Chapter 4
Distributed Energy System in Malaysia

Introduction

Off-grid power generation is meant to supply remote or rural areas, where grid
connection is almost impossible in terms of cost and geography, such as island,
aboriginal villages, and areas where nature preservation is a concern. Harnessing
abundant renewable energy sources using versatile hybrid power systems can offer the
best, least-cost alternative solution for extending modern energy services to remote and
isolated communities.

The Tenth Malaysia Plan (2011-2015) prioritised rural development to enhance
inclusivity as the nation progressed towards becoming an advanced inclusive nation.
Rural development focused on uplifting the well-being of the rural community and
stimulating economic activities based on land and natural resources. It also emphasised
providing rural basic infrastructure, which resulted in the increase of rural water and
electricity supply as well as nationwide road coverage. The coverage of rural roads
expanded by 11.7% from 45,905 kilometres (km) in 2009 to 51,262 km in 2014. In
Sarawak, 250 km of ex-logging roads were upgraded to provide access to 31,512 people
in underserved rural areas. In terms of utilities, coverage of rural electricity reached
97.6% and water supply 93.8%; 188,270 water tanks were also provided to supply clean
water to 251,200 rural households in the remote areas of Sabah and Sarawak.

Under the Eleventh Malaysia Plan (2016-2020), the Rural Electricity Supply Programme
will continue to focus on off-grid generation for remote and isolated areas. The
government will also establish partnerships with non-governmental organisations to
develop renewable energy sources for the rural community. Micro and pico grids will
support the alternative system of solar hybrid and mini hydro to increase coverage. The
local community will be trained and encouraged to collaborate in maintaining these
facilities to ensure sustainability of the rural alternative electrification system. According



to the plan, 99% of rural households will have access to electricity, reaching an additional
36,800 houses.

Current Situation of Distributed Energy System
Current installed capacity by type of energy source

Malaysia’s total installed capacity as of end 2015 was 30,439 MW, an increase of 1.5%
from 29,974 MW in 2014 (Table 4.1).

In Malaysia, the Electricity Supply Act 1990 (and amendment in year 2001) regulates
DES. The act requires any activity related to the supply of electricity to be licensed.

In accordance with the Electricity Regulations 1994 (and amendment 2003), two
types of licences may be granted: public and private. The Energy Commission (ST)
issues licences for the operation of such facilities in Peninsular Malaysia and Sabah. A
public licence allows the licensee to operate a public installation to supply energy to
others, whereas a private licence is granted to operate a private installation to generate
electricity for its own use or at its own property. In terms of renewable energy, the
public licensee can sell electricity generated from energy sources to utilities. The private
licensee can generate electricity for its own use using efficient technologies such as
cogeneration or power generation.

Based on the National Energy Balance report for 2015, the data on DES for Malaysia is
as follows (Table 4.2)

Model Case 1: Felda Palm Industries Sdn. Bhd. (Table 4.3)

1.Felda Palm Industries Sdn. Bhd. (FPISB) was incorporated in Malaysia on 14
September 1995 under Companies Act 1965 as a private limited company.
Formally known as Felda Mills Corporation, it was established on 1 July 1975
under Section 42 of the Land Development Ordinance 1956 as an agency of
Federal Land Development Authority (FELDA).

2.The FPISB has a paid-up capital of RM202 million (US$1.00 = RM3.9)and
the shareholders comprise Felda Holding Berhad (72%) and Koperasi
Permodalan Felda (28%). The company’s core activities are purchasing and
processing of fresh fruit bunch from the Felda estates, settlers, and external
suppliers to produce crude palm oil and palm kernel.
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Table 4.2. Electricity Generation and Installed Capacity of Renewable Energy by
Private Licensee by Region in 2015

Fuel Type Install(e"c,: ‘ﬁla)paaty Ge(rg:;lal:l)on

Natural gas 354.48 719.71
Industrial process waste heat 11.49 17.99

Diesel 399.03 11.06

Empty fruit bunch 299.38 76.20

5 o Palm oil shell and fibre 5.38 0.45
E % Palm oil mill effluent 4.85 714
o°.:’ g Wood dust 414 0.25
Solar 1.00 0.12

Hydro 2.13 5.28

Palm oil waste 17.9 25.69

Paddy husk 25.00 0.03
Subtotal 1,124.77 863.92

Empty fruit bunch 1112 50.27

E Agricultural waste 6.50 0.61
3 Diesel 415 73.22
Subtotal 21.77 124.10

Natural gas 93.00 411.94

o Diesel 9.56 6.35
g Palm oil waste 19.90 34.66
;E; Wood/sawmill dust 23.90 52.56
Others 5.05 6.91
Subtotal 151.41 512.42

Grand total 1,297.95 1,500.44

Source: National Energy Balance (NEB) 2015.

3.The FPISB is the largest crude palm oil producer with a yield of 2.51 million
tons per year, which is 17% of Malaysia’s total production. Currently, the FPISB
operates 69 palm oil mills throughout the country. Total milling capacity
currently stands at 3,364 tons of fresh fruit bunch per hour or 17 million tons
per year. The FPISB has a total workforce of 5,800 comprising of professionals
and semi-skilled workers.
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Table 4.3. Background of Umas Palm Oil Mill in Tawau, Sabah

Urnas Palm Oil Mill, Tawau, Sabah

Design Biogas Output 1,200 m3/hour

Gas Engine Capacity 1.2 MW

Point of Electricity Injection Existing Felda Distribution Facility

Umas Complex (3,000 houses, offices, and commercial premises)

Electricity Supply Areas Settler family (2,500 houses)

Staff Quarters (500 houses)

Source: Felda Palm Industries Sdn. Bhd., 2015.

Model Case 2: Sabah Forest Industries Sdn. Bhd. (Table 4.4)

1. Sabah Forest Industries (SFI) is one of Malaysia’s largest timber growers and
wood processors. It manages a forest estate totalling 288,000 hectares, pulp
and paper manufacturing facilities, and an integrated timber complex consisting
of a saw mill and a veneer and plywood factory.

2. The SFlis Malaysia’s only integrated pulp and paper manufacturer. Recent
modifications to its pulp mill have doubled its capacity to 240,000 bone dry tons
of pulp per year. Half of this is manufactured into writing and printing paper for
domestic and international markets and the other half is exported as market
pulp.

3. The majority owner of SFl is Ballarpur Industries Limited, which in turn is part
of the Avantha Group of companies.

Table 4.4. Background of Sabah Forest Industries Sdn. Bhd. in Sipitang, Sabah

Licensee and Location Energy Source Licensed Generated
of Installation 8y Capacity (MW) | Electricity (GWh)

Sabah Forest Industries Sdn Bhd Mukim

Kg. Sebubuh Daerah Sipitang vtleoel st 795 526

GWh = gigawatt-hour, MW = megawatt.

Source: Performance and Statistical Information on Electricity Supply Industry in Malaysia 2015.
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Model Case 3: BASF Petronas Chemical Sdn Bhd (Table 4.5)

1. BASF PETRONAS Chemicals celebrated its 20th anniversary in 2017. The
company has grown in leaps and bounds since its inception in August 1997.

2. Itis a smart joint venture partnership between BASF of Germany, one of the
world’s largest chemical companies, and PETRONAS, Malaysia’s fully integrated
oil and gas multinational, under its subsidiary PETRONAS Chemicals Group.

3. With an initial investment of RM3.4 billion (US$1.00 = RM3.90), this
partnership brought together a vast amount of experience, innovation, cutting-
edge technology, and an abundance of strategically located high-quality
resources. The second wave of investments include the RM1.5 billion (about
US$500 million) Integrated Aroma Ingredients Complex and production
facilities for highly reactive polyisobutylene (HR-PIB), which are expected to
come on-stream in 2017 whereas the 2-ethylhexanoic acid plant started up
successfully in late 2016.

