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System Value of the Clean Energy Transition
The System Value framework more holistically evaluates economic, environmental, social and technical outcomes of potential energy
solutions across markets. The framework aims to shift political and commercial focus beyond cost to include value.
Economic, environmental, societal
and energy value

Using the System Value
framework, the World
Economic Forum, supported
by Accenture and a group of
global electricity companies,
conducted analysis across
several geographies as part
of market evaluations that
examined recovery
opportunities to accelerate
economic growth and the
clean energy transition.
The flexible nature of the
framework allows inclusion of
both quantitative and
qualitative analysis. The
relevance of System Value
dimensions may vary by
geography and over time
horizons.

Air Quality and
Health

Foreign Direct
Investment

Impacts to human health and
natural environment
from air and water
pollutants, land use

Market attractiveness for FDI
with reliable energy and
skilled resources

Energy Productivity
and Systemic Efficiency

Jobs and
Economic Impact
Influx of jobs due to
energy transition and
renewables

Access to
Electricity

CO2
Emissions

Energy efficiency plus systemic
efficiency (optimization of
interactions among energy
value chain elements) to
maximize energy
productivity

Physical and economic
access to clean electricity to
support individual or society
development.

CO2 emissions based on
energy source, generation
mix and load changes

Resiliency and
Security

Water footprint based on
energy source, generation
mix and load changes

Uninterrupted and
diversified energy supply
at affordable prices and
the ability to bounce
back from disruptions

Priority outcomes for Malaysia

Reliability and
Service Quality
Life cycle approach to
ensuring high system
availability; improved
customer service

Water
Footprint

Note: Above hexagons represent desired outcomes

Flexibility
Ability to manage generation,
demand and power flows
(including power quality) across
the grid, enabled by
digitalization
and storage

System Upgrade
Technology (incl. digital) and
capital investments in T&D (incl.
interconnections) to upgrade
the system for variable
renewables and distributed
energy resources (DER)

Cost and Investment
Competitiveness
Market attractiveness and policy
certainty to businesses and
policy-makers for investment
including R&D and levelized
cost of energy
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Peninsular Malaysia Market Analysis | Executive Summary

66%

Of the Malaysia Renewable target (31%
Renewable installed capacity by 2025) will be
fulfilled by Peninsular Malaysia (hence,
Peninsular Malaysia is the focus of this analysis)

2.3 GW

Solar capacity awarded through 4 Large Scale
Solar (LSS) Auction Rounds – to be delivered
by 2023
LSS Round 1-3 invited FDI; Round-4 only open
to local players (100% local ownership or
locally listed with at least 75% local
shareholding)

94%

Electricity generation is predominantly fossil
fuel based, split across 65% Coal and 29% Gas
(2020)

45%

CO2 emission reduction target by 2030
(relative to 2005)

Majority renewable growth in Peninsular
Malaysia to be driven by solar (which has
already achieved grid parity with gas)

Independent Power Producers (IPPs) market
share in power generation (despite vertically
integrated Electricity Market)

Deployment of distributed solar steadily
increasing due to supportive Government
schemes

Electricity generated from solar power, split
58% / 42% between Distributed and Utility
Scale

Industrial sector accounts for about 23% of
total CO2 emissions in Peninsular Malaysia

72%*

2.5%

Sources: MIDA, TNB, Argus Media, Lexology, Energy Commission

23%

*Some generation plants classified as IPP may either be wholly
owned by TNB or co-owned by TNB along with other IPPs
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Path to maximizing System Value for Malaysia
Markets are moving from
addressing core elements of the
electricity sector transition…

…through “pivot points” where generation mix hits 20%-30%
annual variable renewables (>50% instantaneous)
and transformational elements enable…

… acceleration to a net-zero integrated
energy system with a strong focus on
systemic efficiency
Malaysia aims to be a carbon-neutral
country by the year 2050, introducing
measures such as carbon pricing and
carbon tax

WHY

31% RE TARGET BY 2025,
40% by 2035 Source: Generation
Report by Malaysian Energy Commission
2021-2039

PARIS AGREEMENT
(COP21)
As part of the agreement,
Malaysia has committed to
reduce its Greenhouse Gas
(GHG) emissions by 35%-45%
(based on 2005 GDP) by 2030

JOB CREATION &
ECONOMIC GROWTH
Support government’s vision
to generate over RM180 billion
revenue and 200,000 green
jobs by 2030

Transformational
elements
Core
elements

Net-zero integrated
energy system

40% RE by
2035

Efficiency

Carbon neutral by 2022 and
achieve net zero emissions by
2050 across its entire operations

End-use electrification
(e.g. transport,
heating)

Power market
re-design

Increasing digitalization, stakeholder collaboration
and systemic efficiency across solutions

Renewables
expansion

Grid upgrades and
interconnection
31% RE by 2025

Demand
optimization
Smart flexibility
solutions
(e.g. storage,
balancing
services)

Beyond
electrification (e.g.
hydrogen,
CO2 solutions)

Reduce emission intensity by
35%, halve coal generation
capacity by 2035 and achieve
net zero emissions by 2050
Achieve Net Zero Carbon
Emissions by 2050 (Scope 1 & 2)

Achieve carbon-neutral of its emissions by
2030 and net-zero carbon emissions by 2050

Source: 25th ASEAN Labour Ministers
Meeting in Kuala Lumpur 2018
Note: Icons represent solution types which
deliver System Value outcomes. Flag
indicates market progression along the path.

