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Conference Schedule

Day 1, Friday, November 21, 2014 — Onsite Registration Only

Registration: Level 3 Foyer

Arrival, Registration and Conference materials

09-30am-12:00p.m. eollection

14:00p.m.-17:00p.m ~Gertificate for Participant can be collected at the

registration counter™

Day 2, Saturday, November 22, 2014 — Presentation Day
Simple Version:

Quality Ballroom (3™ Floor)

08:30a.m.-12:05p.m.
08:30am-08:35am | ® Opening Remarks
Keynote Speech I:

g ~ Prof. Michael Pecht,

= Center for Advanced Life Cycle
Engineering (CALCE)

20
A. James Clark School of
Engineering, USA

08:35am-09:20am

Keynote Speech II:

Morning m Prof. Nopbhorn Leeprechanon,
09:20am-10:05am g IEEE-PES Thailand Chapter and
Unit Head of Power System
Planning and Energy Policy
Research, Thammasat University,
Thailand
10:05am-10:10am | Plenary Photo
10:10am-10:20am | Coffee Break
Quality Ballroom (3™ Floor) Emerald Room (2™ Floor)
10:20am-12:05pm - -
Session 1 Session 2
Afternoon --- Author’s Oral Presentation
13:00pm-19:00pm
Quality Ballroom (3™ Fleor) Emerald Room (2™ Floor)
13:00pm-16:00pm Session 3 Session 4
16:00pm-16:10pm Coffee break
16:10pm-19:00pm Session 5 ‘ Session 6

Z ~ 2014 ICPES #F=:m
Power Quality Compensation using Superconducting Magnetic Energy Storage

Classification of Voltage Sag using Multi Resolution Analysis and Support Vector Machine
Pathway for China’ s green energy growth: A long-term strategic perspective
Investigation of Cold Flow Properties of Waste Cooking Biodiesel

Voltage Standardization of DC Distribution System for DC Residential Buildings

Analysis of Smoothing Effect of Residential Electricity Demand Using Measured Data
Transformer Differential Protection Using Process Bus According to IEC 61850-9-2 and

Non-Conventional Instrument Transformers

%4 H



10.
11.

12.

13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.

24.
25.
26.

27.
28.
29.
30.
31.
32.

Power System Stabilizer Parameters Designing Based on Genetic Simulated Annealing Algorithm
A Systematic Approach for Optimal Design of SVC Controller Reduce the Disturbances in Electric
Arc Furnace using Genetic Algorithm

Challenges Due to Operation of Turboshaft Engine with Synthetic Gas

Ecology and Water Supply Based Multi-Objective Optimal Dispatch Model And Its Case Study in
Yangtze Basin

The Ecological Optimization Dispatch of the Three Gorges Reservoir Considering Aquatic Organism
Protection

Adapt to Multi-Participant of the China Power Market Modeling Design

Matlab/Simulink based Model of Non-ideal Zeta Converter

Using STATCOM to Compensate for Dynamic Variations in a Power System with an Attached
Large-scale Wind Farm

A Hybrid System Approach to Static Var Compensator Modeling and Control

Enhancement of PV Penetration with Centralized Control Method in Cimei Island Distribution System
Economic Value of Grid-Scale Storage in Wholesale Electricity Markets

Analysis of Earthing System Cabinet of Telekom Malaysia

Feasibility Analysis for the Application of Grid Connected Solar Photovoltaic Technologies in Food
Manufacturing Plant

Optimal Placement of TCSC in Power Market

Energy Efficiency in residential Buildings with well-established Energy Management Systems
Optimal Location and Size of the DG" s in Distribution System for Time Varying Loads to
Minimize the System Losses

Effects of DFIG Wind Power Generation on Vietnam Power System

Performance Modeling and Parametric Analysis of a Double Glazed Solar Oven

Robust Backstepping Controller for Grid-Side Converter of Doubly Fed Induction Generator Enabling
Low Voltage Ride Through

Role of Energy Exchanges for Power Trading in India

Application of Grid-level Battery Energy Storage System to Wind Power Fluctuation Smoothing
Enhancement of Power Transfer Capability of Interconnected Power System using U.P.F.C
Comparative study of Parameter Estimation Methods for Solar Irradiation Forecasting

Short-Term Wind Speed Forecasting with A Cascade Hybrid Method

Day-ahead Electricity Price Forecasting Using Relevance Vector Machine

%5 H



33. Development of Correlation for Thermophysical Properties of Supercritical Oxygen to be used in
SMES

34. The Design of the Nozzle for the Nozzle Box Microturbines

35. Application of Explosive Production Managing System based on Internet of Things

36. Preparation and Characterization of Nickel and Copper Oxide/Hydroxide Films on Stainless Steels
Substrates for Use As Cathodes In Alkaline Water Electrolysis

37. Security of Supply and Generation Reserve Management Delegation under extremely High Load
Curtailment Cost

38. The Impact of Distributed Generators Placements on The Reliability of Typical Industrial Power

Distribution System
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Fam L AR - MBS NP B S i B SR A S R R S BT RO SR © S8 R
G R S R HP S 3535 Maryland R E2REIK T A2 ELE R #EE 2.2 Michael
Pecht S8R 25 #E1 T BROVER T 28 in B S A SRS AR &1 - BEIESE B R barath S ] SEE i
s i HEEA T F2 0.0 (Center for Advanced Life Cycle Engineering, CALCE)AYAI
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£ Shailendra Kumar Mittal 254% » 52 A[E = » £ 2500 ) B AR E B 248 (IEMS)
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RSB T R B B 29 F Tt S - MElfrs - & HER
—EEEEER - A 4 PSSR R - IERAHEE A E B Ky 1,000kW o DU FEBRas A &
% By 1,500kVA > R 480V Ff& 3.3kV » DUfIEfE RBO1 ~ RB0O2 il RB03 = {{AS4RFHEE -
P ERREHEER Sy 505kW » i E#E fy 1.570kW « 71 40 B s ENT - 28R AR
B —EHEAH - EEECC 800kW - AIEERAHALE - HEMEFRERN T2 HEE - &
FACEN 4 FEE - QB HEAIFR 71E RBO2 g847/EE 155kWp AV RIGCE R 4IMPV2) » 55
R AR A2 TR T A AR TR S LB sk B S 3 Rk A > JRHIEIE RBOL A%
ST S R RSB 2 80 (PVY) » I KIS C B R Sim B JIB LR B TG BB R4
PREEFIE 2.5% 2 > PVL Z i KHFREEE Ry 1,100kWp - FRIEEZ 58 - By TR = aa4r e ml 5
Hi#(Y RBOL ~ RBO2 1 RBO3 =f{rekas Z [MIfNEGARA - S EaR4R I (1(RBO2)&#& A=l - 5% 6
& EEL PV2 AT REHECER B B LBRARETES] - i H S — 4R (RBOL)EE (L - 2N AR~ &8
TR R R R TR m  » KF RECEE 24 - OB R R A RIS E A
TR RORIRA - (EFEARETRE PVL (FRERE 2 EERRSE S 2.47%1 5 2 3.03% - [ff PV2 fif

