European Experience
with Large Scale Ground-
Mounted PV Systems
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Definition and Global Status of Large-
Scale MW PV Systems

KA GAR B ) 93 2 55 BAR

Definition of Large-
Scale MW Systems432k

Class VIl |>20 MW
Class VI |10-20 MW
ClassV |5-10 MW
Class IV |[3-5 MW

Class lll [1-3 MW

Class Il |[500 kW-1 MW
Class 200-500 kW

Global Status Today
EERIVIR

approx. 1900 sys
Cumulative 3.6 GW
D size 1.8 MW

In 2008: 1000 sys

— Spain 590 sys

— Germany 120 sys

60 MW in Spain
largest so far

All >10 MW installed
In the last two years



Geographical Distribution of MW-Class
Systems in EuropefE Rk i3 4 A




Construction Phases &ixrBt(1)

Geodesy, Geology, Micro

Basics for construction drawings & scheduling
Joti LV ) R A

Static Analyses (Wind Speed, Weight of
Snow) influence material costs

E ) H O FHHE) AR A
Part of Energy Yield Calculation;/” H & 715

Earth Moving “F3 1
If necessary, use of heavy machinery
T2, A E AL

No sealing/ coating needed A~ 7575 o5 1

Construction site needs storage place for
equipment it T-Hh 51 75 22 HE 5 £ HE T H

Source: Phoenix Solar



Construction Phases

Ramming ¥ ##
* Deployment of environmentally friendly
ramming technologies

TR T B R T T HEROR
« Leveling off geological specialties

o R T A R
« |deally facilitates the exact alignment of
sourgst fgearsobeams i 7 A 45 [11O6F B3 A
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Construction Phases##

Erection of Systems Erection of Systems

 Installation of angel-iron  Installation of main beams
depending on geographical
position

e |nstallation of crossheams

Source: Phoenix Solar



Construction PhasesZ %k Bt (4)

-

Installation of Cables Electrical-Technical Works
sy ¥ 2 FE R
e Preparing final installationift £ 5 i I 2% ((j:_on_skt)ru_ction and ifnstallationdo_f

. ‘ \ tribution-, transformer, and inverters
« Dig out earth cable channels T4z H1 45 /4 - P e

J o GAGRCHLAE . AR AR AT AR 2%

Al

« Laying of Strings & Strapping i A H.25 Source: Phoenix Solar



Construction Phases# [ B (5)

Securing of Plant

IR AR 7

« Security Systems: Z{f &2 4t,
fences, cameras & motion detectors

° *Hﬂ*é > %%m%% A $%o§gj%ix Solar



Case StudyZEH#i:
1 MWp System in Germany & Spain

Characteristics %4

e Suitable area without extensive area
modification JG s AR 1) 3 H. [ AR

« Site with no high wind speeds — standard
mounting structure X J7 AN K-0] A5 F fR il s 48

« Ground-based mounting system 7 h z: 2% R 4

« Modules fixed (no tracking) [ & 223 CREREE)

e Central inverter H J:1i4x 25

e Connection point to the grid <1km

Beak 2 H AN £ 1KM

Source: Phoenix Solar




Source

Cost Categories % 25

~

Investment for a 1 MWp turn-key PV plant 1MW
AL TG AR B A 150 5E

Land lease -

- HiFH

==

VARV

Operation & Maintenance Services iz{T4i4" %%
Inverter Service Contract 48 g4k 4 7] 2%

Insurance 1%

5 ¢

Administration & P 2%
Security Services 2215 %45 %
Removal/Dismantling and Recycling