Fully compliant ESG portfolio
by 2030 and a climate neutral
portfolio with zero GHG
emissions by 2050

Commit to phase out coal from its portfolio by 2040
Sources: MoF Malaysia, KWSP EPF, Bursa Malaysia, TNB, PETRONAS, Maybank, CIMB
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4 Solutions for Peninsular Malaysia’s Energy Transition
1. Set up
Renewable Energy
Zones

2. Encourage
Self Consumption
for Distributed Solar

3. Decarbonisation of
Industrial Clusters

4. Expand Scope of
Energy Efficiency
Policies

Renewable Energy Zones,
coupled with enabling
policies and market
incentives, can enable fast
tracking utility solar
deployment across all
regions in Peninsular
Malaysia.

Progressive phasing out of
Net Energy Metering (NEM)
in favour of self
consumption (SELCO) with
storage will enable scaling
of distributed solar and
reduce its impact on the
grid.

Malaysia’s Industrial clusters can
be decarbonised via fostering
industry collaboration and a
nationwide Hydrogen and CCUS
roadmap.

Expand the scope of energy
efficiency policies to include
demand side management
in the energy sector
including electrical, thermal
and usage in the transport
sector.

66 Mt

90 bn L

Less CO2 emissions
from electricity
generation
through 2035

Cumulative reduction of
water consumption
compared to base case
through 2035

$3 B
Human health benefits
from air quality
improvements through
2035

13 K
Utility-scale solar
incremental job
impact in 2035

66 Mt

90 bn L

50 Mt

188 bn L

Less CO2 emissions
from electricity
generation
through 2035

Cumulative reduction of
water consumption
compared to base case
through 2035

Less CO2 emissions
from electricity
generation
through 2035

Cumulative reduction of
water consumption
compared to base case
through 2035

CO2 emissions reduction
in 2035 compared to base
case

$3 B
Human health benefits
from air quality
improvements through
2035

49Mt

$1.7 B
Cost of power generation
avoided by 2035

94 K

$1.4B

Utility-scale solar
incremental job
impact in 2035

115 K

Human health benefits
from air quality
improvements through
2035

$400 M

54-134 K

Utility-scale solar
incremental job
impact in 2035

Saved in annual
household electricity bills

Cumulative jobs create
by 2035

Market Analysis
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System Value Analysis Focus
Malaysia has a renewable installed capacity target of 31% by 2025 and 40% by 2035. Peninsular Malaysia will contribute to meeting
the great majority of Malaysia’s target (66% of it in 2025 and 61% of it in 2035). Hence, this analysis will focus on Peninsular Malaysia
MALAYSIA

34 GW
Solar, 2%
Biomass, 2%
Diesel/MFO, 2%

Peninsular Malaysia is the focus for this SVA:
From the 31% RE target by 2025 in Malaysia (i.e. 12,916 MW
RE capacity), target for Peninsular Malaysia is 21% (8531 MW
RE capacity)

The planned new renewable energy installed capacity will be
met by Peninsular Malaysia rather than Sabah and Sarawak

SABAH
2 GW, 6%

Hydro, 18%

PENINSULAR
MALAYSIA
27 GW, 79%

Coal, 31%

Solar
Biomass 3%

Hydro
10%

1%

Natural Gas, 44%

Diesel/MFO
2%

Biomass
1%

Natural Gas
19%
Natural Gas
47%

Installed Capacity
Source: Performance and Statistical Information on the Malaysian Electricity Supply Industry 2018

Biogas
1%

Hydro
5%

Diesel/MFO
15%

Coal
10%

Diesel/MFO
1%
Coal
38%

SARAWAK
5 GW, 15%

Solar
6%
Biomass
9%

Hydro
68%

Natural Gas
64%
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Overview of Peninsular Malaysia’s Electricity Market
The Peninsular Malaysian energy market operates as a vertically integrated business and is still dominated by fossil fuel.
However, the government has set ambitious renewable energy targets, reaching 40% renewable energy by 2035
• In Peninsular Malaysia, TNB operates as a vertically
integrated business
Structural
components of
Malaysia’s market

• IPPs are allowed in generation segment (IPPs make up
72%* of the installed capacity)
• Generation is predominantly based on fossil fuel (65%
coal and 29% gas) with around 6% RE as of 2020
• The industry sector is the largest consumer (41%)
followed by commercial (35%) and residential sector
(22%)

Electricity Generation Peninsular Malaysia by source by 2039 (TWh)
250
200
150
100
50
0

Growing demand
and diversifying
generation

• Share of coal generation projected to decrease from
53% in 2018 to 34% as a total share of generation by
2035
• The gas generation is expected to rise from 45% to
54% from 2021 to 2039

Renewable energy targets

Ambitious climate
and energy goals

• Renewable capacity 31% of total installed capacity by
2025 and 40% of total capacity by 2035

Coal

Gas

Hydropower

Capacity Breakdown Peninsular Malaysia by source by 2039 (%)
5% 10%
10%
9%

45% 37%

9%

11%

9%

8%

14%

15%

8%

8%

18%

18% 20% 20% 21%

8%

8%

7%

8%

8%

21%

22% 23% 22% 23% 25% 25% 25% 24% 24%

8%

7%

45% 44% 40% 40%
38% 38% 38% 35% 35%
40% 42%

CO₂ emission goal
• Reduce carbon emission intensity by 45%
by 2030 relative to 2005 (35% on unconditional basis
& 10% conditional with international assistance)

*Some generation plants classified as IPP may either be wholly owned by TNB or co-owned by TNB along with other IPPs

