Sis projekts ir sanémis finanséjumu no Eiropas
Savienibas izpétes un inovaciju programmas
Apvarsnis2020 saskana ar granta ligumu Nr. 784966

ZREA

TEMEALES REGIOMALAR
EMERGETIKAS AGENTORA

Situmapgades sistemu modelésana péec saistito eku
energoefektivitates vzlabosanas -
Zemas temperatiras apkures sistému éku darbibas rezima
specifika (2.2.5.).

DR.SC.ING. ANATOLIJS BORODINECS :
RIXDIMENSIJA@OUTLOOK.COM

ES “Horizon2020” programmas finanséts projekts Nr. 784966
“Centralizétas siltumapgades sistému darbibas uzlabosana Centraleiropa
un Austrumeiropa” (KeepWarm)
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Energy efficiency / temperature le

1G: STEAM

Steam system, steam pipes
in concrete ducts
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Lund H. et.al. 4th generation district heating, integrating smart
thermal grids into future sustainable energy systems// Energy. -
2014. - Vol. 68. - p. 1-11.
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Individual use of
renewable sources

Smart district
heating/cooling
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of renewables
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Thermal energy transportation:
v Solar heat substations;
v" Bi-directional flow;

Exchange energy with neighborhood

On-site consumed

energy

Low energy consumption buildings:
v Optimization of building envelope;
v" Adaptive facades;
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Thermal energy accumulation:
¥ Exhaust air heat accumulation; b =
¥ TRNSYS optimization for best solutions (electrical and thermal);
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Temperature of grid water, °C

Silluma piegades shemas

Heating unit
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The Boiler Efficiency Directive (92/42/EEC)

- par efektivitates prasibam jauniem karsta udens apkures katliem, kas tiek
kurinati ar skidriem vai gazveida kurinamiem.

= Zemas temperaturas gazes katli;

= Kondensacijas tipa gazes katli;

Zemas temperaturas apkures katls: apkures katls, kurs var nepartraukti
darboties ar tdens apgades temperaturu no 35 lidz 40° C, kas noteiktos

apstaklos iespéjams izraisa kondensaciju, tostarp kondenséjosie apkures katli.




Kondensacijas tipa gazes katli
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Fossil Fuel Dew Paint
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VanWormer, C & Grassl, D. (2018). Best
practices for condensing boilers. ASHRAE
Journal. 60. 18-27.
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http://upload.wikimedia.org/wikipedia/commons/f/fa/Mongolia005.jpg
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Ekas energopatérins
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Ko buvet?

Energoefektiva maja ?

?

Pasiva maja

Zema energijas patérina maja

Nulles energijas eka 2

?

Aktiva maja

S

Gandriz nulles energijas maja
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Eku siltinasana

Siltuma caurlaidibas

koeficients

0 10 20 30 40 50 60 70
Siltumizolacijas slana biezums

v’ Siltumizolacija,

v’ Logu nomaina;
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Videja starojuma temperatura

I T FTETE [

ThWA{+T,A,+T3435 + -+
MRT = L1 202777343

3

A+ A, + A5+ . e
g t—(=15) 5
T T S :

1 ]
‘ml..u|-’|'ulm-|'..|- -|E-'.-.r|| ‘i

1-22%¢

A AT T L T e LA R e

Operativa temperatuora ¢, =

t | I
}luj|I|||H'||||||||I=|-.||1||||||:|l:|!|||||I4I|r||'|| ||!i-|||||-'

D ool Lottt L Y

et

B



Renovacijas scenariji

Retrofitting solution

Existing situation
before renovation

According to existing
legislation without
controlled ventilation

According to existing
legislation with mechanical
ventilation with heat
recovery

Heat consumption for
heating, kWh/m?

142,7

53,8

50,4

Heating consumption for
Hot water , kWh/m?

56

56

56

Lighting, kWh/m?

16,7

16,7

16,7

Electricity consumption
for ventilation, kWh/m?2

0

0

14,3

Air infiltration of
building envelope, 1/h

0,7" including windows
opening

0,5 including windows
opening

~0.028" windows are closed
only mechanical ventilation
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Ekv siltuma pateérins
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Kad pieslegt apkuri?

Vieta

Diennakts videja gaisa temperattira £8 ° C

perioda ilgums (dienas)

videja temperatura (° C)

Ainazi

201

0.6

Aluksne

208

-1.0

Daugavpils

198

-0.4

Dobele

194

0.5

Liepaja

189

1.6

Mersrags

200

1.2

Priekuli

201

-0.1

Riga

189

0.6

Stende

201

0.7

Zilani

200

-0.3
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Apkures perioda ilgums un vidéja gaisa temperatira (° C) (dati atjauninati par periodu 1988.-2017.)

"Apkures perioda ilgums un vidéja gaisa temperatira (° C)". Par apkures periodu uzskata laiku, kad diennakts vidéja
gaisa temperatira ir stabili vienada ar 8,0 © C vai zemaka. Apkures perioda raksturlielumi aprékinati par 30 gadu datu
periodu (1988.- 2017.).
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Eku energobilance
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Ara gaisa temperatira

VI

Vi

VI

XI

PHPP V9.3

0.7

7.0

12.3

15.4

19.0

17.8

12.9

7.4

2.8

LBNOO3-15

51

11,4

15,4

16,9

16,2

11,9

7,2

2,1

CHwul 2.01.01-82

5,2

11,5

15,4

18

16,5

12,2

6,7

1,6

-2,3

CHwu 11-A.6-72

4.6

10.7

14.3

17.1

15.7

11.7

6.2

1.5

-2.6

IDA-ICE (ASHARE IWEC2
2011)

1.5

6.5

12.3

15.6

17.4

17.8

12.2

7.7

1.8

30 gadu perioda
(1988.- 2017.) videja

aritmetiska.