PER 2 FEEREEHII Y 0.37%fE 5 = 5.22% -

(%)E“ Power System of the Cimei Island

#IMTR 33kV

1 2 3 4
1O00KW ARIV/3IRY | SOOMOM | SHOMOM | sponem
— LSOKV A - 0.1 km bokm | vakm | -
@_—E c R | l] 0.5 km
4 ; 2 km
. 153.3 kW
480V PR F 1535 kW
LZ“TR PI=0.95
1OMIKW AROV/AIKY 5
1KV 1100 kWp[* | NO
7 203.4 kW
5 I's . .
( C)—Z o I l
Frny 155 kW
#MTR Z-OPQ i A s | 3.NC
1O00KW AROVAIRY 1.5 km 0.5 b
P 1S00K VA RE02 S00MCM f—————————
1.9k =

i N

K:;};;%E———— 1.Fauit” [] faw
4N

PF={.9%
#AMTR 0
THHIEW AROVIIRY
— 15KV A 11 i
- SOONIC #1
( Gi < I e T
4

480V

o I
RBU3 I I KW ﬁ kY AR

PF=0 9%

B The annual operation cost for total DG of 7.2M kWh is 4 million USD,

B The maximum allowable install capacity of PV1 is 1100 kWp. h.’
B Load transfer with PV may introduce voltage violation exceed 2.5%.

[V ~ 2SR ] RS B4R [
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(%N)en Voltage Control Scheme

Centralized iEMS will dispatch the reactive power compensation
according to the reactance of each line segment.

Phase 1- Coondmatlo@{Contl ol Mode
AQ_; AQ: tal T T

u b Phase2 Y‘ X
[ phasel e
T N o =g+ A
: 1 Inverter capability
Power factor
Pes cnmlrnil:n M".i‘ Srw [ ) PZ
B Y7 " o = Sawy = Fens + Fowg 7 Sy 000,
{ 1 Reactive power

Active power (W)

|| | E II Var) { feAl fa”ﬁ ’ ‘%m‘ SSMJ C}‘O.&f‘%m
Capactive —_— maweve  The inverters closer to the substation will

o be forced to absorb more reactive power.
AV = APx R+ A0 =< X Phase 2-Maximum Capacity Mode

| O = B 30 6, — G
AQ, g = =T Phase 3-Constant Power Facg]r Mgde
< . _ _g £
2 X, constant K =tan & - hj
o=

& F ~ IEMS =& ELAZEiisi =X

B & RFam LAThe IEMS 2 = P& Bzl s i C 2 B A K e E R 2 E )
ey B YRR ST A GRRRAR T LI (RBO2) S AE HilY - SZ B S #EL PV2 55— 4R
(RBOL)ZEFTHEE 7 ZZ I 53Afr » WIESFTR © B 5 IEMS (T8 — P& EERE D3R mE 2 a2t
PVL (fH8E > BRI 3.03%FH(EE 1.8% - ff PV2 (EEELE S 5.22%FEE
3.6% - [A PV2 SRR E) ]k 8 & B AR i 2.5% - IEMS FRETTEE IREER A BIR S 2 3%
o HOHERLE R RN E 3.4% - FRMETTH IR D RR B - [FIREK PV2
I tH EYPREEDR - DFFEF R EREE) 2 2.48% - /) PV2 HERAROF4Y 2 flrEE - iE(iiE

TR ICEARMEA RS ER Z HE - AR R R G R LR NP5 amBl s
w0
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AE AT -
(%En Case Studies

constant power

Control modes before  coordination maximum
. . factor mode
PV systems control mode capacity mode
PV1 3.03% 1.8% 1.6% 1.17%
PV2 5.22% 3.6% 3.4% 2.48%
[ (KW, KVAR) =PV 1 active pawer fed in PV reactive power compensation
= PV2 active power fed in 2 PV2 reactive power compensation

1200

1000
RO
GO0
400
200
| !
| J

[~ B R ST B R S R A R T
HE B L s A B Y FE A R e S LA T

Voltage Standardization of DC Distribution System for DC Residential Buildings

It am S FHENEE R T2 F5E Indian Institute of Technology Mandi 1Y) Rajeev Kumar Chauhan

HEITHR - ETESHSR M E S AR BB E R Z BB EIUEERE 7% - DU E
%10 5



TR > TR REIR(E ISR R HEY - 8] URy AL S0 5 i il P BC BR e B P
e HRFEAFEERGE - R EFRE TR KIGRESRE A4 - MEMAMEE A
BT BRI P T - IERESANEEHE > HEEE/MERNE - HERFRA—
AR =FR » BEIPREVNYHEER S 12V - EEEE 24V SRS NEFHEAE
EERE 96V - S E AR I AR BEHRECR ST T8%E] 90%fH] > HAEKDRACK - B JHER
SRR o TKFZRE S B S A B E Al L Ry ELUR - 518 Ry SO O 78 A S (L B (R R Ry BEAE
230V) > JRE A EIERRIES 1 ERACE S A RS B Es (AC-DC converten)f2 {1t £
PESTBREEER 24V - LLR 53 illFE Fh o+ BR Bl BRI 25 (1 i B B BR 96V i 12V & - (NIL(E
= RESTEHIER -

Rl = Study Room RI= Study Room
R = Entertainment Room R2 = Entertamment Reom
\ R3 = Bed Room \ R3 = Bed Rocm
|- R = Kitchen \ R4 = Kitchen
3 Chiging PRGE | 5 = Garage ol 1RI i ‘ Charging Padfor | R ~ Garago
“ l‘iﬂkm 6= Laundsy Conteol Room @:7 ?(n!b‘!)klpphnm R6 = Laundry, Control Room
‘ ncl
= ,\ [ [P—
=== ' A B= =— [ (\
=0 o A = s )
4 i == / ' | 7 ¥ = 'd
| |
Ra | (EER R
’ J L' ||
(| ja—= | -0 <
‘ [ | ‘ { J i |
- Refrigerator /
)
Aspee) ke || (MWishoghiche
Converter =2 || L
Eattery Bank \ ¥
IS AR 2 YT 2
QXML E A4 (VEDHLENS

[&l/\ ~ SORELER R RE P ECE S8
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R= - RERBAERE

. ) Type of Voltage | Current Power AC-DC Converter

S.No. | Appliance Name Supply Rating | Rating Ra}ing Efficiency[19-20]
(Volt) | (Ampere) | (Watt)

L. LED Bulb DC 12V 0.6 7 0.79
2. CFL Bulb DC 12V 1.0 12 0.79
3. Electric Geyser DC 96V 10.5 1000 0.89
4. Sandwich Maker DC 24V 23.0 550 0.87
5. Water Purifier DC 24V 0.5 11 0.79
6. Refrigerator DC 24V 3.0 72 0.87
7. Cotfee Maker DC 12V 11.0 135 0.87
8. Washing Machine DC 24V 3.0 70 0.86
9. Water Pump DC 24V 14.9 350 0.87
10. Vacuum Cleaner DC 12V 8.0 95 0.87
11, Air Conditioner DC 24V 33.30 800 0.88
12. Hybrid Car DC %6V 32.0 3000 0.9
13. Cell Phone DC 12V 0.3 4 0.78
14. Ceiling Fan DC 12V 1.70 20 0.83
15. Hair Drier DC 24V 15.0 425 0.87
16. vV DC 12V 2.5 30 0.83
17. Computer DC 12V 14 170 0.87

