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Trends on the solar industrial heat market and costs analysis

Barbel Epp, solrico

Email: epp@solrico.com, www.solrico.com,
www.solarthermalworld.org, www.solar-payback.com
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Solrico — global solar market research network published
more than 1,600 news since 2008 on...

plarthermalworld.org




SHIP Supplier World Map www.solar-payback.com/suppliers @) rico

YOU HAVE THREE OPTIONS TO FIND SUPPLIERS IN YOUR REGION:
www.solar-payback.com/suppliers/

1. Click Search and type in a country.
Solar supplier without references * 2. Click on a marker on the world map.
3. Click Search and type in a supplier’s name.

Solar suppiier with collector production and e The results window lets you see the number

without references * of suppliers in each category.
e Choose suppliers based on the level of
integration and their experience in SHIP:

Solar supplier with references

* Supplier which has not yet built a SHIP
Solar supplier with collector production reference system but has experience in
putting up large solar thermal systems for
public and private-sector customers.

and references

Supported by:

% Federal Ministry for the Solar
Environment, Nature Conservation,
Building and Nuclear Safety \ PaybaCk

based on a decision of the German Bundestag Page 3




Solar :
SHIP Supplier World Map www.solar-payback.com/suppliersin L @HCO

CHOOSING A SUPPLIER OPENS A POPUP WINDOW THAT SHOWS
MORE DETAILED INFORMATION.

www.solar-payback.com/suppliers/

¢ .
—an i e No. of reference projects by the end
7~ Solatom, Spain .
I'-.\"l"f.-'l Number of references: & of 2020 and Correspondlng
T Total collector area of collector area.
references: 858 m?2 N
Produced collector type: Linear e Collector type produced inhouse.
Freenel o Option for heat supply contracts.
Moreinfo « Link to reference projects listed on
vv ship-plants.info
&Fw 3

e Link to company's website.

Solar
SOLAR HEAT FOR INDUSTRY \ Pavbac K




Solar
Increasing number of concentrating collector manufacturers W Payback rnco

75 turnkey SHIP suppliers

Parabolic trough

are currently depicted

on the world map ootk
25
67 % of the listed companies
produce collectors
INn-nouse or on-site Fat pee
(09, evacusted s
Pelosatos) 3

Concentrating

% Solar
WY Payback

Vacuum tube

Linear Fresnel




SHIP Supplier World map

Solar ]
W Payback rFico

Turnkey suppliers with more than 10 reference

projects at the end of 2020

Modulo Solar
Mexico

Solareast Group
China

Inventive Power
Mexico

Linuo Paradigma
China

Megawatt Solutions
India

Ritter XL Solar
Germany

Vicot Solar Technology
China

BBRBENE

Millennium Energy Industries
Jordan

Soliterm
Germany

Sunda
China

29}
21l
_16] &%
_1_5J Himin
_15}
14}

China

Solid Energy Systems
Austria

Casolar
Mexico

% Solar
WY Payback



Cost trend in Mexico

Mexico Mexico . : . :
Total installed costs Levelised cost of heat Five suppliers with 109 projects

1800 PS 0.09 of which 74 % are SHIP plants
the rest central hot water,

1600 including stationary and

concentrating collectors

0.08

1400 0.07

LCOH of 4 US-cent/kWh due to

1200 s superior solar resource in
2 006 .
s Mexico and a mature supply
2 2 .
; 2000 2 00 chain
a o
3 s g Hardly any economies of scale,
S = oo average system size 135 kW
wn
=
o
°00 S 003 Charts created by IRENA
400 0.02 Preliminary version
200 0.01
0 0.00
o — o [a2] = wn w ™~ 0 [e2] o o — o o < L w ™~ [ee)] )] o
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Solar
Solar industrial heat: It’s a tough business oW @rico

Payback
2017 \
Lo e 33188HIP \'
systems with _ 2019 202
153 MW, systems with 86 SHIP 020
t 39 MW,,, systems with 74 SHIP
5 120 MW Miraah in 251 Mw,, systems with
Oman > 51 S_HIP plants in 92 MWth
Mexico (39), Indi Mexico _ .
(2;),%ohina (1;) ) - (“ﬂg’)‘,"gef:;’n ‘;';g;f‘ i éﬁ?n':gg, e China (30), Mexico
India (5) Mexico (26), (16), Germany (10),
Germany (11), India (3)

India (7)

Source: Annual surveys within Solar Payback
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Solar industrial heat: It’s a tough business rico

No. of Collector area  No. of Collector area
systems put addedin201? systemsput addedin 2020
up in 2019 [m?] up in 2020 [m?]

