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This report has been prepared by Intelligent Energy Systems Pty LtdaKikE$Jekag
Economics (MKE) melation to provision oservices to WorldVild Fundfor Nature (WWF)

This report is supplied in good faith and reflects the knowledge, expertise and experience of
IES and MKHN conducting the research and analysis for this repg®and MKEhas
endeavoured to use what it considers is the best information available at the date of
publication.IESand MKE mak®&o representations or warranties as to the accuracy of the
assumptions or estimates on which the forecasts and calculationbased.

IESand MKE makeno representation or warranty that any calculation, projection,
assumption or estimate contained in this report should or will be achieved or is or will prove

to be accurateThe reliance that the Recipient places upon the datmns and projections
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responsibility whatsoever for any loss occasioned by any person acting or refraining from

action as a result of reliance on this report.
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Introduction

Thisdocumentprovides a brief summary of a number of key assumptions that will beemad
in the modelling for this project. Most of the content of this report will be included as an
appendix to projections of the electricity sectors of each GMS country.

This document is structured in the following way:

1 Section2 describes the main features of each of the three Power Sector Vision
scenarios;

Section3 summarises demand trends @ach GMS country

Sectiond sets out theBAU scenario demand forecasts fochasMS country;

Sections sets out the SES scenario demand forecimsteach GMS country

Section6 sets out theASES scenario demafatecasts for each GM®antry;

Section7 provides the fuel pricingssumptions

Section8 provides the technology cost assumptions;

Section9 summarises the methodology for taken for estimating jobs createtl

= =2 =4 =4 -4 -4 -8 A

Appendix A provides some technical notes on the demand forecast modelling
methodology.

Intelligent Energy Systems 6
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Modelling Scenarios

The modelling will develop the following three scenaffimsthe electricity industries of the
GMS countries considered in this study

1 Business as Usual (BAU);

1 Sustainability Energ8ector(SES); and

17 Advanced SEASEP

These ardllustrated conceptually ifrigurel.

Figurel GMS Power Sector Scenarios

BAU Scenario

Advanced SES

>
201530 203050

The BAU scenario is characterised by electriniiystry developments consistent with the
current state of planning within the GMS countries and reflective of growth rates in electricity
demand consistent with an IES view of base development, existing renewable energy targets,
where relevant, aspiratiaal targets for electrification rates, and energy efficiency gains that
are largely consistent with the policies seen in the region.

In contrast, the SES seeks to transition electricity demand towards the best practice
benchmarks of other developed coums in terms of energy efficiency, maximise the
renewable energy development, cease the development of fossil fuel resources, and make
sustainable and prudent use of undeveloped conventional hydro resources. Where relevant,
it leverages advances in gffid technologies to provide access to electricity to remote
communities. The SES takes advantage of existing, technically proven and commercially
viable renewable energy technologies.

Finally the ASES assumes that the power sector is able to more tagidly towards a 100%
renewable energy technology mix under an assumption that renewable energy is deployed

Intelligent Energy Systems
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more than in the SES scenario with renewable energy technology costs declining more rapidly
compared to BAU and SES scenarios. A brief summ#rg ofain differences between the
three scenarioss presentedn Tablel.

Under all three scenarios, the electricity access rate (either via grid-gridftechnologies)
reaches close to 180 by 2030. The BAU is based on full grid electrification, whereas the ASES
is based on offyrid technologies in meeting 100% electricity actess

Tablel Brief Summary of Differences between BAU, SES and ASES
Scenario | Demand Supply
BAU Demand is forecast to grow in line wif Generator new entry follows that of power
historical electricity consumption development plans for the country
trends and projected GDP growth including limited levels of renewable
rates in a way similar to what is often| energy.
done in government planglectric
vehicle uptake is assumed to reach
15% across all cars and motoresby
2050.
SES 1 Assumes a transition towards 1 Assumes no further coal and gas new

energy efficiency benchmark for
the industrial sector of Hong Kohg
and of Singapore fahe
commercial sector by year 2050.

1 For the residential sector, it was
assumed that residential demand
per electrified capita grows to 750
kWh pa by 2050, 38% less than in
the BAU.

