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LowTEMP2.0

SiltumsUknu sistémas:

leviesana, integrésana dazados siltuma avotos un siltumapgades elastiguma
paaugstinasana

Dzintars Jaunzems, VASSI, RTU
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Compressor

Siltums no apkartéjas vides
—> Sisiltumenergija tike izmantota, lai iztvaicétu | High-Pressure,

- v . ‘ High-Temperature Vapour
dzeséjoso vielu [ aukstumagentu

Low-Pressure,
Low-Temperature Vapour

Procesa radita gazveida aukstumagenta
saspiesana kompresora @

&

Evaporator

Siltummainis kondenstatora parvada Condenser
siltumenergiju uz siltumapgades sistemu

Low-Pressure,
Low-Temperature Liquid

High-Pressure,

Saspiesta aukstumagenta spiediena High-Temperature Liquid
samazinasana un pareja uz skidru Expansion Valve
agregatstavokli
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Visparéjie darbibas principi LowTEMP2.0

Atjaunojama energija

¢ Siltumsuknus var kombinét ar
atjaunojamajiem energoresursiem, lai
nosegtu siltumsukna elektroslodzi

electric input

renewable
energ

¢ Siltumsukniem izmantojamie siltuma

: : - ‘ — = ()
avoti (gaiss, udens, grunts, geotermala , L f"
energija utt.) jau pasi par sevi ir | l )
atjaunojamie energoavoti jipm B
o . - . —. . . . | & i \’] =
Siltumsukni spéj nosegt visu siltumslodzi - g

ar atjaunojamajiem energoresursiem un ar
zemam SEG emisijam

heat sources heat pump distribution heating system

3. attéls: Siltumsukna sistémas energijas plismas. Avots: bwp
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Low

Siltumsukni izmanto dazadus dabiskos siltuma avotus

Siltumsukni izmanto siltuma avotu ar zemu temperatiras [Tmenis = paaugstinat temperatiras limeni

Atskiribas starp plasi izmantotajiem risinajumiem

| Energy source | | Driving power | | Compressor | | Open / closed circuit

* Energijasavots

| W aste heat / surpluse heat I Thermical compression: N Closed circuit
Absorption

e Pi edz I I’J asene rg IJ a (elektriva, gaze/ tvaiks, ieksdedzes dzingjs) sopn \'J (Adsorption / Absorption heat pump)

* Termiska/ mehaniska kompresija . | comosaion (bermica s soryress)

engine,

open circuit

A

- . - - . - . - Steam turbine
* Valéjavai slégtasiltumsiknu sistéma \
|

Mechanical compression: = (mechanical vapour compressor)
Axial
centrifugal
. - Rotary piston
| Electricity H Electric motor Piston Closed circuit

Etc.

(compression heat pump)

SiltumsiUknu tehniska ievieSana
(Avots: Wolf et al. 2012; Tulkots & precizéts)
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Energijas avoti

Piedzinasrisinajums

Kompresors

Siltuma parpalikumi/
liekais siltums /vide

Valéja / slégta sistema

Termiska kompresija:
Absorpcija
Adsorpcija

Slegta sistema
(Adsorpcijas / Absorpcijas
siltumsakni)

Striklas kompresors

/—) Apkures katls

Kurinamais > |e|(;§¢.ie_d.zes
zinéjs,
tvaika turbina

Valéja sistema
(Termiskais tvaika kompresors)

Mehaniska kompresija:
- Aksiala —»
-__Centrbédzes
Rotacijas virzulu
Virzulu
Skraves kompresors
Turbo kompresors
- Spirales

Valéja sistema
(Mehaniskais tvaika kompresors)

Elektriba ——»  Elektromotors 3 [

I Slegta sistema
(Kompresijas siltumsakni)

Siltumsuknu tehniska ievieSana

*
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lespéjamie siltuma avoti siltumsuknu izmantosanai LowTEMP2.0

Dazadie siltumsuknu tipi

° Gaiss [ gaiss Gaiss
w
© Gaiss [/ Udens @
- _ Udens
o Udens [/ Udens
« Urbumi (akas) / Gdens
« Grunts (zemes virskarta) / Udens ~
- Notekudeni / tdens
° Geotermala energija/ dens Geotermla
° Hibridie siltumsukni Gruntsoden
. Due[.fue[_Systems“ | Notekddeni Siltuma pérpa?likun_'li / Siltuma
Avots: AGFW-Project GmbH atlikumi
OIl'l'li.nterre EUROPEAN
6 g REGIONAL
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lzmanto ventilatorus, kas parvieto gaisa masu > gaisa esosa
siltumenergija tiek nodota siltummainim > izlietota gaisa masa tiek
novadita atpakal vide