4. Today, operating from one of the largest Verbund (Integrated) chemical sites
in Asia- Pacific, BASF PETRONAS Chemicals has become a leading chemical
company, producing and marketing chemical products, which are ever-present
and highly essential in consumers’ daily lives.

Table 4.5. Background of BASF Petronas Chemicals Sdn. Bhd. In Kuantan, Pahang

Licensee and Location Energy Source Licensed Generated
of Installation gy Capacity (MW) | Electricity (GWh)

BASF PETRONAS Chemicals Sdn Bhd Lot
139, Kawasan Perindustrian Gebeng 26080 Natural Gas 27.4 29.31
Kuantan Pahang

GWh = gigawatt-hour, MW = megawatt.
Source: Performance and Statistical Information on Electricity Supply Industry in Malaysia 2015.

Model Case 4: Gas District Cooling (Putrajaya) (GDCP) Sdn Bhd (Table 4.6)

1. GDCP Sdn Bhd was incorporated in 1997.

2. Its principal activities are generation and sale of chilled water for air-
conditioning of buildings in Putrajaya.

3. Itis 100% owned by Putrajaya Holdings Sdn Bhd.

4. GDCP business operation is governed by a 22-year concession agreement
with the government.

5. Currently, the GDCP operates six district cooling plants in Putrajaya, serving
mainly government buildings and facilities.
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6. Every customer enters a sale and purchase agreement before chilled water is
supplied to their respective development project.

Table 4.6. Background of Gas District Cooling (Putrajaya) Sdn. Bhd. In Putrajaya

Licensee and Location Energy Source Licensed Generated
of Installation 8y Capacity (MW) | Electricity (GWh)

Gas District Cooling (Putrajaya) Sdn Bhd
Plot 2U1 Putrajaya Precinct 2 Wilayah Natural Gas 10.74 23.51
Persekutuan Putrajaya

GWh = gigawatt-hour, MW = megawatt.
Source: Energy Commission of Malaysia (2015).

Overview of the Feed-in Tariff System in Malaysia

Malaysia's feed-in tariff (FiT) system obliges distribution licensees to buy from feed-

in approval holders the electricity produced from renewable resources (renewable
energy) and using the FiT rate, as set by the Ministry, through the Sustainable Energy
Development Authority (SEDA). The distribution licensees will pay for renewable energy
supplied to the electricity grid for a specific duration (Table 4.7).

By guaranteeing access to the grid and setting a favourable price per unit of renewable
energy, the FiT mechanism would ensure that renewable energy becomes a viable and
sound long-term investment for companies and individuals.

Key terminologies in FiT:
1. Distribution licensees: Companies holding the licence to distribute electricity
(e.g. Tenaga Nasional Berhad, Sabah Electricity Sdn. Bhd., NUR Generation).
2. Feed-in approval holder: An individual or company who holds a feed-in
approval certificate issued by the Sustainable Energy Development Authority
Malaysia. The holder is eligible to sell renewable energy at the FiT rate.
3. FiT rate: Fixed premium rate payable for each unit of renewable energy sold to
distribution licensees. The FiT rate differs for different renewable resources
and installed capacities. Bonus FiT rate applies when the criteria for bonus
conditions are met.
4. Indigenous: Renewable resources must be from Malaysia and are not
imported.
5. Duration: Period during which the renewable electricity could be sold
to distribution licensees and paid with the FiT rate. The duration is based on the
characteristics of the renewable resources and technologies. The duration is
16 years for biomass and biogas resources, and 21 years for small hydropower
and solar photovoltaic (PV) technologies.
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Table 4.7. Financial Support for Renewable Power Generation

Renewable Energy Capacity _
$ cent/kWh

<=4 kW 26.11

Solar PV 4 kW< x <=24 kW 25.48
24 kW < x <= 72 kW 21.78

<=10 MW 8.79

Biomass 10 MW < x <=20 MW 8.22
20 MW < x <= 30 MW 7.66

1MW < x <=4 MW 9.07

Biogas 4 MW < x <=10 MW 8.50
10 MW < x <= 30 MW 7.94

Hydro <=10 MW 6.84
10 MW < x <=30 MW 6.55

kWh = kilowatt-hour, PV = photovoltaic.
Source: Sustainable Energy Development Authority (SEDA) Malaysia, 2017.

Emission Factor in Malaysia

The increase of electricity demand in Malaysia will be a major challenge for the country.
This includes the sustainable, reliable, and environment-friendly future electricity supply
to meet the international and national growing demand on combating climate change
issues and green technology evolution.

The total carbon dioxide (CO2) emissions per MWh indicate the CO2 emissions from
fossil fuels consumed for electricity generation. Thus, the emission per MWh varies a lot
across countries and from year to year, depending on generation mix.

Malaysia used the latest and updated version of methodology tool to calculate the
emission factor for operation margin and build margin in 2015 (Table 4.8). The result
showed that the decreases in the emission factors for Peninsular Malaysia and Sarawak
slightly increased for Sabah. This decrease can be due to many reasons, namely, the
shutdown of a certain number of fossil fuel-fired power plants, increase in the capacity
generation of hydro power and efficiency of technologies installed in the stations as well
as the process of electricity transmission and distribution. The development of more
fossil-fuel power units increased the emission factor.
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Table 4.8. Grid Electricity Emission Factor 2015

A ok 2013 2oL 2015 Change in % from
Region 2012 to 201
t CO2/MWh 5
Peninsular Malaysia 0.741 0.742 0.694 0.680 -8,97
Sabah 0.546 0.533 0.536 0.546 No change
Sarawak 0.872 0.724 0.699 0.597 -46.0

MWh = megawatt-hour, tCO, = tonnes of CO,
Source: Malaysian Green Technology Corporation (MGTC), 2017.

Based on the emission factor of each region, the potential CO2 avoidance from DES
could be calculated. In 2015, this was about 174.52 ktCO2 equivalent. From the total,
51.9% or 90.54 ktCO2 equivalent was from Peninsular Malaysia, 32.2% from Sarawak,
and 15.9%, from Sabah (Table 4.9).

Table 4.9. Potential CO, Avoidance from DES

Industrial process waste heat 17.99 0.680 12.23

Empty fruit bunch 76.20 0.680 51.82

Palm oil shell and fibre 0.45 0.680 0.31

= o Palm oil mill effluent 714 0.680 4.86
E _% Wood dust 0.25 0.680 0.17
E g Solar 0.12 0.680 0.08
Hydro 5.28 0.680 3.59

Palm oil waste 25.69 0.680 17.47

Paddy husk 0.03 0.680 0.02
Subtotal 133.15 0.680 90.54

< Empty fruit bunch 50.27 0.546 27.45
< Agricultural waste 0.61 0.546 0.33
< Subtotal 50.88 0.546 27.78
o Palm Oil waste 34.66 0.597 20.69
‘; Wood/sawmill dust 52.56 0.597 31.38
E Others 6.91 0.597 413
Subtotal 94.13 0.597 56.20

Grand total 278.16 174.52

GWh = gigawatt-hour, MWh = megawatt-hour, tCO2 = tonnes of CO2.

Source: Author’s Calculation.
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Cost—Benefit Analysis

Governments typically use cost-benefit analysis to evaluate the desirability of a given
intervention. This tool analyses the cost effectiveness of different alternatives to

see whether the benefits outweigh the costs. The aim is to gauge the efficiency of
the intervention relative to the status quo. The costs and benefits of an intervention
are evaluated in terms of the public's willingness to pay for the impacts (benefits) or
willingness to pay to avoid them (costs) (Table 4.10).