1 Demandresponse measures
assumed to be phased in from
2021 with some 15%faemand
being flexiblé by 2050.

1 Slower electrification rates for the
national grids in Myanmar
compared to the BAU, but
deployment of offgrid solutions

entry beyond what is already
understood to be committed.

1 A modest amount of large scale hydro
(between 4,000 to 5,000 MW in total
deployed in Lao and Myanmar above
and beyond what is understood to be
committed hydro developments

1 Supply is then developed by a least cg
combination of renewable generation
sources limited by estimates of
potential rates of deployment and
judgmentson when technologies would
be feasible for implementation to
deliver a power system with the same
level of reliability as the BAU.

1 Technologies used include: solar
photovoltaics, biomass, biogas and
municipal waste plants, CSP with

1 Cambodia and Myanmar offrid potential demand is entirely met via solar PV and battery storage technologies
once the levelised cost of gendran falls below the levelised cost of grid generation.

2Based on our analysis of comparators in Asia, Hong Kong had the lowest energy to GDP intensity for industrial
sector while Singapore had the lowest for the commercial sector.

3 Flexible demand idemand that can be rescheduled at short notice and would be implemented by a variety of
smart grid and demand response technologies.

4This is important to all countries because the GMS is modelled as an interconnected vathasignificant
conventionalbaseload capacity retiring around 2030.

Intelligent Energy Systems
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Scenario | Demand Supply
that achieve similar levels of storage, onshore and fshore wind,
electricity access. utility scale batteries, geothermal and
1 Mini-grids (offgrid networks) are ocean energy.
assumed to conect to the 1 Transmission limits between regions a
national system in the longer upgraded as required to support the
term. GMS as a whole, and a different
1 Electric vehicle uptake as per the (approximate) transmission plan to the
BAU BAU is allowed to develop.
ASES The ASE&emand assumptions are ASES supply assumptions are also

done as a sensitivity to the SES:

1 An additional 10% energy efficiency
applied to the SES demands
(excluding transport).

1 Flexible demand assumed to reach
25% by 2050.

9 Uptake of electric vehicles doubled
by 2050.

9 Electrification ratesn Myanmar
remain constant after solar PV and
battery storage reach parity with
grid costs.

implemented as a sensitivity to the SES,

with the following main differences:

9 Allow rates of renewable energy
deployment to be moe rapid as
compared to the BAU.

9 Technology cost reductions are
accelerated forenewable energy
technologies.

1 Implement a more rapid programme of
retirements for bssil fuel based power
stations.

9 Energy policy targets of 70% renewable
generation by 203090% by 2040 and
100% by 205@cross the region are in
place.

Intelligent Energy Systems




FINAL

Electricity Demand Trends in the GMS

Summary of Electricity Demand Trends in the GMS

Historical electricity demand in the GMS has grown from 189 TWh in 2005 to 337 TWh as of

2014 at an anual average rate of 6.6% pa. A significant share of this growth is attributable

G2 #ASOiylIYQa KAIK RSYFIYR IANBGGK RNADSY o0& KA
Vietnam has grown its share of total electricity consumption from 27% in 2005 tmero

nkE: Fa 2F wamno CKFAf I YRQa &AKIFINB 2F St SOUGNXR
cq: G2 pm: 20SN) GKA& LISNA2R® +ASGYlLY YR ¢K
demand owing to their economies havirexperiencel high growth, and havindigh
electrification rates.Figure 2 and Figure3 show electricity demand shares for each GMS

country in 2005 and 2014. 2014 figures are IES estimates.

Figure 2 GMS Electricity Demand by Country (GWh, 2005)

902; 0%

B Vietnam ™ Thailand ® Cambodia ®Llao PDR ™ Myanmar

* Demands include transmission and distribution losses
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Figure3 GMS Electricity Demand by Country (GWh, 2014)

4,211 19%_ 4364 1% 11,748 4%

® Vietham ® Thailand = Cambodia ® Lao PDR = Myanmar

* Demands include transmission and distition losses

Figure4 GMS Historical Energy Demand (TWh) by Sector: 2005
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® Agriculture ® Industry = Commercial = Residential

* Demands include transmission and distribution losses
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Figure4 presents the GMS breakdown of congption by the sectors. Industry almost
accounts for half of electricity use in the region at 48%, followed by the residential and
commercial sectors at 29% and 23% respectively. The composition of sector consumption
across the region has remained relativedtable with residential energy increasing 2%
displacing the industrial sector, the result of increasing electrification rates and rising per
capita consumption in the region.