Neierobezots siltuma avots, bet izteikti sezonals

Laika apstaklu izraisitas svarstibas (diennakts un sezonas)

Siltuma generacija ir pretéja siltuma pieprasijumam — }

> Augstaks COP (Coefficient of Perfomance) vasara

< Zemaks ir ziema Ceothermie

-> siltumsuknus, kasizmanto gaisu ka siltuma avotu, parasti
izmanto bazesslodzémvasara
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Valéjas vai sleégtas sistémas:

Nem Udeni viena vieta, novada citg;
lzmanto noslégtu kontUru, kura izvietota odent.

Laika apstaklu izraisitas svarstibas

Mazakas ka gaisam, jo lielaka siltumietilpiba

Valéjam sistémam japaredz, ka tas nenodzeseés siltuma
avotu un neradis negativu ietekmi uz vidi

Ceothermie

Piemérs: Vacijaizmantojot upes ir iespéjams iegut
7°C apmeéram 6000-6500 h/gada.
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Low

. ~ . . Water source heat pump - open loop system (well based)
Urbumi (akas) / tdens siltumsuknis

lzmanto gruntsudenus ka siltuma avotu

in an open Ioo;gI system, water
drawn from the first well is
discharged into a second well
after it is used

in some areas, the two wells have to
be at least 100 feet apart

Loti nebUtiskas sezonalas gruntsudenu

temperaturas izmainas — vienmeériga siltuma
jauda

]

indoor
. B o ] _ T wiiﬁlﬁ ———— —=> discharge pipe >
Valéjs kontdrs ar diviem urbumiem /akam | A SERSEES :

R e 4
Dzilums: parasti sakot no ~20m unit - 7100 Teex
Risinajuma efektivitate atkariga no gruntsidens o
kvalitates, temperatiras un dziluma w;gmye;tggggfgge;ej

year round well ;
g

15. attéls: Urbumi (akas) / Gdens siltumsUknis. Avots:
http://www.ashireporter.org/Homelnspection/Articles/ Warming-Up-to-H eat-Pumps/15064
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Siltuma avots — udens (upes & ezeri) LowTEMP2.0

Air- & water temperature (Main) in Schweinfurt Air- & water temperature (Main) in Schweinfurt
25 25
20 20
15 15
T 10 = 10
= =
@ @
a L
a 5 o 5
£ £ |
g 2 s
0 T 0 \‘ v
o o0 g ‘i& o0 oW w0 o0 o0 o] o0 o0
bom) ™ fom) o i — — — L) ) — —
o o o o =) ) o o o o ) )
™~ ~ ~ ™~ ™~ ™~ ™~ o~ ~ r~ o~ o~
S o N A o £h S q o S S o ~N R
Q o S o = Q Q o - ! it b Mt
o N = o N o 3 N = m R a =
-10 -10
Datum Datum
outside water outside water
" temperature ~* temperature " temperature “*~ temperature

2. attéls. Gaisa un Gdens temperatdruizmainas (Mainas upe) Schweinfurt 2018. g. 1. janvdris—30.aprilis, 1. septembris - 31. decembris [Avots: Eselshéhe weatherstation and Bavarian State
Office for the Environment]
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Siltuma avots — gruntsudens LowTEMP2.0
Temperature °C Glockenbrunnen source  Nr. 384509

Ground elevation: 233 m above sea level
11 -

AV

9

8 L — — L}

7 ° Piemers no Vacijas,

6 . gruntsudens temperatiras

. svarstibas no 1998. lidz

i 2009. gada

Jan.98 Jan.99 Jan.00 Jan.01 Jan.02 Jan.03 Jan.04 Jan.05 Jan.06 Jan.07 Jan.08 Jan.09
3. attéls. Gruntsidens temperatirano1998. lidz2009.gada Bad Soden am Taunus pilséta[Avots: Hessian State Office for
Environment and Geology]
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Siltuma avots — notekUdeni LowTEMP2.0

° Attiriti notekUdeni tiek izmantoti ka siltuma avots

© Jasaskano ar esosajam prasibam notekudenu
parvaldibas un apsaimniekosanas joma

° NotekUdenu nodzesésana irierobezota

° Attirito notekudenu kvalitate ir butiska

- Piem., dzelzs fosfats izkrit uz siltummainiem

- Nepieciesamas filtru sistemas vai ipasi tirisanas
procesi, tapéc plaksnu siltummaini nav isti
piemeroti

