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*Government provides strong
and continuous FiT and BOI
privilege.

*People are highly aware and
interested in solar PV
*Private sector responds to a
fast growing domestic market
by providing services at all
scales. Manufacturers open
new plants in Thailand to
serve the growing market.

Scenario 2
ASEAN Market Leader

*Government limits domestic
market due to fear of rate
increases. However, the
government creates a solar
industrial policy in attempt to
capture upstream value.
*People are moderate
consumer awareness

*Private sector use EPC skills
to invest in ASEAN

Scenario 3
Open and Innovative market

*Government offers no new
incentive. However, restriction on
grid integration eases due to
smart grid technologies.

*People are very active and
acutely aware of their
consumption patterns/behaviors.
*Private sector competes with
utilities in offering solar electricity
at competitive prices. Utilities

also begin to offer solar power
services




Thailand's Solar FiT Adventures

2007 Solar Adder Launched
(8THB/KWh)

G 0 I d en E ra\_,, 2008 Oversubscription

2013 FiT for Rooftop & Agricultural Co-op

2013
Rooftop FiT Phase 1

2014 N—» 2015
Governmentm Rooftop FiT Phase 2

Agricultural Co-op

(NEPC announcement) 2015
ERC application 2016

process begins

Resurgence

Pilot Solar Rooftop Project

Source: Tongsopit (2016)
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GCermany
. Cumulative capacity to date:400 MW
] Lowest price in last round (2015): 80

EUR/MWh

] Cumi. capacity to dste: 2380
W

. Average price in last round

{2015): 61 EUR/MWh

Mexico

. Cum. capacity to date:
1718 MW
. Lowest price in last round Cum. capacity to date: 15,500
MW announced, 9250 MW

released
' Lowiest price in last round
(2015): $68/MWh

(2016): $35.5/MWh

Curm. cap to datebde..

Peru
+  Cum capacity to date: 1000 MW ! Y
184.5 MW . Lowest price in last v -
. Lowiest price in last round . round(2016): “
(2016) $48/MWh Brazil £23/MWh ~
' Cum. capacity to
date: 290 MW South Africa
. S8L/MWh . Cum. capacity to
date: 1043MW G
. 65/ MWh

Source: IRENS 1B, BWEL Hoomberg New Energy Finance,
Eridge te India, own znalysis

2.9 cents/kWh
3o 1.02 UIN/KWh
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Comparison between electrical tariff and LCOE of different business models
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TERE Tongsopit, S., Potisat, T, et al. 2016. Chapter 4. ERIA Report. http://www.eria.org/RPR_FY2014_No.27_Chapter_4.pdf
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e Residential Rooftop Solar e e Residential Block Rate (2% increase) Residential Block Rate (5% increase)

ARG ANNAFIW AuuIzUUTIW 67 Uk, AR lfnaeUanuuudnfiaisaindiaauiinle

NN Tongsopit, S., Julakarn, S., Wibulpholprasert, W. et al.. 201 7. Research Project on Rooftop PV Self-Consumption
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NN Tongsopit, S., Julakarn, S., Wibulpholprasert, W. et al.. 201 7. Research Project on Rooftop PV Self-Consumption
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U.S. Solar Jobs in 2016 by Sector

\PauRaIAN 1 2016
Aulnadneu
450,000 g1¢

M Installation
B Manufacturing
i Sales & Distribution

B Project
Development

u Other (R&D,
Finance)

Source: http://www.thesolarfoundation.org/wp- 13
content/uploads/2017/02/Census-Infographic.pdf
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Credit: Grenzone

Credit: Solar Express




RESENRCH Chulalongkorn University
Istiture Slitar ot ths Kingdom

\\ Enercy I Y dunadnsniumdnanady

Tan1dlun1snscauLAsE5Aa aael SMEs

. . . . Grld. B
connection

1
(' Opportunities to move up the value chain !

Associated Jobs:
Financial services
Consulting
Education

R&D

Testing and
Certification

NI NI NN

Credit: Solar Express

Credit: S\o.Lg,r EXpress
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SWOT Analysis from 2015 Thailand’s Solar PV Roadmap

Strengths

f+ Geographical location
- Centre of ASEAN
- No big disasters like earthquake, volcanic
activity.
' Longer experience on solar farms than other
ASEAN countries
1 PV incentive policies

Opportunities

© A leading country of ASEAN in solar energy
utilization

f+ Consulting, EPC and O&M services for
neighboring countries

© Hub of PV R&D and testing under tropical
climate

G a s

Weaknesses

Unstable policies

Difficult to compete on price of products

No promotion for local content
Underestimation of problems that may arise
from incentive policies

Threats

Strong competitors like Singapore and
Malaysia. These two ASEAN countries have
high potential to increase their international
competitiveness.

Source: Tongsopit, S., Chaitusaney, S., Limmanee, A., et al. 2015. Scaling Up Solar PV: A

Roadmap for Thailand



SINGAPORE’S SOLAR ENERGY RESEARCH INSTITUTE

JinkoSolar to collaborate with
New solar lab shines in tropical SERIS on new bifacial solar cells

rese a rch Chinese Tier-1 solar company JinkoSolar is embarking on a research
collaboration with the Solar Energy Research Institute of Singapore to
I develop high-efficiency bifacial solar cells.