Demand Trend in Cambodia

Electricity consumption in Cambodia has grown fr@d2 G&Wh in 2005 to 4,211 GWh by 2014
driven by significant increases in the industry, commercial and residential sectors. Each of
these sectors grew on average 20% each year over this period with an increasing focus on
industrialisation and household eleiftcation. Over time, the composition of electricity
demand has shifted away from agriculture and more towards the industrial, commercial and
residential sectors. Transmission and distribution losses have also declined from 12.3% in
2005 to 6.6% by 2014eBk demands in Cambodia have increased 19% each year from 2005
to 2014 in line with energy consumption levels.

Figure5 and Table2 contains the sector consumption breakdowns from 2002@4d.4.

Table2 Cambodia Power Consumption Statistics: 2008
Power Consumption (GWh) 2005 2010 2011 2012 2013 2014
Industrial 116 384 430 552 601 883
Commercial 244 622 750 948 | 1,031| 1,228
Residential 384 | 1,029 1,192| 1,5524| 1,657| 1,993
Agricultural 54 83 91 94 95 107
Losses (T&D) 112 223 261 276 262 295
Composition (%) 2005 2010 2011 2012 2013 2014
Industrial 12.8%| 16.4%| 15.8%| 16.3%| 16.5%| 19.6%
Commercial 26.8%| 26.6%| 27.5%| 27.9%| 28.3%| 27.2%
Residential 42.2%| 44.0%| 43.8%| 449%| 45.5%| 44.2%
Agricultural 5.9% 3.5% 3.3% 2.8% 2.6% 2.4%
Losses (T&D) 12.3% 9.5% 9.6% 8.1% 7.2% 6.6%

Intelligent Energy Systems 12
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Figure5 Cambodia Historical Energy Demand (TWh) by Sector: 2005
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* Demand includes transmission and distribution losses

Table3 Cambodia Electricity Key Statistics
Cambodia Peak Energy | Annual Growth (%) Annual Growth (%)
Year MW GWh Peak Energy
2005 147 902 |
2010 380 2,328 14.2% 14.2%
2011 442 2,713 16.5% 16.5%
2012 551 3,381 24.6% 24.6%
2013 593 3,634 7.5% 7.5%
2014 687 4,211 15.9% 15.9%
CAGR (%) 18.7% 18.7%
Average Increase per ye: 60 368

Demand Trend in Lao PDR

Electricity consumption in Lao PDR has increased from 1,206 GWh in 2005 to 4,878 GWh in
2014 representing 17.6% anal average growth. Out of the four sectargjustryhas grown

the quickest at 22.1% per annum as a result of aluminium and bauxite mining activities from
2013. The commercial and residential sector grew at 21.9% and 12.9% per annum
respectively. Agrictdre has stayed relatively flat over this period and losses have come
down from 16.2% in 2005 to 10.5% in 2014. Over the 2005 to 2014 period, energy growth
has outpaced peak deman@lable4 andFigure6 contains the breakdown of consumption by
sector.

Intelligent Energy Systems IESREF: 5973 13
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Figure6 Lao PDR Historical Ener@pemand (TWh) by Sector: 20054
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* Demand includes transmission and distribution losses

Table4 Lao PDR Power Ceamption Statistics: 2008.4
Power Consumption (GWh 2005 2010 2011 2012 2013 2014
Industrial 237 495 584 681 1,118 1,430
Commercial 229 748 765 993 949 1,367
Residential 511 943 1,004 1,161 1,278 1,520
Agriculturd 35 43 46 39 35 47
Losses (T&D) 195 240 243 297 406 514
Composition (%) 2005 2010 2011 2012 2013 2014
Industrial 19.6% 20.0% 22.1% 21.5% 29.5% 29.3%
Commercial 18.9% 30.3% 28.9% 31.3% 25.1% 28.0%
Residential 42.3% 38.2% 38.0% 36.6% 33.8% 31.2%
Agicultural 2.9% 1.7% 1.7% 1.2% 0.9% 1.0%
Losses (T&D) 16.2% 9.7% 9.2% 9.4% 10.7% 10.5%

