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The IEA's Sustainable Development Scenario (SDS) to 2040

The IEA's SDS outlines a major transformation of the global energy system, showing how the world can change course to deliveron
the three main energy-related SDGs simultaneously — Energy security, Environment, Social (improve living standard)
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The Shell’s Sky Scenario to 2070

The Sky scenario illustrates a technically possible, but 'y A NET-ZERD EMISSIONS WORLD IM 2070, SOLAR, BIDENERGY, AND WIND DOMIMATE

challenging pathway for society to achieve the goals of | REMEWABLES SUFFLY WHILST OIL REMAINS THE LARGEST FOSSIL ENERGY SOURCE

the Paris Agreement. Sky builds on previous Shell 05 0.5
scenarios publications and is our most optimistic
scenario in terms of climate outcomes.
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Impact
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Moderate growth of
technologies:
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CLOUD scenario

People lifestyle is changing gradually in accordance to
digitalization trend.

Clean & potential tech disruption are growing so fast, but
still can not take the majority.

No significant structural changes in economy, industry,
energy business.

Impact on pollution & GHG emission is getting worst.

International regulation with env. concern come in force.

Current policies on clean & smart energy come in place
based on energy security.




CLEAR scenario

People is changing their lifestyle with seriously concern on
environment. Digitalization become indispensable.

Self-sustain & prosumer are the majority of transformation

Clean & tech disruption is accelerated within near future
ahead, and become one of the crucial role for energy
system in 2050

Economic is driven mainly by new S-curve. Bio & Circular
economies are growing.

Energy business is moving toward market competition.

Pollution problem could be relieved.

Negative impact on climate change could be extended.

Sustainability & 2DC target become the priority for
national policy.




Economic outlook
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Economic restructuring

Current @ 2018 CLOUD scenario
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Economic restructuring

CLEAR scenario
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Source: PTT, Dubai ref.
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Energy efficiency

CLOUD scenario: CLEAR scenario:
* No change in economic structure * Moving toward high value & low energy intensive sector
* Sectoral energy intensity = -1.5 % p.a. * Sectoral energy intensity = -2.9 % p.a.
* 20% building stock penetration of BEC @ 2050 * 40% penetration of low carbon stock building
* |ICE efficiency improvement (BEC+HEP+ECON+NZEB) @ 2050

* ICE efficiency improvement plus mode shift

* Load curve optimization

0.7 toe/1000 USD (2010 PPP)
World

—_— —— Developing Countries

Southeast Asia

———— >\a__—‘_—*‘—__—:——ﬂ — Thailand
___.__,_--'-'-'-'—_

O

Historical energy intensity (PPP)

Source: IEA, Nov 2019

0 toe/1000 USD (2010 PPP)
2000 2017




Sufficient economy: Prosumer

CLOUD scenario:

e DPV>11.4GW @ 2050
* Single buyer + unlock trading regulation
* DPV application in large & medium factory & building

* DG inindustrial estate

3.7 9.3 11.'4

2010 2015 2020 2025 2030 2035 2040 2045 2080

Source: PDP2018 rev 1, TDRI & ERI for EGAT study (2019)

CLEAR scenario:

DPV + P2P + ESS > 35 GW @ 2050
Trading platform
DPV application in SML factory, building & household

DG in industrial estate and community

35.0
Unit : GW b? b? |

2010 2015 2020 2025 2030 2035 2040 2045 2050




Sufficient economy: Demand response

CLOUD scenario:

DR potential > 500 MW in 2050
Semi-auto DR
Time-based pricing, e.g. critical peak pricing

Load aggregator model
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CLEAR scenario:

DR potential > 1,250 MW in 2050
Automated & Smart DR
Real-time pricing

Customer-provision model
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Renewable energy: VRE

CLOUD scenario:

Higher VRE approaching phase Il (20% share)

Improved power system flexibility

v Optimized operation
v" Semi-automated DR
v' Utilities scale ESS

Local
grid
impact

Net load

change

become
noticeable

CLEAR scenario:

» Very high VRE approaching phase IV (30% share)

* High level of power system flexibility

v' Power trade

v' Automated DR

v’ Grid flexibility

v Energy storage +V2X

Greater
swing in
demand-
supply
balance

Large
majority in
certain
period

Source: IEA-EGAT RE integration 2019




Renewable energy: VRE

Evolution of system flexibility & VRE penetration

% VRE generation
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Source: IEA-EGAT RE integration 2019




Bio-economy

CLOUD scenario: CLEAR scenario:
* Maximize use of biofuel - feedstock supply constraint - Value-creation, balance of energy & non-energy use
* Mandate E10-20: Supply potential for Ethanol « Maintain E20, B1o blend with high rate of EV growth
* Mandate B1o+: Supply potential for Biodiesel .

Surplus E100&B100 can be used for high-value economy

Heath care &
lifestyle

Energy & Fuel




Clean cooking

CLOUD scenario: CLEAR scenario:
* Modernization of cooking fuel « Moving toward low emission & low carbon option
* Shifting from traditional fuel to LPG & electricity «  Shifting from traditional fuel to LPG, electricity& food-

waste biogas

* Traditional wood approaching to zero @ 2050

Wood

Charcoal LPG GaS

Biogas

Renewable energy Oil & Gas Electricity




Low pollution & emission

CLOUD scenario:

Targeting of RE & EE in minimize GHG emission
Biofuel in transportation
Low growth of electric vehicle in transportation

Lower GHG emission in power sector

CLEAR scenario:

Strictly regulation on pollution control

Polluter pays principle to initiate lifestyle change
Disruption of electric LDV, MC, Bus, Truck in
transportation

Decarbonization in power sector

Much more projects on waste-to-energy




Final energy demand

Mtoe

CLOUD scenario: CLEAR scenario:
* Energy demand is growing, slower than GDP growth. * Lower energy demand is driven by economic restructuring
* Energy consumption in industrial and transport sectors take and intense energy efficiency push.
majority, driven by EEC & production-based economy. * Peak demand is expected in 2030
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Total Primary Energy Supply (TPES)

CLOUD scenario:

* TPES keeps growing according to demand.
* Fossil Fuels remain a significant portion of energy mix.