% am ARG e BB SO BB B S BB SRS BRSO E L EZ H &
s AR LR FYFE 9 B 30 53 % 12 86 30 S EERKFEHE NIt s L E R ICEZ R A A
FEMEREEEH RIS S EARMMNE - RIS arE RN - HRIGRERE
&t TR AR - QE AR - IEREREGIE 24 B2 &R 2 BEEG 21 & 45
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Fower Gemaurrpacn (n me Buliding in a Typical Day

I - owver Comsepion in Bulding Applsnces
[N P owar Cosumpiion In DCOS
I ower Consumplon In AGDS
| Convariss Lesses in ACOS
Converter Lessas In DCDS

Pawar { KN

E+= - HE#EHEE R CERICERRMEE RL

Economic Value of Grid-Scale Storage in Wholesale Electricity Markets

bR am S H SRR S PR ERHY Kyle Anderson T35 » FEERET BN Z (ERE R AEET]
75555 A R o AT B4RV RERE S 40 T 2R B ) 2% BB L D) R 8 ) » JRm] &
BRERFRIERH - MBEF ST HET » DURIEREEREIRE S8 L EE S - i
RE R M BB (EAS A EL R BB R A - RETIVSURIHTE - By TR ARG pA - i
TTERETHEREASHEEN Z REE 8 > ORISR EEESOR G - a%am S A
U {ERRE Za 3 (B AT RS MR 4 BB B B BN S » E TEE ) 5 R BB
TR o S AR VU E SR GEAE R RIS 28 Wi KB AR R ~ T JEAeR ~ &
A e BB IR SR B R D W HLUE F AR R AT 55 S HH B 7 B B 2 (B {E (Present
Value, PV) ~ SRt 24D HE Z BB E{E(PV) > RiAEHE RGBT R > DU R
PP SRS - WIREAE A0S 22 B R 4R B) 2 )%~ E S B & E I 7 i IR AR
(SOC) > EHifFFE AT ENTIGEEEERNMLAEE - IV EF#EARA T EEZEE
FRASEAGEE A - E R HATEE R (discount rate) » DURTSRBE RMET HEER S ZF#EE
(NPV) - A FERE 28V E B B IS FoR I SO DA R I E0E - SRIBRERE R EE
BB EARRRE - Sl HLEEE S et e B SR PR 8 2 i

)

% 14 H



R ~ HEERSRT RIS BT 5 28

Storage and Market Constants

T Length of time horizon (hour)
Fr Price of electricity at hour t (3/MWh)
Fr Total credit for providing 1 MW of regulation at hour t ($/MW)
d Discount rate
By Capacity at start (before degradation) (MWh)
Q° Max charge rate (MW
Qd Max Discharge Rate (WMW)
g Storage efficiency (fraction)
Qe Charging efficiency (fraction)
Qp Duischarge efficiency (fraction)
Ep Capacity degradation for providing 1 MW of regulation (MWh)
I Capacity degradation for charging 1 MWh of energy (MWh)

~y Duration of a ramping interval. (hour)

Decision variables

by Capacity at hour t (MWh)

St State of charge at hour t (MWh)

g Energy purchased at hour t (MWh)

ar Energvy sold at hour t (MWh)

vt Regulation down service provided at hour t (VW)
e Regulation up service provided at hour t (MW)

X LRI RE SR GO T LR > S8R > B A RO e - (5 IR
HEMTEREREIK : B Rl - ARSI ER > (HEREERE - & 7 RKEW
TFEREARGAEER DTS EERIEE - fH35E] New England Independent System Operator,
NEISO J4 2007 5] 2013 4 A ER(E &R » DU E TSR EDR AR GERE 2% A 81 B 7 fH1H »
WEHVURTR » FEGEEAE RSB TERIEREHINRE - 5 EE ARy 51,100 K 40,229 - {HHIR
S 2 HRE RS SRR S TG E S (B (F RGBSR - AIFRE RS A BB 2 (8
{5771 R 190,090 Kz 225,726 » (s FH g EE M 2 fShAE S8 ST mI 1S Bl = i (EE © (R
AHEL TARIE RS 5 R BB 22l - GRS 28 A B2 B ZfH{E 5 Ry 226,575 Kz 253,619 > AftLA
(i H# I ERN Z FREASET S X S EERS - SELIBRREREES > KBFHERS A
B B [FIRp T TORIE AL Rk S BB Sl (B (B 70 1 Ry 210,132 Jz 242,073 » 240M » 575 EFERE &
FUEBEMEENA RATER - HFEED/EE - iR SAE R RERAEREHR
ARG > RKEEE R RTRVFR K R EER - M e AR E 2B -

4

=1
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Variable | Property Storage A | Storage B
By Starting Capacity (MWh) 1 1

)° Max Charge Rate (MW) 2 +

Qe Max Discharge Rate (WMW) 2 +

Qg Daily Storage Efficiency (%) 97 97

Qc Charging Efficiency (%) a5 95

Qn Discharge Efficiency (%) a5 95

Ep Regulation Degradation (MWW | 1/3500 1/1730

£, Charging Degradation (MWh/MWh) | 1/3500 1/1730

d Discount Rate (Annual) 8% 8%

Storage A from 2007-2013

250000
g s 210132 226575
71' 200000 175113 90030
= 150000
E 100000
@ 0000 48728 51100
£ , N
Energy-Only Energy-Only REE;:":D”_ REE;:,TI:DH_ Combined Combined
Stochastic Deterministic Stochastic Deterministic Stochastic Deterministic
M Energy 42728 51100 0 0 30249 42537
Regulation 0 0 175113 190090 170883 184038
Total 48728 51100 175113 190090 210132 226575
Fig. 2: PV for the Storage A in NEISO Market 2007-2013.
Storage B from 2007-2013
w 300000 253619
3 20w 21427 225726 — -
£ 200000
E 150000
W 100000
o
50000 36582 40229
£ | I
Energy-Only Energy-Only Regslnalzon- Reg;l:lzon- Combined Combined
Stochasti Deterministi Stochasti Deterministi
ochastic erministic Stochastic Deterministic ochastic eterministic
M Energy 36582 40229 0 0 31022 35003
Regulation L] 0 214274 225726 211051 218616
Total 36582 40229 214274 225726 242073 253619

[l +VU ~ FERE A4 A 81 B Z{H{E

Application of Grid-Level Battery Energy Storage System to Wind Power Fluctuation Smoothing
EA=E BERR KBS TR 2R EAZIRE AR L - HEH BB A T3
7% TGRS E AL A GERE S8 AR JERE EE AR BRIz Bl o PR Ry R e\ B 35 L