PRI S [mPC AL HE 5

: Phoenix Solar



Operation & Maintenance 1=

Source

‘—‘/

T

Monltorlng of the System's Performance

—

W RGNS

24/7 Stand-By Service 24/7 {E¥t
Data Analysis and Optimization Procedures

B ) %ﬁ&ﬁﬁ%%ﬂ?
Regular Site Inspections 37 & Wk A

Fault Repair within Defined Timelines

LERE I TR] N 12 52 i e

Telephone Fees for Monitoring I 47 .45

Ptz

On-Site Power Supply 37 H
— Coollng of Inverters, Security Systems

WA A A, 2k

Terrain Keeping &

: Phoenix Solar
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Inverter Service Contract
WAL 3 UE & [F] Bt

» 20 years Contract with Inverter Supplier

LA S NV i 2520 F 5 R
« Regular on-site Inspections & S 1 &
« Defined Timelines for Fault Repair

FRE H) B 4E 1S N [

— 24 hrs Response Time 247N [y
Objective H 1]
e Limiting Potential Revenue Loss due to Inverter

Malfunctioning PR il 75 i) HH 3100 AR 25 i i dds il

RIS 2K

 24/7 “Stand-By” Monitoring independent from
Inverter Supplier 24/7 M7 {5 Mt

L[]

Source: Phoenix Solar



e Theft /)

« Storm & Lightning Strike X% 5

Objective

Insurances 1%

f
« Vandalism i &% IR
o Injury Liability 175 515 7]

- 1)

il
I

 Avoidance of Revenue Loss due to
Operation Interruption

AR HH -

+ 5

Source: Phoenix Solar
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Security Z{x

e Level and Sophistication determined by the Location and

Accessibility 2 {R7/K-F J 5 % ﬁf@&?%ﬁﬂa&éﬂ
285

« Roof-Top sys require lower level measures/z il 22 4t 1) 2
KK

 Remote and ground mounted installations require higher
level measures 122376 Hb X 1 T EE 3k ) 2SRk 3¢

Removal & Recycling

Prlx 7 S [m e b 2 5
« Assumption: Dismantling after 20 years of operation 1 ix iz
17205 o iy 4R BR
« Assumption: Costs for dismantling of mounting system with
no concrete foundations are lower 1§ % ¥ 15 7K Jé il fr) M T

AGLYrFR o IR

Source: Phoenix Solar




Case 1: Total Cost Ownership

1. BN ERA

General &
Administrative Bookkeeping
1.9% 1,2%

Land Lease
2,0%

Insurance
4,6%

Technical Operation
5,6%

Guarantee [mverter
7,0%

Security Sevice
0,8%

Others
0,5%

Deinstallation
0,8%

Turn-Key: 4 Mio. /€ MWp
Sept. 2008 prices

System Price
75,7%

Source: Phoenix Solar



Total Cost Ownership including Cost
for Financing 3ERH% 1) 2Nk 3 A

How does the Inclusion of Cost for Financing affect
the Total Cost of Ownership?

A IR IR A HY S S| AR YA N
Financing Framework for 1 MWp turn-key PV sys:

« 20% equityf#i, 80% debtfifii
 Duration of debtbiKE[R: 20 yearssE
e Interest Rate#|#%: 5.5%

o Inflation Rateif ik %: 2%

e Lost Interest on Equity for 20 years NOT considered

AN R 204 AL 34 512K 1 A




Case £#l2: Total Cost of Ownership including
Cost for Financing S ERI% 1 &M 3 pliA

Zanaeral & Administrative Bookkesping hsumnce

33% Tachnical Opration
3,87

Guararss Imertar
4,9%

Land Lease
14%

Equity

10,559

Security Servica

01, 6%
Cithars
01,3%
Dairetallation
0,59
htemst
28,5%

Turn-Key: 4
Mio. /€ MWp

Sept. 2008
Loan Amortisation -
Source: Phoenix Solar 43 5% p r I C eS



Cost Perspectives for Solar Electricity

(Case 1 + 2)KFHEEH I A THH

Included cost for financing results in a significant
Increase of the TCO I.e. specific costs for solar

electricity (€/kWh) 25 F& Rl 5% 1l AN J5 48 5 i 4 BH S5 B8

Germany/f&[E
(Turn-key sys price: 4 Mio.€/MWp // 1020 kWh/kKWp)
 Due to financing costs the average cost per kWh increases
from 0.27 €/kwWh to 0.38 €/kWh
T RlEE A, BET FLIN A2 A 110,284 0 £10.38 KK T
Spain ¥t A
(Turn-key sys price: 4 Mio.€/MWp // 1600 kWh/kWp)

