Virziba uz viedu centralizéto

siltumapgades sistému:

siltumstknu un saules siltuma sistemas
iIntegrésanas tendences un risinajumi.

RTU

VASSI
Dzintars Jaunzems

| Keepil\ialim

Renewing district energy

ES “Horizon2020” programmas finanséts projekts “Centralizétas siltumapgades sistému darbibas uzlabo$ana Centraleiropa un Austrumeiropa”
(KeepWarm), Granta Ligums Nr. 784966
II. 2.3. Kapacitates stiprinaSana par AER izmantoSanu, atkritumiem un siltuma, ka blakusprodukta izmantoSanu.
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Temu izklasts VassI

e levads

 Tehnologijas:
v'Siltumsukni;
v'Saules siltuma sistémas.

» Galvenie CSS un energoapgades virzieni
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Energoapgades sistémas - Sobrid B hss

Parvade un
sadale
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4. paaudzes CCS un viedo tiklu
koncepts

Integréta zema patérina apkure, dzesésana un

- . - Vieds un zemas temperatura CSS tikls
karsta udens sistéma

Institucionalais ietvars,
ilgstpéjigai planosanai,

izmaksu, ieguvumu un
motivacijas elementi

—
D

Siltuma ﬁérpalikuma izmantosana un AER

. oy Integréti viedas energosistemas un tikli
integrésana
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RTU

Kapéc vienkarsi nav vienkarsi? VAss

* Energijas razoSanas — parvades/sadales — patérina trisstaris

28.09.2018

Energijas razoSana

Tarifs, T1 Spiediens

Pieejamiba

Patérins R ‘ .
" Sadale Avots: V. MASATIN. Obstacles for Implementation of 4th
> Generation District Heating for Large Scale Networks, TALLINN
T2, Dn, geometrija, zudumi UNIVERSITY OF TECHNOLOGY, 2018.
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Kapéc vienkarsi nav vienkarsi? VAss

 CSS un tiklu attistibas virzieni

Siltumenergijas piegades virziens

Energijas razoSana I Parvade / sadale | Patérins

Tiklu attistibas virziens

Avots: V. MASATIN. Obstacles for Implementation of 4th
Generation District Heating for Large Scale Networks, TALLINN
UNIVERSITY OF TECHNOLOGY, 2018.
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Fizikas pamatprincipi
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Kapéc viedi? Energijas kvalitate.

 Def.: ir uzglabatas
energijas 1patsvars, ko var

. . - Temperature T ;
izmantot, lai raditu darbu. — | Proportion

C exergy
* 10 kWhy, v.s. 10 kWh,, 500 0,43
400 0,38
300 0,33
250 0,29
- . 200 0.25
Eksergija raksturo, cik 150 0,20
procesa energoefektivitate 128 813
Ir talu no teorétiska = 516
maksimuma. 40 0,07
20 0,03

0
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Eksergija dazadiem siltuma avotiem, atkariba no t, °C:

Avots: Prof. Dr. Gudni A Jéhannesson: Role
and Opportunities of Geothermal in Smart
Energy Systems. Orkustofnun, The National
Energy Authority. GEORG 25. Nov 2016.
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Eksergija i L

v — A oo Elektriskais e Heat
» Dazadas eksergijas: silditajs -: ik :} ‘

> Elektroenergijas n, > N
siltumenergijas ng,; e e e e e = = = -
' Heat
> Siltumenergijas eksergija | sittumsiiknis Hest L ~15% |
atkariga no dT, P u.c. I Heat
parametriem. l . I
COP=3 /J

~_____________

Kogeneracijas m
stacija FL & El & heat

L= B5% 3 7 A0%E
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RTU EEF Vides aizsar

Tehnologijas fokusa:

1. Siltumsukni;
2. Saules siltuma sistemas.

dzibas un siltuma sistému institats
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1. Siltumsaknl
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VASSI
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Bez véstures nav nakotnes..

« Darbibas pamata ir atdzesésanas cikls;
* Ap 1850.g. pétija Sadi Karno (Sadi Carnot) -> Karno cikls

« Péc tam teorétiski aprakstija Lords Kelvins (Lord Kelvin).

) L
™
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2 galvenie principi

IztvaikoSana

* Cilvéks karsta vasaras diena;
* Piem., uzliekot mitru dranu;
* \Vésuma efekts.

