
Ts — faktiska vidéja ara gaisa temperatira novérodanas perioda (°C) /actual average

outdoor air temperature during the observation period (°C).

Siltumenergijas izlietoSanas intensitati konkrétaja gada pec RTU izstradatas metodologijas:

Gst=apk. =+ Ghea 5~ (KWh-mgada) (24)
kur / where:

Ost — standartizétais siltuma patérins, kwh-m gada / standardised thermal consumption
kWh-m;

Clapk. — izmértais faktiskais gada Tpatnéjais siltuma patérin$ apkurei, kWh-m gada/measured
actual annual specific thermal consumption for heating, KWh-m™ per annum;

Ok.a. — izméritais faktiskais gada Tpatnéjais siltuma patéring karstam tdenim, kWh-m™ gada /
measured actual annual specific thermal consumption for hot water, kWh-m™ per
annum;

Gt — gradudienu skaits standarta gada / number of degree days per standard year;

G — gradudienu skaits analizéta gada / number of degree days per analysed year;

A — pilna apkurinata platiba, m#/full heated area, m?;

30 — vienadots apdzivotibas Iimenis, mz-cilv* / unified population density
level, m2-person™;

n — faktiskais cilvéku skaits €ka, cilv./actual number of persons in the building, persons.
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Eku energosertifikacijas klasifikacija

Energy certification classification of buildings

2.8. tabula / Table 2.8.

Ekas energoreitinga klasifikacija
(RTU Siltuma, gazes un tdens
tehnologijas institats)/ Energy

Energijas markéjums (RAMB@LL, Danija) / Energy marking (RAMB@LL,

rating classification of the building Denmark)
(RTU Heat, Gas and Water
Technology Institute)
Standartizétais
siltuma patérind
Siltuma (intensitate) - . CO;
atérina (kWh-m2)/ Apkure Udens Elektroenergija izmesi
paterin . Marka/ kwh-m?/ | (m*m?)/ (kwh-m?)/ | (kgm?)/
klase/Heat Standardised Brand Heati W Electri co
consumption heat ran eatlng2 3ater2 ectric emzergy CO,
. (kWh-m™) (m>m™) (kWh-m™) emissions
class consumption (kg-m?)
(intensity) g
(kwh-m™)
A 0-95 0.0-0.6 0.0-126 0.0-17.0
Zelta sertifikats 170 -
/Golden <109 B 95-111 0.6-0.7 12.6-15.8 i
L 256
certificate
Sudraba 256 —
sertifikats/Silver 109.01 - 130 C 111-126 0.7-0.8 15.8-19.0 34'1 1
certificate )
A (teicami) 130.01 - 145 D 126 - 143 08-1.0 19.0-22.1 34‘11216—
B (loti labi) / 42.6 -
B (very good) 145.01 - 177 E 143 - 159 10-11 22.1-253 511
51.1-
F 159 - 175 11-13 25.3-28.4 597
C (Labi) / 59.7 -
C (good) 177.01 - 208 G 175-190 13-1.4 28.4-31.6 68.2
. 68.2 —
H 190 - 206 14-15 31.6-34.8 76.7
D (Viduveji) / 76.7 -
D (Average) 208.01 - 240 | 206 — 222 15-17 34.8-37.9 852
85.2 —
J 222 -238 17-1.8 379-41.1 93.8
E (Slikti)/ 93.8 -
E (Poor) 240.01 - 276 K 238 - 254 1.8-2.0 41.1-44.2 1023
102.3 -
L 254 - 270 20-21 442 -47.4 110.8
F (l.oti slikti) / > 276.01 M > 270 >21 >47.4 >110.8

F (Very poor)

Piezime. Tabula veidota péc: Zeltind N., 2006., Energijas izmanto$anas efektivitates paaugstinasana un
kaitigo izmeSu samazinasana. / Note. The table has been created according to: Zeltin§ N., 2006, Energy

use efficiency improvement and reduction of harmful emissions.

Ekas energoefektivitates klasi pirms renovacijas darbu veiksanas nosaka péc kas energoaudita
veikSanas saskana ar MK noteikumiem no 13.01.2009. Nr.39 ,,Ekas energoefektivitates aprékina metode".
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2.9. tabula / Table 2.9.
GOSPIL ¢etru intervalu Tpatnéjie siltumenergijas patérina (intensitates) lielumi un to klasifikacijas
kategorija apkurei un karsta Gdens sagatavoSanai
Specific thermal energy consumption (intensity) values of the GOSPIL(annual thermal energy
consumption intensity optimisation line) four intervals and their classification category for heating
and hot water processing

Noveértéjums saskanad ar RTU
x (m?) y (kWh) q (kWh'm™) klasifikaciju/Assessment according to RTU
classification

300 30000 100 Zelta sertifikats/Golden certificate
2100 220000 105 Zelta sertifikats/Golden certificate
3000 305000 102 Zelta sertifikats/Golden certificate
4500 411000 91 Zelta sertifikats/Golden certificate
14000 1033000 74 Zelta sertifikats/Golden certificate

Energoefektivitates palielindSanas projektu ekonomiskais novértéjums ir batisks faktors, lai
nodroSinatu finanSu ieguldiSanu dzivotspéjiga pasakuma. Tapéc ar1 optimizacijas algoritma metodikas
izstradaSana efektivitates nodroSinasanai ir svariga un nozimiga.

Optimizacijas algoritma ekonomiskais novértéjums sastav no tris kritérijiem:

1. atmaksa3anas laika;
2. atlikusas veértibas;
3. iek3gejas atmaksasanas likmes.

Pie éku renovacijas janosaka kopéja paredzéta siltumenergijas ekonomija — E (kWh), bet
jaunajiem projektiem kopéjais paredzétais siltumenergijas patérinS. Ka nakama ir janosaka pelna no
ekonomijas gada — P (€), kuru iegdst no planota izlietojama siltumenergijas daudzuma — Q (kwh) un
cenas reizindjuma — ¢ (€-kwh™) / profit from economy per year — P (€), which is derived from the
planned amount of usable thermal energy — Q (kWh) and the price product — ¢ (€-kwh™)

P=Qc () (2.5)

Tad janosaka projekta atmaksasanas periods — AP (gadi), kuru ieglst kopéjo kapitalieguldijumu
dalot ar pelnu no ekonomijas / project recoupment period — AP (years), which is obtained by dividing the
total capital investment by the profit from economy

AP = K;-P(gadi) (2.6.)

lek3gjas atmaksasanas likmes — IAL aprékinaSanai jaizveido tabula analoga 2.10. tabulai un
javeic nepiecieSamie aprékini / For the calculation of the internal rate of return (IRR), a table should be
drawn analogous to table 3.9 and the necessary calculations should be made.

2.10. tabula / Table 2.10.

Naudas plismas realizacija
Cash flow realisation

Gads/Year 0 n n+1 n+2 n+x
Izejosa naudas plasma,
kapitalieguldijums
projekta realizacijai, Ki
(€)/Outgoing cash flow, | —Ki 0 0 0 0
capital investment for
project realisation, Ki
(€)
lenako3a naudas
pldsma, pelna no

ekonomijas gada P '
(€)/Incoming cash flow, 0 Qe Qe Qc Qc
profit from economy
per year P (€)
Neto naudas plisma = 0 Qc Qc Qc Qc
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2.10. tabulas turpinajums / Table 2.10. continued

Gads/Year 0 n n+1 n+2 n+x
P (€) /Net cash flow =
P (€)
Diskonta faktors (DF)
pie pienemtas diskonta
likmes/Discount factor
(DF) at the accepted
discount rate
Naudas plasma pie
pienemtas diskonta
likmes, diskontéta
naudas plasma — DNP
(€)/Cash flow at the
accepted discount rate,
discounted cash flow —
DNP (€)

D FO:

10 | DF=L0DL™ | DFqy=DFyDL™ | DFpp= DFpuy DL | DF(rux-y=DFnix DL

- Ki P'DF, P DFni P'DFp. P DFqixa

Piezime: n — aprékinos pienemtais periods n =1gads / Note: n - the period assumed in calculations
n =1 year;
n+x — pédejais aprékinos pienemtais gads/n + x — the last year assumed in calculations

AtlikusT véertiba — AV ir DNP summa parskata perioda pie pienemtas diskonta likmes / Net book
value AV — is the amount of discount rates for the reporting period:

AV = P'DF, + P'DFpuy+ P'DFqig* ... + P'DFu s (€) (2.7)

Ja pie aprékinos pienemtas diskonta likmes AV ir pozitivs skaitlis, tas nozimé, ka javeic
atkartots aprékins, paaugstinot diskonta likmes procentus, jo AV vértibai jabdt negativai vai pozitivas
vértibas gadijuma 1AL ir jablt mazakai par 10%.

Katrai alternativai ir iespéjams noteikt kopéjas izmaksas integréta veida, rezultata gastot reéalas
izmaksas, nepiecieSamas projekta TstenoSanai. Tacu Sos kopéjos ir diezgan grati interpretét, TpaSi kad tiek
pétitas komplicétas alternativas. Tas pats attiecas uz gadijumu, kad jasalidzina efekti. Vienkarsi summéjot
visas izmaksas vai izrékinot vidéjas gada izmaksas nevar gt informaciju par to, kad S1s izmaksas bus
javeic.