Table 4.10. Estimated Various Type of Costs in Power Sector by Fuel Type

. . Solid
T e T |t

Capital cost US$$/MW 2236842 2,407,368 4,276,316 592,105 263,158
Fuel cost US$/kWh 0.0322 = - = -
Variable cost US$/kWh 0.0078 0.0026 0.0061 0.0184 0.0061
Fixed cost US$/MW 80,972 99,714 8,553 85,053 1,293
| Unit | Gas | Coal | Hydo | Oil | Nuclear_
Capital cost US$/MW 750,000 970,000 263,158 1,448,684 2,560,900
Fuel cost US$/kWh 0.0225 0.037 - 0.0876 0.0095
Variable cost US$/kWh 0.0033 0.003 0.0061 0.0071 0.0005
Fixed cost US$/MW 13,000 20,000 1,293 10,526 42,000

kWh = kilowatt-hour, MWh = megawatt-hour, PV = photovoltaic.

Source: Author’s Estimation from literature review.

The estimated costs for off-grid for DES for each case were calculated based on

their respective cost elements, such as capital, fuel, variable, and fixed costs (Table
4.11). For case 1, which uses biogas as the main fuel, the estimated cost for off-grid is
approximately US$2,878,974. For case 2, which uses biomass as the main fuel with a
capacity of 79.5 MW, the estimated off-grid cost is US$177,478,766. As for case 3,
which uses natural gas as the main fuel, the estimated off-grid cost is US$20,634,898.
For case 4, which uses natural gas as the main fuel at 10.74 MW capacity, the estimated
off-grid cost is US$8,398,428.

Assumptions
1. About 5% of transmission line cost was already captured under capital cost.
2. The estimated average transmission line cost is US$180,000 per kilometre.
3. Ten kilometres are required to supply electricity to the national grid from the
power plant.
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Table 4.11. Estimated Cost Off-Grid

e [ ower | cws | owa |

Fuel Type mm

Capacity (MW) 79.50 27.40 10.74
Generation (GWh) 5.74 52.60 20.31 23.51
Capital cost (US$) 2,744,400 168,937,492 19,522,500 7,652,250
Fuel cost (US$) - 1,693,720 659,475 528,975
Variable cost (US$) 14,918 410,280 96,723 77,583
Fixed cost (US$) 119,657 6,437,274 356,200 139,620
Total Cost (US$) 2,878,974 177,478,766 20,634,898 8,398,428

GWh = gigawatt-hour, MW = megawatt.

Source: Author’s Calculation.

With the same parameter data for each case, the estimated total cost was calculated for
the on-grid condition (Table 4.12). This is just an analysis to see the difference between
off grid and on grid of the total cost for DES. For case 1, the cost for on-grid is about
US$4,678,974, 62.5% higher than the estimated cost for off-grid. For case 2, the total
cost for on-grid is about US$179,278,766, only 1.0 % more than off-grid. For case 3,
the cost for on-grid is about US$22,434,898, 8.7 % higher than the off-grid condition.
Finally, for case 4, the total cost for on-grid is about US$10,198,428, about 21.4%
higher than for off-grid.

Table 4.12. Estimated Cost On-Grid

o [ | oo | oo

Capacity (MW) 795 27.4 10.74
Generation (GWh) 5.7376 52.6 29.31 23.51
Capital cost (US$) 4,544,400 170,737,492 21,322,500 9,452,250
Fuel cost (US$) = 1,693,720 659,475 528,975
Variable cost (US$) 14,918 410,280 96,723 77,583
Fixed cost (US$) 119,657 6,437,274 356,200 139,620
Total cost (US$) 4,678,974 179,278,766 22,434,898 10,198,428

GWh = gigawatt-hour, MW = megawatt.

Source: Author’s Calculation.
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Current Policy

No specific policy on DES exists in Malaysia. However, some programmes created by
the government support the rural electrification activities. The Rural Electricity Supply
Programme includes a grid connection method, alternative methods such as hybrid solar
and hydro micro, and installation of streetlights in villages to ensure the sufficiency,
guarantee, and reliability of electricity supply to the people especially in rural areas.

The Akaun Amanah Industri Bekalan Elektrik (AAIBE) or Malaysian Electricity Supply
Industries Trust Account (MESITA) was formed under Section 9 (3) of the Financial
Procedure Act 1957, by means of a trust deed on 1 January 1997. It was officially
launched in July 1997. The contributors to the fund are the power-generating
companies, i.e. Tenaga Nasional Berhad Generation Sdn. Bhd. and independent power
producers (IPPs) in Peninsular Malaysia comprising Genting Sanyen Power Sdn Bhd,
Port Dickson Power Bhd, Powertek Bhd, Segari Energy Venture Sdn, and YTL Power
Generation Sdn Bhd. Their contribution is voluntary, and they contribute 1% of their
electricity sales (of their total annual audited turnover) to the Peninsular Grid or the
transmission network to the fund.

Future Development of DES

Future installed capacity by type of energy sources

Table 4.13. Future Installed Capacity by Energy Sources in MW

Hydro 5,967 8,510 8,543 8,543
Natural Gas 14,439 24,837 37,667 51,467
Coal 13,067 18,511 29,311 43,31
Diesel | MFO 1,309 1,137 1,197 1,197
Biomass 867 888 916 916
Solar 1,349 2,619 2,679 2,679
Biogas 189 194 194 194
Others 39 39 39 39
Total 37,226 56,735 80,546 108,346

MFO = Medium Fuel Oil.
Source: Results generated from LEAP Software, 2018.
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The estimated future installed capacity by type of energy source was calculated based on
information from the latest power development plan for the country (Table 4.13).

By 2050, the total installed capacity in the country is expected to be at 108,346 MW. In
2050, about 48% of power-generating capacity will be from natural gas, followed by coal
at 40%. The capacity will be from renewable energy such as hydro (8%), solar (2%), and
biomass (1%).

Based on estimated future installed capacity, DES for Malaysia for the same period was
estimated based on the proportion of the share of DES in 2015 (Tables 4.14 to 4.17).

Table 4.14. Estimated Future DES Installed Capacity and Generation for 2020

Region o T Install(eht/i‘ c\:,z;pacity Ge(réec‘va[t‘i)on
Natural gas 378.98 769.45
Industrial process waste heat 11.55 18.08
Diesel 356.17 9.87
Empty fruit bunch 300.94 76.60

5 o Palm oil shell and fibre 5.41 0.45
E % Palm oil mill effluent 8.24 12,12
E g Wood dust 416 0.25
Solar 5.96 0.72

Hydro 2.22 5.51

Palm oil waste 17.99 25.82

Paddy husk 25.13 0.03
Subtotal 1,116.76 918.91

Empty fruit bunch 1118 50.53

E Agricultural waste 6.53 0.61
3 Diesel 8.53 150.56
Subtotal 26.25 201.70

Natural gas 99.43 440.41

o Diesel 8.53 5.67
g Palm oil waste 20.00 34.84
E Wood/sawmill dust 24.02 52.83
Others 5.05 6.91
Subtotal 157.04 540.66

Grand total 1,300.04 1,661.28

GWh = gigawatt-hour, MW = megawatt.

