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Solar heat for thermal networks
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Introduction
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B Solar heat for thermal networks
Potential and cost
Combination with biomass
Regeneration of borehole fields in low temperature district heating and cooling networks
Large solar fraction

B Solar process heat
Potential and examples
Comparison of ST to PV& HP
Combination ST and HP

B Conclusion & Outlook
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Introduction

Large scale solar thermal worldwide

No. of systems [-] Collector area [m?] Weiss, W., Spok-Dir, M. Solar Heat Worldwide —
80 3000000 Edition 2021, IEA Solar Heating & Cooling

76 T Programme, May 2021

72+
68| B Cumulated collector area in operation in Europe [m?]
64-

60+
56- @ Number of systems in Europe [-]

-2,500,000
Cumulated collector area in operation outside Europe [m2]

ig 7 B Number of systems outside Europe [-] 12,000,000
44+
40+
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What is possible?

Examples: Denmark

B 1'250'000 m? collector area in large scale installations. Cost of heat: < 4 cts/kWh

B Silkeborg: 157000 m? 20% of heating demand without seasonal storage

B Vojens: 70'000 m? collector are and 200'000 m3 pit storage for 45% solar fraction

www.solar-district-heating.eu

e — INSTITUT FUR
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Bruttokollektorflache [m?]

Large scale solar thermal in D and AUT

300.000
wwyin Vorbereitung

Industrie

250000 = Energiedorf
B st ddtische Fernwérme
W Quartier

200.000 ——Anzahl Anlagen

150.000

100.000

50.000
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Anzahl Anlagen

20
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¥ Quelle: Solites

Status: Februar 2020

Jetzt einreichen: 45
Millionen Euro Fordermittel

flr solare GroBanlagen, . ' Iiﬂ! pi
erstmals auch fur Anlagen * : : L * pr
tber 5.000m? . <5 gtﬁ

127490 m2

Gefordurie Kolseicrflache
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What about Switzerland?

Tl Klimastiftung Schweiz hat retweetet B 800 m2 TVP vacuum flat collectors
startupticker @startuptickerCH - 26. Feb. E 75-90°C
TVP Solar au coeur de la nouvelle centrale solaire genevoise Startupticker.ch )
| The Swiss Startup News channel startupticker.ch/en/news/februa... B Coupled to district heating of Geneva
(SIG)
B P&D in cooperation with
HEIG/LESBAT

e — INSTITUT FUR
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Collector testing at SPF

Collector testing

The most important large scale collectors installed in Europe are tested in
Rapperswil (SPF-OST)

=y
| N

B ey S \ ‘ v"'..u.w\' - H g ‘ i};}""c‘ i.‘.\_‘
&P savosolar % ABSOLICON
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Warmeverbund Lyssbach Schupfen

® 460 m2 VRK B Cost of heat ~ 11 Rp/kWh

B Operation since 2012 Incl. connecting pipe

Inkl. subsidies

B Particimpation model for customers

Source: a energie

e — INSTITUT FUR
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Barriers: Survey in SFOE Project SolTherm 2050

Barrier Frequency
Aspect
Technical barriers No roof area available Very often
Competition with PV Very often
Complex technology Very often
Missing know-how often

Surplus waste heat in summer often

Economic barriers High cost Very often

Berger, M. et al. SolTherm2050 - Chancen durch Solarwarme und thermische Energiespeicher fur das Energiesystem Schweiz 2050.
https://www.aramis.admin.ch/Grunddaten/?ProjectiD=45277 (2021).

e — INSTITUT FUR
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SolCAD

Potential: Project SoICAD . SOICAD

g=8 HAUTE ECOLE
g D'INGENIERIE ET DE GESTION
= DU CANTON DE VAUD
Légende JJ:_ www.heig-vd.ch
Note A
® 0337MW
® 37-10.5 MW
@ 105- 21520 k I I PLANAIR
2 ] . 21.52 - 36 MW ae CO Ingéniaurs CONSEEE 8N endvpies Bl envnonnarman
M ERELT
Note B+
* Nobe finabe =B+
Note B-
o MNote finake =B-
-, S A Solar thermal for Swiss district heating
: avr L’"“A Analyzed: 1006
¥ Suitable heat source: 765
lm Roof area available: 393
R
-
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Low heat production cost: Feasability for St. Gallen

