CSP versus PV, drivers, challenges and perspectives
Christian Gertig / RINA Consulting
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Introduction Concentrating Solar Power (CSP)

Concentrated

Sunlight Sunlight Thermal Energy Mecanical Energy Electricity
Sun ; Power Conversion
Concentrator Receiver System Generator
© CSPViorld wwwcsp-worklcom
=
n

& WO, R 8

Parabolic Trough / Central Receiver / Linear Fresnel / Parabolic Dish

r. Thermal

Energy

"
. Storage

nann
I

Solar Field HTF Auxiliaries!

Power Block

Www.rinagroup.org



Main Differences to PV

‘ Solar Power Generation ‘

+ Cost-effective energy storage |

Solar Thermal Systems ‘ ‘ Photovoltaics

0 0 5 (PV)
+ Ancillary grid services , I —
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Solar Thermal Power (CSP) Global Installed Capacity 2005 to 2015

Solar CSP Global Capacity?! and

annual additions 2005-2015

+420 MW in 2015  cigawans World Total
4.8 Gigawatts

5

W Rest of World
4 Spain
B United States
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CSP cap = 2% of PV cap

Source: 1_www.ren21.net, GSR2016
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Global CSP Market

Global Capacity around 5GW

Most CSP installed in Spain
(2,362MW) but stagnating

Second highest capacity in the
US (1,832MW), little advances

South Africa (200MW)
continuous growth

Morocco (181MW) fostering CSP
for future

Strong growth markets in future:
China, Saudi Arabia, Chile, UAE,

Algeria, Israel

OECD
North
America :

(incl. Mex) _;

: Europe : @ : Asia M@

tOE

-

: OECD -
Africa Pacific

@ In Operation (MW)
Under construction (MW)
EPC Tendered/ Planning (MW)

Source: ESTELA, Greenpeace — Solar Thermal Electricity Global Outlook 2016
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LCOE Analysis for site Sherabad, Uzbekistan — PV vs CSP

Technical Data/Requirements Variant 1 Variant 2 Variant 3 Variant 4 scoStI:;;gh PV+10h storage
DC Plant Capacity kWp 121000 121000 121968 121968 SM=2.4 200000

AC Plant Capacity kw 100000 100000 100000 100000 100 100000
Mounting Structure - Fix Tilt 25 1- Axis Tracker Fix Tilt 25 1- Axis Tracker CRS 1- Axis Tracker
DC Voltage Level \Y, 1000 1000 1500 1500 - 1500

25 Year Lifetime Generation GWh 4,591.73 5,353.27 4,644.61 5,416.07 7,841.15 8,437.07
Scenario 1

LCOE in $/kWh 0.0284 0.0318 0.0354 0.0309 0.0814 0.0471
Incl. CAPEX NPV Estimate in M$ 112.3 117.7 111.2 111.8 490.8 279.5
Incl. O&M NPV Estimate in M$ 33.8 35.8 32.9 35.0 107.1 87.5
Excl. Transmission NPV Estimate in M$ - - - - - -
Excl. Other Investment

(Land Acquisition & Consultant Fees) |NPV Estimate in M$ - - - - - -
Excl. Taxes & Duties NPV Estimate in M$ - - - - - -
Excl. Recurrent Expenditures

(Auditing) NPV Estimate in M$ - - - - - -
Excl. Contingencies NPV Estimate in M$ - - - - - -
Excl. Grid Losses NPV Estimate in M$ - - - - - -
Scenario 2

LCOE in $/kWh 0.0550 0.0492 0.0548 0.0481 0.1129 0.0631
Incl. CAPEX NPV Estimate in M$ 112.3 117.7 111.2 111.8 490.8 279.5
Incl. O&M NPV Estimate in M$ 33.8 35.8 32.9 35.0 107.1 87.5
Incl. Transmission NPV Estimate in M$ 10.4 10.4 10.4 10.4 10.4 10.4
Incl. Other Investment

(Land Acquisition & Consultant Fees) [NPV Estimate in M$ 6.4 6.4 10.1 10.1 30.2 20.1
Incl. Taxes & Duties NPV Estimate in M$ 22.7 23.8 22.8 23.9 35.8 35.8
Incl. Recurrent Expenditures

(Auditing) NPV Estimate in M$ 0.6 0.6 0.6 0.6 0.6 0.6
Incl. Contingencies NPV Estimate in M$ 18.8 18.8 18.8 18.8 37.7 37.7
Incl. Grid Losses NPV Estimate in M$ 13.0 15.2 13.2 15.4 22.2 24.6
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Outlook

Suitability:

Economies of scale:

Supply chain
development:

Challenges:

Threats:

Conclusion:

Not suitable in coastal regions, needs flat
terrain and accessibility, grid connection

Non-modularity and high overhead costs
make development of small plants challenging