Source: Author’s calculation
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Table 4.15. Estimated Future DES Installed Capacity and Generation for 2030

q Installed Capacity Generation
e P ) (GWh)

Natural gas 651.89 1,323.56
Industrial process waste heat 11.83 18.52

Diesel 309.37 8.57

Empty fruit bunch 308.23 78.45

= Palm oil shell and fibre 5.54 0.46
é % Palm oil mill effluent 8.45 12.45
é g Wood dust 4.26 0.26
Solar 11.57 139

Hydro 317 7.86

Palm oil waste 18.43 26.45

Paddy husk 25.74 0.03
Subtotal 1,358.50 1,478.00

Empty fruit bunch 11.45 51.76

E Agricultural waste 6.69 0.63
3 Diesel 7.41 130.77
Subtotal 25.55 183.16

Natural gas 171.03 757.56

o Diesel 7.41 4.92
g Palm oil waste 20.49 35.68
§ Wood/sawmill dust 24.61 54.11
Others 5.05 6.91
Subtotal 228.59 859.20

Grand total 1,612.64 2,520.36

GWh = gigawatt-hour, MW = megawatt.

Source: Author’s calculation.
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Table 4.16. Estimated Future DES Installed Capacity and Generation for 2040

Fuel Type lnstall(eﬂ \gla)paaty Ge(réevrsll:l)on

Natural gas 088.64 2,007.26
Industrial process waste heat 12.20 19.11

Diesel 325.70 9.03

Empty fruit bunch 317.95 80.93

= o Palm oil shell and fibre 5.71 0.48
é % Palm oil mill effluent 8.45 12.45
é g Wood dust 4.40 0.27
Solar 11.84 1.42

Hydro 3.18 7.89

Palm oil waste 19.01 27.28

Paddy husk 26.55 0.03
Subtotal 1,723.64 2,166.14

Empty fruit bunch 11.81 53.39

E Agricultural waste 6.90 0.65
S Diesel 7.80 137.67
Subtotal 26.52 191.71

Natural gas 259.38 1,148.90

o Diesel 7.80 518
g Palm oil waste 21.13 36.81
§ Wood/sawmill dust 25.38 55.82
Others 5.05 6.91
Subtotal 318.75 1,253.62

Grand total 2,068.90 3,611.47

GWh = gigawatt-hour, MW = megawatt.

Source: Author’s calculation.
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Table 4.17. Estimated Future DES Installed Capacity and Generation for 2050

Fuel Type Install(e':/:l| \fva)paaty Ge(rgvvalzl)on

Natural gas 1,350.85 2,742.66
Industrial process waste heat 12.20 19.11

Diesel 325.70 9.03

Empty fruit bunch 317.95 80.93

= o Palm oil shell and fibre 5.71 0.48
§ % Palm oil mill effluent 8.45 12.45
&c) g Wood dust 4.40 0.27
Solar 11.84 1.42

Hydro 3.18 7.89

Palm oil waste 19.01 27.28

Paddy husk 26.55 0.03
Subtotal 2,085.85 2,901.54

Empty fruit bunch 11.81 53.39

E Agricultural waste 6.90 0.65
S Diesel 7.80 137.67
Subtotal 26.52 191.71

Natural gas 354.40 1,569.82

o Diesel 7.80 518
g Palm oil waste 21.13 36.81
;‘i'; Wood/sawmill dust 25.38 55.82
Others 5.05 6.91
Subtotal 413.77 1,674.54

Grand total 2,526.14 4,767.79

GWh = gigawatt-hour, MW = megawatt.

Source: Author’s Calculation.

In 2020, the projected future DES installed capacity is about 1,300 MW. The potential
total electricity generation for DES is about 1,661 GWh. For 2030, the installed capacity
for DES is about 1,613 MW with potential electricity generation around 2,520 GWh. In
2040, the installed capacity for DES is estimated at 2,069 MW with potential electricity
generation about 3,611 GWh. The estimated installed capacity for DES in 2050 is 2,526
MW with potential electricity generation around 4,768 GWh.

Projected Potential CO2 Avoidance from DES in 2020, 2030, 2040, and 2050 [level 1]
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Based on estimation of DES in 2020, 2030, 2040, and 2050, we can calculate the
projected potential CO2 avoidance. Tables 4.18 to 4.21 show the results for each
period.

Table 4.18. Projected Potential CO, Avoidance from DES for 2020

. Generation Emission Factor
e P (GWh) | (:CO2/MWh)

Industrial process waste heat 18.08 0.680 12.30
Empty fruit bunch 76.60 0.680 52.09
Palm oil shell and fibre 0.45 0.680 0.31
= Palm oil mill effluent 12.12 0.680 8.24
§ Wood dust 0.25 0.680 0.17
'g Solar 0.72 0.680 0.49
e Hydro 5.51 0.680 3.75
Palm oil waste 25.82 0.680 17.56
Paddy husk 0.03 0.680 0.02
Subtotal 139.59 0.680 94.92
< Empty fruit bunch 50.53 0.546 27.59
9 Agricultural waste 0.61 0.546 0.33
i Subtotal 51.15 0.546 27.93
o Palm oil waste 34.84 0.597 20.80
% Wood/sawmill dust 52.83 0.597 31.54
Jn"'u Others 6.91 0.597 413
Subtotal 94.59 0.597 56.47
Grand total 285.32 179.31

GWh = gigawatt-hour, ktCO, = kilotonnes of CO,, MW = megawatt, MWh = megawatt-hour, tCO, = tonnes of CO, .
Source: Author Calculation.
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Table 4.19. Projected Potential CO, Avoidance from DES for 2030

. Generation Emission Factor
e vpe (GWh) | (:COz/MWh)

Industrial process waste heat 18.52 0.680 12.59
Empty fruit bunch 78.45 0.680 53.35
Palm oil shell and fibre 0.46 0.680 0.32
= Palm oil mill effluent 12.45 0.680 8.46
z Wood dust 0.26 0.680 0.18
'g Solar 1.39 0.680 0.94
e Hydro 7.86 0.680 5.35
Palm oil waste 26.45 0.680 17.99
Paddy husk 0.03 0.680 0.02
Subtotal 145.87 0.680 99.19
< Empty fruit bunch 51.76 0.546 28.26
4 Agricultural waste 0.63 0.546 0.34
i Subtotal 52.38 0.546 28.60
o Palm oil waste 35.68 0.597 21.30
g Wood/sawmill dust 54.11 0.597 32.31
E Others 6.91 0.597 413
Subtotal 96.71 0.597 57.74
Grand total 294.96 185.53

GWh = gigawatt-hour, ktCO, = kilotonnes of CO,, MW = megawatt, MWh = megawatt-hour, tCO, = tonnes of CO, .
Source: Author Calculation.
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Table 4.20. Projected Potential CO, Avoidance from DES for 2040

Industrial process waste heat 19.11 0.680 12.99
Empty fruit bunch 80.93 0.680 55.03
Palm oil shell and fibre 0.48 0.680 0.32
= Palm oil mill effluent 12.45 0.680 8.46
z Wood dust 0.27 0.680 0.18
'% Solar 1.42 0.680 0.97
o Hydro 7.89 0.680 5.37
Palm oil waste 27.28 0.680 18.55
Paddy husk 0.03 0.680 0.02
Subtotal 149.85 0.680 101.90
< Empty fruit bunch 53.39 0.546 29.15
4 Agricultural waste 0.65 0.546 0.35
i Subtotal 54.04 0.546 29.50
o Palm oil waste 36.81 0.597 21.98
g Wood/sawmill dust 55.82 0.597 33.32
§ Others 6.91 0.597 413
Subtotal 99.54 0.597 59.43
Grand total 303.42 190.83

GWh = gigawatt-hour, ktCO, = kilotonnes of CO,, MW = megawatt, MWh = megawatt-hour, tCO, = tonnes of CO, .
Source: Author Calculation.
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Table 4.21. Projected Potential CO, Avoidance from DES for 2050