Kompresija / saspieSana
 Velosipéda riepas/kameras
piepumpésana ar rokas pumpi;

* Muskulu mehaniskais spéks tiek
pielietots, lai saspiestu gaisu rokas
pumpl;

* Rokas pumpis uzsilst, jo palielinas
spiediens.

28.09.2018
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2 galvenie SS tipi

Tvaika kompresijas Absorbcijas SS
- Lielaka dala SS darbojas ar tvaika e Ar siltumenergiju darbinami =
kompresijas ciklu cikls tiek nodrosinats pievadot
siltumenergiju nevis mehanisko
Saluration curve  _—% ene rg IJ u ,
N AT SO .
/ » KondicionéSana/dzeséSana =
sl 7 piem., ar gazes katlu;
/3 | » Darba vielu paris:
/& v'Li-Br un H20 vai H20 un NH3
/ Fen | « Industrialiem objektiem un CSS

— piem., augsta spiediena tvaiks
val liekais siltums.

Figure 2.4 Pressure-enthalpy, Pt diagram, showing vapour compression cycle
http://www.ref-wiki.com/img_article/x8e.jpg.pagespeed.ic. nGX69cpQOt.jpg
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Taja pasa laika.. Uass

Teorétiski, SS var izmantot vairakus termodinamiskos ciklus un
procesus:

» Stirlinga dzinéja un Vuilleumier cikls;
* Vienas fazes cikls (e.g. ar gaisu, CO, vai célgazém);

* Cietas vielas — tvaika sorbcijas (Solid-vapour sorption)
sistemas;

 Hibridas sistémas (kombiné tvaika kompresijas un absorbcijas
ciklus) un termoelektriskos procesus;

» Sobrid daZas no tehnologijam var sasniegt tadu tehnisko
gatavibu, lai nakotné klatu par plasi pielietojamam tehnologijam.
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Kompresijas SS darbibas princips th

IztvaikoSana (Siltummainis) -> Kompresija -> Kondensésanas (Siltummainis) -> IzpleSanas

Heat pump

Compress

Heat distribution

Heat source

Evaporaf

Expand

http://www.evergreenventuresltd.co.uk/heat-pumps/
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Siltumsiknu darbiba siltuma un
dzesésanas rezima

Siltuma jauda
—_—t

N(kW) = f(t' °C) \“% Chiller cooling

—a | power
s, .o Y€—__ | Dzeséanas jauda
Eat 1. Inlet — o
(vt N(kW) = f(t, °C)
Q 00 \
@ \Inlet
S power
°
B : __— BALANCE POINT
s Z _ Aukstumslodze
5 - Thermal load Cooling load o
ZIEMA & N(kW) = f(t, C)
50 3
Siltumslodze VR S VASARA
N(kw) = f(t, °C) shoeteee ™ L L INS
0
15 1( -5 0 10 1 3 33
HP heat source Chiller heat sink
temperature temperature
Heating Cooling

Avots: Heat pumps in refurbishment of existing buildings. REHVA European HVAC Journal
28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému instittts
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Siltumsiknu darbibas princips

+ Patérétas elektroenergijas . ?aerza%rc])?asslaslrl(tatljmenerguas un kopa
un sarazotas siltumenergijas izmantotas elektroenergijas attieciba.

attieciba pie noteiktiem

apstakliem; - Koeficients ietver:
* Mainigo siltuma vai aukstuma slodzi;
+ E.g. COP @B0/W35 =4,2 : L":;"ggr:'g:f;f‘dﬁgota temperataru;
* 1kWhel = 4,2 kWhth nepiecie$amo energijas patérinu,
« Ja siltuma avotat =0 °C, piem., atsaldéSanai, priek3apsildei
turpgaita no SS t=35 °C. utt.

28.09.2018
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Karno cikla COP un siltumstkna
temperatlra, ja siltuma VASS
avota temperattra ir 0 °C

30,0

250

Heat Source: 0 Degrees Celcius

5.0

0.0

0 10 20 30 40 50 60 70 80 80 100
Tiift (DT)
Source: Demonstration of Field Measurements of Heat Pump Systems in Buildings. Good Examples with Modern Technology. Final Report. IEA Heat Pump Centre, 2016.