Visparpienemts cel$, ka apiet So problému, ir diskontéSana, kas sniedz visu nakotnes izmaksu vai
labumu tagadéjo verttbu. Diskonté3anas rezultats ir naudas plismu noteiktajos gados noveSana pie kada
bazes gada. Tam izmanto diskonta faktoru, ko var izteikt ka:

DF =1-(1+p)™ (2.8.)
kur / where:
DF - diskonta factors / discount factor;
p - diskonta koeficients (procentos) / discount coefficient (as a percentage);

n — gads, kurd izmaksas tiek veiktas, attieciba pret bazes gadu / the year in which the costs are
made in relation to the base year.

2.11. tabula paraditi diskonta faktori pa gadiem atkariba no diskonta likmes.

2.11. tabula / Table 2.11.
Diskonta faktori

Discount factors

Gadi/ Diskonta likme / Discount rates (%)
Years 5 6 7 8 9 10 11 12 13 40
1 0.952 | 0.943 0.935 0.926 0.917 0.909 | 0.901 0.893 0.885 0.714
2 0.907 0.890 0.873 0.857 0.842 0.826 | 0.812 0.797 0.783 0.510
3 0.864 0.840 0.816 0.794 0.772 0.751 | 0.731 0.712 0.693 0.364
4 0.823 | 0.792 0.763 0.735 0.708 0.683 | 0.659 0.636 0.613 0.260
5 0.784 | 0.747 0.713 0.681 0.650 0.621 | 0.593 0.567 0.543 0.186
6 0.746 | 0.705 0.666 0.630 0.596 0.564 | 0.535 0.507 0.480 0.133
20 0.377 0.312 0.258 0.215 0.178 0.149 | 0.124 0.104 0.087 0.001
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Pieméram, diskonta faktors izmaksam, kas notiks tre$aja gada ir (ar diskonta koeficientu 5%) /
For example, a discount factor for costs to be incurred in the third year (with a discount coefficient of
5%) shall be:

DF=1-(1+p)™ = 1-(1+0.05)° = 0.8638 = 0.864 (2.9

Tatad, 100 000 €, kas ir jaiztére 3. gada, atbilst diskonta vértibai 88 400 € bazes gada. /
Consequently, €100,000 to be spent during the 3rd year, is equal to the discount value of €88,400 in the
base year.

Svarigs jautajums ir kadu diskonta koeficientu izmantot. Tas ir liela méra atkarigs no projekta
ierosinataja. Pieméram, Holandes valdibas noteikts diskonta koeficients valdibas projektiem ir 5%. Sis
procents ieklauj starpibu starp banku procentu likmém un inflaciju. Tads procents izmantojams valstis ar
augstu inflacijas Iimeni, jo tad arT procentu likmes bas augstas. Procents ir universals un ir ,bez riska”.
Universals nozimé to, ka 3is procents varétu nesvarstities atkariba no starpibas projektu dzives cikla un no
cenu un veértibu relativam izmainam, bet ,.bez riska” nozimé to, ka tas neietver riskus, kas piemrt
alternativu Tsteno3anai.

Alternativas finansé3anas veids var izraisit noteiktus efektus. So efektu noteik3anai, jaizanalize,
ka mainas izmaksas.

SECINAJUMI

1. Peétijums ir zinatniski nozimigs, jo batiski tiek papildinata bavniecibas jomas pétijumu baze un ir
pirmais Latvija, kurd siltumenergijas resursu izlietojums paSvaldibu publiskas ékas salidzinats un
analizéts atkarTba no to statusa — jaunbivétas un renovétas ékas ar nerenovétam ekam.

2. Promocijas darba rezultati izmantojami atbilstoSu normativo aktu, t.sk. blvnormativu, izstradasanai,
ka arT publisko éku bavnieciba. Tie ir adaptéjami lieto3anai ari citas éku grupas.

3. Apstiprinajusies izvirzita hipotéze, ka siltumenergijas izlietoSanas intensitate jaunblvétas ékas vai
ékas, kuram veikta renovacija, ne vienmér ir mazaka vai vienada ar normativajos aktos noteikto
maksimalo robeZu.

4. Pétljumu gaita konstatéts, ka:

a) €kas nav gaisa apstrades iekartu, kas nodroSinatu normativo aktu pieprasito iekStelpu gaisa
kvalitati (IGK);

b) IGK vairuma gadijumu radija negativu ietekmi uz to cilvéku veselibu, kuri telpas uzturéjas
ilgstosi;

c) zemas kvalitates blvdarbi un éku ekspluatacija radtjusi siltumenergijas patérinus, kas lielaki par
normativajos aktos noteiktajiem;

d) piedavata siltumenergijas patérina intensitates gada optimizacijas Inija (GOSPIL) lauj
harmonizét blvniecibas procesu ar Eiropas Parlamenta un Padomes Direktivu 2002/91/EK un
2010/31/ES par éku energoefektivitati un tas izmantoSana bivnieciba batiski uzlabotu éku
energoefektivitati;

e) sniegta ekonomiska izvértéjuma metodika dod iespéju novértét kapitalieguldtjumu efektivitati.

5. Statistikas datu analize pierada, ka ékam starp telpu gridu plattbam un izlietoto siltumenergijas
daudzumu, pastav pozitiva lineara sakariba.

IETEIKUMI

1. Darba autors iesaka pilnveidot normativo aktu bazi, lai nepielautu zemas kvalitates bavdarbu
veikSanu un éku, kas neatbilst noteiktajam prasibam, nodoSanu ekspluatacija (LBN: veikt Blower
Door testu, &kas energoauditu un IGK kontrolmértjumus kritiskajos meteorologiskajos periodos) un
tadéjadi veicinatu éku ilgtspéjibu.

2. Darba autors iesaka neieviest blvnieciba projektus, kuru kapitalieguldijumu atmaksaSanas laiks ir
lielaks par pielietoto materialu garantijas laiku.

3. Pirms renovacijas darbu sakSanas nepiecieSams novértét éku blvkonstrukciju stavokli un noteikt éku
kalpo3anas atliku3o laiku.

4. Eku bavnieciba nepiecie$ams paredzét atbilstodu energoefektivu gaisa apstrades iekartu ieriko3anu,
kas lautu nodrosinat nepiecieSamo IGK, atbilstoSi ES un Latvijas normativajiem aktiem.
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INTRODUCTION
Topicality of the thesis

European Union, countries which it consists of, is one of country groups, which develops a
strategy, which is focused on reducing usage of energy resources and it’s rational usage. Geographical
location and climatic conditions of the European Union countries are verry different, therefore tactic or
ways how to realise the plan will be different. Parlament of the European Union and several directives of
the Council, which are part of this strategical plan: 16.12.2002. — about energy efficiency of buildings
(2002/91/EC), 11.02.2004. — about promotion of cogeneration (2004/8/EC), 05.04.2006. — about
efficiency of energy final consumption and energy efficiency services, which provides an indicative goal
of saving energy resources — in 9 years energy consumption should be reduced 9% (2006/32/EC) and
other strategical documents.

Directive 2010/31/EC of the European Parliament and of the Council (19th of May, year 2010)
about energy efficiency of buildings: ,,The biggest potential of energy saving is in the sector of buildings.
In the plan, there is special attention focused to things, which promotes renovation of public and private
buildings and components, and improvement of the energy performance appliances used. It is mentioned
in the plan that preference should be given to the public sector - it is proposed to speed up the restoration
process of public buildings, by setting up a binding goal and by introducing energy efficiency criteria into
public spendings. There is provided an obligation for power supply companies to give a chance for
consumers to reduce energy consumption. From year 2019 these rules will be also applied to new public
sector buildings which will need to achieve ,,almost zero energy" indicators”.

In order to develop and put into practice these plans, it means, to promote successful execution
of the goals, setted in the regulations, there is scientifical approach needed to solve the issues. Work that
Latvian scientists has done so far in researches about usage of energy resources into buildings and indoor
air quality parameters, is reflected basically only in the sector of residential buildings. In the literature
there is only very little reflected achievements of Latvian scientists into researches about usage of energy
resources in the sector of public buildings. Research has been made on the basis of the IAQ of public
buildings.

Collection of data about expluitation of existing buildings or energo audit and energy
certification has great importance in the country. The poromotion thesis is drawn up in direct accordance
with this Directive 2010/31/EC of the European Parliament and of the Council about indication of energy
efficiency of buildings.

Objective of the promotion thesis, research object and subject

Objective of the promotion thesis is to make an algorithm of optimization of the usage of
thermal energy for public buildings. Information of a relevant nature was obtained by means of the
quantitative research method regarding the research object, public buildings owned or managed by the
local authority of Riga City. The subject of the research is thermal energy resources and their use in the
aforementioned buildings in 2008. Analysis of the use of energy resources in part of the public buildings
sector, buildings of schools and pre-school educational institutions, has been performed in the Doctoral
thesis. Thermal energy consumption in non-renovated buildings and buildings after renovation, and in
new buildings have been compared and analysed. Details have been obtained in the experimental
buildings about the micro-climate parameters of air in inner premises and a partial energy audit has been
performed in the newly constructed and renovated sections of one experimental building to learn the
locations of heat loss and to analyse their causes.