Notekudeni

Jose
i, “Flnterreg

Baltic Sea Region
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Siltuma avots — notekUdeni LowTEMP2.0

Temperature of sewage treatment plant effluent 2015/2016

20,0 ! - ‘
15,0
O
[+
5
'
®© 10,0
7]
e
% -
= 50
temperature 2015
] —. temperature 2016
0,0 1 1 '. : e
0 2000 4000 6000 8000
time [h]
4. attéls: Kombinétas notekddenu attirisanas iekdrtas attirito notekidenu temperatira [Avots:
Stadtwerke Lemgo]
'y
i ] EUROPEAN
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NotekUdenu izmantosanaka siltuma avotu
Inovativa tehnologija: gazes absorbcijas siltumsuknis

lzmantojot notekddenos esoso siltumu, samazinaja CO, par 75
%

lzmanto apkurei un karsta 0dens sagatavosanai

Kondensacijas apkures iekarta, lai nosegtu pika slodzi

18. attéls: Notekddenu siltummainis. Avots:
hamburgwasser.de

19. attéls: Notekddenu caurule. Avots: hamburgwasser.de
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Siltuma avots — grunts

&

LowTEMP2.0

Izmanto siltumu, kas ir grunti un zemes virskarta

Lai to izdaritu, speciali siltumapmainas risinajumi
tiek izmantoti (zemes kolektori vai zondes)

Siltuma avota temperatura ir atkariga no izboves
dziluma
Jo dzilak, jo nemainigaka temperatuira

Zema siltuma avota temperatura > zemaka
siltuma atdeve no 1 m2zemes kolektora laukuma >
nepieciesama lielaka teritorija

Teritorijas izmantosana péc tam ir ar zinamiem
ierobezojumiem (piem., lauksaimnieciba parasti
joprojam ir iespejama)

"interreg
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Visparéjie darbibas principi

LowTEMP2.0

Grunts / Udens siltumsUkni — horizontalas zodes /
kolektors

o Kontuors ir horizontals

° Dzilums1,5-5m

¢ Lai palielinatu siltumatdeves virsmu, tas var saritinat

° Nav nepiecieSama urbsana

8. attéls: Zemes kolektoru risinajums. Avots: noventec.de

9. attéls: Zemes horizontalas zondes un grunts/ddens siltumsiknis. Avots: Viessmann
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Visparéjie darbibas principi LowTEMP2.0

Grunts (zemes) / udens siltumsUkni — (geo)termalas
zondes

o Zondes ir vertikalas (ka urbumi)

. u
° Dzilums: 5-100m
° Jo dzilaks urbums, jo lielaka siltuma avota jauda (piem., T i
Wim) = =
: s im == e
° Pirms tam noteikti javeic geologiskaizpéte :
= |
El
5. attéls: Zemes/Odens siltumsiknis. Avots: Viessmann
"interreg surores
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Grunts / Gdens siltumsukni — (geo)termalas zondes

6. attéls: Zemes vertikalas zondes —urbsana unierikoSana. Avots: sites.google.com 7. attéls: U-tipva zondes gals. Avots: wikipedia.de
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Groundtemperature (°C) in  2cm, Scm, 10cm, 20cm, 1m,2m, 4m, 6m,

12m depth

5. attéls. Grunts temperatiras dazados dzilumos [Avots: Potsdam Institute for Climate Research]
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Visparéjie darbibas principi

O

LowTEMP2.0

Urbumu registrs un siltumatdeves raditaji (Hamburga, Vacija)

- o —
\/ Mackhoht, . Barmstedt— />
E Heede ™~ A

“Sémmenda

B Legende ®

whien) ; >
sy . Hemdingen
Geothermisch ausgewertete Bohrungen

@® ET>30-50m - bl
ik / L 3
ET>50-100m Borstel. / L = O S
lohenraden > e

ET>100-200m

Tangstedt
v

ol oor

ET>200- 500m
ET>500-1000m

ET>1000m

siek

[ON NN NONO]

privat

ey Suucmkmn SO ) S (®) - Suchserantion
g Gucmnwwnel \ . / = = ¢ 1 r ,,

<

A \ p= o e/ /s E “Aumahle
i By = 'j*' 3 y b . = 5. .R nbek m}"k\'}ﬁ" 5
i \ Ladihes, < < : A 2 o ehisif
. Zomy LA o ®- TS 2 Z= e FWentort o
X 3 5 ?C Q.). ei Hamburg
£ ) IO Kieppelshage
4, P . C p ‘r\_r." et
mnded o Bliodersdort s gonor Y Bémsen |
/ 3 R Enhgbuvg
s o