CWALSYSZ IR Sp AV E WA RSN WA=Vl el e (PR 7 AR ES G B
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HIIEEN - 1BHE5 | NEEE-FERE 40 > nI LU B BB T BRI AR - FEE [ H4
)55 FEARAT BN EAAE %470 ( Battery Energy Storage System, BESS ) % - iZfmam (et —
TEHTRA R F RIS - Al R AR T2 (Predict-Based Control, PBC) - &5l (£ %
FIFHTEMIE )55 B0 ) ARIZ(EEEMAIRIS - sESA ROt B EEES; (Wind Farm, WF)
fi L B TIHYRCED - FTie AR RES PR Ot 7 —(E 7R bR E R &Y WFs A1 BESS HUFRF: - 2
FIELFHIARE] ~ SGETRIERAE o B 70 R SR 7R - G AE S Ae e Rl i R EhlE] - Hrpay
BESS B WF 3% - > B R A A AV B HE THR I -

:“ WF (wind farm )

wind power fluctuation
('k“f )

Wil N

BESS (battery energy storage sy s‘rem)

[ | 7o

E — —

i_ P ) Biess )

. LE s
PCC “reeremmemsememenen e L S L S LR R
(point of common coupling)

[ +7 - AR - R S R H i BT T B e

i e o SCPIT{SE FH Y RVER - (R RE S8 U FE 1 — (B EVERE5 (W) LR B AL (RE %4578 (BESS) - Firf:
FRATES A U2 SR 0% (PBC) (R FH #2741 BESS AU EE R EE » DAMEFTHE IS ] i 880y WF
A e T LR B SR EE o HLH HOAE RS o] s Py Bt 2 2 ] [ P 0 R B - (A RE S S L
BT E) - BREBEEEEAE RIS - BRI B S K v A PR Eh R E Y
H#Y - S e BN B R #iE - BESS W B AR AT T AR B ERER - AR WF Y
HHEE IRV E) o ARy BESS HYBIHFZERITRES AT > R &URHIGHIN E RV ERIAHAY SOC » i
T 255 a% PR P2 ARl SR R GRABE P o (A WIF Y HH BE O B i m S Ehaa & - s ey
ERIAHHY SOC i i/ IME B APRHME » HhiF BESS RIIEE Fy e A= Y 3 T LUK B
R EZRFEHIIIAE - LR Rt e IR T A2A T H] BESS HYFEE » EEAR
R TEUAIE 4% BR i Y D AR A SO (T BESS HYFSEE R - Ui BESS S ERYEH] -

Z e am ST AT WEF K BESS FVEERERUS AT
%17 |



1.WF : (1)5:p871%E : ENERCON-E40 ; (2ZEEILNZ : 0.6MW

2.BESS : (L)#EEAE © 1.5MWh ; (2)SOC #i# : 10-95%

i o LT Y B -l AE S SRRV IR R B S — R U » 5% AR & E Fy 15 70
TR R 1/NF 5 B R T AF i & R B R Fs 2MW > BESS HIPZEHIIE R EL WF [H]
& o BT 7N 8 Ao R AR E- R A SRR ER B A Qs B < T RrEsed
REVEESR - AIRE T WF fUiHHEE )7 ~ BESS (9 SOC » DL K WF i B8 JIAE &) - — U=y
BRI PR IR B 2 B8 B IR E R -

(&7 s R\ B - (AR R AT BRI L B RAE R - VB R AR B EIS T
—RWAYIE L EE ST 4R - DL 15 o8 Ry (S0 - DK s SRR BIRFFZE fi SR I oy 2 T L i
& o 1 OB GRS DTN R RO Ay eI R - w] DURLEIELHY TR R BB el s
i R ESERHES) BRI EIYRIR -

= wmm Wind fann oufpat power s Pradict based conmol srategy

Feal-mme conmol stratagy

i .1‘
T

b

[ R P Y R S - |

wlpnt paower (MY )

ity
F . -

1
]

1
0 4 B 121620242832 364044 48 52 56 60 64 68 72 76 30 54 BE 92 24

Time (l5-minutes)

&7~ - FERE RS T R IR RS R
[ Ry FHAE 4R (BESS)TE R F A EHY FE I ERIIRRE (SOC) R » DL 15 538 Ry —{lHl 1
[ » H P B AT ORI AR R BB A2 RIS Y SOC BYLIBIE - iR HE
[EEEAE 10-95% 2 N - IR e 4R FURBIRFHZERIRMES ~HY SOC Z(EHEIE - n] A EIHAhRAH0
(7EF T IR(E 10020 T « MUR AT R AR e SR T % BESS (Y SOC HH FH EL B 2l 3R
B A A FEEE AR -
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o= om e Real-time control strategy s Predice based confrol smategy
100
a0
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T0 it
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g o 1 T U
] Se—
20 ‘—IEU 4 rLr—-‘ L_'IL'II 3 Il:
1|:| | . J - 1_--.’.. L [~ - b

4
0 4 B 121862024 28 32 36 40 44 48 52 56 60 64 68 72 76 50 B4 83 97 06

Time (15-minates)

[+~ FHAE 24 (BESS)E R AT SL I ERIRRE (SOC) e SR
[+ /\ Fo E\ER - ARE S E R R BRI H i BT R B EEGS IR - A0[RI B - Ay b SR8 Frr
> DL 15 oy Ry — (] - HrhAEE i SR (AR S E — RN H B TRl & - It

Jap SRACRBNRHZERITRES NAVEE B aR - 1@ CE QAT ARAVE TN R LB ZEHISR
b o AREAEE T LR SRR R SRRV PZERRES - ARUIBEES LB BEY - B
SECSRABE I RIERF PZE I DRt

= v o WA powver fluccaation — Predict bazed confrol swatesy
o o s Beal-time coamol strategy
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0 4 B 1206 20 2428 32 36 40 44 48 52 56 60 64 68 72 74 30 84 BE 02 o4
Time (15-minntes)

&+ /\ ~ EEE-FERE R E R T BRI N L B T R B RS IR
e+ LB e o3 B B B R - RE RE A AE 2 BN H B T B 2 PR > DU BVER -
RE S SUAE R i L B DR B i SR E R ELES - nREIRA BESS HYZELIZA BESS
ZSRIHEEUR VAT 2 A (R ER T TR B o 1T ATEHI R By PZE R SRBS A ZRIR > b DARIRF P22 ettt
F e T LR B R Ry ) R TR L By — A SRR SRS - R LV EE 5 L B T 0 D -
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mWithout BESS  mPeal-time conmrol strategy  mPredict based control strategy
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(=]
o =
L=