Average system
size in both years
[m? per system]

China 26 76,182 30 101,314 3,170
Mexico 26 4,040 16 2,182 148
Germany 11 1,470 10 2,070 169
India 7 3,152 3 510 366
Spain 3 386 3 602 165

Table 2: Countries ranked by the number of SHIP installations completed in 2020. The average
size of these systems varies significantly from country to countries. Another one or two industrial
solar heat systems each were put up in Austria, Belgium, Cyprus, ltaly, Malaysia, Morocco, the
Netherlands, Niger and Turkey.

Source: SHIP supplier surveys 2020 and 2021

Source: Annual surveys within Solar Payback

Page 9



Largest SHIP projects with concentrating collector technologies 2020

15,000 m2
10.5 MWth
6,645 m2
4.6 MWth
5,500 m2
3.9 MWth
5,000 m2
3.5 MWth

5,000 m2
3 MWth

G2 Energy, Flat plate
Netherlands
Linuo Vacuum
Paradigma, tube
China
Vicot, Parabolic
China trough
Sunrain, Vacuum
China tube
Soliterm, Parabolic
Germany trough

Heating April 2020
Freesia farm
greenhouses
Process heat  July 2020
Preheat for May 2020 Photo: Vicot
agricultural
drying
Heating September
agricultural 2020
greenhouses
Process September
heat for 2020
packaging
company

Photo: Solimpeks
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117,000 m? parabolic trough collector field under construction in China rico

Source: Inner Mongolia XuChen Energy
https://bit.ly/3vgyoYh

See also: https://www.solarthermalworld.org/news/worlds-

o ) ] Page 11
largest-solar-district-heating-plant-concentrating-collectors


https://bit.ly/3vqyoYh
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Transparent yields are added value w? Payback @.|RENA rico

T8 IRENA

RENEWABLE
POWER GENERATION
COSTS IN 2019

“We see real added value from this approach,
as our data is going to help inform policy
makers and will assist modelers trying to
incorporate different solar heat technologies
into their scenarios.”

Michael Taylor, Senior Analyst, Renewable Cost Status and
Outlook at IRENA

162 countries are member at IRENA

Supported by:

% Federal Ministry for the
Environment, Nature Conservation,

Building and Nuclear Safety

All charts in this presentation are preliminary, and subject
fo Change_ based on a decision of the German Bundestag
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Database rico
Austria 103 Climate and Energy 274 kKW 476 Yes
Funds

China 58 Four suppliers 1,745 KW 618 No
Denmark 55 Four suppliers 10,146 kW 485 Yes
France 14 Varies sources 1,466 kKW 678 No
Germany 215 BAFA 185 kW 530 Yes
India 80 Five suppliers 250 kW 806 Unclear
Mexico 109 Five suppliers 139 kW 898 Yes
Spain 227 IDEA and two B2 KW 898 e

suppliers
Turkey 37 Three suppliers 786 kW 823 Yes, for large scale

above 500 m?



Central hot water preparation

N Solar
WY Payback

Internaticnal Renewable Energy Agency

ol) rico

LCOH for central hot water systems (all collector technologies)

= 0.10

LCOH 5% WACC (2020 USD/kWh

o
o
a0

M Central hot water

E.L
l

0.00
China India Mexico Spain Turkey

:3: 800

£ s00

“_2 400

£
.‘3 200
0
Number of 25 53 28 221 (multiple 36
projects systems
Average yield 594 kWh/m? 845 kWh/m? 908 kWh/m?2 898 kWh/m? (fixed 823 kWh/m?
value by IDAE (Solar Keymark)

All central hot water systems are
included above 50 m? (different
collector types)

Lowest LCOH in India and Turkey
with around 2 US-ct/kWh.