MAY 29, 2017 IAN CLOVER

RreseARCH Jll TECHNOLOGY SINGAPORE

by GRACE CHUA
THE STRAITS TIMES | Jul 20, 2014 u a B

SINGAPORE - The Solar Energy Research Institute of Singapore (Seris)

yesterday opened the only full-scale facility that can test and develop solar The 38.4 MW solar plant will become a vital utility-scale addition to Hokkaido's clean energy
modules in South-east Asia, and showed off a system adapted for Singapore's landscape.
climate. Image: JinkoSolar

SERIS is undertaking a research project to develop “Singapore modules” which
are specifically tailored to perform better and last longer in tropical climates.

SERIS commenced operation in 2008, around the same
time that Thailand started to have a boom in solar farm."



Malaysia: aims to be a solar manufacturing hub by 2030

CLEAN
MALAYSIA

POLITICS BUSINESS AND ECONOMY GREEN TECHNOLOGY ENVIRONMENT COMMODITIES
. | ]
Malaysia means Business on Solar

Energy By 2017, Malaysia is
cao expected to be the
second largest
manufacturer of PV

panels in the world.

{

Malaysia is seeking to become 2 world-leader in photovaltaic technologies. including the manufacturing of cells. Photo Credit: Solar Industry

As government roadmaps go, this one is both ambitious and commendable: Malaysia wants to become a major
hub of solar manufacturing by 2030.

To make that happen, the Malaysian Industry-Government Group for High Technology (MIGHT) will work on
improving supply chains and the integration of local photovoltaic (PV) sustems. Simuf;aneousfy, it will also lend
support to local manufacturers of PV technologies to foster production and innovation, according to Mahalil
Amin Abdul Malek, the program director of MIGHT's Strategic Intelligence and Foresight unit.
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Figure 1 » Annual VRE generation shares in selected countries and correspondence to different VRE
phases, 2015

1718] 2%

Source: Adapted from IEA (2016d), Medium-Term Renewable Energy Market Report 2016

IE DK
M GRDEES PT

————Ea —————————— —W ———————————————————————————————————

ol Nz AU AT B K
___\.) e —

——

IN LEA ML SE
ID

ZAMX
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55%

Share of VRE generation

Phase 1: VRE (variable RE: solar, wind) €9lNHnansznumaiaiiasnn
LAZNNTUSHISIANT grid; HansznudiagdlhszaAU distribution system

Phase 4

=@=Phase 3

Fhase 2

Fhase 1

finn: IEA (2017)

a © I [y, ]
Phase 2: I5NARKANTENUADY VRE Aan1stviazadtWilnlu grid waz

HAILSNUSULURYWANWRENISHINTITLAWLAT D

Phase 3: HANIENUYBY VRE 4674 55 UURABIRAIINERATIEUNINTALY

N15USUNISLAWLATEIIWEY tNadwadIn15tUaewLUad289n1sHaRaTn

VRE W#1 lviagasn1eininasw

1
[ ¥4

Phase 4: Hansznuinan LsalWiinynlssdoinsongnaanwuazas



32!34348\1 ﬂﬂ’itﬁﬂﬁuﬂ a4J solar+wind GL‘IJGi'I\‘I‘lJ’i%WI 7]
IEA (2017):

“Phase One is surprisingly simple: VRE capacity has no
noticeable impact on the system. Where wind or solar plants are
installed in a system that is much, much bigger than those first
plants, their output — and its variability — will go unnoticed.”

California ISO (2016)

at 60% penetration:

* “the grid may not be able to prevent frequency decline
following the loss of a large conventional generator or
transmission asset. This situation arises because renewable
generators are not currently required to include automated
frequency response capability and are operated at full output
(they can not increase power). Without this automated
capability, the system becomes increasingly exposed to
blackouts when generation or transmission outages occur.’
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Figure 9: Formulation of the Cost-Benefit Calculation

ngdom

EPE—r— Cost-Benefit Calculation

|I'I1{".|':1l..-'1|lr.]n Costs
Billing Setup and
Processing Costs H
- T Net cost (benefit)
Total Program Costs Costs of NEM

I 1
______ b | Bi" : Energy
Bill | | Savings |
Savings ! ' with |
with :/ | NEM DG |
| 1
p AR Costs Benefits
qutrlbutlun Costs
Bill with e Lot
NEM DG “mcﬁ“
Purchases
Without DG With DG Total Avoided Costs

Bill Savings

CPUC (2013)
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The Domestic Success
California's GDP change from 2012, compared to nations.
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Additional value:

Financial services -

Consulting
Education

R&D

Testing and
Certification 31
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*SCALING UP SOLAR PV: A ROADMAP FOR THAILAND:
HTTP://WWW.DEDE.GO.TH/EWT_DL_LINK.PHP?NID=42059

*57847% NINTTH WAZUNAIINIAINTISIALINUARIANRISILEIDARE:
HTTP://WWW.ERI.CHULA.AC.TH
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