. Generation Emission Factor
e vpe (GWh) | (:COz/MWh)

Industrial process waste heat 19.11 0.680 12.99
Empty fruit bunch 80.93 0.680 55.03
Palm oil shell and fibre 0.48 0.680 0.32
= Palm oil mill effluent 12.45 0.680 8.46
z Wood dust 0.27 0.680 0.18
'% Solar 1.42 0.680 0.97
e Hydro 7.89 0.680 5.37
Palm oil waste 27.28 0.680 18.55
Paddy husk 0.03 0.680 0.02
Subtotal 149.85 0.680 101.90
< Empty fruit bunch 53.39 0.546 29.15
4 Agricultural waste 0.65 0.546 0.35
i Subtotal 54.04 0.546 29.50
o Palm oil waste 36.81 0.597 21.98
g Wood/sawmill dust 55.82 0.597 33.32
E Others 6.91 0.597 413
Subtotal 99.54 0.597 59.43
Grand total 303.42 190.83

GWh = gigawatt-hour, ktCO, = kilotonnes of CO,, MW = megawatt, MWh = megawatt-hour, tCO, = tonnes of CO, .

Source: Author Calculation.

In 2020, the projected potential CO2 avoidance for DES will be about 179.31 ktCO2
equivalent and in 2030 the potential CO2 avoidance for DES will increase to 185.53
ktCO2 equivalent. The potential projected CO2 avoidance for DES in 2040 is expected
toincrease to 190.83 ktCO2 equivalent. By 2050, the projected potential CO2
avoidance from DES will be 190.83 ktCO2 equivalent.

Distributed Energy System in Malaysia



"UOIIR|ND[BD S IoYINY :324N0G

LLzvS‘6Sz6V0‘T €11E6°QR9‘GY Lz V69€ZEL  1P'682‘g9E0S 10°829‘QL8‘GY6‘L LLThS690°Gl0T  E1'LE6°GR9‘SY  1zP69€ZEL 11 682G9€0S  L0°8Z9‘BLOLL6‘L  8T'L99‘L 0°00€‘L |e3o1 puelny
g89'€ebzlligzr E1'boz9zES 09°6S€1€ze YO'EgESYEL zoLbb €1l ‘S0z go'febizzliliz  E1vOTiQTES 05°6SE1€zT YOE€8EUSYEL oLl €LL96L 99°0¥S vo'LSL |eloiqng
0098 18LCL 09'g06‘goy  00°g68‘€S 007052z 0L'TSO960°EL 0/°09€186/1LL 09'go6‘got 00°868‘€S 00'70S‘zzT 0oLzS0‘96z LL 16'9 S0'S NElile}
L6Y11965969 99/zEGV6L  96'9oLTLy 80'T9T10L L LT ghP6E99S L6YY1Q6LLS 99/LTEG6 L 96'9oLzly 80°79T‘10LL LT by 6ELES €82S zote 1SNP |[IWUMES/POOAA M
§9'184°gSS‘6Y 18'67L619°L 19891t 8] V/g1zLL SE'86EahSor SS18L°gSL LYy 18676191 158941 LT 88 v/g1z1LL SE'86ESYL VY g ve 00°0T 91sem |10 wied m
YT vereSL YL 1519965 v6zvzor LY81596% Lz'110T9LPL Y vEreS6cL 1519965 v6zhzor L'g15°96¥ Lz'110T9€TL L9°S €98 |1esaiqg g
12'20L‘520°68 09599526zl 60°€SEESP L  19'9zT'6066  TOL9S‘OLEQL [Fardo YA Taalks} 05995262l 60°ESEESY L  19'STT‘6066  TOL9S‘OLSYL Loty €66 seg [einjeN
€9'z€z‘goT‘9L  £€9'166‘€TS‘L 18°6/8°L9P‘L £0°099‘GEGVL 91'LOGO8ELS  €9'z€Z‘B0869  £9'166°€ZS‘L  18'6L8LoV‘L €0°0999E8VL 19'L08‘086¢LS ol10z Sz'9z |ejoiqng
£g'€5Y‘605'gT 0T'128'68 zz'SY6'g90‘L  61'9/9G8LEL  LT'LLOZ9LPL 18 €S 60L 9T 0712888 ZT 96990l 61'9/9°g8LEL  [z'1LO0T9ETL 99051 €98 |19sa1qg unw
£¥'z26°g969L L0'790‘62S [4:x4: 74 ghvvL6L ZULEEGLPOL £hzz6:goLaL L0'¥90°625 z8T8LY g vi/6L ZULEEGL9PL 19'0 €99 215eM [eIN}NDLBY W
£€998°62L6T z¥901‘G06 LL1S1Y6E 9€6817z9°L gL gab‘€ogoz £€:998°626/t z¥'901'506 LL1S1Y6E 9€6€17z9L 8L:85¥*€o0‘Sz €909 gL younq uniy Axdwg
Shogg‘gzeLhLL QESELGEGGE 06°VSV‘Vzo‘E VEobE1goTe £8'6VEVRLeg9 L SProgge‘geSlelL QESEL‘gEggE 06VShzo‘e VEobEigoze  €8'6VEVR6T99‘L 16°GL6 9l'911L |elo3gqng
£€8'6/8'gv0‘09  LS'198VE0‘Tc  TTSET o146 00°'1z8TL0'8S £8'6/8gvz‘gS L5198Y€0c TTSEr vo'1L6 00°Z1821Z‘9S ¢oo €1se 3sny Apped
99'96T°gES Py 88096‘9SPL  Lv/z¥loT z6'EES1EQ 6£€LEgvo‘eh 99'56Z‘gEL Ty 88'096°9SY‘L  L¥lzbloz 76°€£91€8 6 €LEghzior (4314 66°LL 91sem |10 wied
SL9z9‘ieh'e 86'7/8C Tl1T9'te - S0°0£198€ /929129 86'v/gc T/'129‘€e o S0'0€1'98S 19°S (444 0IpAH -
9z ¥a6‘9veLle or'586‘0S YSe9ey - 2509162t 9z¥56°915‘Ge ob°986‘0S SR Ind o 2€'50916¥Gz z/l0 96°S Jejog m.
26'998°95b 1L 80°LE6QEE L0961 00'Z60°‘g L9 1¥g‘golLL 269989596 80°€/69EC L1096 00760 £9'1¥8g0¢E‘6 Szo eIk 1SNP POOAA ml.
6¥‘€05L6Lce ST09T6eS  LL€eSE = Ly61L'9z91e 6%'€05L6¢0t ST°09T°6¢S LL€eSE o L 61L'9z8'6L Tzl veg uBN[HR 1w |10 wied W
9T'E66TSEYL LT'T06LEY 1£'82S‘E 09'595PL P1L66968€L 9T'€66T5S‘TL 1T'T06LEY 1€'825‘€ 09°995VL Y1L66‘960CL Svo 7] 2.ql} pue ||ays |10 wied :W.F
607 €V 16€c0L  zTY/8L9tYT 10'19¥L6S 09'lPP'9ot‘c  97°999‘656VL9  60°EVYL6S00L  TTV/819tYT  1019¥L6S 09'lbv9ob‘c  92°999‘651°€L9 099/ ¥6°00€ young 1niy Axdwg m.
§£059‘g9v‘zeS  1rS60°6VLE  zhz60‘0L Szzogv9g 99'099‘V8L/1S  GL0599‘g99‘0zS  1¥'S60‘6YLE  zhz60‘OL Sz'z08v98 99'099786G1S 186 £1'9S¢E 1esa1g
12°986€62'6T g€zTT'at6 LUySoibL Z€'00£28S obrgob‘s€gle 12°986€6 Lz gezT'9Ed LPSotbL 7€'00£C8s ob'gotreag‘se g80'glL SS'LL 1e3 915eM $59001d [erLasnpu|
vzlgozigiole  10°GzL'9z6Y  PILgL'6EST  19'6E9TIELL  LPrSEibEo‘9ge  Ye/g9‘elo6oE L0'S2L9z6Y  PI/gL6EST  19°6E9TIElL  LySELveThge Sh69L 86'gLE sed [einyeN