Different cost structure (e.g. labor
costs) in Mexico and India
explains cost differences, while
systems have the same size.
Spain is still significantly higher
with 7 US-ct/kWh but with the
same level of irradiance

Chart created by IRENA

Preliminary version of chart
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Database w’ Pavback ®@IWREIQ\LA @”‘ICO

SHIP and space heating data District heating data
80K
— 71 plants with concentrating
i collectors (totalling at 100 MW)
~ 60K o : . .
z 3 80K 47 projects with parabolic trough,
= i > and 12 each with Linear Fresnel
5 Total: 806 projects totaling 190 MW S and dish
a of which 256 SHIP projects totalling 92 MW 2 60K
T
O 40K =
2 E 69 % of them in India and Mexico
9 30K 2 40K
B .
9 projects up to 75 °C
el o 49 projects 75 °C up to 150 °C
- 13 projects up to 400 °C
0K ! — - i
Y g~ oy = =] . .
2 §E = g 2 o £ = Observation: Total installed costs are
g w Pt 2 5 2% 8 difficult to plot, because kw/m2 differs
ks s 2 8 P B2 k] significantly from region to region
2 o 2 = © g 3 s
o “ aQ £ 0 . .
o g £ "’ 8 a ~ 0.8 kW/mZ?in India
S = L & ~ 0.6 kwW/m?2 in Europe
a . .
~ 0.4 kW/m? in Mexico
M Austria M France M Italy M Singapore M Thailand
Il Belgium M Germany " Jordan M South Africa I Turkey
M China M Greece B Mexico I Spain ¥ United Arab Emirates
I Cyprus M India I Netherlands M Switzerland I Vietnam
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2020 USD per kW

Total installed costs of concentrating SHIP gy

Solar
Payback

Internaticnal Renewable Energy Agency

rico

Total installed costs (left) / LCOH (right) of concentrating SHIP projects worldwide without India
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Around 60 projects with
concentrating collectors
worldwide

Total installed costs are
equal between process
heat liquid and process
heat steam, but LCOH
values go up, because
yields are lower at
higher temperatures

Conversion factor is used:
EUR/m2 = 0.6132 US/kW
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LCOH

of concentrating SHIP

Solar

> a
‘. Pa V b a C k Internaticnal Renewable Energy Agency r I C O

LCOH of concentrating SHIP projects worldwide (includes India)

LCOH 5% WACC (2020 USD/kWh)

0.15

0.14 ° .
0.13 . .
0.12

0.11

0.10

®
0.09 .

0.08
USD 0.070/kWh

0.07

006 ‘ 61 E@R/MWh

0.05

USD 0.989/kWh

0.04

003 34 E Wh
0.02

0.01
0.00

LCOH 5% WACC (2020 USD/kWh)

0.15

0.14

0.13

0.12

0.11

0.10

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01
0.00

' Average supplied temperature

usD O.ge/kWh

84 ELaMWh

All others includes projects in
Europe plus some concentrating

Up t0 75 °C SHIP plants outside Europe which
M 75 °C up to 150 °C were realised with German
W 150°Cupto400°C technology (only projects outside

India / Mexico)

Average costs lower in non
OECD countries

(liquid)
(steam)

Process heat
Process heat

43 projects 11 projects

All others

17 projects

India & Mexico

49 projects Page 17



Economy of scales

% Solar e
“ | Pa y b a C k Infernational Rer!eBale%wemgeAcy r I CO

2020 USD per kW

2000

1500

1000

500

Economies of Scale in District Heating Installed Costs A statistically robust economies of
scale curve based on costs of 115
District Heating: Europe solar district heating projects of

which 97 % are in Austria,
Germany and Denmark

The 110 MW plant in Silkeborg,
Denmark, is included in the curve
calculation but outside the chart

Clear evidence of economies of
scale in district heating: 14 % per
doubling of plant size

Chart created by IRENA

Preliminary version of chart

5 10 15 20 25 30
Thermal capacity (MW) Page 18



Solrico — global solar research network Qrico

Thanks for your attention!

Barbel Epp, epp@solrico.com

www.solrico.com, www.solarthermalworld.org

www.solar-payback.com
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