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Topic 4: Energy - Transition to Renewable Energy

Dr. Supawan Saelim

EE375 - Class lecture ‘
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» Aone time resource (Projected to be » Replenish natural resources
depleted in the next 50 to 100 years)

* Global warming and air pollution

* Emits no or low emissions

» Job Creations
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1. Global Renewable Energy Status and Trends

+ Current share of renewable energy
* Increasing new annual power generation from renewable energy
+ Historical trends of renewable energy shares in the power sector
+ Declining costs of renewable power

* Increasing Renewable Energy Employment

Renewable Energy Share of Global Electricity
Production in 2019
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Increase of Renewables in Net Additions of
Power Generation Capacity, 2009-2019
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Annual Additions of Renewable Power by
Technology, 2009-2019

Additions by technology (Gigawatts)

More than
120
200
gigawatts added
o in 2019
Solar PV

Ll Bl Wind power

BN Hydropower
60 . Bio-power,

geothermal,
| II

ocean power,
CSP
2015

2014

Additions by technology
in 2019:

Solar: 115 GW

Wind: 60 GW
Hydropower: 16 GW
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Countries with High Share of Renewables

Share of Electricity Generation from Variable Renewable Energy, Top Countries, 2019
Share of total generation (%)
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Declining Costs of Renewable Power
Generation
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Source: IRENA.
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Increasing Renewable Energy Employment

aa T TTTTTTI——
GLOBAL RENEWABLE ENERGY EMPLOYMENT BY TECHNOLOGY, 2012-2019
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KEY NUMBERS

'I 'l million renewable
energy jobs in 2019

38 9% in China

3 million in the

solar PV industry

2. Drivers of Renewable Energy Growth

Targets set under

: Nationally

8“mate Determined

c e/ Contributions (NDCs)
ChcCins within Paris

Agreement

03

02

Feed-in-Tariffs (FITs) Pfgi:(ijes
Auction incentives

01

Advanced
Technologi
es

Rapid Declining .
Costs of Renewables '

Average LCOE (2019 USD/kWh)
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Renewable Energy Supporting Policies and
Incentives

ompat What is FITs
Self- itive
ASEAN RE Bidding Tax Soft Capital | Tradable « FITs offers a guaranteed purchasing

consumption 5 = n i B 5
scha:e for incentive | loan | subsidy RECs price for a specified period of time.
Auction

countries Targets

« For example, a fixed tariff is set for the

vz purchase rate of electricity at a certain
BRUNEL constant level which is independent from
the fluctuation of market price for
INDONESIA v v v v 4 v electricity throughout the support
MALAYSIA 7 v 7 v 7 7 duration (e.g. 20 years)
MYANMAR v v
PHILIPPINES v v v v v
SINGAPORE v v v
CAMBODIA v v
M LAO PDR v v
Countries “qpaann | ¥ s v v v v v
VIETNAM v v v v

Note: ¥ means the RE targets or incentives or auction has been implemented in the country. ° -

Source: USAID Clean Power Asia data collection

Renewable Energy are Growing Fast.. But not
Fast Enough

Estimated Global Growth in Renewable Energy Compared to Total Final Energy Consumption, 2013-2018

TFEC (Exajoules)

Despite growing faster
400 than other energy sources,
renewables made up.
350
300
of demand h,
250 ' g
200 B TFEC
N Fossil fuels, nuclear;
150 traditional biomass
Modern renewables
100
; o il

203 2018 Source: Based on IEA data.
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Barriers for RE Development

Regulatory barriers

Regulatory « Insufficient legal framework for independent power
producers

» Restrictions on siting, construction, transmission access
» Grid interconnection requirement

Policy barriers
Barriers to + Subsidies to fossil fuels
» Unfavorable pricing rule

deployment

Market barriers
« Lack of experience, technical and commercial skills
» Perceived technology performance uncertainties and risk

Technical barriers
 Integrating high penetration of VRE to the grid

13

4. Global Renewable Energy Outlook

» Key indicators to global renewables outlook in 2050
» Outlook for Transforming Energy Scenario to achieve climate goals
+ Global Socio-economic Impact of Transformation Energy Scenario

14
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Global Renewables Outlook: Key indicators

EVs
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Storage 30awn 370cwn  3400cun 745emn 000G
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200cwn 329 awn 7 5466w 5006ewn  14145amm
Storage
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TPES (EJ/yr)
800

Global Renewable Outlook: Transforming Energy

Scenario to achieve climate goals

To meet agreed global climate goals, renewables would need to provide
two-thirds of the world’s energy supply

Total primary energy supply, renewable and non-renewable share, for the
Planned Energy Scenario and the Transforming Energy Scenario, 2017, 2050

600

700 ——

TPES increases 21%

Accelerated deployment

of and
energy efficiency

500

400

0

300 ————
200 ————

00—

by 2050 under
current policies 27‘2{,

,‘msuit in 24% decline

65%

86% 13%

35%

2017 2050
Planned Energy Scenario

. Renewable Non-renewable

.

20:
Transforming Energy Scenario
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Emission Reductions under Transforming

Energy Scenario

Energy-related CO; emissions, 2010-2050

CO: (Gt/yr,
(LA Basellne Energy Scenario

45 43 Gt In 2050
—_—

.