Research hypothesis

The hypothesis of the research is: the intensity of the thermal energyconsumption in newly
erected buildings or buildings with renovation made is not always less or equal with the maximum border
determinated into normative acts.

Research tasks

To reach the goal of the promotion thesis, following tasks were set up:
1. To gather data about final consumption of thermal energy of public buildings in one year.
2. To compare consumption of thermal energy in newly built and renovated buildings with
consumption of thermal energy in non-renovated buildings.
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3. To make data analysis of indoor air microclimate in experimental buildings.
4. To determine places of heat loss in the experimental building.
5. To make an algorithm of optimization and methodology of economical assessment.

Research methods

To draw up the promotion theses, following methods of data acquisition and processing are
used: monographical, analysis, which includes also document analysis, graphical, logical-constructive,
collection of data with appropriate measuring instruments, which includes also quantitative research,
synthesis and mathematical statistics (correlation analysis, regression analysis).

Scientific significieance of the research

The research made during the promotion thesis, is scientifically important because the research
base of the field of construction has been supplemented with the research about usage of resources of
thermal energy into public buildings deppending from the status of the building: newly built, renovated or
non-renovated. For the first time in Latvia such a great research in the construction sector, which is
structured in the following way, has been made. Results of the promotion thesis can be used for
development of appropriate normative acts, including building regulations, and also for construction of
public buildings. They can be also adapted for use in other groups of buildings.

Research novelty

The research made during the promotion thesis, is:

1. of such a volume and of such a structure in construction in Latvia, where the use of thermal
energy resources in public buildings of local authorities has been compared and analysed
depending on their status: newly erected and renovated buildings to non-renovated buildings;

2. the first research with a goal to made GOSPIL — optimization line of consumption of thermal
energy intensity per annum depending on total floor areas of the building premises and and also
methodology of economical evaluating is made for capital investment assessment in construction
works;

3. the first so great research about thermal energy consumption in public buildings owned or
managed by the local authority of Riga city, with the results obtained in the process of data
analysis.

Economic significience of the research

The economic significance of the Doctoral thesis is characterised by the developed thermal
energy use optimising algorithm for public buildings, the GOSPIL (annual thermal energy consumption
intensity optimisation line) for improving the energy efficiency of the buildings and the methodology for
an economic evaluation to evaluate capital investment.

The results obtained in the doctoral thesis are socially significant because the results obtained in
the process of data analysis, fully reflect the trends in construction and reveal some of the imperfections
of this process in Latvia.

The thermal energy use optimising algorithm developed by the author and the methodology for
economic evaluation should be applied in the construction process to significantly increase energy
efficiency of the buildings and use capital investment in a rational way. The results of the Doctoral thesis
should be used for developing relevant regulatory acts, including construction regulations, as well as in
the construction of public buildings. They should be adapted for use in other groups of buildings as well.

Information about promocion thesis

The promotion thesis ,, Thermal Energy Consumption in Public Buildings” is drawn up in Latvia
University of Agriculture, Faculty of Rural Engineering, Department of Architecture and Construction.
The promotion thesis has been developed during the period from September, year 2010 to August, year
2013, in scientific leadership of professor Dr.sc.ing. Arturs LeSinskis.
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Thesis to be defended

1. In relationship with the directives of the European Parliament and of the Council and normative
acts of the Republic of Latvia it is possible to increase buildings energy efficiency and reducing
thermal energy consumption.

2. Research was done in accordiance with Directive 2010/31/EU of the European Parliament and of
the Council about indication of energy efficiency of buildings. Public building sector required to
be on the top of the buildings energy efficiency increasing and reducing buildings thermal
energy consumption.

3. The results of research make significiant contribution in ordering of construction works in
Latvia.

4. The results refleced in the thesis for construction works quality, fully reflect the trends in
construction process in Latvia.

5. There is a positive linear relation between the floor areas of building premises and the volume of
thermal energy consumption in the buildings.

Limitations of the Doctoral thesis

In the research the author has discussed and analysed the use of thermal energy resources in
2008 in public buildings owned or managed by the local authority of Riga city by selecting the two
numerically largest groups of buildings according to the quantitative research data for the experiment.
The microclimate parameters of the premises and locations of heat loss through the limiting constructions
of the buildings were obtained and analysed in the experimental day care centres only. The parameters of
atmospheric pressure and their fluctuation were not recorded. Heat loss through the limiting constructions
of the buildings is not calculated in the Doctoral thesis, no heat gains from the people present in the
building, machinery, electric and other heating devices and surfaces were defined and calculated. Use of
thermal energy for the preparation of hot water was not assessed individually, but it is included into the
total consumption of thermal energy in the building used for heating.

Structure of the thesis

The first part of the Doctoral thesis discusses different opinions of scientists regarding the causes
and consequences of global climate change and global warming and their influence on the indoor air
quality (IAQ) of modern buildings and the micro climate in the premises of buildings in general. The
effects of the influence of the IAQ on the human organism and health have been discussed. The work
discusses the essence and importance of the principle of sustainable use of energy resources. Use of
thermal energy resources in buildings must be urgently minimised in Latvia today as set forth in Directive
2010/31/EU of the European Parliament and of the Council on the energy performance of buildings.
Minimising energy resources in the building may be attained not only by fully or partially preventing heat
losses through the limiting constructions and elements of the building, but by simultaneously optimising
the provision for the 1AQ. The practice of the renovation of buildings and the construction of new ones
and their importance in increasing energy performance has been discussed in brief.

In the second part of the work, the principles for obtaining data required for research and the
methods of data analysis have been outlined. Details of the quantitative survey have been obtained by
sending questionnaires to managers of buildings or structural units of local governments. 424
questionnaires were received and summarised that contained information about the distribution of use of
heat energy and electricity and the factors affecting such. Special analysis of the quality and quantitative
parameters of windows and glass surfaces has been performed in the work and their influence on thermal
energy consumption has been determined. A comparison of the thermal energy resources of buildings of
Riga schools and day-care centers having different statuses is made, i.e. non—renovated buildings as one
group and newly built and renovated buildings as the other group. The second part of this work also
reflects the results of the IAQ measurement (temperature, relative humidity of air and carbon dioxide
concentration level) recorded in the winter of 2011. Determining the places of and causes for heat loss by
thermograph has been performed in one experimental building and the summary of the recorded results is
provided in the work. Detailed conclusions regarding the visualised results have been provided in this
part.

Methodology for the mathematical analysis of data has been set and put in the third part of the
work and it is proven that a linear correlation exists between the area of the buildings and the amount of
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thermal energy used. Based on the existing regulatory basis and by including the results obtained from the
elements analysed in the research, the author of the work demonstrates how the optimisation algorithm
and its result is formed — the optimization line of consumption of thermal energy intensity per annum.
Methodology for economic assessment is provided at the end of the work as well.

In the part of the conclusions and proposals, the author outlines the most important cognitions of
this Doctoral thesis that are based on the results of research and critical analysis of 185 sources of
information.

The total amount of the doctoral thesis is 158 pages, which includes 31 table, 79 pictures and 7
appendixes.

1. MATERIALS AND METHODS
Research methodology and methods

During quantitative survey more than 430 questionnaires were received with information about
publicé buildings. During sistematization, questionnaires with incomplete information, or inaccurately
and improperly completed, were discarded. There were 422 questionaires in total which were valid and
suitable for data analysis. All public buildings were divided into 12 groups of buildings by usage, with
following total floor area:

1. special-purpose educational buildings (child and youth center buildings, young technicians
station buildings)— 43,060m?;
social assistance buildings (shelters)— 9,993m?
Riga municipal building department (municipal administrative buildings) — 44,077m?
culture buildings ( building for rest and entertainment)— 59,994m?;
museum buildings — 369m?;
medical stationary buildings (hospitals) — 15,232m?
sport centre buildoings (sport halls, sport centers)— 18,435m?;
library buildings — 8,324m?;
9. musical education buildings (schools of music)- 5,368m?;
10. places of worship (prayer buildings, churches)- 6,067m?;
11. school buildings — 866,769m?;
12. day-care center (DCC) buildings — 248,923m?.

Data collected and systemized was of 1,326,611m? floor area of buildings in total. Average floor
are of the research is 3,144m",

There were no questionnaires received from the law enforcement structures, such as the Riga
City Council municipal police departments.

Chosen experimental group of day-care center buildings, although not the biggest numerically —
143 buildings, from which 32 buildings are non-renovated and 111 buildings are renovated or newly
built.

N~ WN

Data of indoor climate parameters were obtained 1.0-1.5m above the floor. The measurements
were made in year 2011 (during the heating season of years 2010 and 2011) and they were divided into
four stages, which inculded also three day-care center buildings in each layer. There were 4 verified
measuring devices used, which are showed in figure 1.1.

Time intervals for data fixation, which would allow analysing and sorting the data obtained
objectively and they were from 5 to 15 minutes. Fixation times of data parameters, specificities and
places are presented in the table 1.1.

Data collected in the first stage were necessary to cull because part of Wéhler CDL 210 data
were not fixed into the remaining memory and the measures in the same room were repeated also in the
4th stage.