Intelligent Energy Systems IESREF: 5973 14
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Table5 Lao PDR Electricity Key Statistics

Lao PDR Peak Energy Annual Growth (%) Annual Growth (%)
Year MW GWh Peak Energy

2005 313 1,206

2010 475 2,468 17.3% 15.9%
2011 527 2,643 10.9% 7.1%
2012 613 3,171 16.3% 20.0%
2013 649 3,787 5.9% 19.4%
2014 748 4,364 15.2% 15.2%
CAAGR (%) 10.16% 15.36%

Average Increase per ye: 48 351

Demand Trend in Myanmar

Agriculture electridy in Myanmar grew the fastest from 85 GWh in 2005 to 364 GWh in 2014
NBaAaLISOGAGSte i mMTops LISN Fyydzyd |1 26SOSNE A
consumption increased 2,106 GWh to 3,768 GWh by 2014 corresponding to a 3.2% pa real
increase in & industry GDP. Losses improved from 28.5% to 20.6%, howtlkegremain

high due to the state ahe electricity infrastructure. Total electricity consumption increased

from 3,909 GWh to 11,746 GWh from 2005 to 2014, a growth rate of 13% per afiaiie.
6aK2ga aeéel yYlNRa L2 ¢S NBigue EanwavsLihie oakdowiniofF G A & G A
consumption by sector.

Table6 Myanmar PowerConsumption Statistics: 20054
Power Consumption (GWh 2005 2010 2011 2012 2013 2014
Industrial 1,549 1,850 2,287 2,727 3,650 5,322
Commercial 613 1,071 1,306 1,532 1,643 2,292
Residential 1,662 2,015 2,653 3,381 2,681 3,768
Agricultural 85 57 66 77 281 364
Losses (T&D) 1,560 1,481 1,830 2,188 2,297 3,057
Composition (%) 2005 2010 2011 2012 2013 2014
Industrial 28.3% 28.6% 28.1% 27.5% 34.6%| 35.9%
Commercial 11.2% 16.5% 16.0% 15.5% 15.6% 15.5%
Residential 30.4% 31.1% 32.6% 34.1% 25.4%| 25.5%
Agicultural 1.6% 0.9% 0.8% 0.8% 2.7% 2.5%
Losses (T&D) 28.5% 22.9% 22.5% 22.1% 21.8%| 20.6%

Intelligent Energy Systems 15
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Figure7 Myanmar Historical Energy Demand (TWh) by Sector: 20@5
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* Demand includes transmission and distribution losses

Table7 Myanmar Electricity Key Statistics

Myanmar Peak Energy Annual Growth (%) Annual Growth (%)
Year MW GWh Peak Energy

2005 1,034 5,437

2010 1,226 6,441 4.9% 4.9%
2011 1,541 8,098 25.7% 25.7%
2012 1,875 9,857 21.7% 21.7%
2013 1,98 10,499 6.5% 6.5%
2014 2,235 11,746 11.9% 11.9%
CAGR (%) 8.94% 8.94%

Average Increase per ye: 133 701

Demand Trend in Thailand

Electricity consumption across all the sectors in Thailand has grown at relatively slower rates
with the commercidand agricultural sectors growing the fastest at 4.9% and 5.8% from 2005
to 2014 respectively. Total electricity consumption in the country was 180 TWh in 2014 with
the agricultural sector accounting for the smallest share at 414 GWh, less than 0.5%. Over
the period from 2005 to 2014, the industrial share of consumption has decreased from 45.5%
in 2005 to 41.1% in 2014, displaced by increasing consumption by the commercial and
residential sectors. Peak demands have increased 3% per annum since 2005 cbtopare

Intelligent Energy Systems IESREF: 5973 16
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energy at 3.7%. Losses have slowly improved, coming down from 7.5% to 6.1% FiQO®4.
8, Table8, andTable9 containthe key statistics and trends for Thailand.