28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému institlts 20



RTU

Idealais siltuma avots SS sistemam VASS

 SalidzinoSi augsta/liela un

stabila temperati ra_vi_sé Type of Heat Source Tl:mper?il(lrr)e
apkures sezonas laik3; i i
* Plasi / bez ierobezojumiem Sewage water 10-20
pleejams; Ambient water 2-15
5 - . ] R 9 A6
e Nav piesarnots vai Inglu‘_ﬁttriml.u 1;59 hrial 1@_—:;{
kOrOdeJOSS; 120 F‘;E‘ll"ﬂﬂ led ﬂ‘-]:—_(_{]
- . 5 o0 e ue g4as a294—0
* Ar labam siltumfizikalam Pk reri s 0.9
Tpasibam; o 5 _
T5 1’: . _ Solar heat storage 10-35
* Ia lZmantosanal Total 0-60
nepiecieSamas mazas
InveStICI aS Un Ir ZemaS Avots: David, A.; Mathiesen, B.V.; Averfalk, H.; Werner, S.; Lund, H. Heat Roadmap Europe: Large-Scale
eksplua éCijaS izmaksas. Electric Heat Pumps in District Heating Systems. Energies 2017, 10, 578.
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Siltumsiknu integrésana
CSS

RTU
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Siltumsiknu izmantosana lokali, m
karsta Gdens piesildisanai

Condenser
' L )
DHW
DHZ.;G 45 'C
s DH side Instantaneous
storage DHW preparation
Evaporator tank
DH o No Legionella risk
n'c D<€
l 25°C j
18°C DCW
10 *°C

4
F S

Avots: V. MASATIN. Obstacles for Implementation of 4th
Generation District Heating for Large Scale Networks, TALLINN
UNIVERSITY OF TECHNOLOGY, 2018.

28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému institlts 2%



Siltumsiukna izmantosana ties

piesleguma gadijuma

QI

s i ol e A A A
| «
| i { 1
1 1 2 3 5
i F : o :
Return line VWV i
* A
Atgaita (42-50 °C), no G\\ Y g
cita CSS regiona tiek J g ! B T
sadalita un piesildita S~ -
T o 6 7
I|.dz 60 _C a.r o »— 8 10
siltumsukni.

Avots: POTENTIAL FOR LOW TEMPERATURE DISTRICT HEATING SYSTEM. Integrating 4th generation district heating system with existing technology. MAJD KAMAL.
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Ddmgazu kondensatoru aprikosana
ar absorbcijas siltumsutkniem

Biomasas katliem (75 I[idz 500 kW)
Siltums no dumgazu kondensatora un
absorbcijas siltumstikna tiek izmantots
CSS atgaitas piesildiSanai.

| flue gas

RTU

VASSI

V —iztvaikotajs
K — kondensators
A — absorberis

biomass | G-8
pr - generators

. 180°C == e

50°C

district heating
=D network
70°C
Avots: https://www.hm.edu/en/research/projects/project_details/schweigler/brebisorp.en.html
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Siltumsiknu integracija centralizéta m o
siltumapgadé un aukstumapgadeée

Ll
M)30 MW
B2 20 MW
- 7 = s i
District- : e {:
heating !
Network 1
1 e R
' @ -t

“soc | _'_%_ |
b
5 Heatpumps ”J“C‘ "
Unitop 50FY
Helsinki Energy ]
for Katn Vala 12C + lec

Senage watertunnel

Ziemas rezims

Helsiniki, Somija

5x 16.8 MW

CSS atgaitas t
palielinaSanai (50->62 °C)
Siltuma avots: notekideni
Nosedz ~ 4% siltuma

Avots: Heat Pumps in District Heating: Case Studies. 2016. URN 15D/538
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Siltumsiknu integracija centralizéta m o
siltumapgadé un aukstumapgadeée

88°C

@30 MW
ar MW L
£ .

T - T | —
District- T
heating
MNetwork e
=P ——Dx—

L

——
45°C l

28.09.2018

5 Heatpumps
Unitop 50FY
Helsinki Energy

for Katri Vala

Vasaras rezims

Helsiniki, Somija
Lo P CSS atgaitas t
palielinaSanai (50->62 C)
Nosedz ~ 33 %
dzeséSanas

Avots: Heat Pumps in District Heating: Case Studies. 2016. URN 15D/538
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Siltumstknu darba temperatiru un COP

diapazons:
oranzs (lidz 2006. g.) un zils (péc 2006. g.)