In order to get a better understanding about experimental buildings they may be additionally
described as follows (names of buildings and place in the overall presentation of data are showed in
figure 2.3.):

1. building ,,A” - not - renovated, new heating unit. There is intended renovation in the year 2011:
insulation of facade, window replacement, renovation of heating system;

2. building ,,B” —newley erected, year 2005;

3. building ,,C” — status — complex, as it is partly newley erected and parlty renovated in the year
2007., when insulation works for building facade were made and built-in double glazed
windows. Service staff was complaining about big temperature differences in different rooms as
there were no possibilities to regulate temperature of heating systems radiators. Temperature in
rooms is controlled by opening windows in rooms with high temperature. Ventilation system has
no impact on quality of air parameters in the rooms, therefore it is not used;
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4. building ,,D” - renovated in the year 2004, built-in double glazed windows, plastic frames,
renovated sewerage system, installed new heating unit. Service staff was complaining about cool
comming from outer walls in case of big wind and during a heating season, which causes cooling
of rooms;

building ,,E” — renovation was made in the year 2009, built-in double glazed windows;

6. building ,F” — newley erected building, year 2009, complains of the service: big heat in
summers, ventilation is working very bad it is not possible to regulate it by building’s cardinal
points, vestibules are too large, there is much job to do for cleaners to clean utility rooms, rooms
for children are small, both teachers and children are often ill.

To determinate chemical pollution of the air, chromatographic gas method is used, so that
determined volatile organic compounds (VOC) is expresed as carbon and chromatographic method of
high pressure solution for the determination of aldehydes. Polution of air with substances of VOC was
determined in charcoal tubes and polution of the air with aldehydes was determined by tapes of silicia gel
which were processed with 2.4-dinitrophenylhydrazine (DNPH). WHO has determined recommended
maximum pollutant concentrations, which in this case are: formaldehydes — 0.1mg-m® and VOC -
0.3mg-m*.

In order to determine the major places and causes of of heat transmission, DCC ,,C” building
was chosen. This thesis has been conducted in cooperation with ,,ARTIVA” Ltd. owner and employee
Artars Gredzens, by using companie’s FLIR Systems AB ThermalCAM product FLIR P25 thermal
camera and thermal anemometer AIRFLOW TA-7 and infrared thermometer TESTO 845.

Places of heat transmission in building ,,C” through delimitated constructions with a help of
thermal camera were determinated in January 23th, year 2012, when temperature outside in Riga was —
3.2 °C at 11:00 AM and -3.6 °C at.2:00 PM, wind direction: A, 4-8 ms™, in accordiance of information
from Latvian meteorology website.

Details of the research data which are showed in appendix Nr.6 ,,Areas of all schools and day-
care center buildings (m?) and parameter data of thermal energy (MWh) consumption in the year 2008”
(available only in promotion thesis) analyzed with MS Excel tools.

The regression line was made in figure 1.2. from floor area of schools and day-care center
buildings (m?) and one year consumption of thermal energy (MWh) indicator of variation is equal with
equation ¥, = 0.09x + 183.05, coefficient of determination R?= 0.79.

o

2. RESEARCH RESULTS AND DISCUSSION
2.1. Thermal energy consumption

Characteristic values and parameters of buildings included in the questionnaire are very
important to make detailed research and analysis not only about public buildings of Riga City Council but
also to see trend of Latvian buildings construction. As for example summerized data obtained in table 2.1.
about intensity of thermal energy consumption (specific consumption of thermal energy) kWh'm™
deppending on total area of glass surfaces and windows against common areas of building facades.

Figure 2.1. displaying total result after summarizing the data of tables, by comparing intensity of
thermal energy consumption in day-care center and school buildings (specific thermal energy
consumption), depending on the status of buildings — not-renovated buildings and buildings after
renovation works or newley erected buildings.

In figure 2.1. is clearly visible that during renovation works in day-care center and school
buildings in fact no reduction of thermal energy is obtained. Therefore for school buildings it generally
gives a very tiny reduction: 4.9%. When assessing renovation works and newley erected buildings in day-
care center group one can conclude that intensity of thermal energy consumption is bigger than it is for
not-renovated buildings and it reaches 21.7% in total, which in fact is unacceptable, because in that case it
doesn’t make any sense why the building works are done.

In the table 2.2. disclosed the distribution of energy resources consumption in school and day-
care center buildings.

As reflected in tabele 2.2. there were data from 143 day-care center buildings analyzided, which
also includes 32 renovated buildings (22.4% from the total amount) and 111 renovated (partly) and new
constructions (77.6% from the total amount) and data from 156 school buildings, which includes 55 not-
renovated buildings (35.4% from the total amount) and 101 renovated (partly) and newley erected
buildings (64.6% from the total amount ). The average intensity of thermal energy consumption in day-
care center buildings is 213 kWh-m™ and 120 kwWh-min school buildings, which proportionally draws
up aratio 1.78:1.00, or intensity of thermal energy consumption in day-care center buildings is 1.78 times
bigger. Intensity of electricity power consumption and the total amount of units is a clear indication that it
is not enough. During questionnaire it became clear that also the existing indoor climate regulatory
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systems instaled are operated at very low levels because renovated and newly erected buildings are built
in a very poor quality and it is quicker to make an exchange of air by opening windows. As a result of
such actions, when exchange of air is done by natural ventilation flow without recuperation, for example,
during the cold season of the year, will inevitably lead to increased heat intensity consumption. Also,
when randomly DCC buildings were checked, it was found that ventilation systems have not been
actuated for so long that equipment has covered a fairly large layer of dusts.

In the figure 2.2. are reflected data about correlations of thermal energy consumption in the year
2008 with total building floor area for renovated, newly erected school buildings and not-renovated
school buildings. The image of gathered data shows that renovation works of buildings and/or
exploitation in the showed year was done badly. For example, school building Nr.1: total area of floors —
687m?, total consumption of thermal energy in a year — 567.79MWh, after renovation. To compare,
choose school building Nr.2: total floor area — 621m? total thermal energy consumption in a year —
225.46MWh, no renovation works are done. Ratio for floors total area of these both buildings is
1.11:1.00, but ratio for total consumption of thermal energy in a year is 2.52:1.00.

In data presented in figure 2.2. we can also find some very good renovated buildings: Nr. 3,
Nr.4, Nr.5 Nr.6 and Nr.7. Thermal energy consumption in the year 2008 for these buildings , irrespective
from total floor area of these buildings, are both under the renovated building trend line who’s equation is
y = 0.09x + 176.44, and also under normative trend line who’s equation is: y = 0.07x + 40.64 and it is
created by taking into account reduction of thermal energy consumption than specified in regulatory
enactments (Directive 2002/91/EC of the European Parliament and of the Council and leter Directive
2010/31/EC of the European Parliament and of the Council). Equation of trend line for not-renovated
school buildings is y = 0.12x + 67.72. The drawed line in the figure 2.2. with equation: y = 0.15x comply
with the set requirement of Ministry of Economics (MOE) to reach the maximum intensity of thermal
energy consumption 150 kWh'm2 in a year.

As the figure 2.2. demonstrate, renovation works in school buildings are done very bad because
only 5 school buildings, which is 4.9% quantity of thermal energy consumption in buildings against
building’s floor areas, are under or on normative tendend lines.

In the figure 2.3. are showed data about correlation of thermal energy consumption in the year
2008 with common floor area of buildings for renovated, newly erected and not-renovated day-care center
buildings. The figure of geathered data shows that renovation works of buildings and/or exploitation for
the particular year are done very badly. In most of occasions in renovated and newly erected buildings
thermal energy consumption is bigger than thermal energy consumption in not-renovated buildings. From
this figure we can see that renovation works and building works in majority are done badly. Construction
works not orientated on saving and rational usage of common contribution of energy resources. Trend
lines drawn for renovated, not-renovated buildings and newly erected buildings for both groups is an
evidence for that. Trend line for renovated and newly erected buildings is equal to the equation
y =0.13x + 149.05 and is above the trend line of not-renovated buildings which is drawn by the following
equation: y = 0.12x + 124.14. It confirms the fact mentioned before that in general these building design
and renovation works and also in majority, probably also exploitation is done very badly. It also proves
and confirms the fact mentioned before, for example — in the illustrated and analyzed case about school
buildings there is no orderliness in construction works of municipal public buildings and it’s processes.
Works which was done are not orientated on sustainability except for only some cases, which is a proof
of that they actually could be done well. There is drawn line with equation y = 0.15x which meets the
requirements set by MOE to reach the maximum intensity of the buildings thermal enegy consumption -
150 kWh'm™ in a year.

Trend line with equation y = 0.07x + 74.49 is drawn by taking in a consumption reduction of
usage of thermal energy than requirements set in normative acts (Directive 2002/91/EC of the European
Parliament and of the Council and leter Directive 2010/31/EC of the European Parliament and of the
Council). Both of these lines are under equation of trend line for renovated and newly erected buildings y
= 0.13x + 149.05 and equation of trend line for not-renovated buildings y = 0.12x + 124.14 which
confirms that it is necessary to make quality renovation works to achieve and implement in life decisions
by the EU Parliament and the Council and the Cabinet of Ministers of Republic of Latvia regarding
economical use of energy resources and their conservation.