Bl Harsefeld pcrned

“—7Apensen
i }

. Ora

: Beckdort
Ahlerstedt Sakibeck -

Appel
K Reaeshostel 1§ el
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12: attéls. Siltumatdeves raditaji. Avots: geoportal-hamburg.de
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Siltuma avots — rupniecibas siltuma atlikumi & parpalikumi LowTEMP2.0

° Loti piemérots siltumsukna darbibai (ja precizi zinams
sagaidamais siltuma apjoms / siltuma jauda)

¢ Jebkuri siltuma atlikumi no ropnieciskajiem procesiem
ir ar potencialu, ja tehniski to var izdarit (piem.,
dzesésanas udens & gaiss, u.c.)

° Aktiva atdzesesanair iesp&jama

° AridOmgazes no rupnieciskajiem procesiem var
izmantot/kombinét siltumsuknu izmantosanai

Ropnieciskie
"""""""""""""""""" I_pl'oc1=3s1_l_

21
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Apkopojums LowTEMP2.0

Typical Temperature Typical Further

I EEEL source temperatures fluctuations availabilities information

. . o o i o Local (own) weather
0°C—-40°C High April — September stations

Lakes and 2°C-20°C Medium April — October ~ -0c@l: competent water
rivers authority

Groundwater 3°C-15°C Low All year round C{:mpetent_ LR
authority
Wastewater/ 790 — 20 °C Medium All year round? Operator of the relevant
pure water sewage treatment plant

Shallow

geothermal 0°C—-19°C Medium All year round -
energy

Industrial waste 14 °C — 50 °C Individual Individual Cnrrespnndmg industrial
heat enterprise

Industrial
flue gas/waste 30°C-50°C Low Individual

Corresponding industrial

enterprise
gas P

Table 1 Overview of heat sources [large heat pumps, supplemented] (AGFW)
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Veiktspéjas koeficients (COP — Coefficient of Perfomance) LowTEMP2.0

... Raksturo siltumsUkna efektivitati —to raksturo sarazotas lietderigas siltumenergijas attieciba pret
patéreto elektroenergiju

‘ Qlietderigé
Pel.

COP =

o Siltuma avoti galvenokart tiek uzskatiti, ka ir brivi pieejami

—>No siltuma avota panemtais siltumenergijas apjoms netiek nemts véra efektivitates aprekina =
Koeficients var b0t >1

- Siltumsukni var but energoefektivi un izmaksu efektivi

—> Galvenais nosacijums: Jo mazaka AT jasasniedz, jo lielaks COP

."'llll.
interreg

Baltic Sea Region
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|

Viens no 2lielas jaudas siltumsukniem Ving, Austrija:
Kopégja siltumjauda 40 MW
25 000 majsaimniecibu siltumapgade

TemperatUras paaugstinasanano 6° lidz 95°C
Avots: Wien Energie/Christian

Samazinajums: 40 0oo CO, tonnas/gada Hofer

Low

Gaiss/Udens siltumsuknis privatmajai (siltumjauda 6-12
kW)

Source:energie-experten.org

"interreg
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Siltumsuknu integréSana DH sistémas LowTEMP2.0

Supply-pipe feed-in Return flow temperature increase

ATheat pump

ATheat pump

8. attéls. Lielas jaudas siltumsaknu integréSana DH sistémas — turpgaitas padevé (attéls pa kreisi) un atgaitas temperatiras paaugstinadSana (attéls pa labi) [Autoru attéli]

Avots: AGFW

..“l'll.
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SiltumsUknu integrésana DH sistémas — turpgaitas padeveé LowTEMP2.0

Supply-pipe feed-in

o LHP var but tiesi integréts turpgaita, ja var nodrosinat
nepieciesamo AT

AT,
¢ SiltumsUkna jaudai jabUt pielagotai maksimalajai heat pump

turpgaitas plismas temperatirai*

(*jo T palielinas pazeminoties argaisa temperatirai)

Avots: AGFW

Jose
- “Flnterreg
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Siltumsuknu integrésana DH sistémas — Atgaitas (BD
temperatUras paaugstinasana

LowTEMP2.0

Ja turpgaitas padevé siltumsukna efektivitate ir
zema, tad atgaitas temperatiras
paaugstinasana var bot ka alternativa

leguvumi:
- Daudz realaka integrésana esosajas DH
sistemas

- Nakotnes potencials pariet uz turpgaitas
padeves risinajumu, jo tendence ir pazeminat
TFL