35 33 Gt In 2050

Bulldings
o 7Bu||drngs

The “Planned Energy Scenarlo (PES)” is the primary reference case for this
study, providing a perspective on energy system developments based on
governments’ current energy plans and other planned targets and policies (as of
2019), including Nationally Determined Contributions under the Paris Agreement
unless the country has more recent climate and energy targets or plans.

The S 1o (TES)” describes anambitious, yet realistic,

energy transformation pathway based largely on renewable energy sources and
steadily improved energy efficiency (though not limited exclusively to these
technologies). This would set the energy system on the path needed to keep the
rise in global temperatures to well below 2 degree Celsius (°C) and towards 1.5°C
during this century.

25 T\;vo{_hirg!s
of emissions
Transport reduction
20 - potential
District Heat in the
o Transforming
nergy
15 Scenario
Pe
10
v
Transforming Energy Scenario
5 9.5 Gt In 2050
. Renewables
0 T T T T T T i Q Energy efficiency
2010 2015 2020 2025 2030 2035 2040 2045 2050 @ Fuel switch and others
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Emission Reductions under Transforming
Energy Scenario, by technologies

CO: (Gt/yr)
Baseline Energy
45 Scenario
43 Gt in 2050
40
35 33 Gt in 2050
Buildinas
0
Buildings
5 Two-thirds
Transport of emissions
reduction
20 Disirict Heat i
Transforming
Energy
Scenario

Transforming
Energy Scenario
9.5 Gt in 2050

. Renewables
- . Energy efficiency
2050 () Fuel switch and others

]
2020

T T
2030 2040

B oo

Renewables 45%

- Energy efficiency 26%

- Electric vehicles 23%
Green gen 3%
" Blue rogen 3%

Wind 17%

Solar PV 14%

Hydro 4%

" Other RE - power 5%
Biofuels 3%

Other RE - end-uses
and district heating 9%

EE Industry 7%
EE Transport 5%
EE Buildings 7%

Electric vehicles 12%

Green hydrogen 7%
Blue hydrogen 1%
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Increased
Power
System

Flexibility

Electrification

Enabling
integration of
high shares of
solar and wind

Meet EV
demand with
renewables

Smart solutio
with EV an
storage

Conventional
Renewable
Sources

Synergies
between
hydropower and
other RE such
as solar and
wind

Bioenergy a
source of fuel for
power and heat
generation as
well as fuel used
in transport

Energy Transformation Development:

TRANSFORMATIVE ENERGY

DEVELOPMENTS

The energy sector has started ways, with pl d f
r and related boding well for a sustalnable future. Renewable
technolegies are dominating the global market for new power generation capacity.
Solar PV and wind are increasingly the cheapest source of electricity in many markets,
and most renewable power sources will be fully cost competitive within the next decade
(IRENA, 2019¢).

Renewable power generatlon Is now growling faster than overall power demand.
A new milestone was reached in 2019 when renewable electricity generation increased
by more than the increase in electricity demand, while fossil-fuel electricity generation
decreased. This is the first time in decades that fossil-fuel-based generation declined
when overall electricity generation increased (Kaberger, 2019).

The electrificatlon of transport Is showing early signs of disruptive acceleration.
Progress in accelerating the transition is seen in the rapid cost reductions of solar PV
and wind (including offshore), how key enabling technologies such as batteries and
electric vehicles are experiencing rapid reductions in costs, and how green hydrogen
is viewed as a potential game changer.

Yet renewables are growing too slowly In major energy-consuming sectors like
bulldings and Industry. Deployment in these areas remains well below the levels
needed to create a climate-safe energy system. Slowing progress in energy efficiency
and biofuels development must be turned around quickly.

The share of modern renewable energy In global final energy consumption has
Increased only slightly since 2010, staying around a threshold of about 10%." In
simple terms, while renewables are increasing, so is energy demand. In the Planned
Energy Scenario, the share of modern renewable energy in final energy supply would
increase to 17% by 2030 and 25% by 2050. In the Transforming Energy Scenario, this
share would increase to 28% by 2030 and 66% by 2050. Therefore, the share would
need to increase six-fold compared to today, and two-and-a-half times compared to
the Planned Energy Scenario.

19

Global Socio-Economic Impact

e
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Middle East and
North Africa ®

Sub-Saharan Africa @

Southeast Asia @
East Asia

Rest of Asia @
Qceania

European Union @

Rest of Europe

Latin America and
the Caribbean @

North America @

@ Fossil fuels

Increase Jobs from Renewables

| iij

10 15 20 25

@ Encrayefficiency @ Power grids and energy flexibility

@ Nuclear

@ Rencwables

An estimated 42 million jobs in renewables
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Gains/losses (%) @ Indirect and induced effects @ Investment Trade
5%
4%
3%
2%
1%
. ]
0% [==7]
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[ .‘F [
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s
% 4,
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GDP Gains under Transforming Energy Scenario

Regional differences in GDP gains per capita

Cumulative GDP gains by region under the Transforming Energy Scenario
compared with the Planned Energy Scenario (in USD, per person per year)