(mw)
Kydedey adA] Jang

pajjeisu|

($sn) ($sn) ($sn)31s0d ($sn) ($sn) ($sn) ($sn) ($sn) 150D ($sn) ($sn) (CT'Y>))
350D |ej0) 350D paxig a|qenep 350D |ang 350D [ende) 350D |ej0] 350D paxig a|qene) 350D [any4 350D |ende) uoneIduUaIn

020Z Ul S3@ 104 P9 UQ pue pLIS O USaMIag 350 pajewilsy "gg'y d1qel

Distributed Energy System in Southeast Asia



“UOIIR[ND[BD S IoYINY :@24N0G

78'906°0500LE‘c SEVL6PSS0S ELzoE‘TILOL 60°079T9z'g9 ST'066‘0ZILIgLT Z8'906°0S8‘GLze SEVL6VSS‘0S ELzotTi‘ol  60°0V9T9z‘g9 Sz'066‘0z6‘9VLT 9f'0zS‘c  V9TLYfL |ejo) puelny
09',95‘06¢‘06T 29'8TS‘SEE‘9 SE-thz6gz‘e gozgh06S0T VS E0E‘GLI'09T 09°LSS‘06£‘gLlz  T9'gTS‘GEE‘9  SEtthz6gz‘e go'zgP‘06S‘0z VS €0E‘GLI1ST 0z°6S8 65°gzz |ezoiqng
0098 18L €L 09°'g06‘gol 00°'868€S 00'z0S‘zzz  0OL'TS0960 €L 0/'09€186/LL 09'go6‘gol 00'868‘€S 00'z0S‘zTT oLzs0‘96z LL 16'9 S0’ sIBYIO
vooolL'g66‘09  zEQPPT66L  6/:8g0Teh  TI69v TPl 18°960178'9S 000186165 TEoPYz661  6/'ggo‘cey  zI69vThLL 18'560°170S 1) 19z 1SNP ||IWIMES/POOAA m.ﬁ
599'895‘GLL0S 05786‘g59‘L  ob6obegle  zEghobhLL  £€6:961629LY 99'8959L6‘gl 0527869599L  06'0ovEgle  zEgho6bhIL £6:961628‘Sh 89°5E 610t 91SeM |10 Wied m
/1Tl ‘S00‘EL oLzegls 60°956V€ £€6:9LT1EY ¥92£99,ESTL Tl1TlSSTiL oLzzgls 60°9567€ €6'9LELEY ¥S299LELOL 6 (1A |19sa1qg -
67'9086€8 151 S0'69€€zec  LS096°66F‘T 0LGQLGPOLL  L116T'1L0"0EL 61'908‘6€0°05L  S0'69€‘€zz'T LS5 09666V‘c 0L'GgL1'GhoLL  Lr16TillT'gTL 959°LSL oLl sed [einjeN
09'gLS‘ehleL  66'9z69VSL LE'SQOLEE‘L 60VghThLEL LL‘ego‘9LL9S 0S'gLS‘ehELg 66°9z6°9YS‘L  1E'SOLEE‘L  60'bgvThIEL  LLI'ZgO‘OLELS oLégL S5°9z |ejoigng
89788666V /g'gLo‘gl Y6/8Y'ge6 €EOLLGSY L ¥SL99LESTL 89'788661°€ 1£'gL0‘gL ¥6°/8V'ge6 €eoLLesh L vSL99leloL LL08L (/A |19sa1qg K,
QL GEEQEELL LLgLg LYS £9'868Y ¢l zzz‘oe 89'GEE69/L9L 8/'GEE‘QESGL LL8Lg LYS L9868V Yozzzior 89'3EE696 VL €90 699 2)seM [eIN)NDLSY W
Y0°ga€9ot ot ¥ 6z0Lz6 olg6g‘cor  Y0'1S5999‘L  6g8'gL0‘60o¥ Lz Y0'85€909‘gT i 6z0lz6 o/:g69‘€o  ¥0'195999°L 68'8£0609GT 9115 St youngq 1niy Axdwig
2L OLLL169V6° L L QIS‘TLO‘TYy LY EL6°GgY‘S T6'€L962SVE 09109‘6TTVOgL TLOLLLNLZ6 Y  £LQISTloTy  LYEL6‘GgYe  T6'€L96eSYE  09ho9‘6ehPYgL 00'gibL 0S°8SE‘L |elo3gqng
S€TSL65Y 19 1g'gh1Pgo‘c  z6obz 95766 00'89EVLE6S  SETSL6996S Lg'gh1Pgo‘c  z60bvT 951766 00'89EVLSLS ¢€oo {7414 3sny Apped
0C6LY eSSy 65°05zT6¥‘L  ¥E90E‘9oT 881/9158 6vLyzceoey oE6LYELL Y 65'05zc6YL  PE9oE9or gy t/91S8 6V Lyecec Ly Shoz ergL 91seM |10 Wied
96'6¥5°989c gzooly 5056y - 0T 66VYe9T 96°6¥5988 gzooly Y9096y o 0z’ 66VVEQ 98, LrE 0IpAH -
oy’ 0€8L6E1S L0'586°g6 £91LY'g - 98'€/E062°15 ob0€g165°61 L0°586°g6 €9LLYg o 9g'€LE‘06V 6 6¢€1L AT Jejog m.
S0'9VL'689°1L S0GELSPE 59,00 00°'88z‘g PESQLEPEE L S09VL'688‘6 SO'SEL‘arE 59,00 00887 YEQLEVESE 9z0 9T 1SNp POOAA ml
15°916'GeL 2T 26°12€25S YLLSETE - 98'5€z1S1'eT 15°516°G€6‘0T 2612€2SS YLLSETE o 9g'5€z19¢e‘0t She Sh'g JUsN|HR ||1W |10 wied W
00°SP0259PL 8'g05‘ght LL€19€ orgL6vL 98'S€z‘061 YL 00°'Sh0258‘CL 8‘g05gh Y LLE19E ovgL6vL 66°€00°06€ECL oo 99 2.ql} pue ||ays |10 wed .ml
00'98/‘09€‘61L 1566056t QETE6LLY obz8L'9zSc  L9‘1LSV9z169  00°98L09S/LL  ¥S660°Q56VT QETEELL ovzglo9zsc L9'LLSY9V ‘689 Syl £€z°g0¢ younq 1niy Axdwg m.
(44 24 R Toh 45V AR JAVA 4o T3 z¥'zgg‘09 S6°8911SL €1I'10£°G866YY  zzheg‘eSTeSh [AAVAQS T4 zh'zg8g‘09 5689119 eroe‘agLghy 158 LE60E |1osa1g
86266966t Z8'v/8/56 S9'0LY P ghvov‘'96s  €956/1192'ge gl '626651'g 28v/8156 S9 oLy vl g vor ‘969 £9°6/119¥9z z5gL £€gLL 1eay a15em ssadoid [eLasnpu|
Stzi6Treees SLze9 YLy €9°6€L19¢Y  Szzho‘0gl‘6T £9'g0S‘0zL 06y  SPTL6ThSIEs ik adsh 74 €9°6€L/9¢Y Szzho'ogl6z €9805‘0z6g8Y  99E€zEL 68199 sed [einyeN