ATheat pump

Return flow temperature increase

Avots: AGFW

27
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Esosais dalijums:

Dabiskie Sintetiskie
NH,(@amonjaks) & CO,

Zems globalas sasilsanas potencials (GWP)

R-134a, R-152a & R-245fa

Galvenokart fluoroglidenradis (HFC)

Nav ozonu noardisanas potenciala (ODP
P ( ) Ekologija un ietekme uz vidi

Dazi vai nevienaierobezojumano ietekmes uz L _
vidi viedokla Plasiizmantoti

Parasti netiek izmantoti ka aukstumagenti

Lielas jaudas siltumsukniem Sobrid nav ierobezojums HFC izmantosang, bet aukstumagentu izmantosana ar
augstu GWP ir ierobezota ES F-gazu regula.

-2 Kopuma klimata un vides politikas veicina pareju uz dabiskajiem aukstumagentiem!
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Ekonomiska dzivotspéja

&

LowTEMP2.0

Investiciju sadalijums:

Lielas jaudas siltumsuknu projekta pozicijas:

Siltumsukna iekarta

Piekluve un pieslegumssiltuma avotam
Pieslegums DH tiklam
Elektroapgadesrisinajumsun piesléegums
BUvniecibasizmaksas

Projektésanas un atlauju izmaksas

29
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Ekonomiska dzivotspéja LowTEMP2.0

Investiciju sadalijums:

+ Siltumsukna iekarta ~ 50% = Heat pump and

installation
+ Siltuma avota izmaksas |oti atkarigasno ta
. ¥ Gaining access to and
veida, ko raksturo: SGreCg o A
- Pieejamiba source

. IesEéjas pieslégties unizmantot

-+ Apkopes nepiecieSamiba un biezums » Construction
« Jaizverte siltumsukna integrésanas

risinajumsun veids (piem., temperatiru . Electrical

rezims, tikla spiediens, attalumi no/lidz connection

siltumavotam, siltumsoknimun

siltumtikliemu.c.) = planning

Investiciju sadalijums
Avots: Pieper and Energinet

..||l'".
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Ekonomiska dzivotspéja LowTEMP2.0

Ipatnéjas investicijas dazadam siltumsUknu jaudam un izmantotajiem siltuma avotiem

Table 3 Specific amounts of the total investment in the case of large heat pumps, depending on the heat source
used according to [Pieper]

Specific
investment
(total) Flue gas Wastewater Waste heat Groundwater

in million
€/ MW,

m 0.53-0.63 1.23-1.91 1.18-1.72 09-1.12

G d Y 0.46-053  0.72-1.23 0.72-0.97 0.77-1.18 0.73-0.9
044-046 062-0.72 067-0.72 0.69-0.77 0.7-0.73
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Lielas jaudas siltumsUknu ieguvumi integréjot DH sistémas LowTEMP2.0

DH sitemas elastiguma ERWNICE O AGERTIE SELE

paaugstinééa na e Optimizets bazes jaudu darbibas laiks
— . \"4 \'4 \
Labaka siltuma razosanas OWAINEE temperaturas un citu siltuma zudumu
parpalikumaizmantosana izmantosana )
e Kurinama cenu izmaksuietekmes minimizésana h
Risku minimizésana e Energoavotu dazadosana, siltumapgades un dzésésanas
kombinésana )

AER 1patsvara * Nav degsanas process
palielinasana e Publiskais téls un reputacija
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Kontaktinformacija

&

LowTEMP2.0

AGFW-Project GmbH
Racionalizacijas, informacijas un
standartizacijas projektu kompanija

Georg Bosak
Urbanas attistibas departaments

Stresemannallee 30
60596 Frankfurt am Main
Vacija

E-pasts: info@agfw.de

Tel: +49 69 6304 - 247
www.agfw.de

Pielagoja/ moduli tulkoja:
Rigas Tehniska Universitate

Elektrotehnikas un vides inzenierzinatnu fakultate
Vides aizsardzibas un siltuma sistemu institOts

Dagnija Blumberga, Profesore
Francesko Romagnoli, Profesors
Dzintars Jaunzems, Docents
leva Pakere, Docente

Vladimirs Kirsanovs, Docents

Azenes iela 12/1-609
1048 Riga
Latvija

E-pasts: dagnija.blumberga@rtu.lv
Talr:+371 67089943

www.rtu.lv, www.videszinatne.lv
www.lowtemp.eu
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