659

l North

America

Latin

America
367 235 and the
| | J Caribbean

2950
95 Restof
> Europe
European 256 southeast East
Union I Asia Asia
Middle East
and North Rest of
-159 Africa 2 Asia
-—
Sub-Saharan
2 Africa -298 oceania
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If ins f i d i ial
Welfare Gains from improved economic, socia
and environmental
Welfare gains: Influenced by health benefits and emission reduction
Global welfare indicator under the Transforming Energy Scenario in 2030 and 2050
9% difference in welfare from PES gional: | welfare imp: driven by social and environmental gains
106% 12.4%
L 135% 15.5% . — ’
AR b - European = Rest of
= Union~/ Europe ¢
12 :?r::r‘ica‘ 2 = 118
i ] . A . East
0 123% \ 12w ) asia
Middle East b
69 % ] and North ]
Africa /
14.8% Latin 135% | 15.7% 1‘3% -
3 0 Ametica - o
and the Sub-Saharan Rest of o
- I Caribbean Africa Asia Oceania
& &~ @ Economic @ Social @ Environmental
2030 2050
Economic Social Environmental
' Consumpticn and investment . Education . Greenhouse gas emission
Employment Health ) Material consumption e
° °
Benefits, costs and investments
E———— ]
The energy transition: Benefits compared to costs
Cumulative system costs and savings from reduced externalities for
Transforming Energy Scenario for the period to 2050, and DDP for the
period to 2060 (USD trillion)
2 = Transforming Energy Scenario (TES)
Transf E Se g
ransforming nergy; enario aurbalative b B
2016 and 2050 (USD trillion)
150 bl A climate-safe future calls for the scale-up, and redirection, of Investment to
Renewables Electrification clean energy technologles. Fossil-fuel investments need to be shifted to renewables
27 and infrastructure and energy efficiency instead, while subsidies to fossil fuels must be phased
c 26 s out. Overall, total investment in the energy system in the Transforming Energy
100 USD triflion 2 USD trillion Scenario would need to reach USD 110 trillion by 2050, or around 2% of average
annual GDP over the period (see Figure 5.8). Of that total, over 80% needs to be
invested in renewables, energy efficiency, end-use electrification, and power grids
50 and flexibility. If viewed in annual terms, USD 3.2 trillion needs to be invested in
the global energy system every year to 2050. That compares to recent historical
1 1 0 investment (2014-2018) in the energy system of around USD 1.8 trillion per year
0 (IEA, 2019c), and USD 2.9 trillion per year in the Planned Energy Scenario.
g USD trillion
Savings Savings
1x from from :
Costs reduced reduced
externalities  externalities 20 -
Costs (low) (high) 37 USD trillion
= . il USD trillion Fossil fuels
Energy and others
efficiency

® Reduced externalities
climate change

@ Incremental energy
system cost
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Energy Subsidies in the Energy
Transformation

Figure 1.3 Energy subsidies: Overall reduction in the ming Energy Scenario
Total direct energy sector subsidies by fuel/source, 2017, 2030 and 2050 in the
Transforming Energy Scenario

USD billion Share of subsidies (%)

700 100%

g — 80% Subsidies:
« Reduce subsidies on fossil fuels

60% o g
* Increase subsidies on RE

—_—— e
2017 2030 2050 2017 2030 2050

. Renewables () Efficiency Electric vehicles . Nuclear . Fossil fuels e -

Based on [RENA (forthcoming b)
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5. Renewable Energy Development in Thailand

+ Policy support to investment in renewable energy
» Current and plan for renewable energy
« Key supporting policies driven RE development
» Average electricity rate
+ Cost of renewable energy in Thailand

26
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Policy supports to private electricity producers

VSPP uezanaiu(Quick Win) 78 MW . ;
nnw MsaunN Mwamaedas A iiihzasing
VSPP mezanavinsan 42 MW - (Thailand Electricity Tariff Outlook)

VSPP dhema/ihinim Tseldvh
Uszandgmales das FIT 42 MW

VSPP dhzaua/dhzaw Bidding
mala das FIT 46 MW

I
1
1
| VSPP Roof Top Solar Tatsind 1
1
1

VSPP Talandaninsal (2) a5 :
1
1
]
I
1
1

Uszanaiu adamsuazudamolu 1
@051 1.68 un/Kwhr

¢ SPP Cogen Extension (Phase 1)

FIT 171 MW@ 4.12 uw/wig andeyanitiu 30 MW
VSPP Tatavdaunsal (1) a5
FIT 281 MW@ 5.66 um/wiang
IPP Tri Energy Extension (fiunav)
samadun sl Tri Energy

PP Bidding (3)
wén'llihanndngssan

IPP Khanom Extension

vsndadnanTsaliihauan ulpurawdseruluilagiu???
. : - Tselilalszanau
————————————— 1 < / - Tsoldiubzangs
SPP/VSPP (Adder Program), 7 ! ’ - VSPP/SPP ustizu
ATUAYUHAN I UL 3 - Roof Top Salar
sauuTugluuy Adder aunlssiad
150 (s RE) e -
VSPP Roof Top Slar (FIT) :
aiugyunisHas ihinaanugong
vdvamuzszn 200 MW
Alternative Energy Development Plan (AEDP2018)
W [ [y -
LAUNAIUINASITUNALULAZ WA TUNI9LEDN W.A. 2561-2580 (AEDP2018)
MHURA WA UNALNY AEDP20 DP2018
i uuaseing (MW) 6,000 2,849 15,574 9,574
Fana (MW) 5,570 2,290 3,496 5,786 216
WA MAN (MW) 3,002 1,504 1,485 2,989 - 13
Frwiham Gidu/voads) (Mw) 600 382 546 928 328
vereuuy (MW) 500 500 400 900 400
YrgREMNIIL (MW) 50 31 a4 75 25
wathoumdn (MW) 376 188 = 188 - 188
wiavhwualueg () (MW) 2,906 2918 - 2918 12
finwdanm (Remdaa) (Mw) 680 - - - - 680
324 (MW) 19,684 10,662 18,696 29,358 9,674
2 B AE (% 0% 0% 0% % %
Wy
(1) “mmizithmnmussy AEDP2015 iudaiawirdwiindnd (nstallation capacity) vemuiloembuilurdwianmidaan (Contract capacity)
(2) Bisauny it Aouinleivly iy withh aondouldian lolasiou tonsidomas saxdy « il iR POP2018 @ -
hudpneiitudunioldum AEDP2018 dae