Source: Performance and Statistical Information on the Malaysian Electricity Supply Industry 2018, TNB

Solar

8%

8%

Gas

Hydropower

7%

7%

7%

7%

7%

45% 47% 48% 47% 48% 46% 47% 47%

40%44% 37% 37% 38% 37% 36% 36% 35% 37% 36%
31% 29%
24% 23%

Coal

8%

21%

21% 20% 22% 22% 22%

Solar + Others
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Peninsular Malaysia Electricity Market Structure
The Peninsular Malaysia Electricity Market is vertically integrated with TNB acting as a Single Buyer, and sole Transmission,
Distribution and Retailer operator. Power generation is open to other players and dominated by Independent Power Producers (72%)

Generation

Off-takers

Independent Power
Producers (IPP)
(72%*1)

TNB
Power Plants
(19%*)

Transmission

Distribution

TNB Grid System
Operator (GSO)

TNB Distribution
System Operator
(DSO)

Retailer

End Consumption

Industry
(41%)

TNB
Single Buyer

Commercial
(35%)

Ring fenced
department within TNB

FiT, NEM, LSS,
Cogen, and Self
Generation (9%*)

TNB
Grid

TNB Distribution
Network

TNB Retail

Residential
(22%)

Others
(2%)

*The percentages denote the
installed generation capacity
Source: Energy Commission

[1] Some generation plants classified as IPP
may either be wholly owned by TNB or coowned by TNB along with other IPPs

Legend

Privately held

State owned/controlled
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Analysis Objective and Reference Renewable Energy Target
Malaysia 2035 Renewable installed capacity target will be used as the reference target for this study; the analysis’ solutions will
explore opportunities to further scale renewables in Peninsular Malaysia to scale them beyond the target
Peninsular Malaysia Renewable Energy Capacity (2020-2035), MW
• 2035’s 40% renewable installed capacity target
is the reference target for this analysis
(Peninsular Malaysia will contribute 61% of the
target)
• Peninsular Malaysia will have a total installed
capacity of Renewable Energy of 8.5 GW by 2025
i.e. 26% installed RE capacity
• An additional 2.4 GW of new RE capacity will be
developed in Peninsular Malaysia from 2026 to
2035 to achieve the 40% RE target
• Hence, as per current plans, ~65% of the new
renewable capacity will be installed by 2025,
with the remainder 2.4GW installed over the
following 10 years (until 2035)
• Our analysis proposes solutions to further
accelerate renewables capacity installation from
2026-2035 beyond its existing targets from
2.4GW to 10GW to match the renewables growth
rate over the 2021-25 period

Installed RE Capacity
in 2020

RE to be built
by 2025

Sources: Peninsular Malaysia Generation Development Plan (2021-2039), RE Installed Capacities

RE to be built
by 2035
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Peninsular Malaysia Solar Growth
Among renewable resources, solar power is the most promising for Peninsular Malaysia, given it has already achieved grid parity with
gas and it presents good quality resource. To date, the majority of the solar installed capacity comes from distributed solar (vs utility)
LCOE across Power Sources in Malaysia (USD / MWh)

Malaysia Renewable Resource Quality

150
Late 2020s: Solar +
Storage reaches grid
parity with gas

2020: Utility scale
solar is already
cheaper than gas

130
110
90

• Malaysia has a good solar potential with respect to the neighbouring
ASEAN countries.
• The wind potential for Malaysia is very low when compared to
neighbouring countries.

70
50

Malaysia Solar Installed capacity (MW)

30
2020

2025

Coal USC 1
Residential PV
Hydro

2030

2035

2040

Gas CC 2
Commercial PV
Wind Onshore

2045

2050

Utility PV 3
Solar+Storage
36%
579
64%
1,019

2020
Sources: Wood Mackenzie, USAID, Malaysia Renewable Energy Roadmap, Accenture Analysis
1 Coal

Ultra supercritical, 2 Gas-fired Combined Cycle, 3 Utility Scale Photo-voltaic

39%
899

61%
1,404

2021

41%
1,218

59%
1,789

2022

41%
1,538

59%
2,174

2023

42%
1,857

58%
2,559

2024

Distributed
Solar
Utility Scale
Solar
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Solar Auction Program | Large Scale Solar (LSS)
Malaysia has grown its solar capacity through solar auctions. To date, it has held 4 rounds of auctions, awarding a total of 2.3 GW of
solar capacity in Peninsular Malaysia. 825 MW capacity is already operational, while the rest is currently being developed
Perlis

• 2.3 GW of solar capacity has been awarded through 4 Large Solar Scale (LSS)
programs i.e. solar auction in Peninsular Malaysia. This includes both utility scale
and distributed solar farms

Kedah

• As of Q1 2021, 825 MW has been operationalized while 1.5 GW is in development.
The development of the solar farms is forecasted to be completed by 2023,
however, it is expected to delay due to the rise in cost for raw materials and
transportation as a result of COVID-19
Pulau
Pinang

Terengganu
Perak

Kelantan

• Kedah, Terengganu, Perak and Pahang regions appear to experience higher solar
penetration of more than 200 MW, followed by Negeri Sembilan region
• LSS auction rounds 1-3 welcomed foreign investments by allowing consortium
with local players with 51% local stakeholder ownership
• LSS Round-4 was only open to either 100% locally owned companies or
companies listed on Bursa Malaysia with at least 75% local shareholding ownership