-2.2

-2.1

1.2

6.8

12.3

16.0
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17.7
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7.2
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http://www.polyset.ru/nb/%D0%A1%D0%9D%D0%B8%D0%9F 2.01.01-82.php
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LBN 002-15 vs MK Nr.383

Dzivojamas majas, Publiskas . v
- . . —e - - . . Razosanas
Blvelementi pansionati, slimnicas un ékas, iznemot pansionatus, _
_ _ . . _ _ ekas
bérnudarzi slimnicas un bernudarzus
Urn Urm Urn Urm Urn Urm
Jumti Gridas uz grunts 0,15 k 0,20 k 0,20 k 0,25 k 0,25 k 0,35 k
Sienas 0,18 k 0,23 k 0,20 k 0,25 k 0,25 k 0,30 k
Logi, durvis un stiklotas sienas 1,3 k 1,8 k 1,4 k 1,8 k 1,6 k 1,8 k
Termiskie tilti Y 0,10 k 0,15 k 0,15 k 0,20 k 0,30 k 0,35 k
_ S dzivojamam ekam nedzivojamam ekam
Ekas buvniecibas ieceres - - - S
apstiprinasanas periods |daudzdzivok]u €kas viendzivokla vai valsts ipasuma parejas
PStP P ‘ divdzivok|u €kas P nedzivojamas €kas
01.01.2018 —31.12.2018 < 60 kWh/m? < 70 kWh/m? < 65 kWh/m? < 90 kWh/m?
01.31.2019 — 31.12.2020 < 50 kWh/m? < 60 kWh/m? nZEB (45 kWh/m?) < 65 kWh/m?
No 2021. gada 1. janvara |nZEB (40 kWh/m?)| nZEB (40 kWh/m?) | nZEB (45 kWh/m?) | nZEB(45kWh/m?)

HEHIAT

91 |

':4||

St B TR LR e
1
B R e



Dzivojamas ekas

A klase — energoefektivitates raditajs apkurei
neparsniedz 40 kWh uz kvadratmetru gada;

B klase — energoefektivitates raditajs apkurei parsniedz
40 kWh uz kvadratmetru gada, bet neparsniedz 60 kWh
uz kvadratmetru gada;

C klase — energoefektivitates raditajs apkurei parsniedz
60 kWh uz kvadratmetru gada, bet neparsniedz 80 kWh
uz kvadratmetru gada;

D klase — energoefektivitates raditajs apkurei parsniedz
80 kWh uz kvadratmetru gada, bet neparsniedz 100 kWh
uz kvadratmetru gada;

E klase — energoefektivitates raditajs apkurei parsniedz
100 kWh uz kvadratmetru gada, bet neparsniedz 150
kWh uz kvadratmetru gada;

F klase — energoefektivitates raditajs apkurei parsniedz
150 kWh uz kvadratmetru gada, ekai nepiecieSami
energoefektivitates uzlabosanas pasakum

gNZEB

ekas energoefektivitates raditajs apkurei atbilst A
klasei, vienlaikus nodrosinot telpu mikroklimata
atbilstibu normativo aktu prasibam buvniecibas,
higiénas un darba aizsardzibas joma;

kopejais primaras energijas paterins apkurei, karsta
tudens apgadei, mehaniskajai ventilacijai, dzesesanai,
apgaismojumam sastada ne vairak ka 95 kWh uz
kvadratmetru gada;

eka izmanto augstas efektivitates sistemas, kuras:

nodrosina ne mazak ka 75 % ventilacijas siltuma
zudumu atgtiSanu apkures perioda;

vismaz daleji nodrosSina atjaunojamas energijas
izmantoSanu;

eka nav uzstaditas zemas lietderibas fosilo kurinamo
apkures iekartas
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Energoefektivitates indikators

= fuels based on renewable energy sources (wood
and wood-based fuels and other biofuels,
excepting peat and peat briquettes)— 0.75;

= district heating—0.9;

= liguid fuel (heating oils and liquefied gas)- 1.0;
= natural gas—1.0;

= solid fossil fuels (coal, etc.)—1.0;

= peat and peat briquette— 1.0;

electricity— 2.0

Latvija
Koksne - 0.2;
Siltumenergijas no katlumajam -0 - 1.3;;
Saskidrinata naftas gaze — 1.1;

Dabas gaze—1.1;
Akmenogles — 1.1;

Elektroenergija no elektrotikliem— 2.0

Hangitud kitused , : . . Kaalumis- Kaalutud
Tarnitud energia Eksporditud energia }
Energiakasutuse kokkuvote kogus/a massi voi tegur energiakasutus
€ mahuithik ~ kWh/a  kWh/(a*m?)  kWh/a  kWh/(a*m?) kwh/a
Elekter 98 969 29.4 0 - 2.0 197939
Kaugkiite 154 182 45.8 0.9 138 764
Summa 253 152 751 - 336703
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Denmark Residential buildings 20 kWh/(m?-a) PE :__ ﬁ__
Detached houses 50 kWh/(m?-a) PE M; “

Estonia e
Apartment buildings 100 kWh/(m?2-a) PE = _

Latvia Residential buildings 95 kWh/(m?-a) PE _éw “'___
2 f =

Lithuania Residential buildings <0.25 nergY p'er orinance =
indicator LHE E0E

Zone | (North): 75 kWh/(m?2-a) nl_u =

Residential (non-electric heating) Zone Il (Middle): 65 kWh/(m?2-a) DE === I

Zone 1l (South): 55 kWh/(m?2-a) S Z

Sweden =i
Zone | (North): 50 kWh/(m?-a) ESE

Residential (electric heating) Zone Il (Middle): 40 kWh/(m?-a) DE ok _-

Zone Il (South): 30 kWh/(m2a) s

e
'|i||i-|'r.:'|!|.1|.’.’.