(mw)
Kypedey adAj |ong
pajjeasy|

($sn) ($sn) ($sn)3s0d (asn) ($sn) ($sn) ($sn) ($sn) s> ($sn) ($sn) (CTY>))
350D |ejo0) 350D paxiy a|qenep 350D [ang 350D [ende) 350D |ej0] 350D paxig a|qene) 350D |an4 150D ende) uoijesauan

0£0 Ul $3 40} PUD UQ PUE PUD O US3MIAg 150D PRreWNsT EZ°y dqeL

Distributed Energy System in Malaysia



"UoIB|N[ED S J0YINY :32IN0S

L6°9L6‘goz‘1zl'T  0S'Lz096E1LS oF'0886LLCL 06V QREE6  9LIVa9v0L9SST  L6'9L6Q90189C 0S'LT0‘Q6ELS OF'088°6LLEL 06'V1‘gge'c6 oL'VS9‘v0S‘zeS‘e LLLg9‘E 6'890‘C |e103 puein
z6'28T6681LE  08'616°L09L 9T'ELSVO9V z9TbVoS6z  SzLLE‘€gLOEE z6'282°66829€  08'616L09L  9T'€LS‘VO9‘V z9'zIV‘605‘6T ST LLEEQLIZE 29'€SZL SLgLE |el03qng
0,09 18L CL 09'g06‘goY 00'868‘€S 00'z70S‘ceT 0oLzS0‘960°¢CL 0/'09€186°LL 09'go6‘gol 00°868€S 00'z0SCTT oLzs0‘96z LL 16'9 S0’ SENle)
08909829 0z'L/z‘S50'C  06°L6¢°5Ey LA TAN 98'5299/5°gS 08'90/LY9019 0T'1L2‘950Tc  06°L6ESEY by LbL6/ 98'529°9LL9S (43 1314 snp Egmm\noo\ﬁ m..
Y¥196292‘2S 9L 26T UL (N ANVA:T4 £5°6/2‘581°L ol'19zvLo‘6y Yr19625v‘05 9LT6T L)L (W ATVA-74 YA VA4 TN} oL9zvlely 18°9¢ ere 91SeM |10 Wied m
1T'169°6V9 €L 89595V 69'66L9¢€ 19°5€0YS LO'66ZVOLEL zT1696V8 1L 89595V 69'66/L9¢€ 19°5€0PSY LO'66ZVOELL 8rs ogL |19sa1g -
8LT/S‘SvE‘6ee OV'068°LLEC 9T 0Q9EL6LE  65€8L058GT  TGQELTEEQHL 8LT/S‘SVSLte o'068°LLEC  QT09EL6LE 69105989 TS QELTESTVOL 06°gh1L 8€65T sed [einjeN
LS EEL‘GSESL L0'L9EL6S‘L  €L°996°Q6E‘L  £9°€61°‘008‘€L  0Z'€1ZT95‘8S LS°€€L‘g56°69 L0'LOEL6S‘L  €L°'996‘Q6E‘L  £9°€61‘008‘CL 0T ELZ‘Z9LES 1161 299z |elo3qng
00°€S1'Yeeige 96°5€18 99vgvLL6 L& €€z‘090TL  LO'66TVOLEL 00°'ESLvev e 96°5€128 99'vghLL6 1€°€€z‘090CL  LO'66TVOE LL L9LEL ogL |19sa1qg m,
Yzozz'ozglL L6796g5S €I'E50‘S £&09g‘0T 9L beEbelL Yz ozz‘gzogL L6'796°QSS EIEso‘S LE09g8‘0T 9L 1vELPYaL 99'0 069 215eM [RIN)NDLISY m
T€09£‘goe LE £0°092‘956 Y6 Levoly S6:660°6LLL 9€z/S91T'ge 7€'09€‘g05‘6C £0°092‘956 Y6 Levoly 96°660°61LL 9€zLS91¥‘9z 6€°€S 1g'LL younq uniy Aidwy
ghrog96‘oloViz'c 69'9VL‘961gY LY 1bE‘QLLL.  99°'808°QL0O°0S LL'€90°656L91‘c gl 096‘OLeVSz‘e 69:9VL961gY LYIVEQLLL  99'808°QLO°0S LL'€90°6S1Lghi‘e  L'9gLT v9-€zlL |ejoigng
LL:916'07E€g gr'S9g8‘6vL'c  19°ghT 26°920°L 009/L68119 1L'516°07519 87°998‘6Y1'C 15°gve z6°5z0‘L 009LL68¥65 €00 599z 3sny Appeq
YLvzl€56‘9r P9 €0E6ESL 6V LgTIT 61°6259L8 29'6L0‘CTEYY YLvzles1ay P9 E0E6ESL 6t°L18CIT 61°6259L8 79'6L0‘€eS‘eh gzl LO'6L 91SeM |10 Wied
78/86689C oLy grocLgl - 1T°SELLEYT 78'/86°688 oLy grogi‘gl o 1T°SELLE] 68, gLe 0IpAH
9TT60YESTS 0/zSzio0L 19°999°‘g - S6°€L1YTheS 9T'Z60VEL0S 0/zszioL 19°599°‘g (o} S6°€L1Y29°0S [4 4l gL Jejog W
68185‘100CL 69/1099€ 96'0L0C £E6YS‘g 16:9V6VEQ‘LL 68'v85‘loz‘oL 69/1095¢ 96'0L0C £E6Yag 16:9V6V€Q‘6 lzo obt 1SNp POOAA ml
Lo€geSLee LiLeL'699 YLLSECE = 9g8'5€ei1S1'Te Lo1€€€S6°0T LLeL'699 YLLSEeE o 98'S€z15¢‘0T She Sh'g JUBN|HS [|IW |10 Wied W
[4 VA4 ToR 1015929 [INAINT 08'88€‘aL 08'6£9°085VL [4 VA4 a4 T4l 1015929 TllTle 08'8g€‘aL 08'6/9‘08/LTL gho VA 2.ql} pue ||9ys |10 Wed .M.
§59'9£5°986¢1L 59:990°GP/L‘Sz S5 /TT1€9 089€8°909T 95 SPYvoo‘ELL 595°9/59g1L'oVL 59:990°9V/‘9z  9S9/LzT1€9 08'9€g'509'c 99 S oL €608 S6°L1E younq 1niy Axdwg m.
8E19V6L6LLY ozLiE‘ge ‘e 17'56079 gt'g0g‘06L oS obz'otg‘€ly  gELgb6LI9LY ozlie‘gee 1256079 gh'g08‘06/L oSobzoegLLy €06 [eYA 143 |19sa1qg
61998/vg‘0e 80°8£0°g86 €0'9z061L goolzSlg S0'17S‘506‘62 61'958/v06T 80°8L0°g86 €0'9zo‘6hL coolzslg So'LvS‘S6zle 6L oz'zL 163y 9)5BM S5220.d [eLisnpu|
Suvg6‘oz6Log 96'07ETagTL  LIPL6°€Z9‘ 1g'657€9L'Sy  grr60oTIgTEVL SLg6‘ozi‘gog 960veTagTL LwvL6€e9’g  18'6SV‘EgL'at  gz6ozIgh L 97,00 9886 sed [einyeN