Pahang

LSS Awarded Capacity and Auction Price
•

0 MW

•

1 – 50 MW

•

51 – 100 MW

•

101 – 200 MW

•

201 – 300 MW

•

301 – 400 MW

•

Operational

•

MW

Selangor

Development

USD / kWh

1000
Negeri
Sembilan

Melaka

Johor

0.1

800

0.08

600

0.06

400

0.04

200

0.02

0

0
LSS Round 1

LSS Round 2

LSS Round 3

Awarded Capacity (MW)
Source: LSS Progress by Region as of Q1 2021

LSS Round 4

Price (USD/kWh)
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Distributed Solar Initiatives
In addition to the increasing uptake of utility scale solar, deployment of distributed solar is increasing steadily supported by the
various initiatives and market schemes introduced by the government
GITA
•

NEM/ SELCO

Green Technology Tax
Incentive for the purchase
and use of green technology
was announced as part of
Budget 2014

NEM 3.0/ GITA

•

NEM has a low uptake of 5%
among distributed solar

•

SELCO was introduced
and gains popularity

•

FiT comes to a close for
Solar

•

•

2017

2013

2019

NEM 1.0

NEM 2.0

•

•

•

LEGENDS:
GITA: Green Investment Tax Allowance
Source: SEDA

GITE: Green Investment Tax Exemption
GTFS: Green Technology Financing Scheme

GITA and GITE extended up
to 2023

2020

2016
Net metering scheme is
introduced

Extension of one-on-one
credit offset scheme to
domestic consumers,
ministries and government
agencies with 500 MW
quota by the end of 2023

True net energy metering concept
adopted, allowing excess solar PV
generated energy to be exported
back to the grid on a “one-on-one”
offset basis with 500 MW quota by
end of 2020
Reinstated GTFS 2.0 with the
allocation of RM 2.0 billion till end
of 2020

Key Schemes:
FIT (Feed-in-tariff):
This scheme requires Distribution
Licensees (DLs) to buy from Feed-in
Approval Holders (FIAHs) the
electricity produced from renewable
resources (renewable energy) at the
fixed FiT rate
NEM (Net Energy Metering):
The concept of NEM is that the energy
produced from the solar PV
installation will be consumed first, and
any excess will be exported to TNB at
prevailing displaced cost which net
metering tariff over a 10-year period

SELCO (Self Consumption):
Self-consumption or known as SELCO
applies when electricity is being
generated for own usage and any
excess is not allowed to be exported
to the grid

Key Question
How can Peninsular Malaysia build a future
proof and resilient energy system to enable
its energy transition boosted by solar?
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System Value of clean energy transition
System Value benefits are seen across Peninsular Malaysia’s recovery solutions
Economic, environmental, societal and energy value

System Value dimension
with quantitative analysis
System Value dimension
with qualitative analysis

Water Footprint
Water footprint based
on energy source,
generation mix and
load changes

Priority System Value
dimension

1 . Setting Up
Renewable
Energy Zones
2. Encourage Self
Consumption for
Distributed Solar

3. Decarbonisation
of Industrial
Clusters

4. Expand scope of
Energy Efficiency
policies

Access to Electricity
Physical and
economic access to
clean electricity to
support individual
or society
development

CO2 Emissions
CO2 emissions based
on energy source,
generation mix and
load changes

66 Mt
Cumulative
electricity base
case CO2 reduction
through 2035

66 Mt

Utility-scale solar
incremental job
impact in 2035

90 bn L

50 Mt

188 bn L

Cumulative
electricity base
case CO2
reduction
through 2035

13 K

Cumulative
reduction of water
consumption
compared to base
case through 2035

Cumulative
reduction of water
consumption
compared to base
case through 2035

94 K
Distributed solar
incremental job
impact in 2035

115 K
Potential jobs in
manufacturing,
solar waste
management and
End of Life
Management of
Solar Panels

Cumulative
reduction of water
consumption
compared to base
case through 2035

49 Mt

Reliability and Service
Quality
Life cycle approach to
ensuring high system
availability; improved
customer service

Energy Productivity and
Systemic Efficiency
Energy efficiency plus
systemic efficiency to
maximize energy
productivity
Foreign Direct
Investment
Market attractiveness
for FDI with reliable
energy and skilled
resources

$3 B

Cumulative job
created by 2035

System Value dimension not as relevant to
geographic market or not considered with
given recovery solution.

$3 B

Sources: [1] Wood Mackenzie, [2] CEEW, [3] Sustainability Linked Loan Schemes

Flexibility
Ability to manage generation,
demand and power flows
(incl. power quality) across
the grid, enabled by
digitalization
and storage

Cost and Investment
Competitiveness
Market attractiveness and
policy certainty for
investment incl. R&D
and levelized
cost of energy

Distributed Solar
projects expected
to operate at $87$118/MWh by 2025
dropping to $67$86/MWh by 20351

Human health
benefits through
2035 from
decreased air
pollution

$1.4 B

~5-10%

Human health
benefits through
2035 from
decreased air
pollution

Lower cost of
capital under
Sustainability
Linked Loan
schemes 3

$ 0.4 B

Human health
benefits through
2035 from
decreased air
pollution

Electricity savings
and power
generation cost
avoided

Relative System Value dimension benefit for given recovery solution within market
High benefit

System Upgrade
Technology (incl. digital)
and capital investments in
T&D to upgrade the
system for variable
renewables
and DERs

Utility PV projects
expected to
operate at LCOE of
~$56/MWh by 2025
dropping to
$45/MWh by 20351

Human health
benefits through
2035 from
decreased air
pollution

$6.5 B

54-134 K

Annual CO2
emissions
reduction in 2035
compared to base
case

Analysis performed for given System Value dimension and
recovery solution. For more detail, please see specific
solution and/or relevant System Value dimension slide(s).