1
1

(Kurnitski et al., 2014 + MoreConnect data)
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http://www.more-connect.eu/deliverables/

Rekomendacijas dzivojamo eku iekstelpu gaisa
kvalitatei

Indoor air quality criteria

Geo-cluster and country

GC1 GC2 GC3 GC5 GC6 Switzer-
Denmark Estonia Latvia Czech Portugal | Nether- land
Republic land
General air change rate : .
hi| 05 0.6 i \évl'lr(')tﬁfl' 0.7
|/(s-m?) 0.3 0.5,0.42 0.6 ' ' .
m3/(h-pers) detached Symmer: 0,19
25 0.60 h't
house)
Supply air to living room and bedrooms, 70 6.0 42 6.9 7 v
l/s, pers
I/(s:m?2) 1 1.0 3 - 1 0.7
Exhaust air flow, I/s 1)
a) Kichen) 5, 20 17-25 | 27.8/417| 20 21 11-167
b) Bathrooms 15 15 14 13.9/25 15 14 <8-11
c) Toilets 10 10 7 6.9/13.9 10 7
Corresponding CO, above outdoors Not Maximum
(400ppm), ppm N/A 800 | defined | 1100 | NS\ 800 | 600-1000
directly 984ppm
Recommended ventilation during un- N/A 0.05-0.1 N/A 0.1hl N/A 0.1 h-t 0.14

occupied hours, I/(s:m?)
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Renoveéeto éku skaits

"'H|LH'11LI“IIT|: i a ially

s imeloatan il

Triju un s
2010 2011 2012 2013 2014 2015 2016 | Kopa vairaku —:-_ —Z E
Kurzeme | 4 13 24 44 54 62 32 232 dzivoklu eku _E.n i
Vidzeme | 2 8 24 | 42 | 50 | 31 | 10 | 168 skaits =3
] 38600 gab. Ec
Rigas 4 11 22 37 38 38 12 162 E =3
regions S el
Zemgale 1 3 7 29 24 26 11 102 obeons
Riga 3 5 5 11 7 10 3 16 ,‘%i;: =
Latgale 0 2 5 8 8 5 1 30 e
£ 3.5
Kopa 14 42 87 171 181 172 44 740 o =
Eku renovacijas ilgtermina strategija HTE-E_ :—_ _g
https://www.em.gov.lv/lv/es_fondi/dzivo_siltak/renoveto_eku_statistika/ https://ec.europa. eu/energy/s1tes/ener/fﬂes/documents/ZO14r ——__E ﬁ— _'_E
icle4_lv_latvia.pdf = 3=



Centralizetas silltumapgades tarifi Latvija

Rigas siltums AS

Césu iela 3a, Riga, LV-1012

Tarifs bez PVN,
EUR/MWh

44,39

Tarifa darbibas teritorija

Riga

Komersanta majas lapa

http:/www.rs.lv

lemuma par tarifa
apstiprinasanu

https://www.sprk.gov.lv/lapas/Tarifi84

Tarifu apstipringja SPRK
Vairak informacijas
skatit attiecigaja http://bit ly/1b6tu00

Fortum Jelgava SIA

Pasta iela 47, Jelgava, LV-3001

Tarifs bez PVN,
EUR/MWh o173
Tarifa darbibas teritorija | Jelgava

Komersanta majas lapa

hitp://www.fortum.lv

Tarifu apstiprinja

SPRK

Ozolnieku KSDU SIA

Kastanu iela 2, Ozolnieki, Ozolnieku pag., Ozolnieku
nov., LV-3018

Tarifs bez PVN,
EUR/MWh

61,18

Tarifa darbibas teritorija

Kastanu iela 2, Ozolnieki

Komersanta majas lapa

hitp://www.oksdu.lv

Tarifu apstiprinaja

SPRK

Vairak informacijas
skatit attiecigaja
lemuma par tarifa
apstiprinasanu

http://bit.ly/2aVGING

Vairak informacijas
skafit attiecigaja
|éEmuma par tarifa
apstiprinasanu

http:/bit.ly/2KwbJgh

Brivibas iela 38, Ventspils, LV-3601

Daugavpils siltumtikli AS * [Tarifs bez PVN, 5500
EUR/MWh !
18. novemnbra iela 4, Daugavpils, Lv-5401 Tarifa darbibas Ventspils
Tarifs bez PVN, 5832 teritorija
EUR/MWh J r}']('.oér;;esr?:;ata http:/fwww.ventspilssittums.Iv/Iv
Tarifa darbibas teritorija | Daugavpils ;
Tarifu SPRK
Komersanta majas lapa | http:/www.dsilturmtikli.lv apstiprinaja
Tarifu apstiprindja SPRK Vairak
informacijas
Vairak informacijas skatit |
= T i T attiecigaja http://bit.ly/2n4TyYG
S_kam a}'tlemga]_a http:/bit.ly/TncMJC8 [Emuma par
lemuma par tarifa tarifa
apstiprinasanu apstiprinaanu
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Atjaunojamo energoresursu integrésana 2=
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To heating system
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From district heating
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From\heating system From district heating R
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To district heating

fi [ '|||::|I|'|l|||:|'||:||. :uuA ilit

To district heating = : =
Heat pump E s e

Heat pump o Al ! LS

. E R

i A | e

\\\ g // \\\ 5 // : é-__ :- _E

\\\uj/// o :- m:q'i E .-L:

Heat pump series connection Parallel connection of heat pump 8 = - -
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Boiler (TypeT00)

Heating season (Type3l3)

Pump ("[I' ypedid)

—p— Room Thermostat (Typelt§)

;I;:I'—Q—L‘-‘
" & Building (Typess)
Heating (Typel23l)
é [ >
@
Water Demand (Typeldb)

" Storage Tank (Typel3s)

USER
Outdoor temperature

Auiliary Heater (Type639)
Solar Collector (Type33id)
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Apkures sistemu jauda

DN NI NI NN

Q=A-U-(0;—0,) W

A — elementa laukums, m?;

U —siltuma caurlaidibas koeficients, W/m?2K;
u — korekcijas koeficienti up to 20%;

0, - iekseja gaisa temperatura, °C;
0. — ara gaisa temperatura, °C

miemtajds. lapat japem Vera salles SIarpjumms ull vejd suip-
rums. Telpu siltuma zudumi var jevérojami palielinaties, iepliis-
tot aukstam gaisam caur ardurvim. .. . ST
- Papildu siltuma zudumus caur jebkuras nozimes telpas no-
robeZojosam lonstrukeijam aprékina ka daju no galvenajiem
siltuma zudumiem, lietojot koeficieniu n (sk. formulu (4.18)},
kura: vértibas ir Sadas: RTIE, i S
: jebkuras nozimes Ekas telpu vertikdlo un slipo. (verti-
kala projekeija) arsienu, durvju un logu galvenos siltuma zu-
diimus, kas versti vz ziemeliem, austrumiem, ziemelaustrumiem
unt ziemejrietumiem, palielina par 109%, bet uz d1env1daqst}‘uw
mient un rielumierga vérstos galvenos siltuma zudumus palielina
sar BY% - (4.10, att); - ) _
p'a'rh}%ja(érdurvis nav aprikotas ar gaisa vai _silta gaisa aizka-
fiem, galvenajiem siltuma zudumiem izdara pieskaitijumus, ne-
mot vera ékas augstumu H: b L ) B
~o02H — triskarSam durvim ar diviem vEjiveriem starp tam;
©p,27H — dubultdurvim ar vEjtveri starp tam;
" '0.34H — dubultdurvim’ bez vejtvera; -
10,224 — vienkdrsam durvim. . : _
... Rezerves un vasaras durvim un vartiem papildu siltuma zu-
dumi nav janem vera. P e . : .
. Bkam, kurdm nerékina speciali gaisa infilirdciju un eksiil-
traciju, vertikalo komstrukeiju siltuma zudumus palielina par
5%, ja videjais veja atrums janviri mazaks nekd 5 mfs; palie-
lina par 10%, ja Sis v@ja atrums ir 5...10 m/s, un. palielina
par 16%, ja tas lielaks neka 10 m/s. o sanie e

ZR

5%

o, agi. PIes]miﬁiUmE gulvenn'jll‘gm s_iltuha:
©dumient atkaribi no konstrukeijas orienta-
cijas pret debespusém.

Jil_lﬂ_u_lrh

| 'y
|||.:|| 1] it
LU UL
‘ ‘
W s b e 8 MY

-E_IT

aa
-
—
=
=
—
=
r=
=

E
]
ey |

L]
I FeE

iy I||-||I|I :I.rl|||'|:
]

T
-] ]
il

¥

[
4

q
-':I-||-II|II'I|IIII|IIII|IIII 1l

5

g lanaaliv il -?li"-ll'l '! ||||I|T|

-|'|I|:Tl||||||||"|l'_|.l'II i

]
alih
i

e

iy

Tulas
o

3

R

|
|
i:|. !|I|-'| -;’|||| _

1.!I.!JI|IIIH‘III|IIII.r

I



Minimalas temperaturas

Temperature

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

Maximum, °C

2,0

-0,1

5,3

5,5

3,3

4,6

7,9

5,5

5,6

3,5

-2,2

2,7

3,5

Minimum, °C

-21,5

-33,2

-18,2

-20,1

-17.8

-25,0

-17,9

-16,6

-15,3

-14,3

-20,9

-22,2

-16,1

Temperature

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

Maximum, °C

2,0

3,1

2,9

2,7

0,0

8,0

2,2

8,6

3,9

4,5

-2,5

2,1

3,5

Minimum, °C

-19,6

-11,8

-26,1

-31,6

-18,2

-21,7

-31,5

-17,2

-18,2

-20,0

-27,8

17,4

-21,1

Martin$ Ruduks?, Arturs LeSinskis?
L atvia University of Agriculture

2Riga Technical University

martins.ruduks@inbox.lv
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Apkures jaudas noteiksana