Figure 2.3. disclose that renovation works of day-care center buildings are done very badly
because only 3 (buildings Nr.1, Nr.4 and Nr.5) which is 2.7% quantity of buildings, thermal energy
consuption against buildings floor are under or on normative trend line. It is also showed that not-
renovated building Nr.6 already before possible renovation works was with very low thermal energy
consumption which allows it to be under normative trend line.

Poor quality of design and renovation wors characterizes for example not-renovated day-care
center building Nr.3 with total floor area — 1,920m? total thermal enegry consumption in a year—
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456.00MWh. For comparison chose day-care center building Nr.2 from group of renovated and newly
erected buildings: total floor area — 1,901m? total thermal enegry consumption in a year — 645.00MWh.
Ratio of total floor area for both of these buildings is 1.01:1.00, but ratio of used thermal enery in a year
is 1.00:1.41.

2.2. Indoor air quality

In figures 2.4., 2.5. and 2.6. are disclosed data from measurements obtained in the second phase
for these buildings:

1. ,A” building — not-renovated, new heating unit. Intended for renovation in the year 2011:
facade insulation, window replacement;

2. ,,C” building— status — complex, as part of it is a new construction and part of it is renovated in
the year 2007 when insulation works for building’s facade were done and were placed double
gazed windows. Air temperature and other measurements and fixation for 88m? room which is
located in newly erected section. Service staffs were complaining about big diferences of air
temperature in different rooms because it is not possible to regulate temperature of heating
system radiators. Temperature is regulated by opening windows in rooms with high air
temperature. Ventilation system has no impact on changes of air quality parameters in the rooms,
therefore it is not used. Air temperature and other measurements and fixation for 88m? room
which is located in newly erected section.

3. ,,D” building — renovated in the year 2004, built-in double glazed windows, plastic frames,
renovated sewage system, installed new heating unit. Staffs complain about increased room
cooling from outter walls, especially in windy weather during the heating season. Area of room
where measurements were made is 60m’.

Figure 2.4. disclose distribution of air temperature on ,,X”- axis from 21st to 27th of February,
year 2011. The smallest value of the section is three hours, which i san interval from the first fixed
reading to the second. On ,Y”- axis are disclosed values of air temperatue during the period of
observation. The straight ,,Min.” which in this case is +19 °C and the staight ,,Maks.”, which in this case
is +25 °C, are drawn in accordance with rules of the Cabinet of Ministers of the Republic of Latvia from
28 April 2009 Nr.359. Normative documents detemined by the Cabinet of Ministers, which defines
requirements of indoor air quality in DCC are:

1. regulations of the Cabinet of Ministers from 27" of December, year 2002, Nr.596 ,,Hygiene
requirements for educational institutions, pursuing an early childhood education programs”,
where in section 49 is stated that the minimal permissible air temperature in institutions premises
where are children which are:

1.1. younger than 3 years — at least 20 °C;
1.2. older than 3 years — at least 18 °C.

2. regulations of the Cabinet of Ministers of the Repubic of Latvia from 28" of April, year 2009,
Nr. 359 ,,Work safety requirements in the workplace”.

Assessing the temperature line for day-care center buildings ,,A”, ,,C” and ,,D” it’s presence in
the temperature range, it can be concluded that for the building ,,C”, in many cases there is fixed an air
temperature which is close or above the maximal determined which is +25.0 °C and reching even
+27.0 °C and more. The figure 2.4. disclose that complains from service staff about increased air
temperature indoors are reasonable. In figure 2.4. also demonstrate ,,D” buildings service staff complains
about reduced air temperatures, especially in windy weather. In the figure 6 it has seen that the
temperature line of the ,,D” building in lot of cases are under the threshold of determined minimal air
temperature, which is +19.0 °C. No matter how wrong it could look, ,,A” building has the most suitable
indoor air temperature. Its temperature line fits very well in the limited interval between straights ,,Min.”
and ,,Maks.” And there are practically no case when the fixed air temperature goes out of this interval,
except for one, when the fixed temperature is +25.2 °C.

Conclusions from displayed in the figuré 2.4., about air temperature in buildings ,,A”, ,,C” and
,D” are:

1. The indoor air temperature line for all buildings imitates directions of falls and uplifts of outdoor
air temperature. Those could be consequences from unregulated heat substation control system.

2. Inrooms of partially newly erected building ,,C” fixed air temperature line ,,C” disclose too high
temperature values and drawed trend line ,, T¢” is on borders from +24.7 °C in the beginning of
observation and until +25.9 °C at the end of observation. Increasing of trend line has the drawn
outdoor air trend line ,,T,”. It also has increasing of trend line. This factor also indicates on
exploitation weaknesses and mistakes in maintenance of heating system.
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3. D" buildings room air temperature line ,,D” and trend line ,,Tp” which is from value +19.3 °C
during the initial period of observations to +19.2 °C at the end of observations, indicates too
errors made during expluatation which were mentioned also in paragrapf 1 and 2 which are still
being hardly felt of low heat insulation of the buildings envelope.

4. Renovation and new building projects and/or construction and renovation works for both ,,C”
and ,,D” buildings are made in a very low professional level.

5. Only for building ,,A” room air temperature line ,,A” and air temperature trend line ,,To” are
between minimum and maximum permissible air temperature lines in accordance with
regulations by the Cabinet of Ministers, Nr. 359 ,,Work safety requirements in the workplace”
and on +23.2 °C note.

6. Non-observance of regulations of the Cabinet of Ministers Nr.359 and Nr.596 can cause
increasation of the number of diseases like acute respiratory illnesses, both for the service staff
and children. Frequent recurrence of illneses can cause the illness to become chronical and
progression of chronical diseases.

Distribution lines of relative humidity of air on X-axis disclosed in figure 2.5., are shown during
the period from 21st to 27th of February, year 2011. The smallest value of the section is three hours,
which is an interval from one fixed reading to another. Values of relative humidity of air during the
research period are shown on Y-axis. The straight ,,Min.”, which in this case is 30% and ,,Maks.”, which
in this case is 70%, are drawn in accordance with regulations of the Cabinet of Ministers, 28th of April,
year 2009, Nr.359, and do not depend from the working period or from work category.

Building characteristics of relative humidity of air disclosed in figure 2.5. are the same like in
figure 2.4.

When assessing line of relative humidity of air of day-care center buildings ,,A”, ,,C” and ,,.D”,
figure 2.5. show that fluctuations of the line of relative humidity of indoor air is similar to fluctuations of
the line of relative humidity of outdoor air. The exception is holidays: February 26 and 27, when there are
no people in premises. In both of those days, the line which characterizes relative humidity of air in
buildings ,,A”, ,,C” and ,,D” volatility subsides. The trend line of relative humidity of outdoor air ,,T,”
during this period of the research is with negative trend or tended to decrease. As shown in the figure 2.5.,
buildings ,,C” and ,,D” has very low relative humidity of indoor air and trend lines ,,T¢” and ,,Tp”, which
are very low, in the range of 13-16%, also indicates to that. It should be noted that one building is not-
renovated, and the other is newly erected, respectively "A" and "C". When comparing lines of relative
humidity of indoor air for both of these buildings, we can see that the line “C” of relative humidity of air
for newly erected building, with the corresponding trend line, in majority are under the line ,,A”
corresponding with the trend line ,, TA”. Better relative humidity of indoor air is fixed in building ,,D” and
the corresponding line ,,D” and trend line ,,Tp”, which is on 26% mark. These data fixed are explainable
and complains from staff about increased cooling of rooms from outter walls, especially in windy weather
during the heating season, is like a confirmation.

Conclusions about lines of relative humidity of indoor air for permises of buildings ,,A”, ,,C” and
,D”, disclosed in figure 2.5., are:

1. Relative humidity fixed in permises for not-renovated, renovated and newly erected buildings,
almost in all fixed cases is under the line of regulation of the Cabinet of Ministers, 28th of April,
year 2009, Nr.359 ,,Work safety requirements in the workplace” determined minimal boundries.

2. Line location of relative humidity of air in permises of the not-renovated building ,,A”, which is
under the permissible relative humidity minimal boundary — 30%, clearly indicates that during
possible renovation works, needs to be provided also actions for improving relative humidity in
permises until requirements determined by the Cabinet of Ministers, 28th of April, year 2009,
Nr.359.

3. Relative humidity of air in the partly newly erected building ,,C” is under determined minimal
boundries in regulations by the Cabinet of Ministers, 28th of April, year 2009, Nr.359 ,,Work
safety requirements in the workplace”. Measurements and fixation of relative humidity was done
in 88 m? room which is located in newly erected section of the building. This could be explained
by the fact that in the room where measurements were done was fixed also too high air
temperature, which has caused low-level condition for relative humidity of air.

4. Location of the line of relative humidity of air and trend line Ty of the renovated building ,,D”
are very close to requirements of the Cabinet of Ministers Nr.359, but fulfill them only in several
cases, in 22nd, 24th and 25th of February, when temporarily were reached the following values
of relative humidity in days mentioned before: 33.4%, 35.8% and 36.0%. Value of trend line is
26.0%, which indicates that relative humidity in permises of the ,,D” building during the research
are inappropriate with requirements of the Cabinet of Ministers Nr.359.
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5. Design of works and building exploitation are done in a very low, unprofessional level and does
not provide compliance with regulations of the Cabinet of Ministers.