Spring Sunymer Fall Winper

[ - ~ JEER-ARE R E S R T T T EhE AR PR (E AR AV B

() SHRBEMEHELRS
RS H IR ILEH RS - MATEAPE L - HAIE BEBDEIRH] S (recreational
island) - & _E A —{EikEEREY 15 {E 55 - R (weekend) & A 1R 2 A\ & 2 B8 - ninERE -
NS o BRI A A IR ARHENE o RAA A RE SRR IS B (resort)
SO N BRI - i I E RS E RS AR AE] - TR ENEEE T - B
5 EAAZFHEEL LIMW > Bl B fSel s BBk iR et ) - R BUmwieh -
J2 8 5 (Pulau Ubin) il 25 48 5 5 25 (Micro-grid - Test-Bed) % i 8t 135z AE R 5 45 B B /)
(Energy Market Authority, EMA)ZE @\ BAEIMECKREIR S 2 et » S —HIETE A&
Daily Life Renewable Energy Pte. Ltd (DLRE) A SEIEEEESEA > G4Y/HH 10 4F - sx il E

S RIZRESRER « AESUHBR R RS KR AR EEYY - 2013 45 10 H4E EMA £
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HT - BEELA 30 {EH F (BFEREE P K8 AP ) S IMATEME R - =23
FISERALEE o HEHEAREF 0 BEiEIF 2 # R4 R 10~20 kW - JE R i & m] DUE S
100kW > HE % 150~200 kKW > FHZE4Y 10~15 fi2

2014 4 10 ARBEMEEREISIEHETE _ISEAETEECRE » B IERREENE
TRIIHT ~ FERE RS - REIREEE AR ELIRARRAE N o RlHRe (S AR DT AT E R 4 2 2 A A
FATA ISR ES » BN KB RGBSR BEZI TS EE - AR MY B R E
% AR BB ERE AT AR TS - ARSHEUEMEBHE AL T2 » BB
W% 2 S1EBEE DNV GL A E]Z2HE » DNV GL /A &) B AR AE R BLAS TR SR > A8 5 (B $ 0 48
HEZR  CRHR LR ARIET A A SRR A E 0 BA 2,500 i ETIARIRE S - 10
HERE  GEHARKNSE e ERIENE - 1 HEA 90 FAIE8E - Hb 30 4£
TERETFACREAERE 7 TH - BRI & A SRR E BRARIE N « v SRk G RE TR — R -
11 A 24 Bz A 2 &[5 DNV GL A H] Bess 1% » 4P REHE MEM LS 2MEHEA
B —EEE TS FAHE MRS ERREERN - DRI SEGE R B S M E R %
40— PSERATET B OR BRI BATRICIE K - B —+—R3IZBHFT81 DNV GL A BREHE

PNEY
[

nIE—

& —— - BT DNV GL ABNEHE L&#
DNV GL A &5/ T A B S ELE 540 2 Rorn B EIR 5 - WEHRFETE A B
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BEMEERGEE AN BN R R EREATZ GF -

ulau Ubin

icro-grid test-bec

BURSE]

B+ - BEEMEE RS S
LR MIFTIEERIRY &R LU EE DNV GL R e ER(E N BETamP e Hy & BSR4 -
EHEEMEELGIEEL A - BEEEEDHEFPUE -+ =Frr - ESEEHE—
ST RS S B AR B R AT P

<& v L R E Before the Micro Grid

renewable energy solutions

Electricity Supply Situation on Pulau Ubin

Diesel

Base Stahon

.‘.‘ » /{ y - )
S - " ) :
> xA ,I»..
o Individual !ni I

& —+= - EEEERZERSEIHERE

1 SFHESSMERESRRSEE
ARSI EES RS A= > HEET

® An intelligent micro grid infrastructure with potential for multiple renewable energy
sources
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® Facilitate connection of close-to-market clean and renewable energy technologies for
demonstration or test-bedding purposes

® Build local capabilities in the area of smart grid design

F—HEHEMEM RS EENHAT

240 V H N EE4E %245 (240VAC underground grid system)

&7 100 kWp KI5 EEZEE (~100kWp Solar PV)

1,000 kWh f5#8E £t (IMWh storage)

6 £ 40 kVA HY Hybrid Variable-Speed Generators (6 x 40k\VA bio-diesel generators
distributed (3 x 2))

BHE B2 A8 28 33 (Smart meters at each customer premise)
o b E R K i EL 12 2447 (Centralized intelligent control & remote monitoring

system)
TR E MBS EN 48T - Al T AR s
(1) 47228 (Distributed Generation)
(2) nEFHEAREEAE 25X (Allows high penetration of renewable energy sources)
(3) IS SFEE % (Variable speed generators)

A [EESR - [E]E BEARYE ) e K B 14818 E M (Constant frequency, constant

voltage for power quality and grid stability)
B. B JJ44ERFE(Grid following)

(4) #[EEE 18 T if(Advanced power electronics)
B 74974 (Grid forming)

B. S HEA4FE)H ~ 2k)F(Manage renewable energy sources)

A

(5) FEEREF 2 B2 (“Energy-on-Demand” Concept)
A. B[EFE$EE (Just-in-Time production)
BRI &SI HERERER S Tl EEEN R A SR K EEEE
(RN REEENA R - FEReRFLL L00% A RCHI A - #rinsiZi# Smart Power Management
System(PMS) Z & (FUH E (5 I & - FEECEERE RGO EN S &RHY S5 8 e A d > DU S FR P

HYEAE » 28000 > SeSEEEERE A e PLse = dEn it - BE R RGOS ERT - R
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iRt EaHATES - NIt > DLRE &y 17 AR VSR - 02 T EETE Fnvik &/
(ERHKHRF (8 FH A [RIRVSRIARAE - SO B A = SRR TRy U7 7% - #iE] Diesel-Inverter
Hybrid system [L7EZ]] Energy on demand fy H & -

DLRE /2 &]HY Diesel-Inverter Hybrid system #2& " S&0H% K BEAAH - A/ NETRO SR TEH
BEEM RERGENEEREFEER 0 IR AR E H T FHERYEE S - 5t Diesel-Inverter Hybrid
system ELAEEEE SO E M > BN SR BRI B (2 A TR 8 MR e SR A A s 3
EHAES  AROHEREREHE AR AE - ERAGTEESHESKEDE - Bk
Diesel-Inverter Hybrid system E4AF 248 EL ETT5CAHRBHHY 488 S R BGEREE - AT AR BUR
DRETRE R 2SR SRR ARUEE RSB ENE o HATEB S EEE S8 £
B THY Jetty Area > dlIfE —+VURR - W5ERCRP CERRTE R (B —+ L E 1) » Dt
JER IR ~ UK E - HARGEENE TR -

& M D L R E

renewable energy solutions

Daily Life Renewable Energy as the operator brought the latest power generation and
Micro Grid Technology to light up the island with solar panels and extra fuel efficient
variable speed generators.

B U~ SRR EBUS Jetty Area i EAYHEEHY
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s A D L R E
renewable energy solutions

Solar energy produced during the day are charged into

the battery bank. pUlaU Ubi.n

Hours of electricity
usage was
supported from the
battery bank during
night time, for
residents to enjoy
the quietness
without darkness.

B 7~ RS RSB (1/3)

& P L R E
renewable energy solutions The solar energy generated is also used to maintain the
necessary connections for the residents and visitors, as the
Telecommunication Towers and phone lines are supported by
the Micro Grid.

Pulau Ubin

The Police Station,
the street lights at
the ferry pier, the
water pumped from
the wells for the
washrooms, are all
powered by the
Micro Grid now.