=
Lidz 1990 ASHRAE EaE
Visaukstako piecu dienu videja gaisa temperatura e =

—20,7
(varbutiba 0,92) 0

99% -15,5
Visaukstako piecu dienu vidéja gaisa temperatiira

(varbutiba 0,98) 246

Gaisa gada minimala temperattira, kuras

T .. - 31
parsniegSana iespejama reizi 10 gados

. - _ 99.6%" -19,6
Gaisa gada minimala temperattra, kuras

T .. — 34,8
parsniegSana iespejama reizi 50 gados

T
liisilin

“the values for which the corresponding
weather element

is less than the design condition for 88
and 35h, respectively
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Lietuvas piered

e

building z, (h)

Thermal time constant class of

Design outdoor air temperatures at
0.98 probability, due to permissible
(A©®@=-2°C) cool-down of indoor air
temperature from 22°C set-point

Normative
values exceed
our
recommended,

0
Our Current /0
recommended normative
values, °C values, °C

Empirical probability value %

98

98 92

Very light building

<24

-20.48

-31,0 -27,0

33,94

Light building 24-72

-18.51

-31,0 -27,0

40,29

Medium building 73-150

-16,97

-27,5 -24.5

38,29

Heavy building 151-249

-16.58

-27,5 -24,5

39,70

Very heavy building >250

-16.10

-24,0 -22,0

32,92

Patrikas Bruzgevicius
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Siltluma atdeve

P=k-A-AOm,

k — siltuma caurlaidibas koeficients,
W/m2K

ewater,in - eWater,out
eair

ABm =
In (Gwater,in — ewater — T 6air)

Owaterin — turpgaitas idens temperatura;
Owaterout - atpakalgaitas udens temperatura;

0.ir - telpas temperatura temperatura;

PANELU RADIATORI PURMO COMPACT

ewater,in - eair

Augstums300mm  foe  Gme o man o sen o mew s S
11 400 218 127 65 3,6 0,7
11 500 273 158 81 45 0.8
c 11 Ci11 600 328 190 a7 5,5 1,0
&, =546 W/m c11 700 382 222 114 6.4 1,1
n=1,2981 c11 800 437 253 130 73 13
c11 900 491 285 146 8.2 1.5
11 1000 546 317 162 91 1.6
11 1100 601 348 179 10,0 1.8
Cc11 1200 655 380 195 10,9 2,0
Cc11 1400 764 443 227 12,7 23
Cc11 1600 874 506 260 14,5 2,6
c11 1800 983 570 292 16,4 3,0
C1i 2000 1092 633 325 18,2 33
c11 2300 1256 728 373 20,9 3.8
W Ee =
height [mm]
arameters g
length [mm] P
tz/tp/ti 300 450 500 550 600 900
400 75/65/20 °C 218 316 347 378 407 571
55/45/20 °C 112 161 177 192 207 289
500 75/65/20 °C 273 395 434 472 509 714
55/45/20 °C 140 201 221 240 258 361
600 75/65/20 °C 328 474 521 566 611 856
55/45/20 °C 167 241 265 288 310 433
700 75/65/20 °C 382 553 608 661 713 999
55/45/20 °C 195 282 309 336 362 — 50_6 ]
: =
3 L S
: = -
. ewater,in - eWater,out =
ABm = 0 0 oC b = = e
water,in — Yair . = E
k == am s
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Visaukstako piecu dienu videja gaisa
temperatura

Ainazi -19.4 o

Aluksne -22.4 o

4

e N
L Ras b e o Y

Vieta

] |‘.|.|r|'|.l|]l||||-|||11!|

3

Daugavpils -22.7 :'- _i f

Dobele -20.4 e

Liepaja -16.8 E =

Mersrags -16.0 =3

Priekuli -18.9 el

Riga -18.5 E. 2

Stende -16.8 H= = -

Zilani -20.3 SEmesn

SES

Par katras stacijas darba pedéjiem aptuveni 30 gadiem katra auksta sezona atrasts visaukstakais RESC=
===

piecu vienu otrai sekojosu dienu periods un aprekinata ta videja temperatiira. Visaukstako piecu T: =5
dienu ilggadiga videja gaisa temperatiira ir aprékinata ka vid€ja aritmeétiska, nemot véra piecu _:J ; :
visaukstako piecdienu periodu gaisa temperatiru. = h‘



Silluma atdeves sadalijums

e

DOUBLE PANEL RADIATOR

v' Radiant output 50 %;
v' Convective output
50%;

PANEL RADIATORS

v' Radiant output 15 - 20 %;
v" Convective output 80% -
85%;

CONVECTOR PANEL

v" Convective output 100%;

v' It is important to prevent any
installation that would block the
heat exchange;

v" Use of decorative panels in front
of radiators is not recommended;

v" In case of convectors use, it is
necessary to ensure air movement
acCross convectors;
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Ventilacijas risinajumi

ventilation

outflow
Pre-heated
& ] t ventilation
\ = outflow
Radiator
. \ Wall channel \
A Filter \ \
Air inlet \

! .
ventilation — (]
inflow A\ Filter

Pre-heated ventilation /_!_!.MJ’
— t Pre-heated
; To

~120-180 mm
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System Supply flow (°C) | Return flow (°C) Type of heating units