Table8 Thailand Power Consumption Statistics: 2008
Power Consumption (GWh 2005 2010 2011 2012 2013 2014
Industrial 59,669| 68,039 67,942 72,336| 72,536| 73,782
Conmmercial 35,839 47,711 47,817 52,618 53,794 55,430
Residential 25,482| 33,216| 32,799| 36,447| 37,657 38,993
Agricultural 249 335 297 377 354 414
Losses (T&D) 9,827 9,473 10,338 11,011 10,961 11,022
Composition (%) 2005 2010 2011 2012 2013 2014
Industrial 455%| 42.9%| 42.7%| 41.9%| 41.4%| 41.1%
Commercial 27.3% 30.0% 30.0% 30.5% 30.7% 30.9%
Residential 19.4% 20.9% 20.6% 21.1% 21.5% 21.7%
Agricultural 0.2% 0.2% 0.2% 0.2% 0.2% 0.2%
Losses (T&D) 7.5% 6.0% 6.5% 6.4% 6.3% 6.1%
Figure8 Thailand Historical Energy Demand (TWh) by Sector: 2085
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* Demand includes transmission and distribution losses
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Table9 Thailand Electricity Key Statistics

Thailand Peak Energy Annual Growth (%) Annual Growth (%)
Year MW GWh Peak Energy

2005 20,538 131,067

2010 24,010 158,774 8.9% 10.9%
2011 23,900 159,193 -0.5% 0.3%
2012 26,121 172,790 9.3% 8.5%
2013 26,598 175,302 1.8% 1.5%
2014 26,942 181,221 1.3% 3.4%
CAGR (%) 3.06% 3.67%

Average Increase per yed 712 5,573

Demand Trend irVietnam

Vietnam has experienced considerable electricity demand growth over the past 8 years
growing 12.9% per annum over the period from 2005 to 2014. Peak demand has similarly
grown at 10.1% from 9,255 MW in 2005 to 22,1@8V by 2014. During this period, the

industrial, commercial and agricultural electricity consumption has grown betweelb%3

per annum with the residential sector growing the slowest at 10.P&ble10, Tablell and
Figure9O2y (i Aya +ASiylIYQa {(Se LRsSN aidliraitrdao

Tablel10 Vietnam Power Consumption Statistics: 20053
Power Consumptia (GWh) 2005 2010 2011 2012 2013 2014
Industrial 21,302 45,568 50,085 55,300 60,337 73,723
Commercial 3,896 7,106 9,038 10,218 11,023 13,122
Residential 19,831 33,139 34,456 38,691 42,177 47,564
Agricultural 574 944 1,079 1,265 1,532 1,752
Losses (T&D 5,319 8,773 9,601 10,485 11,210 12,999
Composition (%) 2005 2010 2011 2012 2013 2014
Industrial 41.8% 47.7% 48.0% 47.7% 47.8% 49.4%
Commercial 7.7% 7.4% 8.7% 8.8% 8.7% 8.8%
Residential 38.9% 34.7% 33.0% 33.4% 33.4% 31.9%
Agricultural 1.1% 1.0% 1.0% 1.1% 1.2% 1.2%
Losses (T&D) 10.4% 9.2% 9.2% 9.0% 8.9% 8.7%

Intelligent Energy Systems
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Figure9 Vietnam Historical Energy Demand (TWh) by Sector: 20d@5
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Tablell Vietnam Electricity Key Statistics

Vietnam Peak Energy Annual Growth (%) Annual Growth (%)
Year MW GWh Peak Energy

2005 9,255 50,922

2010 15,416 95,529 11.2% 11.0%
2011 16,490 104,259 7.0% 9.1%
2012 18,603 115,959 12.8% 11.2%
2013 20,010 126,279 7.6% 8.9%
2014 22,100 136,161 10.4% 7.8%
CAGR (%) 10.15% 11.55%

Average Increase per ye 1,427 9,471

Intelligent Energy Systems IESREF: 5973

19




4.1

FINAL

Business as Usual (BAU) Electricity Demand Forecasts

Demand Key Drivers

This section summarises the main key driver demand assumptionagpht to both the BAU
and SES projections. Note that these key driver assumptions are key inputs for the long
term energy forecasts based on the regression relationships.