6. Disadvantages and inadequacy to regulations of the Cabinet of Ministers Nr.359 may lead to an
increased number of diseases like acute respiratory illnesses both among staff and children.
Frequent recurrence of illneses can cause the illness to become chronical and progression of
chronical diseases.

7. In any room of the building it is possible to increase relative humidity of air by installing local
air humidification devices.

In the figure 2.6. are disclosed lines of carbon dioxide concentration level in permises during the
research period. Natural background or the concentration level of carbon dioxide in outside air was not
determined. Assumed natural background is about 420ppm, which was fixed as arithmetical average in
Riga, Over-Daugava region, but in another region of Riga size of the value could be different. The
average level of natural CO, in the world, as mentioned before, is 350 — 450ppm. The smallest values of
the line ,,C” are fixed on Saturday and Sunday, February 26 and 27, which was 431ppm, but for the line
,D” it was 407ppm at night to Monday, February 21. It should be noted, that the day-care center building
,C” is located in the Central Region, but ,,D” — in the Vidzeme suburb.

As mentioned in previous chapters, the carbon dioxide concentration level can be dangerous to
human health, even with lethal consequences. It should be remembered that quantities of carbon dioxide
inhaled accumulates in time. If the concentration level of CO, reaches 1,000 — 2,500ppm fatigue and
sleepiness shows up, adverse effects on health it leaves at 2,500 — 5,000ppm, a little intoxication, increase
of breathing and hart rate at 30,000ppm, all of the above and headache with a slight nausea at 50,000ppm,
unconsciousness with possible lethal outcome at 100,000ppm. The range recommended, which is not
harmful to health is from 600 to 1,000ppm (ASHRAE standards 62-1989). In the mean time, amount
which would be harmless and desired in 8 working hours is 5,000ppm, and normal level of carbon
dioxide concentration in work permises is 600ppm. In figure following, where are concentration levels of
carbon dioxide shown, these limit values will be drawn as straight ,,Norm.”, which will reflect
recommended level of CO, and maximum concentration limit of CO, in the air, when there are no threat
to health will be drawn as a straight ,,Max.”.

Over the period, the lowest concentration of carbon dioxide during working days in day-care
center building ,,C” is in February 23. It is when in the particular room are the least of people — 11
children and 2 teachers. The total amount of CO, received during the working day is about 6,500ppm,
which is very close to boundary of danger, when a first sign of fatigue and sleepiness shows up, as well
the reduction of concentration. The highest concentration level of carbon dioxide per hour is fixed in
February 24, which was 1,195ppm and already exceeds the maximum limit of safety.

For the building ,,D”, this line which reflects concentration level of CO,, in the figure 2.6.
disclose that practically all of the working day kids and taechers are in environment which is hazardous
and harmful to health, because concentration level of CO, exceeds even 1,500ppm per hour and in three
cases even 2,000ppm per hour. The maximum dose what children and service staff receives per one
working day, reaches 12,000ppm, which already can cause adverse effects on children’s health, but safety
threshold for an adult, which was mentioned before — 5,000ppm, is exceeded 2.4 times!

Conclusions about amount of CO, concentration level for lines ,,C” and ,,D”, reflected in the
figure 2.6., which shows these fixed air parameters in rooms of ,,C” un ,,D” buildings during the period of
the research, are following:

1. In all cases fixed values of carbon dioxide concentration level in case of summing during
working hours or in cases of detarmination of working days size is above 5,000ppm.

2. Better parameters of carbon dioxide concentration level are in the building ,,C”, because a value
during the period of the research does not exceed 1,000ppm, with the exception of February,
when the fixed maximum was 1,195ppm.

3. Quantities of carbon dioxide concentration level, fixed in rooms of the ,,D” building, have
exceeded the maximum level, the border of safety, which is 1,000ppm and reaches even
2,285ppm in February 24 (in the room were 12 children and 2 teachers).

4. In the building ,,D” room with floor area 60m? fixed quantities of carbon dioxide concentration
level can be already classified as a threat to the health of children and service staff.

5. Fixed quantities of carbon dioxide concentration level in the building ,,D” were preventable by
opening windows for 10-15 minuntes and therefore making ventilation of the room in a natural
way.

6. Fixed quantities of carbon dioxide concentration level during the period of the research,
demonstrated in the figure 2.6., that especially building ,,D” can increase fatigue and sleepiness
for children and it can cause reduction of ability to concentrate.
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7. To reduce quantities of carbon dioxide concentration level, mechanical ventilation systems
needs to be used, like for example in the ,,C” building, or in the case if it is not possible, natural
ventilation can be used, like for example in the ,,D” building.

8. The ventilation system in building ,,C”, which is not doing it’s functions, and not existing
mechanical ventilation systems in the building ,,D” disclose mistakes in the design stage which
can be classified as lack of professional skills from the designer and/or client.

9. To normalize the existing situation, at least in the building ,,D”, ventilation should be used more
often by opening windows, but also considering conclusions made previously, which are given
about the indoor air temperature, relative humidity of air, and also the increased heat flow
through the building envelope. The old heating system needs to be considered a possibility of
making quality renovation for the second time, based on the results of the energy audit, which
would reduce thermal energy consumption at least until drafted normative value.

During the research, which was made in day-care center building ,,C”, the following air pollution
with aldehydes was found: formaldehydes 0.023+0.005mg-m™; acetaldehydes 0.015+0.003mg-m;
benzoaldehydes 0.004+0.001mg-m™; propilaldehydes 0.003+0.001mg-m™ and VOC 0.56+0.11mg-m™.
The floor was made from linoleum, window frames - plastic, no mechanical ventilation system in the
room.

Conclusions about polution of the room air are:

1. Results of the research show various chemical substances in the air.

2. The total concentration of aldehydes does not exceed the recommended maximum limit
recommended by WHO.

3. VOC pollution is bigger than the maximal border recommended by WHO.

4. Complains from staff and children about bad air quality in rooms are reasonable.

5. There is a need to reduce usage of plastic and other synthetic materials in day-care center
buildings, especially in the interior.

6. Equipment, which would help to prevent the harmful effects of chemicals to organisms of
children and staff.

7. The large quantity of dusts indicates to basic violations of health standards.

2.3. Locations of heat loss in the experimental building

Experimental building ,,C” consist of renovated section and newley erected section. Construction
works was done in 2007. Renovation works contained heat insulation of building envelpe, built-in double
glazed windows with plastic frames. Total floor areas of the building premises — 1,901 m?, total thermal
energy consumption in 2008 was 645,000 kWh and intensity of thermal energy consumption was
339 kWh'm™. Personel of the day-care center building has complaints of indoor air temperature in the
building premises. Existing ventilation system have no impact to modifying 1AQ, therefore it is not in
use. Air exchanging in the premises of building was made with the natural ventilation throught opened
windows.

Places of heat transmission in building ,,C” through delimitated constructions with a help of
thermal camera were determinated in January 23th, year 2012, when temperature outside in Riga was
-3.2°C at 11:00 AM and -3.6 °C at.2:00 PM, wind direction: A, 4-8 ms™, in accordiance of information
from Latvian meteorology website.

In curent building renovated section and newley erected section was made thermographic audit.
Most important results are reflected in the images of figures from 2.7. to 2.30., where can see photos of
images of the building elements, thermographic image of the building, data table, temperature of surfaces
in the area ,,Ar 1” and temperature in the profile line ,,Li 1”.

Image 2.7 depicting the photographic picture of the element of the building, to image 2.10
demonstrates a recital of details of the obtained thermal image 2.8. The obtained data are shown in image
2.9. Image 2.10 reflects the temperatures of the surface of the building with their percentage distribution
in the selected section “Ar 1”. Images 2.9 and 2.10 demonstrate that in the selected section “Ar 1” the
temperatures fluctuate within the limits from —9.2 °C on the snow surface to +0.4 °C on the building
foundation plane surface, which indicates a significant transmission of heat through the foundation of the
building. No major heat losses are seen on the eastern section of the facade of the building. The exception
in the above section of the facade of the building is the aforementioned heat losses through the foundation
and window openings.

Image 2.11 depicting the photographic picture of the roof element of the building, to image 2.15
demonstrates a recital of details of the obtained thermal image 2.12. Image 2.14 demonstrates the
percentage distribution of air temperature in the selected section “Ar 1”. Image 2.15 demonstrates the
distribution of temperature in the selected profile line “Li 1”. It is evident from images 2.14 and 2.15 that
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in the selected section “Ar 1” the temperatures fluctuate within the limits from —3.2 °C on the surface of
the facade of the building to +5.5 °C on the surface of the lower section of roof of the building, which
indicates a significant transmission of heat through the covering of the upper floor to the attic. By means
of wind from the East the warm air is discharged to the western side of the building.

Upon comparing the thermal graphs of the eastern facade and western facade of the building we
see that on the eastern facade the temperature on the profile line “Li 1” drawn on the thermo-graphic
image is within the limits from — 6.1 °C to =7.5 °C. In the thermal graph on the western facade of the
building, where the profile line “Li 1” shown in image 2.15 has been drawn, the temperature fluctuations
on the surface of the fagade of the building are within the limits from —3.3 °C to +3.0 °C. Differences of
temperature on the eastern and western fagades of the building have been recorded within the limits from
—7.5°C to +3.0 °C. This means that the building is air permeable, with insufficient and/or low quality heat
insulation. This causes large and irregular heat losses in the premises of the building, especially in windy
weather conditions.