Source: FTI (2020) tanansdiuu1 AEDP natlszanau
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Solar and wind subsidies in Thailand

Timeline: Solar Subsidies in Thailand

Timeline: Wind Subsidies in Thailand

ADDER 2.50 um

b

ADDER 3.50 v

p
- 1 4
2550 R BIERY ululasanazvsep Tnumiumpilup iy Adder ADDER 8.00 v mafgdalimaentusopiulasnz vsee gty
800U/ kWh N 19% Adder 71 2.50 U/KWh
= - -,
Ui Adder anlu 3.5 vi/kwh
PELEN Uil Adder faegil 6.50 uin/ kWh ADDER 6.50 vm a er (i v J
PELTHN  wdnuenn Adder iy Feed-in Tasff ife FT &y Solar Rooftop lau: ADDER et 22 aman 2557 e, WengiAudnmslunnlfulfmannms
v :
Uneugiin s 10kWp 696 uminiia fusdumedalihammasmangnituru Adder dhirzuu Feedin
fana/ > 10-250kWp 655 umAnian v = o
afn > 260-1,0004Wp & 1E lwintie Tariff (FIT) Tnunsznzaen lmw‘lﬁq"nmunnﬁﬁu‘lvmﬂuzﬂuuu AT lunm
FiT 6.16-6.96 uv'm 6.06 1 MKWh
Uy FIT Solar wuvAsdauuituiu e Solar Rooftop v 12%-18%
ity 5.66 U mmisy
thuegjeds < 10KW 6,85 um/nian FiT 5.66-6.85 vm
Toeil A usuma AL FT RuAin 0,50 wwnky 27-40%
MafglATu AT aeagi 4.12um/ KWh T 4.2 vm
@ min. dafusdanizssudaladiuianmsissmimealsssmiae: v 60%
iuegends < 10kW 1.68 UMM
FiT 1.68 um
ruzom 103
J
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Auctions to procure electricity in Thailand

FX: 33 THB/USD

Total 100.85

1t Auction Awarded SPP Hybrid-Firm Projects
Target EAL (Ceiling price) Ceiling price Proposals received 85 1,644.25 MW
Year 1-8 Year 9-20
11.09 Technical qualified 42 755 MW 8.58 US Cents/kWh
Biogas 10 MW 14.42 e UD Cents /kWh
(liquid/solid waste) 5 % 17 300 MW 7.39 US Cents/kWh
Biomass 3¢ Mw 15.27 1436 RRC—— Avg. bid price
US cents /kWh
Biogas 5.95 MW
(liquid/solid waste) awarded =
Biomass
Rank MW % discount Year1-8  Year9-20
1 3.00 23.33 11.76 10.24
2 2.00 10.25 13.24 11.73
3 0.95 10.05 13.27 11.76
S
Biomass 56 MW
awarded
Rank . M % discount  Year1-8  Year 9 -20 * 14 projects : Biomass 258.69 MW
1 9.90 81.17 9.39 8.48 « 1 project : Biogas + Solar 16 MW
2 9.90 81.17 9.39 8.48 * 1 projects : Biomass + Solar  13.31 MW
n e * 1 project : Solar + ESS 12 MW
3 9.90 77.19 9.70 8.79 2 8141 Biomass 21.50 6.64
4 6.30 67.78 10.36 9.45 3 8119 Bomas 2 est Remark:
eI 50 o o 0 - - No awarded project in Bangkok-metro., Samui and Phuket
5 7L19 Bomass 1185 788 - G TET REE
: Iy

« iy will be annually adjusted by core inflation
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FIT for community-based power plant project:
@& I

a v & 5 < o § =
daniugalwillugunuu Feed-in Tariff dAmiulasimslsdlwihguuiiaasegiagousn
5 s T S &
fifuAMUTiLTEUIN Ny, UAY WU 16 SuanAy 2562

FIT (un/nuaw) FiT Premium (u1w/viudas)
o ( ) LA
MAAn (MW - sHa
FiTe | FiTyse | AT | &ffusyu Ayt
1) wasuuasafing
rdsndnfnsaynvnn | 200 [ - [ 200 | 2089 0.50
2) Baum
rdsuERfinn < 3 MW 261 | 22382 |as482| 201 0.50
fdandnfnds > 3 MW 239 | 1.8736 | 4.2636 | 201 0.50
3) Frafanw (ude/mauds)
finfandnfindaynun ‘ 3.76 ‘ - | 3.76 ‘ 200 0.50
4) fing@anwm (Hawasam)
fdwanfindaynoun
- NS TNETIIY 100% 279 | 2.5825 | 53725 207 0.50
- naflumuinife/veade <25% | 279 | 19369 | 47269 | 209 0.50 0-
aa T
Thailand Average Retail Tariff
4.500
962
4.000
3.631
3.500
3.146
N
3.000 ,-’-‘-\_\_\_’_\J’
2.679
2500
2.210
2.000
1.500 !
‘41 1?2 43 ‘44 45 46 47 '48 49 50 ‘51 52 ‘53 54 '55 57? 58 59 60 61 62 53 9 -
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Costs of renewable technologies (LCOE)

Implied using |

LCOE ($/MWh, 2019 real) historic battery !