Resiliency and Security
Uninterrupted and
diversified energy supply
at affordable prices
and the ability to
bounce back from
disruptions

Jobs and
Economic Impact
Influx of jobs due to
energy transition and
renewables

90 bn L

Cumulative
electricity base
case CO2 reduction
through 2035

Air Quality and Health
Impacts to human health
and natural environment
from air & water
pollutants, land use

Medium benefit

Minimal-to-no benefit
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1. Set up Renewable Energy Zones
Overview

•

•

•

•

Peninsular Malaysia receives an abundant amount of solar radiation throughout the year,
which is consistent across its regions, with a yearly solar radiation mean of 1.5–1.9
kWh/m2 and the average irradiation in the range of 4–8 h/day
However, the capacity currently installed is not evenly spread across regions; hence
there is an opportunity to balance that by scaling solar – efficiently – in regions with
lower solar capacity by building Renewable Energy Zones (REZ)
A REZ is a geographic area characterized by features that support cost-effective
renewable energy development, including high-quality renewable energy resources,
suitable topography and strong developer interest
Key issues in Peninsular Malaysia’s current solar landscape include inability for third
parties to access the network, difficulties with land acquisition and grid connections
lead-times

Projected Utility Scale Solar Capacity Addition for Peninsular Malaysia (GW)
8
7
6
5
4

2.6

3
2
1
0

0.6

0.9

1.1

0.6

0.9

1.1

1.5
1.5

3.1

3.6

4.1

2.0
2.6

2.7

2.8

2.9

4.5

3.0

5.0

3.1

5.5

3.2

6.0

3.3

6.5

3.4

7.0

3.5

7.5

3.7

2.0

Opportunity
•

Enable Third Party Access to grid infrastructure and build retail market: despite
significant industrial activity and multinational presence in Malaysia, Corporate PPAs are
not enabled by policy as all power generation is purchased by a Single Buyer , e.g., thirdparty access framework due to the current Single Buyer model that is responsible for the
procurement of electricity from generators, often through term contracts
•

Establish third-party access framework : allow third party to access TNB’s
transmission and distribution assets, and retailers would be able to bid
competitively in the energy market as stipulated in the Malaysia Electricity Supply
Industry 2.0

•

Network charges: allow corporate buyer to acquire power directly from the RE
supplier via network charge paid to TNB for renting out its grid

•

Rolling out battery storage infrastructure: create a hybrid solar park with storage and
reinforce the dispatch and network of state-owned integrated utility to mitigate the lack
of transmission infrastructure to unlock grid bottlenecks and to ensure system stability

•

Incentive for land acquisition: state government to subsidize land acquisition price or
lease land by laying out rental payments and fees tied to the electric generating capacity

•

Plan T&D infrastructure upgrades in advance: REZ allows for proactive and integrated
transmission and distribution network planning as additional renewable capacity is
concentrated in one area and is allocated and planned for in advance
Sources: Solar energy in Malaysia, Energy Commission, International Energy Agency

Base Case - As per existing government targets
Accelerated Case – As per our proposed solution scenario

System Value Impacts - Benefits

66 Mt
Cumulative electricity
base case CO2
reduction through
2035

90 bn L
Cumulative reduction of
water consumption
compared to base case
through 2035

13 K

$3 B

Utility-scale solar
incremental job impact in
2035

Human health
benefits through
2035
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Malaysia can take inspiration on how to manage space constraints for solar
panels | Japan’s solar growth story and New Solar Technologies
Japan’s solar growth story
•

•

•

•

New Solar technologies

Japan has a population density of 347 people per sq.km
whereas Malaysia has a density of 99 people per sq.km. Japan
has an average annual solar irradiation of 990-1660 kWh/m2 as
compared to 1575-1812 kWh/m2 for Malaysia
Despite the land constraints and low solar irradiance levels,
Japan has witnessed exponential solar growth, from 5GW in
2011 to 72GW in 2020
The growth has been enabled by technological advancements
including floating solar technologies and measures such as
Feed-in-Tariffs
74 out of the world’s 100 largest floating solar plants are
located in Japan with a capacity of ~123 MW

•

Many new solar panel technologies have been developed to improve the efficiency of the cells, thus
reducing the space requirements per unit power generation.

Bifacial Solar Panels - Typical efficiency
improvement of 6-9% vs conventional panels

Floating Solar Panels – Cooling effect of water
beneath the panels can boost efficiency by ~12%

72
64
50

55

42
34
23
14
5

Agrivoltaics – Co-locating solar panels alongside agriculture land

7

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Japan Installed Solar Capacity (GW)

• As per evidence from research, the efficiency of solar panels is highest on farmland compared to any
other possible landscape
• Agrivoltaics can provide an additional source of income to farmers when they lease their land for solar
panels installation and boost the yield of vegetables and decrease water consumption

Case in Point- The InSPIRE project by U.S. Department of Energy
The InSPIRE project is aimed to demonstrate the agrivoltaic opportunities for cost reductions and
environmental compatibility of solar energy . The InSPIRE Research Site in Tucson Arizona has reported
results as:
• 3x increase in crop yield (Peppers and Tomatoes)
• 50% less water consumption
• 2% higher solar panel production output