@ Vassi

HHNH it T

Zviedrija, Danija, Sveice, Norvégija, Francija, Italija

Avots: David, A.; Mathiesen, B.V.; Averfalk, H.; Werner, S.; Lund, H. Heat Roadmap Europe: Large-Scale
Electric Heat Pumps in District Heating Systems. Energies 2017, 10, 578.

28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému institlts 28



Siltumsiknu darba temperataru m o
diapazons, jauds un vidgjais COP

Output Temperature Ranges (°C) <70 71-80 > 80
Units 19 57 34
Capacity (MW) 40 725 425
Average COP 4.5 3.6 3.7
Augstakais COP:

« Ja siltumsiknis paaugstina CSS atgaitas temperattru;

« Jo mazaka temperatiras paaugstinasana tiek istenota, jo lielaks
siltumstkna COP.

JanodroSina minimals siltumsdkna palaiSanas & apturéSanas daudzums.

Avots: David, A.; Mathiesen, B.V.; Averfalk, H.; Werner, S.; Lund, H. Heat Roadmap Europe: Large-Scale
Electric Heat Pumps in District Heating Systems. Energies 2017, 10, 578.

28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému institlts
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Siltumslknu izmantosanas @ Tass
priekSnoteikumi CSS

« Energoefektivs patéréetajs;
« Zemas temperatiras CSS;

« Ja pieprasitais energijas apjoms nesakrit ar
tiklu piedavato temperatiru, siltumstknis ir ka starpposms, lai
salagotu energijas pieprasijumu un piedavajumu.

Plasaka energoapgades konteksta:

« Elektroenergija no saules/véja: elektroenergijas parpalikuma
izmantoSana siltumam/dzesésanai, t.sk. akumulacija;

28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému institlts 30



Ja CSS ir darbojas sasaisté ar

elektrotiklu:
v

A) AER > CHP un B) AER < CHP

Siltumsakni var ] T

- @ >
izmantot zema Electricity Electricity
demand demand
potenciala
siltumu, kas ir
uzkrats Heat
istermina (2-8h ) Pump
akumulacijas CHP i CHP '
tvertnes.
222222 222222
Storage Storage

demand demand
B

)
Cog .8
T W

RTU
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Avots: David, A.; Mathiesen, B.V.; Averfalk, H.; Werner, S.; Lund, H. Heat Roadmap Europe: Large-Scale Electric Heat Pumps in District Heating Systems. Energies 2017, 10, 578.
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Saules energija
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Saules energija siltumapgadei

Bezmaksas energija.. Potencials: liels?!

Sezonalitate..
Pieredze..
Darga.. ?
Vai tas atmaksasies?
Nu, nepatstaviga..

Ko darit, kad saule nespid?

28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému institats
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Saules energijas izmantoSanas s
veidi

1. Kimiskais

1. Fotosintéze, nodroSina visus procesus uz Zemes — baribas vielas,
biomasa un CO2 -> 02;

2. Elektroenergijas

1. TieSa saules starojuma energijas parveide elektroenergija, piem.,
saules paneli (solar PV),

3. Siltumenergijas

1. TieSa saules starojuma energijas parveide siltumenergija, piem.,
saules kolektori.
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RTU

Kas ir saules energija? Vissi
« Kodolsintézes reakcijas, kas notiek Saules ieksSiené.

*d=1,392x108 km (109*dg, )
*V=1,412x10%' m* (1 300 000*V,,)
'm= 1,9891%103° kg (332 946" m ;)

.Tvirsmas =5778K
Avots: http://lv.wikipedia.org/wiki/Saule
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Saules starojums (optika) © Vs

Galvenas starojuma fizikalas paradibas:

1. Absorbcija A (A)

I R(A)
2. Atstaro$ana R ()) \/
\.-JM)

3. Caurlaidiba/vadamiba T (A) \/

Physics of Solar Energy C. Julian Chen
Copyright © 2011 John Wiley & Sons, Inc.
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Kas ir saules energija? Vissi

Raksturo viss elektromagnétiska starojuma spekitrs:

° Redzamé galsma; 1.0 _uv. ible_ _near-infrared
o > " Solar Energy Distribution
¢ IS Vl!r,"a a 05 = 5% ultraviolet (300-400 nm)
o 3 « 43% visible (400-700 nm)
¢ UV V|!r,]|, % 0.6 « 52% near-infrared (700-2500 nm)
1]
0 -
* Rentgena stari; A 4
Q
. . . N
« Radio vilni. S
’ ) = 0.2
o
=z
0.0 £
250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nanometers)