600 pack prices EOE:
Y ]
& ) - Benchmarks IncTHE:/ W
N H
500 SN
A}
‘\
.
400 Battery

storage
\

300 ~

-
-

200 'I’%O,...—/ Offshore wind
150 : Ty
100 #= i oV (Fixed) 1550
Onshore wind e ——— ‘64_4 ‘ _—

o PV (Tracking)
xzxiEzxExzzxzizzilzizizi=xzizizi=ilx=lzix
Nr-rFN—TN—TON-TN—N~~TN T N—N— &N ~—™N—

‘092010 11 12 | '13 '14 2015 ‘16 "17  "18 '19 20

Source: Bloomberg NEF
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Cost of solar rooftop investment for self-consumption in Thailand

v
| '
L

hh

1. thuinande (10kw) 2. Ransanalin (30kW) 3, Aan1eaANana (300kW) 4. fisnnsaunm lwai (LOODKW)

aamuAady 837,50017m faniady 22687500 PR 20,268,750 wm MR 57,517,250 U
(CAPEX+OPEX) (CAPEX+OPEX) [CAPEX+OPEX) |CAPEX+OPEX)
Iniedsld IiTeinld IninTeddisld Iifhitednld
324,270kWh 972,210kWh 9,722,105kWh 32,407,015 kWh
mulu 257 aelu2sd melu 251 melu 257
LEOE* 2.58 nm/kWh LCOE* 2.33 um/kWh LCOE* 2.08 u/kWh

*unsatiingnldias 100%
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Link to useful resources

* Fna819LATH ATLALLN 1NN UTBININAYTNENATNULATHAN UV AN

* ulgneuaruNLMNIATT NI AUWNAN I UNAUNY

¢ PDP 2018 Rev. 1

* 1ANA19291UANNUN AEDP nAtlssanay

® |[RENA’s Global Renewables Outlook: Energy Transformation 2050

® Renewables Global Status Report (REN 21)

35

Toward Just En
Transition:
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Key Drivers for Energy Transition

@ REDUCED
CARBON EMISSIONS
70% lower

Ao

IMPROVED AIR
QUALITY, GREATER
ECONOMIC GAIN
USD 3-8 payback
for each
USD 1spent

TRANSFORMING
ENERGY SCENARIO
BY 2050

FALLING
ENERGY COSTS

Renewables
fully competitive

JOB CREATION
7 million
 more jobs

MPROVED FULL ENERGY
ACCESS

|
ENERGY SECURITY

-64% demand
of fossil fuels

100% energy

access
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Timing for Electricity Sector Transformation

AN AN NN EE AN NN NN EEEENENENENEENENENEEEEEEEEEEEEE
5 Percent of US households

= 100%
(color TV,

microwave, VCR)
~20 years

(telephone, stove,
electricity, auto)
~30-40 years

E

(computer,
cellphone, internet)

1920-40 tech
(radio, fridge, clothes
15-20 years

washer)
~25-30 years

Source: World Economic Forum (2017)

Grid edge
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Thailand’s Energy Transformation (4D+IE)

@ Decarsonization @ D\G\TAUZAT\ON

.& DE(ENTRAUZAT\ON 0 DE,REGULATION
@ ELECTR\F\CA‘HON ‘

03 INUIAIM3 Feed-in tariffs (FiTs) az Net-metering Tgmauvatiaas
Q Deregulation m

| Decarbonization

msaaifinamiuon
02 %

Decentralization

04
Electrification
mslimdaandugiupvoandaan bl

. IR B 2 o =
n mafiouARIENg I ey oduasun 1IN FNEsamyTas Renewable Energy)

!
i - Wh'as
mardalilihuuunszaedy (fhuiiigusnniiv Disgitalization . V2=
, 4 o Mo s & s
iladuidonasanisimuaidnenis 11040 i EHRAiv gy . S
T il s/ nNEIMNY /0 1 z
Wanunaalwihaaslseine s e Jodly
naz mingna Mrow U

AENENEAE:

RE disiunu AsHSAa ASTUSAAY MsAE AanusHudia
AsHANAAAY ualnil dowrnaan un@fia szruvlsTme
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AIBENINNNDIATN NWE. LNEINU Energy Transformation (3D+1E)
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Thailand’s tfransition towards more renewables:

New RE during 2018-2037 under PDP 2018 Rev.1

10,000
9,000 8,740
8,000
7,000
6,000
£ 5000
4,000
3.000 2,780 2,725
2,000 1,485
1,000 400 - 44 69
Biomass Biogass Solar Floating Solar Wind Waste-to-energy Small hydro
(EGAT)
Unit: MW Year 2037
Biomass 4,694
Biogass 1,565 MOE is planning for an integrated plan (expected
Solar 12,029 in 2022) for increasing renewables in the power
Floating Solar 27251 | sector, including coal phase-out plan. ° -
Wind 2,989
Waste-to-energy 828
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1 o a
WLHUTAALLTNALUUNIG
o o
PDP 2018 Rev.1 (Effective in October 2020) | 1,31 2563-2570
U 2563 2564 2565 2566 2567 2568 2569 2570
sz v 12 vlsbeos vounu izl ) o szl i)
1,386 MW 700 MW 700 MW 1400 MW o
; o X
Aol sl ss ok e i Suwelwvl RE
. - . . . Se— P T e -
CXTEIIETR TP s s e ,
S| e || e ||t || st | 1,179 MW
IPP Fiunaa wanf gl 1
o Wnsudalnii
VspP i
RE T
2,973 MW
gl o sy 1,933 MW
AL i 963 : 700 MW ( Quick win 100 MW+600 MW)
Saide Sin e sl dwaadszvnig 120 MW
v [ S S IS A C wwa 2oMw
Wl ozt 400 MW Sudaln ¢ swAlnundeIiing 250 MW
x & Solar naUszuITu
bt 60 MW 60 MW
A 90 MW 90 MW 90 MW
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Supporting Regulations: ERC sandbox projects

Energy Regulatory Commission Sandbox (ERC Sandbox)

tlanding

ENERGY
MANAGEMENT
SYSTEM

Balancing

@| Peer-to-Peer Energy Trading & Bilateral Energy Trading > ¢

@| Microgrid >
@| Battery Storage > :ﬁ @
gy
= e B Net Billing [ Ancillary service M £V Charging rate
‘ Net Metering / Net Billing > el 8 Nt Metering [ Back up service im
- > >
@| New Business Model > ~ Load Aggregator -

O Saesmegliwa & &

CPPPPTrTS

taannman
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MEA
SAMSEN
DISTRICT -

Examples of peer-to-peer pilot projects

hY NETP
= _ Prosumer 1
Prosumer 2 v:‘M
il J @ I

-

B

5 e AL

IoT Meter S NETP server Buiding 1) ‘4 Blockchain
| ol Hetersener Prosumer3 . Server
| £ <

% g et

= Quarter /»’

Fil SOURCE LOAD é y

O rvssw
0 russw

© cuiding#1
0 g
° EV Charger

0 s

Prosumer 4 \ g .
Building 2 ~

F EGAT

‘; - Prosumer 5
B <4

Solar Roof Car
Parking

EV Charging Station
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Principles of “Just Transition”

COMMITMENT TO THE PRINCIPLES OF A JUST TRANSITION: Making sure no one is left behide

Justice is conceived in terms of
the distribution or sharing
out of good (resources) and
bads (harms and risks)

J

ust

Transition
Justice is conceived in terms of
who is given respect and
who is and isn’t valued

Justice is conceived in terms of
the way decisions are made,
who is involved and has
influence, and access to the
formal justice system

Justice is conceived of a
responsibility to work
collectively to transform
institutional structures that
produce or perpetuate injustice

45

Consideration for a Just Transition

Measures to ensure a JUST ENERGY TRANSITION:

» Provide the population with sufficient energy resources of high quality, without burdening
financially the customers

* As part of the regulatory reform, vulnerable customers will be protected via measures
to provide them relief

* Respect due process and human rights in our production and use of energy

» Consumers and Communities will be part of the transition by inclusion in public
consultations before implementation of reforms, increasing public awareness and
education on electrification and actions taken to reduce emissions, publication of periodic
progress reports
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Example: Carbon tax case

Context of carbon tax imposition

Carbon tax imposed on fossil fuels consumption in two most emission intensive industries, Energy and
Transport. This will have effects across the economy, incentivizing emission reductions across all sectors.

Carbon Tax will also generate revenues
For ‘Just Transition’ and other policies.

Carbon
revenues

Carbon
emission
reductions
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Example: Carbon tax case

IMPACTS OF CARBON TAX

Expenswe Coal Incent‘itves fgr REI
Electricity prices A G Cap;rgsyezr-lou(ioa
Transport fuel prices
Other goods
Expensive q
Incentives for EV,
> gaSOIme dlesel > hybrid and battew>
Barriers or perceived
negative impact
3 High energy cost Shift to cleaner
« Economic growth of production and technologies, EE,
transportation
« Employment

° Ind UStrIaI grOWth Shift to cleaner
. Welfa re High living costs tecgpnc;lrct)grilgfﬁgE,
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Example: Carbon tax case

IMPACTS OF CARBON TAX: MODELLING & ANALYSIS

Economic and employment impact
« Economic growth (%)

* Employment

* Industrial growth

Social impact

* Household welfare DOCUMENT:
. . Carbon tax impact
* Income inequality Report

* Poverty reduction

***Monitoring indicators for policy evaluation every two years

CO2 emissions reduction by sector

« Elasticity of demand to price changes

Carbon tax revenue allocation
* RE
+ EE
» Compensation (household, agriculture)
 Building and infrastructure
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Case Study: A just transition from
Coal to Renwables
[ ]

A roadmap for a just transition from
Coal to Renewables

Learn from a Case Study: Insights from national coal-
phase out discussions in Germany

+ The role of coal in Germany’s energy system, economy
and environment.