Sources: IRENA, SEDA, World Economic Forum , U.S Department of Energy, Nature.com, TaiyangNews
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2. Encourage Self Consumption for Distributed Solar
Overview

•

•

•

Peninsular Malaysia has witnessed distributed solar growth thanks to its Feed-in-Tariffs
(FiT), Net Energy Metering (NEM) and Self Consumption (SELCO) schemes. While the FiT
has now been phased out, NEM and SELCO remain both active. Consumers opt into the
NEM scheme for the first 10 years of solar panel ownership, and transition to SELCO after
that. NEM 3.0 will be in effect from 2021-2023 with a total quota of 800 MW
While NEM schemes incentivise the adoption of distributed solar for prosumers, they
also present challenges for utilities. In fact, NEM rewards consumers for selling their
solar power back to the grid at any time, at a flat tariff, without discriminating based on
the demand for such power. This behavior exacerbates the already existing duck curve,
meaning that more electricity is produced when it is not needed (e.g., central hours of
the day), and none injected when utilities still need to provide consumers power in the
evenings, when demand is high and solar is no longer producing power
NEM does not enable the capturing of the true value of renewable energy at the time of
injection into the grid and can instead cause additional burden to the grid. European
countries such as Belgium and the Netherlands, which were some of the NEM pioneers,
have both recently moved away from it towards SELCO schemes

Opportunity
•
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Limit NEM expansion to low solar penetration areas- Policies to focus NEM on the areas
where there are limited to no local curtailments and limit the NEM quota available for
allocation

•

Incentivise Behind the Meter Batteries: incentivizing battery storage paired with
SELCO increases the self sufficiency of the prosumers; by adopting Time of Use Tariffs,
prosumers are further incentivised to use the power stored by the battery at peak hour
(evening, early morning) when demand is the highest, providing further relief to the grid

Enhance Solar-as-Service Models: one of the key barriers of deploying distributed solar
is the upfront cost of the solar panels. Solar as a Service Models overcome this barrier by
fronting the installation cost and charging consumers monthly fees. Furthermore, this
model also takes care of the maintenance costs, taking away the performance risk
associated with solar ownership
Sources: Mordor, IRENA, NEM Solar MY
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Base Case - As per existing government targets
Accelerated Case – As per our proposed solution scenario

SELCO powered expansion of Distributed solar: Incentivise SELCO model by providing
incentives to consumers to ensure that the growth of distributed solar does not cause
additional burden on the grid.

•

•

Projected Distributed Scale Solar Capacity Addition for Peninsular Malaysia (GW)

System Value Impacts - Benefits

66 Mt
Cumulative electricity
base case CO2
reduction through
2035

90 bn L
Cumulative reduction of
water consumption
compared to base case
through 2035

94 K

$3 B

Distributed-scale solar
incremental job impact in
2035

Human health
benefits through
2035
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Battery Storage as key enabler for sustainable Variable Renewables growth
Experience from other markets suggest the need to start planning on battery storage deployment and grid upgrades early, to ensure the
energy system builds resiliency and flexibility in parallel to variable renewables growth to avoid future curtailment and stability issues

Lessons learned from countries that did not plan for battery
storage deployment and system upgrades early
UK
In 2020 alone, Great Britain
had to curtail ~3.6 TWh of
wind energy due to network
constraints

Vietnam

The accelerated growth of
installation of solar power has
led to overcapacity during the
solar power generation peak
hours, overloading the
transmission network in North
and South Vietnam

Why Battery Energy Storage System (BESS)?
Battery Energy Storage System (BESS) helps to store excess power during
non-peak hours and to meet load requirements in the local area during peak
hours, without the need for transporting electricity through congested grid
lines, thereby reducing network congestion, and therefore curtailment.
Battery storage can be deployed at different points across the power value
chain:
• At the point of transmission, by aggregating generation fleets or adding
storage to smooth out supply or allowing third party access (TPA) to the
grid along with smart grid technologies to optimize grid management and
improve network congestion
• At the point of distribution, by balancing demand by aggregating the use
of batteries before it gets to the distribution grid to reduce dependence
on the grid
• At the point of demand (behind the metre), by reducing the amount of
power consumers inject into the grid leveraging behind-the-meter
storage
Battery storage can further be leveraged to provide ancillary services, such as
frequency response and spinning reserves.

US
Increase in grid reliability
issues as a consequence of not
building adequate storage
infrastructure during a rapid
shift from conventional power
sources to renewable power

Benefits of BESS

Reliability &
Service Quality
Sources: Vox, Quartz, Seetao, EQ , Federal Reserve Bank of Dallas

Grid Flexibility

Resiliency &
Security

System Upgrade
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3(a). Decarbonisation of Industrial Clusters
Overview

• The Industrial sector accounts for about 23% of total CO2 emissions in Malaysia
and with the rapid industrialisation, the share of this sector is expected to go up
further
• Within the industrial sector, the Light Industries (such as food and beverages, wood
and wood products, pulp and paper printing, etc) being less energy intensive, are
expected to be the first choice for electrification. About 20% of industrial sector
CO2 emissions are from Light Industries
• Malaysia has already developed industrial clusters in the Penang, Kedah, Selangor,
and West Johor regions. Industrial clusters are expected to gain further momentum
after the recent announcement from MIDA that it would promote the development
of industrial parks along the East Coast Rail Link
• The Government of Malaysia has set Hydrogen fuel cell production as a priority
research area since 1997. A Hydrogen energy roadmap has been in place since
2005, however Hydrogen production and fuel cell generation has not yet scaled
• While there is no national CCUS strategy in Malaysia, Petronas, the leading national
gas company is already building one of the world’s largest offshore Carbon
Capture and Sequestration (CCS) project in Malaysia that is expected to be
operational by 2025

Net Zero Solution Framework for Industrial Clusters
Accenture in collaboration with the World Economic Forum has developed the
Industrial Clusters decarbonisation framework comprising of 4 solution areas
1. Systemic efficiency and
circularity

2. Direct electrification and
renewable heat

Increase circularity via cross-entity waste
utilization. Integrate processes to share
energy, material streams, and provide
cost-effective benefits.