Avots: http://www.intechopen.com/source/html/42202/media/image3.png
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Saules starojuma sezonalitate

40

3

201

10

Q

28.09.2018

(M) /m )

O latitude

23. 45" latitude

15° latitude

45" latitude

55* latitude

a80°%latnude
| |

A S Q) N D
Month

r:-h_.—q-‘;’ latiude
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Solar energy usage

Active

Passive

I [

Solar thermal

Parabolic
trough systems

A
Conservatory Solar hot water Photovoltaics
Windows Solar room
heating
Island systems
Glazed Solar district | ¥
balconies heating ’
~-_|__a"" Grid-connected
systems
Transparent Solar process I
insulation heating J
Lighting PV power
systems plants

Solar tower
systems

Ascending air
power plants

TREE - Transfer Renewable Energy & Efficiency Energy Economics - An Introduction. Renewables Academy (RENAC) AG, 2009.

28.09.2018
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Galvenie saules kolektora o
uzdevumi

1. MAX absorbét visu pieejamo saules energiju;
2. MIN siltuma zudumi no saules kolektora;
3. MIN nepiecieSamie resursi.

Avots: http://www.buderus.com.cn/?language=2&page_id=6065
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SE v.s. SF — no lietotaja skatu punkta

Saules siltuma sistémas energoefektivitate, SE

Saules kolektoru virsmas laukums, m?

41

Saules energijas dala, SF



Saules siltuma sistému
integrésana CSS

RTU

VASSI
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Pie pateretaja uzstadito saules @ Tass
siltuma sistému pieslegums

1. CSS turpgaita -> SK ->
CSS turpgaita;

2. CSS turpgaita -> SK ->
CSS atgaita;

3. CSS atgaita -> SK-> CSS
turpgaita; -

4. CSS atgaita -> SK -> CSS
CSS atgaita.

N!B! Akumulacijas risinajums
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Saules decentralizétas m
siltumenergijas ievadisana tikla

* NET siltumenergijas uzskaitidana

. Responsibility of house-owner

Solar - Distributed/Primary I_ . J
f J /
ey ) Hot water

Space heating

2] ! DH substation

............... -k o ‘ | DH supply pipe
= 4 >
—PZ*—@ | '
Avots: http://www.solarthermalworld.org/content/sweden-growing-number-feed-contracts-district-heating-providers | DH return pipe
Solar panel substation !
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Saules decentralizétas siltumenergijas o
levadisana tikla bez akumulacijas

» Vienkarsaka; =
* Neelastiga;

« Zemaka efektivitate;

« Spiediena izlidzinasana.

Avots: Solar District Heating in Europe Guideline for end-user feed-in of solar heat
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Decentralizeta dienas akumulacija
individualai majsaimniecibai/tiklam

Galvenas probléemas: Galvenas ieteikumi:
» [pasumtiesibas; » Uzstadit optimala lenkT;
* Apkope; « Maksimali 1si caurulu garumi

no kolektoriem lidz tiklam:;
« Samazinat tikla temperatdru.

e sistému prasibas;
« apmaksas sistéma;
» uzstadisanas izmaksas.
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Siltumenergijas akumulacijas T
iedalijums pec akumulacijas metodes

Fiziska siltuma Latenta siltuma Kimisko reakciju
Apziméjums _ Fazu parejas materiali  Termokimiskiemateriali
(PCM) (TCM)
Energijas blivums,kWh/t 10-50 50-150 120-250
Galvenie siltumneséji - - . .
Udens Parafini,sals maisijumi Zeoltti
lzmaksas, €/kWh 0,1-10 10-50 8-100
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Sezonala siltuma uzkrasanas
piemeri
Udens akumulécijai tvertnes Udens alizlrt?goligfgfis) tvertnes

(]
|
L

2

-
\%"AYA"VAV‘VA_Y‘TAVAV"AVA'A'AVAVAYA'AVA ",

Zem zemes siltuma uzkraSanas sistétmas Urbumi Gdens neséjslanos
(15 to 30 kWh/m?) (30 to 40 kWh/m?)