[T ELEL [T T

High temperature (HT) up to 95 up to 70 Conventional hydronic radiators —T_'._ s
Medium temperature (MT) 55 35-40 Low temperature radiators _m - :
Low temperatures (LT) 45 25-35 B2 E
Ventilation radiator baseboard _:m e
radiator wall/floor/ceiling heating o= =
Very low temperatures i B
y P 35 25 == I
Screed Insulation é:_ _: _._'5
Vapour barrier Stra&r:zg ;-:J::__ E -'E
o= End strip _-1' - h_:_ —“—E
Nl — Composi =k S
UFH pipe —/\ \‘\ - p(;i;: ;__ W':-_: —E
Damp proof —/ ZFloor Aluminium -;_-_ ': i .*.".E
membrane insulation plato R =
TE—. '“E_ _|_§




Retrofit number

Technical description of the energy-demand retrofitting
(measure 1-5 listed as following)

Technical parameters
before retrofitting

Technical parameters
after retrofitting

R1

R4

1. Upgrade the air-tightness by 60% by adding extra insulation
of ducts and pipes. Seal all cracks and air leaks in joists

Seal all joints and intersections of the sheathing in the balcony
and studs connecting with external wall with improved
thermal bridges (replacing glazing and frames of window is
not included)

2. Existing ventilation system installed with heat recovery
exchanger and required AHU. Heat recovery efficiency is
addressed as 80%

3. Replacements of the existing windows with
high-performance glazing systems and window frames

4. New insulation layers on the roofing and attic structures:
300 mm mineral wool insulations + roof tiles

5. New insulation layers on the external walls: 150 mm
mineral wool insulation + 15 mm sheathing

2.5 ACH
1.2W/mK

Without heat recovery

Uvalue=2.85W/m?K
U value: 0.26 W/m?K

U value: 0.48 W/m?K

1 ACH
0.15W/mK

With 80% heat recovery

Uvalue=0.8W/m2K
U value =0.08 W/m? K

U value=0.18 W/m? K

60
55
50
45
40
35
30

25

Supply temperature for radiators, °C

20

°c ‘
22.0+
Ventilation retrofitting (R2)
Hish heati External wall
1g -temperal}m: eating 51N~ N8B —= : insulation (RS)
before retrofitting
o 2104 ! Thermal bridge, air-tightness retrofitting (R1)
_____ & Window retrofitting (R3) ¥
5 Attic/roof retrofitting (R4)
g 205
[
oL
]
D
& 2004
<
After LTH-retrofitting measures -
19,0 Before retrofitting
T ¥ T T Mon : Tue . Wed s Thu ; Fri : Sat 5 Sun . S h
-20 -10 -5 0 5 10 960 980 1000 1020 1040 1060 1080 1100 1120
Outdoor tempe rature’ “C 9th February Cumulative hours 16th February

Wang Q., PloskicA., Holmberg S. Retrofitting with low-temperature heating to achieve energy-demand savings and thermal comfort. Energy
and Buildings 109 (2015) 217-229
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conservation, environmental impacts and indoor air quality in Swedish multifamily houses, Energy and Buildings, 2016, 121, 250-264.

Veiktie petijumi -
= Brand and Svendsen show that a typical single-family house in Denmark T i
built in 70s and recently still without any renovation measures can be heated A
by low-temperature DH with supply temperature 50°C to an operative o=
temperature of 22°C roughly for 59% of year. e

= Wand and Ploskic confirm that VLTR will not significantly improve the mean § -~ -
air temperature if no extra energy-demand renovation is implemented ina  { - -
building. Sl
== =

—x =

Brand M., Svendsen S., Renewable-based low-temperature district heating for existing buildings in various stages of refurbishment, Energy, 2013, 62, m-__ :
311-319. FE S
Wang Q., Holmberg S., 6th International Building Physics Conference, Combined Retrofitting with Low Temperature Heating and Ventilation e —:
Energy Savings, Energy Procedia, 2015, 78, 1081-1086. =
Wang Q., Ploski¢ A., Holmberg S., Retrofitting with low-temperature heating to achieve energy-demand savings and thermal comfort, Energy and -::;:'; == =
Buildings, 2015, 109, 217-229. =S e
Wang Q., Ploski¢ A., Song X., Holmberg S., Ventilation heat recovery jointed low-temperature heating in retrofitting—An investigation of energy "“:T: = E
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Zemas temperaturas apkures sistemu darbibas
parametru vzlabosana

Qcond

Smooth shiny surface

Water in

Qtot

Smooth black surface

Saw-tooth shiny surface

W

gludu gaiSu virsmu un samazina siltumaj
zudumus caur sienu par apmeram 54%]
salidzinajuma ar vienmerigu melnu virsmu.

Shati A.K.A., Blakey S.G., Beck S.B.M., The effect of surface:'
roughness and emissivity on radiator output, Energy and Buildings,

2011, 43 (2-3), 400-406. E

Saw-tooth black surface
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Mehaniska ventilacija

c21

70

c22

102

A

l
N

|
J

1
) :1 3

|
I

il
H

Traditional radiator

£—— 46 mm —,
K—33 mm
/N
12 mm
21 mm 15 mm
®/ Convection

— 40 mm —>

Simplified model

7N
(j;446mm
sl

}

@ Radiator panels

Q
|®
e ()

@ Vent

@ Wall channel

@ Filter
@ Radiator

Modified traditional radiator

-\——46mm—>l/

6 mm

6 mm /

=1

\®/

= Performance of VLTR could be
optimized by narrowing the

distance between convection fins

inside the radiator panels in

order to enlarge the area of heat- .

transferring surfaces, while
avoiding internal geometry that
increase pressure drop.