Electrify low-to-medium temperature and
pressure processes. Generate low-cost,
renewable electricity and heat onsite and
pursue shared infrastructure.

Quick Wins
3. Carbon capture, utilization
and storage
Capture carbon from energy/hydrogen
production and use for industrial and
manufacturing processes

4. Hydrogen
Produce low-to-zero-carbon hydrogen
economically. Use as alternative fuel and
for storage/grid balancing.

Long term opportunity

System Value Impacts - Benefits

Opportunity
• Electrification of light manufacturing industries on site with low-cost renewable
electricity can help to fast track the carbon footprint reduction associated with the
industrial sector
• Lower Levelized Cost Of Energy (LCOE) generation of renewables, availability of
gas and suitable geographic location make Malaysia well suited for capturing the
Hydrogen opportunity
• Presently, there are various fragmented Hydrogen industry initiatives across
Malaysia. A central nationwide Hydrogen technology and implementation
roadmap is crucial to streamline the efforts and scale a Hydrogen based economy
• Enabling national policies and fostering industry collaboration for CCUS adoption
will be key for the industrial sector to get to net zero by 2050
Sources: MIDA, Petronas, Accenture Research

40 Mt
Annual CO2
emissions
reduction in 2035
compared to base
case

41 bn L
Cumulative
reduction of water
consumption
compared to base
case through 2035

$1 B
Human health
benefits through
2035

FDI
Net-zero clusters
attract higher FDI
due to cleaner
production
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3(b). Establish Malaysia as a Hub for Responsible Solar Manufacturing
Presently, Malaysia accounts for 12% of the global solar panels production, with
ambitions to reach 20% of global production in the near future

•

As the solar manufacturing industry is facing increased scrutiny on its supply chain –
and it’s been criticized for lack of transparency and traceability, ensuring high levels of
supply chain transparency can build a sustainable competitive advantage enhancing
brand recognition and customer loyalty via trust among ecosystem partners and
consumers. This could present an opportunity to improve margins for the sellers

Opportunity
•

•

Solar panel manufacturing powered by solar energy: set up solar Industrial Clusters in
Peninsular Malaysia, with solar manufacturing plants powered by utility scale solar farms,
minimizing the CO2 footprint of the manufacturing process (refer to Solution no.1
Renewable Energy Zones)
Traceability of supply chain (enabled by government / industry groups collaboration)
o National Solar Score Card Program: set up a Solar Score Card Framework
that measures and ranks the PV manufacturers based on its the sustainability and
social responsibility benchmarks to serve as a guide for consumers, investors,
and installers and enable them to choose their supplier better

50
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20,000

20

10,000

10
0

Present Energy Mix

2035 Target Energy
2035 Responsible IC
Mix (25% Renewable) Energy Mix (90% Solar
+ 10% Gas)

Annual CO2 emissions (tonnes) per GW manufacturing capacity
GW manufacturing capacity

o Technology powered traceability - Blockchain has been used in supply chain
traceability for Seafood, Diamond and Utility sectors; Appropriate use cases can be
developed for solar manufacturing supply chain
•

60

40,000

GW solar manufacturing capacity

•

Solar Powered PV Manufacturing leads to drastic Carbon Footprint Reduction
Annual Co2 emission (tonnes) per
GW manufacturing capacity

Overview

System Value Impacts - Benefits

Circular economy leadership
o End of Life Management/Waste Management as a Service: Employing 'Extended
Producer Responsibility' (EPR) business models (such as charging Advanced Disposal
fees to buyers, Deposit/Refund Schemes),where producer is responsible for waste
management. Government to be an enabler through sustainable financing options
o Enabling Nation-wide Industry Regulations: Government to collaborate with
industry association to set up regulations for effective recycling and reuse of solar
panel equipment (e.g., EU's 'Waste Electrical and Electronic Equipment Directive’)

•

Ensure local Small and Medium Enterprises are at the heart of the development of this
industry – opportunity for Peninsular Malaysia to elevate the role of their SMEs across
the solar value chain, to grow local SMEs into export leaders with a Unique Selling
Proposition
Sources: Mordor, IRENA, NEM Solar MY

10 Mt
Cumulative electricity
base case CO2
reduction through
2035

147 bn L
Cumulative reduction of
water consumption
compared to base case
through 2035

115 K

$414 M

Manufacturing and Solar
waste management
incremental job impact in
2035

Human health
benefits through
2035
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4. Expand the scope of Energy Efficiency policies
Overview

•

•

Reduction in Generation Capacity TWh and CO2 Emissions

Electricity use in Peninsular Malaysia is dominated by industrial and commercial sectors,
contributing to about 44% and 34% of the total electricity demand respectively, while
residential makes up 22% of total electricity demand
The National Energy Efficiency Action Plan (NEEAP) targets 8% overall savings vs BAU by
2025 with 52,233 GWh of energy savings in three key sectors e.g., equipment, industrial,
and buildings. The baseline for the 10-year target is 2016, and it aims to be achieved
through initiatives such as Green Tax Incentives and Green Technology Financing
Scheme. They include the following:

-20%

-38%
143

o Buildings: Energy audit in buildings and Energy Efficient Building Design - aims to
make the voluntary energy efficiency building standard (MS 1525:2014) mandatory

Enhanced NEEAP

129

114

80
Malaysia’s potential (NEEAP)
savings could mean generation
and subsequently emissions can
be reduced by 20% by 2035.

o Equipment: 5-star rated appliances - labeling for refrigerators and air conditioners
and Minimum Energy Performance Standards (MEPS) on lightning and motors
o Industrial & Commercial: Energy audit and management for the industrial sector;
promotion of cogeneration in industrial sector and commercial buildings

BAU

Energy Consumption
(TWh)

Carbon Emissions
(MMT)

Opportunity
•

Set clear and ambitious target: Define ambitious and mandatory energy efficiency
target and reporting by sector e.g., increase target to 20% BAU from 2016 by 2035 and
include a more comprehensive and long-term demand side management covering the
whole of energy sector

•

Coherent policy planning, coordination and implementation: Set up a dedicated entity
responsible for energy efficiency policy implementation which tracks the delivery of the
initiatives in service of meeting the target

•

Accelerate adoption of district cooling technology: Build public private partnerships to
develop district cooling system for high density and multi function buildings while
setting clear regulatory framework and action plan to facilitate its deployment

•

Fuel and vehicle efficiency standards : Introduce fuel standard, upgrade vehicle
efficiency standards and promote modal shift to mass transport

•

Promote electric vehicles: Establish clear operating standards, legal responsibilities,
and safety standards for EV system service providers and operators to enable faster
uptake of electric vehicles
Sources: Energy Commission, APEC Energy Working Group (EWG), KeTTHA

System Value Impacts - Benefits

49 Mt

54–134K

$0.4 Bn

$1.7 Bn

Annual CO2
emissions reduction
in 2035 compared to
base case

Cumulative job years
created by 2035

Saved in cumulative
household electricity
bills (by 2035)

Cost of power
generation avoided
annually (by 2035)
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Appendix

Distributed Solar | Behind the Meter Batteries
New Mexico (US) | Kit Carson Electric Cooperative (KCEC)
Batteries to enable 35% solar penetration and 100% day time solar generation
• Kit Carson Electric Cooperative (KCEC) began to
implement solar energy for the distribution grid
serving Taos, Rio Arriba and Colfax Counties in New
Mexico

New Mexico
Solar + Batteries

California
Only Solar

• KCEC set a target of 35% solar penetration and 100%
solar day time generation

• In order to achieve such solar penetration, KCEC
mandated that every new distributed solar installation
would need to come with a battery to ensure peak
shaving, and being able to release the excess energy
stored in batteries during peak hours
• By 2022, KCEC will have 53 MW of renewables,
including 38 MW of solar and 15 MW of storage
capacity
• By contrast, the solar distributed generation in
California does not require battery installation; hence
it contributes to the already existing solar production
peak and worsens congestion and grid stability
issues

Sources: Kit Carson Electric Cooperating website, Renewables Now

The battery installed with the distributed solar system in New Mexico enables a high level of
self sufficiency (64%), also covering for peak demand times (e.g. evening peak) vs California

Solar Manufacturing | Global Trends
The solar manufacturing industry is facing increased scrutiny on its supply chain – and it’s been criticized for lack of transparency /
traceability

Sources: HBR, FT, The Guardian

Extended Producer Responsibility
Under the Extended Producer Responsibility (EPR) policy regime, the producer is responsible for solar waste management at the time the
product is placed in the market. Financing is secured at the time of putting the PV modules in the market taking into consideration the
present and future PV waste management costs. Financing models that can be explored are:
• Producer-Financed- Producers finance the cost of PV waste management. This usually happens when there is a government directive, or a
group of producers come together and form a voluntary organisaiton ensuring compliance to the waste collection policies
• Consumer-Financed- Consumers pay the fees for PV waste management (estimated future recycling costs) at the time of purchase
• Consumer Financed End of Life (EoL) disposal- The last owner is responsible for collecting and pays recycling fees for PV waste
management
Case in Point – New Business Models leveraging EPR

First Solar

Good Sun

Recycle PV Solar, LLC

Largest Thin film Cadmium Tellurium (CdTe) PV
module manufacturer in the world

Nonprofit organization that sells used crystalline
Silicon (c-Si) PV modules and BOS equipment at
discounted rates

Solar Consulting Company that sells used and repaired
c-Si PV modules for secondary uses

Recovers over 90% of the glass and
semiconductor materials

Uses the profits from the sales to install PV systems
and provide vocational training for Low and
Moderate (LMI) communities in California and
Africa

Coordinates recycling of decommissioned modules

Flexible pay-as-you-go model- Customers decide
where and when to employ First Solar’s recycling
services; Customers can request on demand
recycling services on a per-unit basis

Collects used PV modules from marked donation
sites, transports them to their facilitates, where
panels are either recycled or their materials reused
depending on the panels’ condition

In-house classification of PV modules into 3 categories
depending on the condition:
• Batch A- Minor damage, can be used for any reuse
application, Batch B- need physical repair, can be
used for off-grid installations
• Batch C- not cost effective to repair, thus recycled

Sources: EU-India TCP , First Solar, Good Sun , Recycle PV Solar