—
-

+—
—

Avots: http://solar-district-heating.eu/Portals/0/SDH-WP2-D2-1-SuccessFactors-Jan2011.pdf
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Piemers: “Am Ackermannbogen”, Vacija VASSI

SK platiba: 2 762 m?;

Akumulacijas tvertne ar siltumizolaciju: 5700 m?3;
Siltuma zudumi no tvertnes: 80 MWh/gada;
Akumulacijas spéja: 480 MWh (15/90 °C)

Avots: “Am Ackermannbogen”
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Piemers: “Am Ackermannbogen”, Thss

Vacija

— —
+ N
i

ﬂl

‘ o=

Backup System
| <
B

Absorption \ Distribution Network

\ Hot Water District Heating

Solar Energy

Collector Field

Heat

Transfer
Station

Heat Pump

J' Collector Network

/ Solar Heating Plant

Stratified Seasonal
Hot Water Storage

Avots: Dipl.-Phys. Manfred Reul3. Solar District Heating -an Innovative Approach of an Established Technology. Bavarian Center for Applied Energy Research. 2016.

28.09.2018 RTU EEF Vides aizsardzibas un siltuma sistému institlts

50



Piemers: “Am Ackermannbogen”, o
Vacija
 Térauda vai betona tvertne;

 Virszemes, daléji vai pilnigi zem zemes;
« Udens ir siltuma akumulacijas vide.

Tank thermal energy storage (TTES) m
(60 to 80 kWh/m?) ' '~

Avots: “Am Ackermannbogen”
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Silkeborg (Danija) saules centralizeta o
siltumapgades sistema

e 156 694 m?2 | http:l/ww.silkeborqforsvninq.dkl

. 110 MW,

Avots: http://www.solarthermalworld.org/installations?_ga=1.68081177.985042429.1438764464
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Saules siltuma sistéma: Vojens o

(Danija)

» Saules kolektori: 70 000
m?2;

« Sezonala akumulacija:
203 000 m3;

» Temperatiliras rezims:

 vasara 75/37 °C,

« ziema 77/40 °C;

« ~2000 majsaimniecibas,
10 skolas, dazas razotnes;

e Saules siltuma tarifs: 48
EUR/MWh.

http://www.solarthermalworld.org/content/denmark-52500-m2-additional-collector-area-vojens

http://www.vojensfiernvarme.dk/umbraco/ImageGen.ashx?image=/media/2755375/_dsc2521-redi.jpg&width=460
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Danijas pieredze: Tehniski
ekonomiskie raditaji un monitoringa
dati

http://www.solvarmedata.d_k{j\gﬂdex.asp?secid=228
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Pareja uz gudraku energoapgadi

« Ko darit ar kogeneraciju?
« Ko darit ar AER izmanto$anu elektroenergijas iegtsanai?

» Danija:
* Vienlaicigi samazinas uzstaditas jaudas (gan TEC, gan CHP..) un
uzstadis véju;
« Starpsavienojumu izbave;
 L1idz pat CHP parveido no CHP uz vienkarsam biomasas katlu majam.
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VASS|

Accumulation

1 mio. m3

CHP

Elec. boilers
400 MW

Heat Pumps
20 MW

Avots: Kasper Jessen, Green Energy. DISTRICT HEATING in The Danish Energy System, 2016.
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Vieda energoapgades sistema:

elastiga un intgreta

Danijas piemérs: Droninglande un Marstala

1. Iriespéjams nobalansét
elektroapgades tiklu pat tad, ja
v€ja energijas Tpatsvars ir > 50
%o;

2. Lai akumulétu un sabalansétu
véja energijas izmantoSanu, CSS
ir loti atbilstoSs risinajums.

Avots: Kasper Jessen, Green Energy. DISTRICT HEATING in The Danish
Energy System, 2016.
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Avots: IEA SHC Task 45: Seasonal thermal energy storage - Report on state of the art and necessary further R+D, 2015.
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Nobeiguma

« Pareja no “dumb” grids (“tikai” parvada un sadala energiju)
uz “smart” grids;

* Viedie tikli bas/ir interneta jaunakais bralis. Viedie energijas
tikli bls mazak pazistamais interneta bralis;

 Pareja tiek 1stenota izmantojot informacijas un
komunikacijas tehnologijas.

 Energijas tikli ka publisks akumulators.
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VASSI

In the future all existing currencies are abolished. The
“mega-watt-hour” becomes the universal unit of

exchange.
Sir Arthur C. Clarke, 2001
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@

Paldies par uzmanibu!

Dzintars Jaunzems
dzintars.jaunzems@rtu.lv

RTU

VASSI

www.videszinatne.rtu.lv
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