* Gas & RE overtaking oil & coal.
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CLEAR scenario:

* Decoupling of economic v.s energy is obviously seen.
* Gas & RE dominate fuel-mix (63% @ 2050)

* Coal phases out, approaching zero @ 2050 / Oil declines
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Transportation: Drivers and trends

Next-generation automotive

Four major trends changing the automotive industry

ONNECTED UTONOMOUS HARED & LECTRIC
SERVICES

110 : www.daimler.com/case/en/

CERSIA

Carbon Offsetting and Reduction Scheme
for International Aviation (CORSIA)




Transportation

CLOUD scenario: CLEAR scenario:
* Energy demand stays flat caused by saturated purchased * Energy demand declines with additional effects of sharing
power, slow down of VKT and improvement of fuel mobility, public transport & electric vehicle
economy.
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Road transportation

CLOUD scenario: CLEAR scenario:
KTOE 34,241 33 547 KTOE 31199
31,199 31,124 1 30,761
30,000 28,322 30,000 28,322
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25,000 25,000
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. Private Car . Private Van . Pick up truck . Motorcycle . Taxi . Three Wheeler . Public Van . Bus Truck . Grab Car
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Share of vehicle stock

Vehicle stock (1000 units)

BEV

PHEV

HEV

CNG

LPG

Diesel n Biodiesel

Gasoline n Gaschol
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Electric vehicle stock in road transport

CLOUD scenario:

Share of vehicle stock
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CLEAR scenario:
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Mtoe
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Industrial sector

CLOUD scenario: CLEAR scenario:
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Mtoe per million THB

EMS & RE are the keys for GHG mitigation
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Industrial sector

CLOUD scenario: CLEAR scenario:
First S-curve is the driver for the future industry * First & New S-curve are combined.
EE is improved, driven by better technologies. * EE is accomplished by restructuring (e.g. product switching

to higher value & lower energy intensity), EMS, FEMS &

Process optimization

2018 2050 Cloud 2050 Clear

Paper Chem NonMetal BasicMetal FabMetal Others Total




Mtoe

15

10

Commercial building

CLOUD scenario:

CLEAR scenario:
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Mtoe
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Residential sector

CLOUD scenario:

CLEAR scenario:
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Daily load curve

2019 CLOUD @ 2050
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Daily load curve includes solar farm, solar rooftop and solar from people sector project.
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Load duration curve

CLOUD @ 2050 60

Power capacity development is required to .
ensure security and reliability.
VRE penetration is limited by system flexibility 40

constraint.
30

20

Thousand Megawatts

CLEAR @ 2050

Better load management and power 10 |~ Cloud
Clear (Unmanaged)
dispatching performance with high Clear (Managed)

penetration of VRE.
Minimize the requirement of new power

capacity

Hours 0000 to 1000
Hours 1000 to 2000
Hours 2000 to 3000
Hours 3000 to 4000
Hours 4000 to 5000

Hours 5000 to 6000

Hours 6000 to 7000

Hours 7000 to 8000

Hours 8000 to 8760

Flexibility requirement

89,420 MWh/D

Flexibility options

1.

Improve operation
Demand response
Grid infrastructure
Fast ramping supply

Energystorage




Power: Generation

CLOUD scenario: CLEAR scenario:

Include Solar Rooftop
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CLEAR scenario
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Include Solar Rooftop
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2050

Biomass,

2040
wind, (@ Hydro,
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2018

2010
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Combined Cycle, .Coal, . Lignite, .Other Fossil: Diesel and Gas Turbine, Nuclear, NG and Oil, .Solar,

2040

2030

2018

2010
Note: ‘ SPP Cogen, CC and GT,

Total install capacity without management,

i Solar Rooftop,

. Other Renewable: Biogas, Geothermal, Municipal Solid Waste and RDF,




Oil: Refinery

Refinery Fuel Production CFP P

Unit : MT% @e @ - @
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Natural gas supply

CLOUD scenario: CLEAR scenario:

<0 Natural Gas Supply by Source
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Energy-related GHG emission

CLOUD scenario: CLEAR scenario:

Unit : MT CO2 Eq. Unit : MT CO2 Eq.

Below 313 MT
From NDC
2030 Target

40%
below 2018 Level

Reduction
from Cloud

Industry

Transport

Transport

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050




Key actions for
CLEAR scenario

Pollution

Economic

Economic : ;A Energy

restructuring efficiency
Public transport

BEMS [ HEMS

Shared
mobility

High value & low
energy intensive sector

Electric
vehicle

Low emission &

Waste-to-energy
_ Demand response
Clean cooking

e Flexibility
Decarbonization
DPV + P2P + ESS
Biofuel in road & air transport

Prosumer

Circular economy

Value creation

in non-energy

RE & Bio- Energy

economy b sufficiency

Transport Building
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