4.1.1 Real GDP Growth Scenario

Realgross domestic productaDRP growth is assumed tatay relatively high around current
GDP growth rates due to the focus on industrialisation in the GMS economies. Over time,
GDP growth is assumed to decline towards 1.9y 2050 as seen ftigurel0. The trend

down is assumed to reflect the economic development cycle of a developing colritiy.
assumption is held consisteatross all 3 scenarios

Figurel0 IES Forecast GDP Growth
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4.1.2 Composition ofReal GDP

The GDP composiin across all countries is weighted towards industrgashGMScountry
undergoesindustrialisation in line with the strategic aspirations of each countrfhe
industry share of GDP in Vietnam and Myanmar is assumed to increase from 38% and 35% in
2013to 55% and 70% in 2035 then decline to 46% and 60% in 2050 as the economies shift
towards a servicdbased economy. Thailand, Cambodia, and Lao &Bdsumed to also
increaseheir industry GDP percentage by 2035 and maintain those levels to 20%§) 6086

51.96% reflects the previousyear GDP growth of the top 10 GDP countries in the world excluding Brazil, China
and Russia.

Intelligent Energy Systems 20
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and 60% respectively). Th®B composition of each of the GMS countries is plottdeigure
11 below. Note that this assumption is held constatdross all scenarios

Figurell IES Assumed GDP Compositions
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4.1.3 Population Projections

Population is assumed to grow in line with the growth estimates of the UN Medium Fertility
scenariob . This scenario represents growth over the skerm reflecting historical
population growth ates declining to 0% by 2039 for Myanmar, Thailand and Vietnam.
Cambodia and Lao PDR growth rates trends towards 0.5% by B@f@e 12 plots the
population growth rates.Note that this assumption is hitlconstant in both the BASES

and ASES.

Figurel2 Population Growth Rates
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6 Thailand was based on the High fertility scenario to remove negative population gravgicits before 2025.
Thailand population growth rates follow similar developed countries with below replacement fertility rates.
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4.1.4 Special Economic Zones amadustrial Developments

The baseline methodology is to forecast individual sector electricity demand based on GDP
forecasts whichdependon historical data. Given several of t&MS countries (Lao PDR,
Cambodiaand Myanmar) are expected to undergo structural economic changes with the
planning of special economic zones to foster industrial growth, h&Srevieved and
estimated the developments and reviewed experiences in other countries to include some
increases ithe industrial component oglectricity demando reflect promotion of industry

as part of a strategy tmdustrialise This assumption has been djggl to all three scenarios

4.1.5 Urban and Rural Populations

Population splits between rural and urban over timesdbeen assumed to remain constant

in both the BAU and SESer the 50year period although there is a slight historical trend of

an increasig urban share in the poorer GMS countries. The impact of this is minimal as we
have assumed a convergence of per capita consumption levels between the two populations
in Cambodia, Myanmar and Lao PDR.

4.1.6 Electrification Rates

Electrification rateshave beenassumedn the BAUo increase to electrification targets as
announced by the respective governments. The current and assumed population
electrification targets are summarised Trable12 below. Thailand ad Vietnam are already
close to 100% electrification and the other countries are assumed to reach close to 100% by
2030. Note that in the SE&d ASE®e adopt different electrificatiomatesdue to different
electricity access strategies

Tablel2 Urban and RuraElectrification Rate Targets

Cambodia Lao PDR Myanmar
2013 2030 2050 2013 2020 2050 2013 2030 2050
Urban | 89.6% 97.0% 99.5% | 98.2% 99.0% 99.5% | 36.1% 97.0% 99.5%
Rural 20.1% 94.5% 98.5% | 81.1% 95.0% 99.0% | 15.6% 94.0% 98.5%

4.1.7 Per Capita Electricity ConsumptiofiResidential)

The urban population electricity use per electrified capita is ploftéglirel3 below. Per
electrified capita use takes into account the urban and rural populat@nposition and
assumes factor of 50% (i.e. rural per capita use is half the levels in urban regions) in 2015
increasing to 70% by 2050 reflecting the increased electrification and adoption of electricity
in rural regions over time.