Myhren J.A., Holmberg S., Improving the thermal performance of ventilation
radiators — The role of internal convection fins, International Journal of Thermal
Sciences, 2011, 50 (2), 115-123
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Sildelementa ietekme uz komfortu = =
it ________ S __ __ - thermal comfort is more = o
e % w2 = easily achieved with 11- |
= = v - . type radiators, due to their
larger surface area, and _Ei ‘

with  22-type  serial- el

connected radiators, by =

virtue of their higher front 3

panel surface temperature. :1: =
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K.-V. Vosa et al. / Applied Thermal ‘
Engineering 132 (2018) 531-544
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Lokalo siltlumsuknu izmantosana -
= Decentralizetie siltummezgli LTDH dod iespeju ietaupit 30% no ==

ikgadejie cirkulacijas siltuma zudumiem. e

FH- Floor heating pipes [ ® - =% . A Dzsz:t;:gsd 2. H ir: _, _§
e : g8 1 & -
::% . @ > i Decentrahzeﬁ:‘ﬁ = i

M M - et

= o ‘ 3 -~ substation Edia =

= =" | 5 HEs ==

— P — Heat pump unit P _f ":_.:_‘T;_“'—"E“_.

..o SH_suf A ! W ‘ D _— | ‘-%E;_E _E
L DH_retur{n><}A v ‘ = é:— _:___5
SR

Xiaochen Yang* , Hongwei Li, Svend Svendsen. Decentralized substations for low-temperature district heating with ﬁ-—-i—_ : | h_g
no Legionella risk, and low return temperatures. Energy 110 (2016) 65e74 :;.;_ = q_%




Lokalo siltlumsuknu izmantosana

= Lokalo siltumsuknu izmantosana uzlabo
apkures un karsta udens apgades sistemu
efektivitati. «Ultra» zemas temperaturas
apkures sistemas siltuma paterins videji par
20% mazaks salidzinajuma ar zemas
temperaturas apkures sistemam.

A Hot Tap
Water

(b) ULTDH in multifamily buildings

A Space

Heating

Ommen T., Thorsen J.E., Markussen W.B., Elmegaar B.

VA

N

Performance of ultra low temperature district heating systems

with utility plant and booster heat pumps. Energy 137 (2017) 544 <
- 555 :

Hot Tap
Water

A Space
Heating

A
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Aprekinu programmas

EXCELL

= Passive House Planning Package, PHPP;
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= Ekas energoEfektivitates Aprekins «EFA» ;
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WEB-tool

= Heatmod - http://www.heatmod.lv
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Saskana ar EN ISO 13790:2009.
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http://www.heatmod.lv/
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Dinamiskas aprekinu programmas

= ArchiCAD EcoDesigner STAR
= MagiCAD Comfort & Energy
= IDA- ICE;

= I[ESVE;

= RIUSKA
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Petijums
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Izejas dati

11001
1000

i i

From 01-Jan-18 to 31-Dec-16

Infiltration: object in RIGA LT_control_regime

El_ljiu_llh

Infiltration
- Method

- Zone Distribution

0]
o
I

|

AT TE

47

Infiltration units

IACH (building)

zl Distribute

& Wind driven flow

Air tightness

at pressure
difference

¢ Fixed infiltration

Flow

ACH (building)
Pa

Pressure coefficients

ACH (building)

Air-wetted external surface arnzl

proportional to

Wind driven flow

Air tightness in
zones

1.2758

at pressure difference

Fixed infiltration

Fixed flow in
zones

L/(s.m2 air surf.)

50 Pa

L/(s.m2 air surf.)
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0 1000 2000 3000 4000 5000

—&— Dry-bulb temperature, Deg-C
—a— Rel humidity of air, %

—a— Direct normal rad, W/m2
—#— Diffuse rad on hor surf, W/m2
—s— Wind speed, x-component, m/s
—a— Wind speed, y-component, m/s
—+#— Cloudness, %
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Scenariji

Scenario

Supply curve

U-values

HVAC

1. Non-renovated basic

3GDH

2. Non-renovated LTH

4GDH

External walls 0.85 (W/m? K)
Roof 0.80 (W/m? K)

External floor 0.80 (W/m? K)
Doors 1.80 (W/m? K)

Windows 2.21 (W/m? K)

Thermal bridges are on poor level

PURMO C21 heat convectors;
Air-tightness q5,=1.67 (I/s'm?);
Air-exhaust ventilation with g= 0.54
(I/m?-s).

3. Renovated LTH

4GDH

External walls 0.18 (W/m? K)

Roof 0.15 (W/m? K)

External floor 0.15 (W/m? K)
Doors 1.80 (W/m? K)

Windows 1.30 (W/m? K)

Thermal bridges are on good level

PURMO C21 heat convectors;
Air-tightness q5,=0.71 (I/s'm?);
Air-exhaust ventilation with g= 0.54
(I/m?-s).
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@ RIGA LT_control_regime - IDA Indoor Climate and Energy @ C:\Users\anato\Desktop\RIGA\RIGAY\ —
|File Edit View Insert Tools Options Window Help
D-B-EH-8 4R 90| DB %0/ mM@-8 B D | Omao

x| 5
IE"VEbP'E Units | Ahu I Plant | u RIGA LT_control_regime: C:\Users\anato\Desktop\RIGA\RIGA\RIGA LT_control_regime.idm [ = H =) ” 23 ] [ 23 ]

aic | Ambient | control | utiity |

Links | Math | Logic | An

Zone and
Envelope models

Standard wall model
(inline integration)

Finite difference wall
model

RC network wall
model with three
capaciies

Adiabatic wall (no
net heat transfer)

Node model for
therm. connect.