In the figure 2.16. is disclosed the renovated section of the facade of western side. In the
thermogram, reflected in the figure 2.17., are identified temperature measurement area ,,Ar 1” and
profile line ,,Li 1”. In the figure 2.1.7 is clearly demostrated fixing devices of insulation materials which
has increased the heat loss and which are formed from wrong technologically (there are four attachment
points needed for 0.5m?). Figure 2.18. displays data tabele where which disclose temperature for outdoor
air and also outdoor surfaces with smallest and largest values in the area ,,Ar 1” and profile line ,,Li 1”. In
the figure 2.19. there is demostrated percentage distribution of surface temperature with the lowest
temperature fixed on facade surface area which is —4.4 °C and highest temperature fixed in this area which
is —0.8 °C. The thermographical picture and profile line ,,Li 1", which are showed in figure 2.20., clearly
demonstrate places of increased heat loss — window openings, which could be a result of failure to
comply construction technologies. Temperature fixed are in range from —4.6 °C to 1.9 °C.

A bedroom corner is shown on image 2.21 and its thermal graph in image 2.22. The recorded
temperature of the room is shown in image 2.23 and it is +20.0 °C. The distribution of temperature in the
selected section “Ar 1” is shown in image 2.24 and it is within the limits from +14.9 °C to +17.3 °C.
Temperature fluctuations on the profile line “Li 1” are shown in image 2.25 and they are within the limits
from +15.0 °C to +19.3 °C. There is a considerable surface temperature decrease in the corner of the room
to +15.0 °C. Compared to the air temperature in the room, it is 5 degrees lower and mould can build up
here due to increased humidity.

The figure 2.26. demonstrates the renovated outer walls, partitions and ceiling part of section
area, and in figure 2.27 is a thermogram. In the thermogram and figures 2.28. and 2.29. are clearly visible
temperature diferences on outer walls, partitions and ceiling surface, which draws up even from 4.5 °C to
5.0 °C difference. Temperature in the place where ceilings are connected with external walls, which is in
area ,,Ar 17, is fixed in range from +15.7 °C to +18.4 °C and is disclosed in figures 2.28. and 2.29. In the
figure 2.30. are seen changes of the temperature on the profile line ,,Li 1” and are in range from +15.7 °C
to +17.6 °C.

Conclusions about a thermographic audit made for day-care center newley erected and renovated
section of the building ,,C”, whose results are disclosed in figures 2.7. — 2.30., about heat loss areas
specified in demarcated structures, are:

1. In the renovated section, thermal insulation material used for wall insulation, gives saving of
thermal energy resources as indicates lover surface temperatures of facade walls and which are
closer to the temperature outside.

2. In the newly erected section, material used in outter walls - FIBO blocks with no extra thermal
insulation material, are with great heat transmission and therefore makes large amounts of heat
loss for building premises.

3. During replacement and built-in double glazed windows, for the whole building there is not
respected the window installation technology, therefore connection places of window frames and
walls are with very big reductions of surfaces temperature, even to 5.0 °C, and therefore making
extra heat losses in these places.

4. Overhead cover and joints of exterior wall (lack of adequate insulation materials) are designed
in such a way that in those places occured extra heat losses as indicated by reduced temperatures
of surfaces in rooms.

5. Attic of the building are not properly insulated, which causes very big heat losses.

6. Corners of the building (lack of insulation material) are not established in accordance with
requirements, which is a reason for reduced temperatures of surfaces and increased heat losses.
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2.4. Statistical analysis of reseach data

The regression line in the tabele 1.2. is drawn up from variation indicators of floor area (m?) and
thermal energy consumption (MWh) of day-care center and school buildings per annum, which is equal
¥, =0.09x + 183.05. In the 2.3., 2.4. and 2.5. are disclosed parameters of data analysis.

As displayed in the table 2.3., correlation coefficient of the regression line r = 0.89 and
coefficient of determination R? = 0.79, which indicates to strong linear relation between signs.

Table 2.4. demonstrate that the regression line’s F test value is 4.7692:107% and it is lower than
value of significance level:4.7692:107% < 0.05, which shows that between signs there is a linear relation
to the accepted probability P = 95%.

The tabele 2.5. demonstrate coefficients of the regression equation and it is detectable by the
regression equation: ¥, = 183.05 + 0.09x;.

Values of confidence interval for direction coefficient 95% in this case are: 0.09 < 3; < 0.10
which means that consumption factor of thermal energy is essential, with probability 95%.

2.5. GOSPIL and metodology of the economic evaluating

There are one year data about thermal energy consumption for 143 day-care center buildings in
total, which includes 32 not-renovated buildings and 111 renovated or newly erected buildings. Total
floor area of all day-care-center buildings draws up 248,923 m? total amount of thermal energy
consumption in the year 2008 was 53,102,920 kWh. Total floor area of 111 renovated day-care-center
buildings is 17,866 m? with total thermal enegy consumption 40,328 MWh (data from tables 2.2.).
Average intensity of thermal energy consumption in renovated and newly erected buildings in the year
2008 was 224 kWh'm™. From the figure 2.3. choose data about two not-renovated day-care-center
buildings - the first, under the trend line with the total floor area 1,605 m? with thermal energy
consumption 269,000 kWh per annum or intensity of thermal energy consumption 168 kWh'm and the
second, not-renovated day-care-center building, with the total floor area 1,920 m? with thermal energy
consumption 456,000 kWh per annum or intensity 238 kWh'm™. Floor area for these two day-care-center
buildings is closest to the average indicator — 1,741 m?. Intensity of thermal enegy consumption for the
virtual building is dermined in the way of interpolation from these two not-renovated day-care-center
buildings with the closest floor areas. It is 198 kWh'm™. In the year 2008, the highest rate for thermal
energy prices by stock company "Rigas Siltums" was in December — 44.89Ls (MWh)™ + VAT.
According to these data is made a calculation which is summarized in tabele 2.6., about economical
benefits for this kind of renovation and construction works.

In the table 2.6. is disclose that renovation works done like that (replacement of windows with
disregarding technological requirements of installation, without total insulation of building’s envelope in
accordance with technological requirements, without renovation of heating system and heating unit, and
also without installtation of energy efficient ventilation system) is not economically beneficial to the
customer as renovation works like that are making losses or pays off in a very long period of time which
in the case of the virtual building is 31.8—-47.6 years.

What kind of optimization actions should be done to ensure short perid of repaying construction
costs on the account of increasing the heat insulation of buildings?

First of all legal responsibility needs to be put in order for those involved construction parties
which are doing poor quality. If an essential mistake is done which has caused that designed criteria are
not achieved or serious error is vitiated during the design phase because of customers incompetence,
constructions supervision does not fulfil its functions, people which are responsible and guilty are
exempted from possibility to participate in the following construction process. There is no arrangement in
the field of construction at the moment in Latvia.

Process of construction should be supervised by competent specialists from the the side of
national regulatory for which they need to bear the responsibility as well, at least for each municipality or
construction objets financed by public authorities.

The side of national regulatory is important because all of the EU and the Council Directives in
construction sector is adopted by the Republic of Latvia and is also responsible for their execution, for
example nationwide normative acts and Directive 2010/31/EC of the European Parliament and of the
Council about energy efficiency of buildings (before Directive 2002/91/EC of the European Parliament
and of the Council about energy efficiency of buildings).

The task of optimizations algorithm is to determine maximal boundries of optimal thermal
energy consumtion for buildings depending on their floor area (if heating systems of rooms are without
floor heating systems). It is showed in figure 2.31. ,,Annual thermal energy consumption intensity
optimisation line”, where from several crossing straights: N; — p.i.i. (day-care-center), N, — skolas
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(schools), N-100 and N-90 is made GOSPIL — annual thermal energy consumption intensity optimisation
line.
In the figure 2.32. is demonstrate GOSPIL (annual thermal energy consumption intensity
optimisation line) with it’s four forming stages:
1. in 0-1 points interval a line equation: yo.; = 0.11x-1.67;
2. in 1-2 points interval a line equation: y;., = 0.09x+21.67;
3. in2-3 points interval a line equation: y,.3 = 0.07x+93.00;
4. in 3-4 points interval a line equation: ys., = 0.07x+116.37.
Equations for these stages shows maximal values for thermal energy’s consumption and
coordinates of critical points with their values, where equation’s mathematical expressions are changing.
From figure 2.31 it is possible to see that distribution of GOSPIL into four stages which is
divided separately and disclosed in figure 2.32, is formed from intersection of these straights:
Stage 1 — building’s floor areas are from 300 m? to 2,100 m?, straight Yo, = 0.11x-1.67 begins at

N-100 (N-90) (lines for buildings with heat energy consumption intensity 100 or 90 kWh'm™ per
annum) beginning of straight with a little increase on the Y-axis it continues but without reaching
N.t.—p.i.i. straight values until x = 2,100m? Original value of the straight on X-axis is 300 m? because
minimal floor area of day-care center buildings during this research is 331mZ.