B No additional storage

B "easy access" areas

14 —
B 5 networks 12 Heat production cost biomass
> Size: 350-1400 m? 10 & 6.5 — 13 Rp./kWh
e -
> Solar fraction: 4-11% = 8 Fuel cost oil
3 6
o . Fuel cost biomass 3 — 8 Rp./kWh
- Bl B0 B0 Bm §N
0
WV1 WV2 WV3 WV4 WV5

mohne Subvention ®Emit Subvention

170920 Machbarkeit solarunterstuetzter Waermenetze.pdf

» Production cost is strongly dependent on subsidies

e — INSTITUT FUR
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BioSolFer

Biomass and Solar thermal

Number of Networks

12 | DeCarbCH lunch talk

m Heating oil
m Natural gas
= Natural gas cogeneration plant
m Logs
m Wood chips
Pellets
Biogas
Biogas cogeneration plant
n
m Lake and river water (+HP)
m Groundwater (+HP)
m Geothermal heat (+HP)
Wastewater (+HP)
Air (+HP)

m Industrial and commercial waste heat
m Waste heat from municipal incinerator

Waste heat from nuclear power plant

Tunnel waste heat

15.3.2022

B Most Swiss thermal networks are
biomass based

B Low part loads (summer)
Elevated emissions
Low efficiency
Fossil summer load is common

B Biomass is limited and "valuable"

> Project BioSolFer: Combination
of ST and biomass networks

e —. INSTITUT FUR
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BioSolFer

Example Wattwil: Switch off biomass burner in summer?

Example Wattwil: Aux energy in 90 summer days

200’000
180’000
160’000
140’000
120’000
100’000

80’000

60’000

Aux energy in kWh

40'000 &
20’000

0 1000 2000 3000 4000
Collector field in m2

—TES 200 m3 —TES 300 m3 ——TES 400 m3
TES 500 m3 A revision
Ruesch, F. et al. BioSolFer final report 2020: link

DeCarbCH lunch talk

5000

15.3.2022

3000 m?2 ETC & 300 m3 TES:

Solar fraction: 18%
Start cycles: 220 -> 130

Cost: 8 Rp./kWh
5 Rp./kWh (subsidies)

» Stagnation cooling instead of large
TES

» Decentralized integration: -10%
efficiency

e —.. INSTITUT FUR
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Evolution of district heating systems

A

Temperature
level

Energy
efficiency

Steam
storage

@

Coal,
Waste

Evolution of District Heating

Industrial
waste heat

Biomass
CHP

Heat
starage

Heat
storage

CHP coal
CHP oil

CHP coal,
CHP oil

Waste, oil
gas, coal

Coal,
Waste

<100°C

-
e
(8}
W@

Geothermal

Large-scale
solar thermal

Inausuial o
waste heat

Biomass
CHP

Seasonal
heat storage

CHP waste
CHP gas

ﬁ buildings

5| Swimming
= oo
% Data
center
Space
cooling
- Space
1 heatin
I

1st Generation
1880-1930
Steam system:
Steam pipes in
concrete ducts

14 | DeCarbCH lunch talk

2nd Generation
1930-1980
Pressurized

hot-water system

Heavy equipment

3rd Generation
1980-2020

Pre-insulated pipes

Industrialized compact

substations

4th Generation
2020-2050
Low energy demands
Smart energy: Optimum
interaction of energy sources,
distribution and consumption

15.3.2022

-

Bidirectional:
Heating & cooling supply
Almost no thermal losses
Uninsulated plastic pipes

Modular expansion

SPF

Wirtz M, Kivilip L, Remmen P, Mdller D.