+ Coal-phase out plan (timeline and step by step)

« Critique and discussion to phase out coal

» Comparing the socio-political and techno-economic
environment of the coal regimes in Germany and the UK
pathways

 Discussion on the context of coal-phase out in Thailand

Photo Credit: Clean Energy Wire website

_ LS.
AT
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Case studies: The UK and Germany

Why choose UK and Germany to study about coal phase-out pathway?

» Coal plays a major role for both countries

+ UK: Decided in 2015 to phase out coal by 2025, replaced coal with natural gas and large-scale RE
* Germany: Considered to phase out coal by 2038, replaced coal with renewables

Wh

98 YA R\

8 lignite M hard coal # gas % nuclear Mrenewables © other fuels
Fig. 2. Gross Electricity Generation for the UK (left) and Germany (right) in TWh. e -

own depiction based on the Department for Business, Energy & Industrial Strategy (2020), Umweltbundesamt (2020a), AG Energiebilanzen (2020);
numbers for 2019 are preliminary.
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Stories behind diverging transition

UK Germany

* International competition on coal business led to a » Long subsidized coal by the Government- existing
quick decline of coal incumbents the power to influence policies to support

- Political incentive: Starting in 2006, climate friendly coal and a gradual phase-out plan
political decisions creates opportunities for those * APhase-out nuclear law in 2011 by 2022 make a
prioritizing environment (high awareness of climate coal-phase out more difficult as both comprise of 64%
change. share of electricity generation

+ Focus on cost efficiency and not supporting new * EU regulation forbid coal subsidies in 2018, so hard
entrants (preference for large-scale technologies) coal mining declined and ended in Dec 2018.

* Several policies constrained coal’s business suchas  « Market pressures on coal business, increasing the
the Carbon Price Floor (CPF), the Renewable prices for allowance of EU Emission Trading System in
Obligations (RO), the Emissions Performance Standard 2019, shrinking gas prices made coal combustion
(EPS) and the Climate Change Act (2008) increasingly uneconomic.

+ Incentivized incumbent to deploy RE themselves * Renewable Energy Sources Act (EEG) in 2004

- R provided attractive FTI for green and support new
* Subsidies for renewables were cut heavily in 2015 market participants in RE. The Green Growth discourse

result in barriers for small scale RE projects, slow down
RE investment and increase the need to use NG as
replacement of coal

“Incumbent-led” energy transition in New-entran_tjled.dlsruptlve energy @ -
the UK transition in Germany

further pushed the transition

Source: Brauers et al. (2020). Comparing coal phase-out pathways: The UK and Germany'’s diverging transition
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In Germany
* Lobby for coal friendly regulation

* Misrepresent the effect of renewables
for the general public

« On electricity price— FIT for renewables
paid by consumers explicitly on bills
while coal subsidized by state budget
not visible to consumers.

* Uncompetitive German industries with
increasing energy costs

« Energy security despite that various
studies showing that grid stability is not
threatened by increasing RE

* Make German industries uncompetitive
by increasing energy costs

» Underestimate the fast growth of RE,
so missed the opportunity to invest in
non-fossil fuel technologies and
unwilling to invest in small-scale RE
projects.

Incumbent coal firms’ responses

Source: Brauers et al. (2020). Comparing coal phase-out pathways: The UK and Germany’s diverging transition

- Coal regime b
g_\\ response strategies &
{Presenting renewables H

|
\ as reason for rising Lobbying for coal |
\ electricityprices friendly regulation;

h Presenting coal
i i
Socio-Political iLate shift ulilies g essantialfor Economic
1 fowards RES i
Environment . ! regions and Environment
Climate Leader energy system.

! (Small-scale)

. Import dependence aspirations
'RES deployment

and grid stability EEG law
concems

Political power Low wholesale

unions

EU climate !
o, PONCY > End hard coal 1
“mining subsidjg

hard coal mining 27 = =

Climate change and health .

Destabilisation )\, concerns due to air pollution

Lignite Reserve payments

Lignite relatively chea‘per
/' than natural gas
Low EUETS

"-Partiy municipal ownership  carbon prices
coal corporations. e

‘Coal Commission’

Concerns about

high electricity Split public opinion H

i between mining regions  §
..., andtherest ..
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Germany

50
40

30

Gw

20

2018 2023

Source: Agora (2019). A roadmap for a just transition from coal to renewables

Coal phase-out plan to renewables in

Figure 18: Coal-fired power plant capacity and the share of renewable energy in gross electricity
consumption in 2018, 2023, and 2030

2030 2018 2023 2030

T0%

B0%

= 50%

40%

20%
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Coal phase-out plan to renewables in
Germany

Figure S-3: Gross electricity generation in 2010-2030 with implementation of the coal compromise

Generation capacities (net) in 2018, 2023, and 2030

286
300
e B e = e — = Hydro
250 H Biomass
m Onshore
a8 m Offshore
PV
2 150
m Nuclear
100 mlignite
m Hard Coal
50 1 Gas
mOil
(0]
Others

2010 2015

M Renewables

W Nuclear

2020

H Lignite

Source: Agora (2019). A roadmap for a just transition from coal to renewables

W Hard coal

2025

Gas

2030
QOthers

2018 Reference Coal
2030 Compromise
2030
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Step by Step to phase out coadl