Stage 2 — buildings floor areas are from 2,100 m? to 3,000 m? straight y;., = 0.09x+21.67
condition against the X-axis is with a little bigger angle than stage 1, and ending point is crossing point
for straight N— 100 and N.t.—p.i.i.

Stage 3 — buildings floor areas are from 3,000 m* to 4,500 m?, straight y,.; = 0.07x+93.00 ending
point on the X-axis is crossing point of straight N.t.—p.i.i. and N-90 beginning and maximal floor area for
day—care2 center buildings (maximal floor area found during the research for day-care center buildings is
4,464 m°).

Stage 4 — buildings floor areas are from 4,500 m? to 14,000 m?, straight y;, = 0.07x+116.37
ending point is biggest value of floor area — 14,000m? (maximal floor area found during the research for
school buildings is 13,393 m?). This stage for GOSPIL line is located between straights N.t.—p.i.i. and
N.t.—schools.

To sum up facts mentioned previously it can be told that GOSPIL line is limited from normative
trend lines obtained in the research of day-care center and school buildings, which accordingly are
maximum and minimum boundaries. Maximal values of day-care center buildings floor areas obtained in
a result of the research is like a tipping point for the GOSPIL line, and after x value 4,500 m?> GOSPIL
line linear connection aspires to the line N.t.—schools maximal value on the x-axis —14,000 m?. Besides
that, GOSPIL line supports Directive 2010/31/ES of the European Parliament and of the Council about
energy efficiency of buildings (before that also Directive 2002/91/EK of the European Parliament and of
the Council about energy efficiency of buildings).

GOSPIL line (the maximum quantities of energy consumption) applies to any public building in
the Republic of Latvia, by determining it’s maximum allowable intensity of energy consumption because
data obtained in the result of the research are based on current applicable normative acts and results of
thermal energy consumption in day-care center buildings made in the research and buildings of this group
are one of the most demanding after an appropriate microclimate of indoors (also IEQ) and therefore also
energy consumption.

GOSPIL line made for increasing the efficiency of thermal energy consumption is based on Riga
city meteorological data basis of year 2008 (average temperature of seasonal heating was +3.8 °C, period
207 days). To obtain data in each particular year conversions should be done in accordance with
regulations by the Regulations Nr.39 of the Cabinet of Ministers of the Republic of Latvia from
13.01.2009., ,,Calculation method of buildings energy efficiency”:

Q=Q,'GDD, (GDD)™ 2.1)
where:
Q — correcting energy consumption (Wh);
Q: — energy consumption (Wh) during the observation period;

GDD; - normative number of degree days;
GDD - number of degree days during the observation period.
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GDD; = Dnapk.'(Tl_TZ) (2.2)

where:
Dk — norms of heating days in accordance with LBN 003-01 “Construction Climatology”;
T, — indoor air temperature during the observation period (°C);
T, —average outdoor air temperature in accordance with LBN 003-01 “Construction
Climatology”.
GDD = Dy (T1-T3) (2.3.)
where:
GDD - number of degree days during the observation period;
T, — indoor air temperature during the observation period (°C);
Ts — actual average outdoor air temperature during the observation period (°C).

Intensity of thermal energy consumption in a given year with methodology developed by RTU:

Ost ZQapk.%'F Qk..u% (KWh'm™per annum) (2.4))

where:

Ost — standardised thermal consumption kWh'm™;

Clapk. — measured actual annual specific thermal consumption for heating, kWh'm™ per
annum;

Ok.a. — measured actual annual specific thermal consumption for hot water, kWh'm™ per
annum;

Gt — number of degree days per standard year;

G — number of degree days per analysed year;

A — full heated area, mz;

30 — unified population density level, m?-person™;

n — actual number of persons in the building, persons.

Before renovation works buildings energy efficiency class is determined after buildings energy
audit in accordance with the Regulations Nr.39 of the Cabinet of Ministers of the Republic of Latvia from
13.01.2009. ,,Calculation method of buildings energy efficiency ".

An economical assessment of projects of increasing energy efficiency is an essential factor to
ensure a financial investment into a viable event. Therefore development of algorithm methodology
optimization and ensuring the efficiency is so important and significant.

An economical assessment of the algorithm of optimization consists of three criteria:

1. time of payback;
2. remaining values;
3. previous payback rates.

Total estimated economy of thermal energy at buildings renovation needs to be determinated - E
(kwh), but for new projects - total estimated consumption of thermal energy.

Profit from economy per year — P (€), which is derived from the planned amount of usable
thermal energy — Q (kWh) and the price product — ¢ (€' kwh™).

P=Qc () (2.5)

Project recoupment period — AP (years), which are obtained by dividing the total capital
investment by the profit from economy:

AP = K; P (years) (2.6.)
For the calculation of the internal rate of return (IRR), a table should be drawn analogous to
table 2.10 and the necessary calculations should be made.
Net book value AV - is the amount of discount rates for the reporting period:

AV = P'DF, + P'DFpuy+ P'DFqig* ... + P'DFu s (€) (2.7)
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If a number in assumed calculations of the discount rate AV is positiv it means that repeated
calculation needs to be done by raising percentage of the discount rate because AV value needs to be
negative, or in the case of positive value IAL needs to be less than 10%.

For each alternative it is possible to determine the total costs in an integrated way and obtaining
real costs in the result, which are necessary for realization of a project. But it is difficult to interpret these
commons, especially when complicated alternatives are being explored. The same applies in a case when
effects need to be compared. By simply summing up all the expences or by calculating average costs per
year, one can not get any information about when those costs should be done.

A generally accepted way how to solve this problem is discounting, which gives values for all of
the future costs and existing benefits. A result of discounting is leading to a base year the cash flow in
specified years. For that is used discount factor, which can be expressed as:

DF = 1-(1+p)™ (2.8.)

where:

DF - discount factor;

p - discount coefficient (as a percentage);

n - the year in which the costs are made in relation to the base year.

The table 2.11.is disclosed the discount factors by years, depending on the discount rates.
For example, a discount factor for costs to be incurred in the third year (with a discount
coefficient of 5%) shall be:

DF= 1-(1+p)™ = 1°(1+0.05)® = 0.8638 = 0.864 (2.9.)

Consequently, €100,000 to be spent during the 3rd year is equal to the discount value of €88,400
in the base year.

An important question is what discount coefficient should be used. This is heavily
dependent from a project initiator. For example, discount coefficient determined by the Netherlands
government for government projects is 5%. This percentage includes difference between bank interest
rates and inflation. The percent like that could be used in countries with high level of inflation because
then interest rates will be high as well. The percent is universal and ,,with no risk”. Universal means that
this percent could not fluctuate depending on the difference during the cycle of project’s life and from
relative changes of price and value, but ,with no risk” means that it does not include any risks which
would be in the case of realization alternatives.

An alternative method of financing can cause certain effects. For determination of these effects
one needs to analyze how do costs change.

CONCLUSIONS

1. The research is scientifically important because the research base of the construction sector has been
added to significantly and it is the first in Latvia where the use of thermal energy resources in public
buildings of local authorities has been compared and analysed depending on their status: newly
constructed and renovated buildings to non-renovated buildings.

2. The results of the doctoral thesis should be used for developing relevant regulatory acts, including
construction regulations, as well as in the construction of public buildings. They should be adapted
for use in other groups of buildings as well.

3. The proposed hypothesis that the intensity of use of thermal energy in newly constructed buildings or
renovated buildings is not always less or equal to the maximum limit set forth by regulatory acts has
been confirmed.

4. It has been established in the due course of the performance of the research that:

b) there is no air processing equipment in the buildings that would ensure the required indoor air
quality (IAQ) required by regulatory acts;

b) in the majority of cases the IAQ caused an adverse effect on the health of those people who
stayed in the premises for a long time;

c) low quality construction works and use of the buildings has caused thermal energy consumption
which is larger than that set forth by regulatory acts;

d) the proposed thermal energy consumption intensity annual optimisation line (GOSPIL) permits
harmonising the construction process with Directive 2002/91/EC and 2010/31/EU of the
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European Parliament and the Council regarding the energy efficiency of the buildings and using
it in construction would significantly improve the energy efficiency of the buildings;

e) the provided economic assessment methodology provides the opportunity to assess the
effectiveness of capital investments.

Analysis of the statistical data proves that there is a positive linear relation between the area of the

floors of the premises and the volume of thermal energy used in the buildings.

RECOMMENDATIONS

The author of the thesis suggests perfecting the basis of regulatory acts so as not to allow the
performance of low quality construction works and commissioning of buildings that do not meet the
defined requirements (in the LBN: to perform the Blower Door test, an energy audit of the building
and the 1AQ control measurements during critical meteorological periods) and thereby facilitate the
sustainability of buildings.

The author of the thesis suggests not implementing construction projects where the capital
investment recoupment period is longer than the warranty term of the materials used.

Prior to commencing renovation works it is necessary to evaluate the condition of the building
constructions of the building and to define the remaining service life of the buildings.

It is necessary to foresee the installation of relevant air processing equipment in the construction of
the buildings, which would allow the required IAQ to be ensured according to the regulatory acts of
the EU and Latvia.
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