& 1N - BEE BRSO ERT R (2/3)

f;im
{

'~

= A

¢

w#' _ g A
[y P piasns (I p—

JaRRRERRNI

&t~ RS LR (3/3)
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[ =~ AR
B =1+ =REHESMEHEFERS Z CERE T ER s 2 EhE - B ="
BREEH AN ET > JUERFHEAKEHNTEER 7T7kWh » R EEETEE L
38.39MWh - ‘& HHYER & iy 69kWh » EAEEA S & fy 30.40MWh » & H KIS RE S B EI1
EAEHIRER Fy 125kWh > RFEE HIAE R Ky 54.73MWh - & H A B S BRI ERHEHIRE

B 5 68kWh > B RS HAE & fy 21.08MWh -

MC STATUS J

B =+= - AR X ERE T E R & 2 ThREEH R
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& =V - EREEE A EH
& =+ F AR SRR AR B R SGRE (L R - BUn—H Z NEAHAVEESE - &
MFCTLETEI ~ PV BV EHIP S  ERAREIR B =\ BUR B S B AR S
EARE - ATEEEE A - B MEARRRAEEEEEY - RURIE RS R
35KW - |4 6 By S By TOKW - [fif N4 6 B Sk Ry 140kW

[ =71~ AT ERARRE B ARS AL (5 P h 4R ]
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Load (kW)

--------.E_-_------__--

o e s e P e e e e

0:00 4:00 8:00 12:00 16:00 20:00 0:00

& =175~ RS U EE A IE R S A A AR

& =+t AHEEEMERN 2014 £ 8 H 20 H(EM=)fricek 2 &skiharE - (URZME
AV H sk artE o A] BB Sy BB E A 20kW 2 45kW Zfi] ©

20, Aug (Wed)

50.00

45.00

2
<]

Total Load(kw)
xoonow

0:00:40 a0 11: o 3:40 8 17:58:40  19:56:40 21:36:40  23:34:40
N

& =1t ~ RS EE AR H (2014/8/20) & i €x [

& =+ /U EEUEMEHER 2014 £ 5 A 10 HCKA * IR R g E - 4R
ER TR E HHYE Bl 4R - THARER 0T Fy 30 HAYPHE(EFT YR - AIEFI KGR REE R
AR 13 BEF] 14 Jh 7 [ A 224 35KW » 25 DA F B 2 BB E &Y 30KW » Tl e P AR RE TR
H 2B IEAR AT 100% - (B =T LRESEMELRER 2014 45 H 19 H(CKA © B2R)KGRES
EEAGRE - WA BUNE HHVERERLR > MHGRE T R 30 HAV-FHEETEAIIER - 715

FIKFZRE S E RS 1LY 15KW o R PHEE 4 7 e BRI TR KPS AE S B & 1A JE DA
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SERHE ERIHPREARRETK - BB BRSSO A A S HHY TR
K o G DAGRRE 2T TR - DAR IR B RAVIB T3 4

45.00

10, May (Normal)

40.00

0 [ o 12 1 21 34 16 5 05 0 0
0 [ 0 0 85 20 30 26 10 2 0 [

35.00
30.00

25.00

solar Profjile, Nofmal

Power Generated(kW)

20.00 30 per. Mpv. Avg. (Solar Profile, Normal)

15.00

10.00

5.00

0.00
0:00:05 1:40:05 3:20:05 5:00:05 6:40:05 8:20:05 10:00:05 11:40:05 13:21:05 15:02:05 16:42:05 18:22:05 20:02:05 21:42:05 23:22:05

& =+ /\ ~ BB KK ISAE(2014/5/10) 5% 25 & h 4 8

45.00

19, May (Cloudy)

40.00

0 L] , 0 12 4 7 1 9 4 | 03 L0 0
[ 0 o i 0 35 [ 8 12 8 { 3 LI
35.00

30.00

25.00

i sdlar Profile, Clpudy

Power Generated (kW)

20.00 + 30 per. Mov. A\;s (solpr Profile, Cloudy)
15.00
10.00

5.00

0.00

0:00:19  1:53:29 3:40:29 520:29 7:01:29  8:41:29 10:40:53  12:21:53  14:01:53  15:41:53  17:21:53  19:01:53 20:45:53 22:25:53

8= 171 R B4 T A4 (2014/5/10) 55 L 450

BN ERE M BRSNS
HISAE RS M EES RS R BT E RS

® An intelligent micro grid infrastructure with potential for multiple renewable energy
sources

® Facilitate connection of close-to-market clean and renewable energy technologies for
demonstration or test-bedding purposes

® Build local capabilities in the area of smart grid design

HOIEREIR 58 B 5 58 M BT 7eat & - AR ERE I ERAEE iy
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B BaMEANIRE - IIEAGHVE - FEEREHEANBEEFES - RS MEN
FHI T E R R BRI R DLRE A SRS K - SUABHOE SRS OF AT EE4E
ZERER - GBRRE ] 2B IR BN A At 2 BT RAR - ST EBE SN
FIGETE > B ERE R
(1) 55 —HHE B Rk E MR 75 5K Ry 100kWh B0 B R BE A 1 2 > R B P
AR ER BT RICE LY - H P RIGENE R BB H O R BURE
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LAUNCH OF BRIGHT IDEAS

GLOBAL TRENDS IN SOLAR FINANCE
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BRIGHT IDEAS:

)BAL TRENDS IN SOLAR
FINANCE LAUNCH
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RIS > WhszAE - (VRS 7581 A JEYE K © Garrrad Hassan, DNV, GL k¢
KEMA - (2)¥H15— (Rl Ak 2 e rR Y F AR BRI T 5 DR S ER IR AR - (3)fE ] USRI 1l st
IR - (4) B L[E A - ST AR AR IRV ARZK -
TEsE b2 5 - 5% B 2% Citi Research (9 Bloomberg New Energy Finance &2 - (R K
REFCITHIRIRT » 1 2020 4 » KI5RE S Ha Y ECATF 8 T E - TG RS AR fE 2]
1.128/Watt » [fii 2 FHEschf 224 AT Fy 0.65%/Watt - FEAH (F & RFZEF] 0.25%/Watt © [ V- PU
HARERE R Z E iR - v LGS RS B bR BbET - 2 7 2SS B E e
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Risk profile of renewable energy projects
Players Processes Technology
A .
! : !
[ ! Platform Funding/ M&A }I

Crowd Funding/ Sourcing
Investment Funds/ Developers
Yield Cos
Securitisation

Green Bonds

Risk Exposure

i
i i
i i
Phase 1: Development Phase 2: Construction Phase 3: Operation
' !