Quantifying Demand Balancing in Bidirectional
Low Temperature Networks. Energy Build 2020.

5th Generation: Switzerland

technology leader
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solist

PVT for "Suurstoffi”: Largest solar thermal installation in CH

B PVT collectors for electricity and heat
H 3'487 m?
B In operation since 2016

B Regeneration of borehole fields in 5th
generation network

INSTITUT FUR

g Ny
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TARO

Ruesch, F. et al. TARO-Termische Arealvernezung-

Re g e n e rati O n Of b o re h O I e fi e I d s gg:ﬂii;uer:?cﬁsh;:ri \;%rjl gynamischen Simulationen, BFE

200% ° 50.0
_ 180% £= 450
S 160% = '
5 140% €~ 40.0
S 120% ﬂ;’ e
(@)] -
© 100% Sg 350 Elevated Temperature:
@ 80% > N
2 . oo/z § % 30.0 Strong Ilrpltatlon for
RO o = "freecooling"
o 40% o 250
o0 k! :
20% X
0% S 200
0 200 400 600 800 0%  100% = 200% 300%  400%
Collector field M2/kWp,.x perman Borehole regeneration

uncovered *+ Uncovered selective —*+ FP PVT

-
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HotSpot

Example DLCS: High temperature BTES

Canadian Solar Community Hits
100% Solar Heating

The Drake Landing Solar Community in Clotoks,
Alberta hit a new solar performance milestone
record — |00%% solar space heating for the 2015-2016
heating season. This is the first community in the
wiorld to accomplish this feat. The community of 52
energy efficent homes is heated by a solar district
heating system combined with a borehcle seasonal
heat storage designed to store abundant solar energy
underground during the sunny summer months and
recover this heat for space heating during the cold

® 52 SFH

B Borehole field: 144 x 35m, 85°C
B Collector field: 1950 m?

B Solar fraction: 90-100%

DeCarbCH lunch talk

B &

.
AW,

source: shc solar update, Dez. 2016
HotSpot:
Potential in alpine regions

22 (subsidies) ... 28 Rp./kWh heat production
cost (without distribution)

Size x 10:
storage losses: 50% ->10%

potential for cost reduction

e [NSTITUT FUR
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HotSpot

GIS Analysis: potential for high temperature BTES

Heat demand >300 MWh/(ha-a)
No groundwater

P hydrologisch ungeeignet oder wenig Bedarf
P 500 kwh / m2
I 600 kwh / m2
[ 700 kwh / m2
[ 800 kwh / m2
[ 900 kwh / m2
[ 1000 kwh / m?
7 1100 kWh / m?
T 1200 kWh / m2
T 1300 kwh / m?
1400 kWh [ m2
1500 kwh [ m2
1600 kwh [ m2

Ruesch, F et al. Hotspot- Speicherung solarer
Warme im Untergrung auf direkt
nutzbarem Temperaturniveau, BFE Bern 2019

e — INSTITUT FUR
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P hydrologisch ungeeignet oder wenig Bedarf
P 500 kwh [ m2
I 600 kwh / m2
[ 700 kwh | m2
[ 800 kwh /[ m?
[ 200 kwh / m2
[ 1000 kWh / m?
7 1100 kWh / m?
T 1200 kWh / m2
T 1300 kWh / m?
1400 kWh / m?
1500 kwh / m2
1600 kwh / m2




SOL-IND

Potential: process heat in Switzerland

Total Energy Consumption in Switzerland

®m Theoretical potential for solar process
855 PJ [1]

heat: 9% (14.6 PJ, 4 TWh) of the
energy consumption of industry

Total Industrial Consumption 18%
B Tool for first estimations: SOL-IND Tool

69%

BHeat BElectricity

e — INSTITUT FUR
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EvaSP

Solar process heat in Switzerland

BillySolar:

(Lesa) B Cost reduction from
standardized systems

B 11 factories

Gréanichen

Saignelégier (Zehnder)

(Emmi)

Fribourg

Global Irradiation
(Cremo)

Annual Mean 1981 - 2000

1800 kWhim®
1600
7&4 1400
(HUG) /m)@;w 1200
e 1000
800

M.H. Rittmann-Frank et al., «Evaluation of Solar Process Heat Plants in Switzerland» SolarPACES 2017
EvaSP BFE Abschlussbericht 2018

e — INSTITUT FUR
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BillySolar

"Solar heat” production cost [cHF/mwh]

Field size [m?] Field size [m?]
100 500 1000 | 2500 | 5000 100 500 1000 2500 5000
c) Solar thermal flatplate (FP) | a) HP+PV ambient air
0| 144 112 113 169 87 86 82 73
10( 151 110 108 158 88 86 82 74
196 107 50 84 87 86 81
5 G 150 5 100| 82 84 82 74
£, £
@ d) Solar thermal FP with sublidies 0 b) HP+PV waste heat
= 0| 113 75 67 80 91 [ ol 72 72 70 67
50| 167 | 76 61 62 66 | s0] 71 71 70 67
100 83 62 _ 100 71 71 70 69 63

+ Example: Company 6
* Process temperature 70-90°C; Waste heat at 25°C.
* PV without subsidies

e — INSTITUT FUR
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BillySolar

Solar heat production cost - sensitivity

- 60.0 P
S -
= -
w . N
7

3 40.0 =

\ .
g N R
1.(—-3 \\\ ./ P
'8 20.0 \\ e "‘.-.un""".
(@] \\\ / .s'f‘..
[l Sse A o N
o — Te 7 oo
- '-'.—._ \‘\\ o e o
© 0 0 : ¢ == e’
() . e 2™ SSToc =L
< ool S ~e-__C — .

k —_— 08 / e __ - . —
[ S o~ e - [ ]
£ ke M U A s S s
S -20.0 - ——
[ P | i
R - T
©) T —e
-40.0

0.2 04 06 038 1 1.2 14 1.6 1.8 2
Factor of the cost variable [-]

Based on example 6 with 1000 m? collector field and 100 m3 TES volume
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—+—HFM Subvention
—= - Strom Einkaufspreis
—a - Strom Verkaufpreis
--#--|nvestition WP

---e-- Investition Kollektor

--e--Lebensdauer
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BillySolar

Combination of HP and ST

Example 2: Cost for FP vs FP+WP

g 19 .,
% 180 4% 1 10 m3
~ |
% 170 \ 1‘ ST+WP
S 160 1 _a —-100m3
t quai G ! .- ST+WP
Collector: Flat-plate, premiup quality -.6 150 ‘|| ,,/ 10 3
Number of collectors: 250 @) : P m
Total gross area: 500 m? é 140 \ |‘ ,// e A
e e .
é 130 ‘:\\\ .”// /'_/ -2-100 m3
T % 120 \ \\ ”/’ /
\ N --" <
% 110 r - A )
) X L~
B Flow 73°C, return 67 °C :g 100 N
= 9

B Flat plate collectors: cost reduction 11% 0 1°000 2000 3000 4000 5000

B Vacuum collectors: no cost reduction Kollektorfeldflache [m2]

Report available soon on: www.spf.ch/billysolar

e —... INSTITUT FUR
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Situation

® International boom of large scale solar thermal

B Switzerland:

Some smaller examples of "classical solar thermal installations" in
thermal grids and Industry

Pioneer in PVT and uncovered collector technology
Potential for district heating and process heat

e — INSTITUT FUR
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Outlook

B More Pilot and Demonstration plants needed
Integration of decentralized Installations
Roof -> field Installations
DeCarbCH Demo: Solar process heat for Emmi

M Future focus
Solar thermal and heat pumps
Large solar fraction — combination with large size seasonal storage
Combination with growing cooling demand

INSTITUT FUR
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