Viet Nam and Thailandre assumed to increase to 1,661 kwWh and 1,780 kWh respectively
by20560 [ 2 t5w OGUNBYRA (26FNRa&A {Ay3lILR2NBQaA NBa
capita, whereas Cambodia and Myanmar also trend towards this level albeit at a slower

71,780 kWh is the 2014 average for Japan, Singapore, Hong Kong and Taiwan. Calculated as residential energy
consumption dividd by total population.
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pace due totheir lower electrification rates. The SES and ASES assume different
consumption leveldecause of energy efficiency assumptions

Figurel3 Projected Electricity Use Per Electrified Capita (Urban)
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4.1.8 Transmission and Distribution lsses

Transmission and distributiolnosses across all of the GMS regions are assumed to decline
from their current rates by 2% per annunf snapshot of the transmission and distribution
lossedor allthree scenarios ipresented inTablel3 below.

Tablel3 Transmission and Distribution Losses
Losses 2015 2030 2050
Cambodia 7.1% 5.2% 3.5%
Lao PDR 11.5% 8.5% 5.7%
Myanmar 26.1% 19.3% 12.9%
Thailand 6.4% 4.7% 3.2%
Vietnam 9.4% 6.9% 4.6%

4.1.9 Energy Efficiency in BAU

Energy efficiency measures and targets have been announced in the GMS countries; in some
casesthey have been legislated into policy in others they have been announced but no
officially legislated. For the BAU elacity demand forecasts, we have made the assumption

of a 7% efficiency gain (energy savings against a counterfactual 0% efficiency electricity
demand trajectory) by 2035 and 9% by 2050. ©hiy applies to the BAU and represents

the view that without coeentrated action plans to enhance energy efficierarjly modest

gains. In the SEE®d ASE®e have provisioned fanigher efficiencygains that have been
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based on an intensity metrlzenchmarked against energy intensity levels of otbauntries
¢ see setion 5.

4.1.10 Electric Cars and Electric Motorbike Electricity Demand

Electric cars and motorbikes are expected to displace traditionalfaséd transport due

to lower running and maintenance costs and the expdotatof lower battery costs as
global production increases. Potential electricity demand from the transport sector
(passenger cars, taxis and motorbikes and scooters) has been included in the overall
demand forecasts. Modelled electric vehicle and motorbétectricity demand assumes

the following:

A The cars per capita ratio is assumed to increase uniformly over time. The per capita
ratio is assumed to stay below ratiosddveloped nations and adjusted by IES based
on economic growth assumptions. Tlaaatl, which has the highest ratio currently
amongst the GMS countries, is assumed to reach 450 cars per 1000 people by 2050
compared to United Kingdom, France, Norway, and Japan which ranges from 500
600 cars per 1000 people. The number of motorbikes p@0Jteople is assumed to
remain constant in all countriegigurel4andFigurel5 plots the historical (to 2013)
and forecast ratio for vehicles and motycles.

Figurel4d Number of Cars per 1000 People
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Figurels Number of Bikes per 1000 People
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* Data was not available for Vietham from 2005 to 2011

A Uptake of electric transport options from 2025 (Vietnand Thailand), and 2030
(Cambodia, Lao PDR, Myanmar) increasind 0% to 25% by 2050. These uptake
rates are IES estimates based on internal work on electric vehicle uptake rates in the
New South WalesAustralig market which are expected to reach 60% B050.
Figurel6 plots the assumed uptake rates.

Figurel6 Electric Vehicle and Motorbike Penetration
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A Average electric vehicle demand of 3 MWh per car per annum and 0.6 MWHikger
per annum. The average electric vehicle demand is based on IES work on electric
vehicle demand potential in the Australian market. Electric motorbike electricity
demand is based on the equivalent installed battery size in motorbikes (Zero S
motorcyclewith 16 kWh vs Tesla Model S with 85 kWh).
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The additional transport demand accounts for rough!§9 of total country demand across
the various countries.