Time ;

i
Technical Energy resource, site location, | Reliability of technology, Reliability of technology, O&M
design, technology | weather, installation, testing experience, scope, spare parts
i i

Commercial Grid rum: n, offt
agreement, Si or ex|

contracts and | nterest ra cy, infiation,
arranties, project management | labour c =
i

Permits, land Iease/ ownership, | Regulatory change,

Regulatory vironmental, secial | interconnection and transmission |
|

27 November 2014 DNVsGL

[E VU0~ AR IR 2R Z i R
B RETER Y s A REE T R EZE BT - BB A RRETH BRIV > BT
iy SolarCity /A=) - 1E55— R ERHVRERERE Sy 44MW » B 5,033 [ PV 247 > Hm 71%/%
FEFA BRI EE AN HEA R 6,596 {# PV 2347 - HA 87T% R/(EFRL - 4555
—FEELAVAS R K 118MW - B5 15,915 ([ PV %8t - Hrf 86% [y (E P4 « 5% 3] EHAY
R Ry R P sER i (Photovoltaics, PV) ~ S5 —HHE A E R R 54 HEFIT - B HISENEE
ZF| 70 HEFIT BB ENESE S E 201 HESTT - FRE R 4.8% ¢ M
AW s Ry 4.59% 5 55 = FAW Zr 2 ] 4.32% -
T MEY R — ST EHYEIZE - ATREREHTINSE ~ KLY ~ ZREEE e - Fr/HER
AR ELES - ()RR (2%l ~ &Y ~ STEAVERE(L . QYAERIVEURBEGIERE © (H)E
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Case Study - Securitisation

US SolarCity’s Securitisation

Company: SolarCity

Location: us

Size: 44 MW (Round 1), 5,033 PV systems (71% residential)
na MW (Round 2), 6,596 PV systems (87% residential)

LMW . pgiamext?
« Singapore, Australia, Thailand, China?

Technology: PV - What is needed?

- g J Scale
Cap|ta| raised: USD 54 = Standardisation of equipment, contracts,

design etc
- Experienced players EPC partners
« Streamlined connection processes
= Quality equipment
+ Geographic diversification
= “Relatively stable” policy environment

UsD 70
USD 20

4.8% (I

VU7~ s bR BT

Ty — (B PSRl 2= B CRAE (SaT A (Green Trust) » H AT SMAGH IR ET T - &Y
+NMARLASREELREIEEIDER A o (RFREA B RO Keppel S£EHY-Green Trust
(KGT) (2014 £ 4 F 16 H plarhy Keppel EBEEchfiAA<e) - RVl Rk AR &
7E - ERGER MERE T 2 [ - AT Y ERRELEE - (DI (BT b B S |
) B A KERHIRE A& TS 1H FE 7578 H B 2 (Experienced players with pipeline of operational
projects) : (4)FRC/FISEAVIEEE TR @ G)HGNAVRAR + (6) "FHEMRE" AVBGIRE -

Sy — (B P Al 2= B2 KPS AE (77 (Solar Bond) > H AT nd MAVHT I8 K & A T
N RATEYTS - AR ATE R EHRISRE TS o B PR PR EERY Singyes Solar /3]
PILAEREA - ERTE AR R ARPSREEE - ek A EIFTAENE RS 5.6 BPEEEFE AR
W BRI EE 7.875%(E AR EE MR o AT AL EGRFERE © (D) EER3S1T
(B2 17 A\HY(E HEPAH B H#4E) © (2)RE EEMYEEVERS  (3) "MHETRE" MIBUR ~ AMAIE
AP ERES
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Case Study - Green Trust

Singapore Green Trusts

Company.: Keppel Group’s K-Green Trust (KGT)

(Keppel'Infrastructure Trust as of 16
April 2014)

. . = Asia now
Location: Sinc - Singapore
»  What is needed?
« Scale
- Diversified asset base
Yield: Low = Experienced players with pipeline of
operational projects
- Stable/reliable offtake agreements
= Proven processes
= “Relatively stable” policy environment

Technology: “Gre

20 DNVGL®©2013 27 November 2014 DNV:GL

PO ~ 4%B5 (5504 (Green Trusts) ZZ B &f

Case Study - Solar Bond

Solar Bond issue by SC
Company: Singyes Solar, China
Location: Singapore

5 . = Asia now
Technology: Soli e o

Capltal raised: CNI :]lg)r(ltg7 Kong, all developed solar markets
- + What is needed?
Yield: 7.8 = Green bond issuance is linked to credit
rating of issuer.
= Proven pipeline of RE assets?
= “Relatively stable” Policy, regulatory and
Grid connection environment

NV GL © 2013 27/13/14 DNV:GL

& VUt~ KPS EE &2 (Solar Bond) ZE BT

B AR BRI (Crowd Sourcing)& 55— (B RIRT 201 - B2 —TEgT PV BE R & 2/MHER T
= RN AE]E SolarPVEXxchange » ‘A i I3 » AR AR PELE ~ B A4 PE R #ET
HHERE  TEIHEEMNE BH HER - BHVZ4SER (Installation Target) * 5 EZ¢ 8MWp -
TGS - THEAREEES] 5% - HAT{EREMER T KRESN » Frinsiy & EE R T - HMAA
TTRHIN R AR  (WFE S B R 0 % VIR - B ARG HT AR/ NEEAERE © (2)
ZHEZICEFRE ARV - SEESETIEEL . YAV AR KB BmAR
125 (4) MEHIEE" MG - ERFIE M EIEI RS o U1 URBERERIEEBIET -
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Risks.

Case Study - Crowd Sourcing

PV Crowd Funding/ Leasing

Company: SolarPVExchange

Location: Singapore with-assets in Malaysia; AU,

NZ; - Asianow
= China
5 . \ = Singapore platform under development
Installation Targetia, 8-MY b 8 el
5 = Scale in terms of number of projects, less
. 0, '
Yield TarQEt- 5% relevant is project size
= Standardisation of equipment, contracts,
design for multiple projects investment
= Experienced players , Proven processes
= “Relatively stable” Policy, regulatory and
Grid connection environment

[V /\ ~ BRI (Crowd Sourcing) Z& Bb/ T

TR AT - SR T BB E N - FRI LA BT 7 2R -
F—(ERPIE AR SR B 8H(Utility Scale - Direct Sales)yZEf1 - 411 RIO TINTO i
(I TAZSFFAGRI > (RALFYBUMNAY First Solar and Ingenero /3] > ATER FHRVHIT R PV - S
EEENIM - BRI LTMW > THEFRCRE] SMW - Efi s E AR50 15 £/ PPA - H
AR T EMNZEGISN » B FTRE R RENAY T —E 2] - EA AR A R EE - (U)E
SRR (QRIIESE - AIELE G Q)28 RIFIVERE T (4B K5I
%5 G)EFMIRAZ 5 (6) ST FFIEBURIEE - B+ ILH AR S SR E S BT -

1T 17 PSS B 2 S 1 R S R R A P SR A X [ 1 DAL A R ) R Y o 5 e S P -
Infigen Energy and FRV/ Pacific Hydro /3 =] 5l - 3% W02 BB B DUK IS RERL g R 58 » & H 4
7 50MW J 56MW Y55 8EA & « HEIMETN - BT BRAFEEZ SN - PFEEASIEEER
AR AR ARG - BRI A RS I AL B EHE © (DB E ) 5 Ry B & A0
HRETE  QE AR (SUita+3058) MER  Q)BREANTIEH (4B X

AHREREATR » O S FIEBCIRE -

%39 H



Case Study: Utility Scale - Direct Sales

RIO TINTO MINE PROJECT

Company:
Location:
Size:
Technology:

Agreement:

First Solar and Ingenero

Australia
1.7MW initially, SMW planned
PV- diesel k= °°

« Asia now

+ Australia now
15-yearPPi - Philippines, Thailand next?