(MW)
Kyoedey adAj |ong

pajfessuj

($sn) ($sn) ($sn ($sn) ($sn) ($sn) ($sn)sod ($sn) ($sn)
350D |e30) 350D paxi4 | 350D sjqeniep 350D |ang 350D |ende) 350D |ej0] a|qene) 350D |ang 350D Jende)

0¥0Z Ul $3 10} PUD UQ PUE PUD O US3MIAg 150D PRIRWNST HT 'y dqeL

Distributed Energy System in Southeast Asia



"UOIB|N[ED S J0YINY :B2IN0S

OL08LLL6‘660°C T 'ELO‘OVEC9 0T'0EL‘G6SLL 097TLS‘GoP‘6LL 8P €0V 0£9668°c OL08LLLLG90‘E  z@ ELO‘OVEEY 0Z'0EL‘G6SLL 09TLS‘GoV‘6LL ghEov‘oEh‘Soge 6L°L9LY  b19zS‘e |e103 puein
Lz'66LV9z‘aSY zo'VlzlEg‘G 00°809€66‘S Eotol'0g66E 1z E1g‘ESh Lo Lz 66L Vo'oY zo'vLzlE8‘Q 00°809‘€66‘S £0°'10L‘086‘6E 1Z°E18°ESP T6E YSvL9‘L LLraw |el03qng
0L 09€18L €L 09'g06°got 00°868€S 00'z70S‘zTT 0oL'zS0960°¢CL 0L'09€186¢LL 09'go6‘got 00'868‘9S 00°'z0S‘zeT 0oLzS0‘96z LL 169 S0'S sIay10
08'80LY98C9 0T'L/z‘S50C  06°L6¢5Ey LE A TAN 98'529°9/5°gS 08'90/LY9019 0T'1/z‘950T 06°L6EGEY YLy L6 98'929°9LL9S (45 19614 snp Egmm\noo\ﬁ m..
Y1196292‘cS 9LT6T LY (N ANVA:T4 £5°6/2‘S8L'L ol'19zvLo‘6y Yy196257‘05 VAL TA VAR (W ATVA 74 PASNYAATIN} olL9zvlely 18'9¢ ere 91SeM |10 Wied m
1T'169°6V9 €L ¥8'955YS 69'66L9¢€ 19 7E0YSY Lo66zeoLEL 12'169°67g 1L ¥8'999va 69°66/L9¢ 19'S€0VSY L0'66ZVOE L 8Ls ogL |1esa1qg ™
ZU6801LLTLE z9vvz o9y  00°96E‘08L'S  10°GL80TEGE 6V Y/ST09L9T ZI'680°1L6‘0LE z9vvz 09y  00°96€08L'S  10°9/8‘0zESE  617/LST08G9T 786951 or¥Se sed [einjeN
LS EEL‘GRESL L0'L9EL6S‘L  €L°996°Q6E‘L  £9°€61L°‘008‘€L  0Z'€1TT95‘8S LS°€EL‘S669 L0'LOEL6S‘L  €L°'906‘B6E‘L  £9°€61‘008‘CL 0T ELZ‘T9LES 1161 299z |elo3gqng
00°€S1'Yeeige 96'S€1'T8 99'v8vLL6 L& €€z‘090TL  LO'66TVOLEL 00°'ESLYerve 96°5€1C8 99v8vLL6 LE°€€Z‘090CL  LO'66TVOE L L9LEL ogL |19saiqg @
Yz ozzigzglL L6796°QSS €1es0‘s LE09g‘0T oL vebeL vz ozz‘9zo9L L6196QSS EIEso‘s LE09g8‘0T 9LV E PP GL S90 069 215eM [RINYNDLISY W
T€09£°goe 1E £0°092‘956 Y6 Levoy S6:660°6LL°L 9€z/S91T'ge 2€'09€‘g05‘6C £0°092‘956 Y6 Levoly S6°660°61LL 9€z/S91¥‘9e 6€°€S 1g°LL younq uniy Aydwy
9Tlbz'ghe69S‘c 6L:8E‘G06CS 9b9SiL‘€ozol V6'vLz‘GT9‘99 LOLLEVI96EY T 9T ibzghS6vST 6L8Eh'S06TS oboSi€ozioL  V6vLzGe9'99  LoLLEVg6LbT YS'L06‘T S8°S80°‘z |eoigng
LL:916°0PE€g gr'S9g8‘6vL'c  19°ghe 26°920°L 009/L68119 1L°916°07519 8°998‘6Y1'C 15°gve z6°5z0‘L 009LL'68€65 €oo 999z 3sny Appeq
YLvzL€56‘9r Y9 €0E6ESL 6V LgTIT 61°6259L8 79'6L0‘CcEYY YLvzl €SSy Y9 €0E6ESL 61°L18CIT 61°6259L8 79'6L0€eS‘eh gzle L0'6L 21SeM |10 Wied
78/86689C oLy grocigh - 1T°SELLE9T 78'/86°688 Loy gvogi‘gl o 1T°SELLE] 68, gLe 0IpAH
9TT60YESTS 0/zSzioL 19°5998 - S6°ELLYEY S 9z'z60VELOS o0/lzszioL 19°599°‘g (o} S6°€L1Y290S [4 4l gL Jejog W
6885‘100CL 69/1099€ 96'0L0C £E6YS‘g 16:9V6VEQ 1L 6g'gvS‘lozoL 69/1095¢ 96'0L0C £E6Yag 16:9V6V€Q‘6 lz0 obt 1SNp POOAA ml
Lo€gesLee LyLeL'699 YLLSECE = 98'5€z1S1'Ce L0'1E€€S6‘0T LyLeL69S YLLSETE o 98'5€z15¢‘0e Shel Sh'g JUBN|HD ||IW |10 Wied W
[4 VA4 ToRTk 1015929t TllTle 08°'88€‘aL 08'6£9°085V1L [4 VA ard T4l 1015929t lilele 08'8g€‘aL 08'6/9‘08/LTL gho LS 2.ql} pue ||3ys |10 wied .ml.
999459861V 59:990°GP/ ‘Sz S5 LzT1€9 089€8°909T 95 SPYvoo‘ELL 59°9/59gL'OVL 59'990‘GYL‘ST  SS/zT1E9 08'9€g'509'c 95 S PoziL €608 S6/L1E youngq 1niy Axdwig 2
8E19V6L6LLY ozliE‘ge e 17°'56079 g'gog‘06L oS obz'oeg‘€ly  gELgb6LI9LY 0TLLE‘QTh e 12'56079 gh'g0g‘06L oSobz9egLLy €06 [eYA 143 |19saiqg
61'958/g‘0€ 80°8£0‘g86 £0'9Z06¥1L €oolz‘ql9 S0°'1¥5‘9606T 61'558Lvo‘6T 80°8£0°gg6 £0'9z06¥L coolzSlg So'1vS‘S6zle 6L ozzl 183y 9)5eM $5920.d [eLisnpu|
Y6'0/z'gSz‘Col’L  9O'EE019S/L  9U68L0506  60°976°60L19 €9TTS9E6VOL L ¥60LzgSPIOLL  QO'E€E019SY/L  9L68L0506  60°9T6°60L19 €9TTSQELELOL  99ThlT §980S€E‘L seg [einyeN

(MW)
Kydedey adA] |ong
pajlelsu]

($sn) ($sn) ($sn) ($sn) ($sn) ($sn) ($sn) ($sn) ($sn)
350D |ej0) 350D paxi4 | 350D 3|qeniep 350D |ang 350D [eyde) 350D |ej0] 150D paxi4 350D |an4 350D Jende)

0S0Z U1 $3 404 PUD UQ PUE PLID 4O UBMIDg 350D Palewns] *SZ'y dqeL

Distributed Energy System in Malaysia