Commercial availability of cost-effective
supply chain will drive down cost

Incentive schemes not valuing dispatchibility,
political instability, closed markets, weak
grids, only few regions with high DNI levels

Battery technology uptake will make PV and
wind dispatchible and more attractive

Short term uptake, mid-term challenges,
long-term complementary to PV and wind, as
well as niche applications
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http://www.ostenergy.com/
https://uk.linkedin.com/company/ost-energy
https://twitter.com/ost_energy

RINA CONSULTING Recent Developments / China

Chinese CSP Reflector Suppliers

Nuahe

No [A ALK Company Name City
o ) a 1 |k Daming Glass Hangzhou
China’s 13" Five Year Plan for 3 s iraysponer BV [SUNDIY Crayspover) [Chengd
13 |4 JingTai Glass Xuzhou
11 4 |BHEPUA Taiwanglass Yueda |Yancheng
Electricity targets 5GW of CSP — Taix Lanchen
6 |HiBH Yuyang solar Qinhuangdao
eSS Sunnpo Wuhan
8 [ARJIi zhongshun Shenyang
9 |hF Sinoy Qingdao .
H 1 110 [ KAl fE Zhongye Hengshui
Supply Chain already established et Lo
. . 12 | &= Kingg Beijing
with about 30 CSP mirror and 13 [ AR e Lanzhon
14 |BEFRER Meidong Dongguan
i 15 [ BEH JCMirror Jiangyin
about 20 CSP receiver Is |5 Lotirro Lian
17 |RII A2 JZ¥Glass Shenzhen
manufacturers N ESTE T e Shaoxing
19 |#iZ% Xinology Shenzhen
20 |22 bl NBS glass Suzhou
21 |h R Sinogold Beijing
22 | bRt R RE IR xinhouyi Beijing ’
. . . 23 B4R HuaYuan Dezhou
First 20 demonstration projects INETT Vicot bezhou :
. 25 |B—Bilk Oruii Qingdao > . panabalic wsop Phate
announced W|th 135GW Source: OST Energy Z? ZEEJEBE% gza“hun Ei;ﬁzgn o | emacs |
1= Al
o Market Analysis X - = - eeipmaeics,
Capac|ty Chinese CSP PTC Receiver Suppliers
No | A&l 4K Company Name |[City
1 [JifEKBHAE s LINUO Solar Jinan G
2 [CARAE - a4 K P Huiyin Group |Weihai
FOEBEES 3_\%‘5@; Himin Dezhou afll - s
4 [ZEMRERG DCTC Lanzhou
Direct Normal Irradkation 5 gé:gz (:H:i(ﬁﬁ) s Sunpu Beijing 14
6 |H NS Royal Tec Changzhou
7[RI Weizhen Shenzhen i
18 |BEAHLH Camda Shenzhen
9 |JEHCRER R Beijing TRX  |Beijing "
10 [ = RHLT Sanle Nanjing
11 b &)@ sabi:  |Grimn Beijing :
12 |35 5 B e AR Qdabo Qingdao e
13 |BEVE R O A Baoguang Baoji
14 [db st b i s Bei jing
15 |HEERDE CE Beijing
16 [+l R T eI Sinogold Beijing ' " i
X 17 | w3 e IR Nanjing o bz =
’S\;urkce OSTl Er?ergy 18 |75 & BURIHT AE U OKL Qingdao Source: China National Solar
arket Analysis |19 {414 4 el 37 Rl Hyne Dezhou Thermal Alliance
20 (DY) FE/R e Bay Energ Devang
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Gigawatis
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Existing CSP in APAC

Very high potential in Australia,
North and West China, Mongolia
and India

Australia making only small
advances

e
Philippines

India started promising but
stagnating since 2 years

wi
5 alaysia

Thailand CSP discontinued Mg 5

China is rising hope for global

CSP industry
Central Asia has good future I .
potential & zge

&%

Source: SolarGIS
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___/ Solar Thermal Power (CSP) Market development & Technology

Solar CSP Global Capacity! and
annual additions 2005-2015
+420 MW in 2015

All installed cap in 2015 have thermal energy storage

Came on line in 2015:
Morocco: Noor 1 plant (160 MW) part of 500 MW Noor-Ouarzazate
SAf: Kaxu solar one (100 MW)

Bokpoort (50 MW)

Khi Solar one (50 MW) early 2016

us: Crescent Dunes (110 MW) following record 2014 record year (0.8 GW)
Spain: 0 MW

Early 2016

Egypt: 14 bidders for a 50 MW cap

Algeria: plan for 2GW projects CSP by 2030

ME: start of 120 MW Israel Ashalim Plot B + 110 MW in 2018

SAr: 50 MW planned for 2017 and 2018

China CSP target of 5-10 GW by 2020. 50 MW Qinghai in 2018.

Chile: Atacama 1 with 110 MW under construction

Source: 1_www.ren21.net, GSR2016
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