» What is needed?
= Creditworthy offtake agreement
« Longterm offtake, ie mine life
= Creditworthy offtaker
» Experienced players
= Proven processes
= Supportive policy environment

24 DNVGLD2013 27111714

DNV-GL

VUL ~ 2 S SRR - ELSH ZR IS

Case Study: Merchant Plants

Two Merchant Power examples

Company:
Location:

Size:

Technology:

Agreement:

Infigen Energy and FRV/ Pacific Hydro
Australia
50 MW and EE& MVA! racnactiviahs

« Asia now
PV - AU??
«  What is needed?
na « Liberalised electricity market with liquid
spot and futures market
« High wholesale (or wholesale +
certificate) price
= Close vicinity to load
« Experienced players , proven processes
= Supportive policy environment

25 DNVGLO 2013 27/11/14
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APV B R RNEANE 7 — RE T s o e
RIAENTRIZREAN © FERIIR AN ERER (&FER)
k= SRR E B 4 (RE R
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PV: Technical risks

Typical failures of large PV installations

1. Underperformance of PV modules: labelled
power is higher than real power (most
frequent)

2. No or low quality monitoring system (most
frequent)

3. Larger than expected module degradation
(e.g. due to manufacturing problems, cracks
in solar cells, by-pass diodes)

4. Interrupted strings due to broken connectors
(may be quality issue of connectors or
improper installation)

5. Installation of modules with cracked cells due
to improper manufacturing, transport or
installation

6. Potential-induced degradation of PV modules

DNV GL 2013 DNVGL

[ 71— ~ PV Bl (1/2)
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PV: Technical risks nmm

Typical failures of large PV installations

7. Breakage of inverters

8. Losses due to shading (in complex terrain)

9. Wrong estimation of performance ratio due
to low quality sensors with low precision

10.Bad grounding of PV modules frames

11.Racking erosion

12.Number and qualification of staff and level of
experience and references

13.Transformer leakage

14.Poor coocling and ventilation design on the
inverter storage, resulting in poor reliability
and efficiency

15.Unable to detect electronic equipment failure
in the PV farm

DNV GL @ 2013 ONVsGL

& 71+ ~ PV Bl (2/2)
SHRIZREEIRE eam Tl - &y T BILEBFRERAENRIGRERNL - FREETHEMEY
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[
Technical
‘Risks

Solar Resource & Yield Assessment

= In order to quantify the annual energy production of
a solar PV plant (P50), a sensitivity analysis needs
to be conducted.

- Several production scenarios are normally given:
P50, P60, P75, P90

» Long term projections for 25 years of operation are
provided considering the annual degradation of the
PV modules typical value btw 0.5% - 0.8%

DSCR =
Available Cash for Debt Service
Debt (loan)

+ P50 with 1.4
+ P90 with 12
- P99 with 1:1

DNV GL © 2013 DNVGL
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Sources of Irradiation Uncertainty

[
o aL Technical
Riskes

» Synthetic/
database(meas
ured or
interpolated)

» Satellite for
long-term
correlation

» Nearby ground
measured data
(d)

* Site
measurements
(reduced to 1-
5%, instead of
5-15%)

* Spatial
uncertainty

* Year-to-year
variability GHI
(Global
Horizontal
Irradiation)

¢ Irradiation data
(equipment
quality)

* Correlation
uncertainty

» Future
variability

Meteorological
Station

PV Plant

DNV GL © 2013
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3.

[
Technical
isics

Energy Assessment and Mitigation Factors

How to mitigate the risks:

~Ensure the quality of on-site data
measurements

~Ensure on-site data are calibrated

~Standards and classification of the
pyranometer

~Maintenance program and data recovery

~Selection of the adequate satellite data
source for correlation

»Commissioning procedure

DNV GL © 2013 DNVsGL
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Technology Selection: Modules

~ Background: PV module industry has experienced an extraordinary growth with an
increased number of new players in the industry yearly, but also increasing
bankruptcies.
» PV modules (ca 50% of overall project cost). Critical to provide confidence on
performance and durability
~ Main risks:
« Manufacturing Quality Process
« Product and production warranties offered
+ Certifications obtained
~ Track Record of the technology and the manufacturer brings confidence on the
final product.
~ Bankability Reports analyse the complete production process of a PV module
manufacturer with focus on their Quality Standards, Degree of Automation of the
Process, Manufacturer Capabilities or Degree of integration in the PV module supply
chain

I T DT TR T

&m0l BN -
4
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Technology Selection: Inverters

Inverters

»The inverters should comply with the grid codes in place

~Inverter selection needs to be compliant with site operating conditions
~Levels of standard warranties
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Design of a PV Plant

+ Good components (PV module and inverters) do not necessarily lead to a profitable
PV plant. The Balance of Plant and the plant’s design plays an important role, so
that the equipment used can be optimized in order to obtain the maximum
performance.

+ The following aspects should be properly designed and checked considering the
climatic conditions that may affect the site in cansideration:

+ Tilt angle of the PV array and row spacing.
+ Electrical design of the PV strings and arrays.
+ PV design robustness against near and far shading effects.

+ Proper sizing of electrical components and cahling in both DC and AC sides.

LAYOUT DESIGN TILT ANGLE OPTIMIZATION
I oo P s 7 I
L § oam . I -
o - ]l g
P kw0 "
DNV GL © 2013 DNVsGL
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Contractual Arrangements: PV

- Single EPC contract is recommended, rather than a multi contract option.

- Liability and responsibility limits between a subcontractor and another
should be clearly defined to avoid any gap.

- Min. guarantee period of 2 years of EPC contract.

- Individual guarantees of major components: supporting structures up to
10 years , inverters 5 years typically or more.

- Availability warranty to be included in EPC contract, typically defined at
the level of the inverter or even at string level.

- Performance Ratio warranty to be included in the operation and
maintenance agreement.

- The capability and experience of the
contractors to be analysed together with an
overview of previous experience on similar
projects.

DNV GL © 2013 DNV:GL
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Technical Innovations & Trends

The cost of Storage and PV (its key driver) are both dropping, and the wider use of Smart
Grid technolgy is at our doorstep.

« Central power plant
(" $/kWh Battery Cost ) ) "1\_

78

$900 .
— BNEF --- - Averaged
2800y — Nevigant — EIA

$700

$600

$500
$400

$300 \
Wind turbines

Virtual power plant P!
¢ ¥ A
,,‘ ,

Bi-directional information flow

$200

$100

0 aisee <
i $ 2013 2315 20'23 2625 4 Bi-directional Energy flow

The next wave of technical innovation, around Storage and Smart

grid solutions, will accelerate business and finance models further.

37 DNVGL® 2013 27 November 2014 DNVsGL
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