Figure 11: Overview of the recommendations of the Commission on Growth, Structural Change, and

Employment

No more new

until 2035
or 2038 the latest

Support
transformation
of traditional
mining regions

Create new jobs and

recultivation
of lignite mines

Modernise
the power

coal-fired value added by industries and
power plants investment and affordability for
and mines modernisation of households with power
infrastructure, price compensations
Shut down research and
BXiSﬁng plants innovation ftompelnsa’te utilities
e ) or early shut downs
psTen Indemnify

Alleviate
hardship e
for those

concerned

Maintain
competitiveness of

Ensure a ‘Just
Transition’
for employees with
active labour market
policies

Conduct dialogue
with resettlement
affected near lignite
mines.

Monitor
and adjust
measures

Source: Agora (2019). A roadmap for a just transition from coal to renewables
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Step by Step to phase out coal: A

out coal ste

No more new coal-fired
power plants and mines

* No permitting for new coal plants and
preferably no connecting to the grid of
power plants still being built

«No permitting of new mines for energetic
use and preferably preservation of
Hambach forest near Hambach mine

Shut down existing coal-fired
power plants step by step

» Gradual reduction of existing coal-fired
power plant capacdities in the market:

- to & maximum of 15 GW of lignite and 15
GW of hard coal in 2022

* {0 & maximum of 8 GW of lignite-and 8
GW af hard coal in 2030

» phase out by 2038 at the latest; In 2032
it will be examined whether a complete
phase-out of coal is already possible by
2035

Source: Agora (2019). A roadmap for a just transition from coal to renewables

in order to ensure sufficient legal certainty, the
Commission recommends that, as an instrument,
consensual negotiation agreements, including com-
pensation payments, should be concluded with oper-
ators by 2022, These are then to be fixed by law. For
the period from 2023 to 2030, the Commission rec-
ommends a competitive bidding process to deter—
mine which hard-coal -fired power stationswill be
decommissioned and the leve!l of compensation to be
received. By contrast, the phase-out for lignite-firec
power plants will continue to be based on negotiated
solutions. If no amicable agreement can be reached
between the federal government and the operators
by 30 June 2020, the federal government should
adopt a mandatory decommissioning schedule, in-
cluding appropriate compensation for power plant
operators.
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Step by Step to phase out coal: B

e Support the transformation of traditional mining regions

and value added

grids, storage and PtX

= Developing ,maodel regions’

employees

Creating new employment

»Modernisation of energy infrastructure in
including the expansion of renewables,

= Speeding up formal planning processes
= Investment in transport and digital

infrastructure as well as R&D
« | ocating federal government offices and

Indemnify recultivation of opencast

lignite mines

demand

+ Usage of the possibility of security
payments when approving permit changes

* Usage of compensation payments for power
plant operators for recultivation

+ Adaption of permits to changes in lignite

Source: Agora (2019). A roadmap for a just transition from coal to renewables
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Safeguard emission
mitigation of phase out

+ Expansions of renewables
to 65% of gross electricity
consumption by 2030

= Cancelation of CO,
certificates

- Examination of appropriate
CO; pricing in sectors
outside emissions trading

Modernise the power system

Ensure security
of supply

«Expansion of measures to
monitor security of supply
«Usage of existing reserve

mechanism and replacement

of decommissioned coal
capacities from the reserve
« Continuation and
modernisation of CHP
support
«Examination of capacity

mechanism in 2023 if needed

Step by Step to phase out coal: C

Make the power system
more flexible

*Modernisation and better
use of grids through
optimisation, expansion and
market measures

+ Promotion of storage
systems

+Review of the existing tax
and levy system in the
energy sector

Source: Agora (2019). A roadmap for a just transition from coal to renewables
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Step by Step to phase out coal: D

Alleviate hardship for those concerned

Ensure socially acceptable
implementation

= Protections against dismissal,
enabling early retirement
without financial losses,
provisions for retraining, and
measures for reallocation to
new jobs for coal workers

= Power price compensation for
households

= Engagement in dialog of
regional governments with
residents near mines

Maintain competitiveness
of commercial and industry

«Continue and further develop
CO; electricity price
compensation at the
European level

« Power price compensation
for commercial and industry

Phase out in agreement
with power plant operators

+ Financial compensation for
power plant operators for
the early shut-down of
capacities in a negotiative
and/or competitive bidding
process

Source: Agora (2019). A roadmap for a just transition from coal to renewables
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Step by Step to phase out coal: E

Monitor and adjust measures

Regularly review the measures Take additional action

and report progress if needed

+ Close monitoring in accordance with specific « Consistent adjustment if the implementation
criteria and recorded in progress reports in of the measures has shortcomings

the years 2023, 2026, and 2029

« Establishment of an independent panel of
experts to assess progress

+ Presentation in and resolution of the
reports in and by the federal cabinet and
the Parliament

Source: Agora (2019). A roadmap for a just transition from coal to renewables

61

Critique and discussions

Lack of implementation

options

Reliability of long-term Lack of compatibility
planning with Paris Agreement
Significant burden to More efficient carbon
the federal budget [PliTehinig,

\ /

ompensation

Risks to security of
supply
\/

payments for power

plant operators
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