-0 - —g— —0—
s el B T

Detailed zone
model

Simplified
zone model

Wall surface exposed
to solar radiation

Window

Prg

- Glg

|® & llTI;—.I?I-( (] e Tl

[& Plant: object in

Schematic Out

Standard PI

- Setpoint fol

1
|§!
[

St

m Piecewise proportional controller

Data Diagram I

Supply heating water temp

Edit

' Properties '

- Energy Meters Usage—
M\ Lighting, facility A
nly (no suj M\ Lighting, tenant
A\ Equipment, facility
A\ Equipment, tenant
M\ Electric cooling
I ’ M\ Fuel cooling
AddAHU.. M\ District cooling
Replace.. M HVAC aux
P M\ Electric heating
T | || Foetheatig v

Open boiler and chiller to set parameters.

Renur‘t 7 Expand table
477 ] | b } l } ] | | > nal gains () Wall constructions » More
-30 -25 -20 -15 10 -5 O 5 M0 15 20

Ambient temperature Return air| Occup., | Lights, Lights, | Equ “
Us.m?) | nosmz | wim2 | kwhimg | nt
- ha 00 0.0 0.0 0.0
I s ha 0.0 0.0 0.0 0.0
Plant model with (by default) very large capacity. Supply "ra T ‘—m— 0.0 0.0 0.0 0.0
hot water setpoint is a function of outside air temp. Chilled ’\ ’\ ’\ n.a. 0.0 0.0 0.0 0.0
water temperatures to zones and AHU are constant. Wt ChilPu_Snep = 0.0 00 00 00
N 'T\ '\]\ DNE;DW na 00 0.0 0.0 0.0

n.a. 0.0 8812 3216 00+
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egime - IDA Indoor Climate and Energy @ C:\Users\anato\Desktop\RIGA\RIGA\
Insert Tools Options Window Help

Gl 9¢c | D81/ M@-4Bp|aw omac

n Living room 2.4.2: a zone in RIGA LT_control_regime
Gel

General Geometry Outline

ey ]y ][z )= ]

Water Radiator
¢ Simplified model:

Design power

Controller

Longwave Emissivity

Sensor

Design conditions
Air temperature at
maximum power
Supply temp at
maximum power
Return temperature
at max power

Massflow at full power

|Supervism‘y_Living

[ ]

IAir temperature

o [ ] oeec
o [E5] oeoc
miaou (3] sevc

(002232 | Ko

[
26| N
04 | L
i
- Vel
C
N-value, exponent N
N of power curve
" Use manufacturer's data
s 11t Device type
gi [© WATER_RADIATOR
g
Le
Gi
!
@ Surfaces () Windows () Openings (0 Air handling units  (O) Leaks
Wetted |Connecte| Azimuth,| Slope, |Construct
i T¥Pe |aea,m2| dto | Deg | Deg | ion |Wim2K
B Floor [Defa...
[ Ceiling Roof 1786  Groun.. 1800  [Defa
= <

(O Room units  (O) Internal gains () Internal masses |
) Layer Layer Layer A
| m";z:'al thick:jess mL:tz:;I thick;ess m";z:;l thick:je
©Co... 005 © Chi... 007 ©Co.. 015
08008 0277 ©Gy. 001 ©Co. 022 ©He. 0047 v
>

2: azone in RIGA LT_control_regime

I Water Radiator X

M

Water Radiator |fiit © Water Radiator

Water radiator or convector 3)

K-value 1) WIm*=C*N
N-value 1) R

Height 2) m

1) The total emitted heat is given by K * length * dT*N, where dT is the difference between the mean surface
temperature of the equipment and the air temperature.

2) Total equipment length is derived from the graphically given area divided by the height (frequently from
the data base)

3) To define equipment with a large part convective heat transfer, a small wall area is given in relation to

the total power emitted. The radiative transfer is given by the size of the area and the equipment

surface temperature.

() Internal masses
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P [ P

slaswibvanrlowiaini bl sl sind el e

rei e s

Layer

material
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Msain temperatures
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c AE_E_ Mean air temperature, Deg-C —&— Operative temperature, Deg-C G
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[ Envelope & Thermal bridges, W [[] Internal Walls and Masses, W [_| Window & Sclar, W [l Mech. supply air, W
Il \~filtration & Openings, W [__] Occupants, W [_] Equipment, W [__| Lighting, W [Jll] Local heating units, w [}
Local cooling units, W [[_] Net losses, W

|Q House living +

0[8-19], 1 otherwise

05
it balance
0.0, 2 8 0 2 m m 21 24 Bl Heat from air flows, W [ Heat from occupants (incl. latent), W [l Heat from equipment, W [[] Heat from
walls and floors (structure), W [l Heat from lighting, W [_] Heat from solar - direct and diffuse, W [ Heat from
0[8-19], 1 otherwise heating and/or cooling room units, W [[] Heat from windows (including absorbed solar) and openings, W [JJJj Heat
1.0 | Emem—— W Afrom thermal hridnes W
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Temperaturas diskomforts

Averagely weighed number | Averagely weighed number
Number of of hours, h of hours*, %
bedrooms
below 18 °C | 18-20°C | below 18 °C | 18-20 °C
21 6 175 0.14 3.88

*total number of simulated heating hours is 4514 h
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| Connection to the piping system
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