« Due to financing costs the average cost per kWh increases
from 0.17 €/kWh to 0.24 €/kWh ‘ B
TRl A, BT FCI 24 A (0. 1738 11390, 24 Rk T

Source: Phoenix Solar




General Experiences with Large-Scale MW PV

Systems KA IR BLIGAR bk B — ik &2 %

« Most LSPV sys are on-grid consisting of several sub-plants in parallel K%
HREBEFSRRGEEFMRS, 225 TTEITHFRS

* Most common system design mistakes: lack of exgerie‘n‘ce‘ which starts with
the selection of components e.g. modulesi&x&E WHIRSF ik FRZ 4

o, MIEFESCIRA T8

 Reasons for reduced energy yields: Plant internal: module output lower,
failure of inverters, miscalculation of size of cables, poor maintenance &
ggare part supply service. & Hi & T FERIR R : FLIbAED : 41440 tH 0 TR, 342
e, HARE RN 1R, RIS HEN T EPlant external: shut-down
of grid, fluctuation of main frequency & volta e,r_lliﬁqhtning strike, burglary of
modules HEUSSVER : FHRADCH], FEFIHE KK D), T, HEFHER

 Transparency of plant results (yearly yield) is no more given, because
owners are mainly private equity or financial investors therefore, actual
plant results are kept confidential. Resulting in that assessing / comparing
individual plants became difficult FLuh#Y4F ik Fi = 88 EAE LIS, B4
AT A B EEMAS RS A, WK LISETEREREN, E15
PR FI LA AN R F s R R A IR R A

Source: Edwin Cunow, own research



General Experiences with Large-Scale MW

PV Systems KALIK FLOBAR Buk ) — g 2 Ko

Majority of financial institutions prefer wafer-based modules due to the
long term existence in the market (minor risks) XK % #@h 7 Hl 0= W i

P2 A Gus, RyEmIZERE, XS/

Tracking systems gaining momentum due to decreasing module prices,

although high costs for trackers & maintenance, but higher energy yields
off-set such additional costsEH T4 {48180, RERRS BN, RE

RER=r R EH 4P RS, {EETH A0 el LUK H 808 B AR

Acceptance: Upon completion & sale a contract signed between EPC
contractor and buyer governs the ,acceptance”. Banks often require a
,1echnical Due Diligence" conducted by independent institutions /
consultants either after completion or during planning stage%:4&: —B &,
R, TRARABMCRERXRL K, EHE T BRI IETIE,
RITEEET —RMILVRLITBEAERE

Source: Edwin Cunow, own research



Case Study Germany: 53 MWZ4

« Location: Northern Germany & E b8

< Investment i&ﬁ € 160 Mio (20/80)

« Capacity & 53 MW-/#162 hectares areaé}tﬁ

« Module A4 700.000 Thin-Film (FSLR) = s

e Inverteri¥iZggs: > 37 SMA SC 1250/ 1 SMA SC 900 MW
~+ Construction period #1ix}§: 8 months H
»_Operational #=: August 20, 2009

» FiT LW HHr-€ecnis#.3194 / kKWh for 20 years

e Supply 15.000 housethdS = -

AteE15000 -

Owner: Private mvesmr

?FAA%E A




Thank you for your attention !

BRANER

Frank Haugwitz & §

Email: Frank.Haugwitz@gmail.com
Fon: 0086-13901133214

China Renewable Energy Information

URL: www.frankhaugwitz.info

Email: fh@frankhaugwitz.info
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