4.1.11 Load Factor Assumption in the BAU

Load factors for Viet Nam and all other GMS countries are asstorteehd from historical
levels towards80% and75% respectively by 2050. The increasing trends were assumed to
reflect the increased industrial loads (higher load factors) over time, with Thailand as an
example of an economy having gone through indubsd@ion. The load factor assumption is
plotted in Figurel?7. The SES and ASES asstimadoad factor increases to 80% by 2030 due
to demandside management measures.

Figurel? Load Factors by Region

90%

80% /\P‘/_‘-A :

70%

50%/ /_/

e
0%

20%

.
®

Load Factor (%)

[#5]
8

10%

0%

L [~ [=)] — m L [~ L=} — [1}] Ly [~ [=}] — m Ly [~ [=}] — m L I~ =31
=] =] (=] — — — — — ™ ™ ™~ ™~ ™~ m m m m m == = = = =T
[=] =] [=] =] [=] =] =] =] =] =] =] =] =] =] =] =] [=-] =] [=] [=] [=-] (=] [=-]
™~ o™~ ™~ o™~ ™~ o™~ ™~ o™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~ ™~
——Vietnam ——Thailand Cambodia =——Lao PDR ——Myanmar

4.1.12 Peak Demand Projections by GMS Country for the BAU

The historical load factors and the forecast regional energy demands were used to forecast
peak energy demands for each of the countries. This is plotted in below. It shoulddzk not
that within the SE&nd ASEScenarioa number of additional demanside management
measures will be taken.
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Figurel8 Peak Demand by Region (including losses)
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Overall GMS BAU Demand Forecast

We projectthe GMSregighd G2 Gt St SOGNROAGE O2yadzYLIiAz2y
a baseline of 319 TWh in 2013 to 1,142 TWh in 2035 and to 1,685 TWh by 2050. We have
projected Viet Nam to account for 51.1% of the total with Thailand at 31.6% and the share

of the smaller 3IGMS countriesncreasng from 5.6% in 2013 to 17.3% by 20%0gurel9

plots the historical energy use up to 2013 and energy forecasts theréafter

Figurel9 GMS Projected Electricity Demand (202950, Base Case)
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8 Due to data availability most countries only have historical data published up to the year 2013 only.
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Tablel4 belowsummarises the compound annual growth rates for electricity consumption
for each country and by the sectors over the period 2005 to 2050. Thewialj
subsections provide countrgpecific demand projections and commentaries. The
slowdown in electricity consumption towards 2050 is driven by GDP trending back down
towards the globdlreal GDP growth average of 1.96% by 2050.

Tablel4 Compound Annual Growth Rates by Sector (BAU)

Sector Country 201350 201335 203550
Vietham 3.3% 4.5% 1.8%
Thailand 1.2% 2.2% -0.2%
Agriculture | Cambodia 3.2% 4.1% 2.0%
Lao PDR 0.7% 0.8% 0.6%
Myanmar 1.0% 1.2% 0.7%
Vietnam 5.2% 8.3% 1.2%
Thailand 3.2% 3.6% 2.7%
Industry Cambodia 11.9% 19.5% 2.6%
Lao PDR 8.5% 13.5% 2.1%
Myanmar 6.5% 9.4% 2.6%
Vietnam 7.8% 9.5% 5.7%
Commercial | Thailand 2.6% 3.1% 2.0%
and Cambodia 5.6% 5.4% 5.9%
Services || 50 PDR 5.1% 4.7% 5.6%
Myanmar 7.7% 8.% 6.1%
Vietnam 2.9% 3.4% 2.2%
Thailand 2.5% 2.9% 1.9%
Residential | Cambodia 6.5% 7.8% 4.8%
Lao 5.6% 6.9% 4.0%
Myanmar 7.3% 9.8% 4.0%
Vietnam 0.0% 0.0% 8.6%
Thailand 0.0% 0.0% 8.0%
Transport Cambodia 0.0% 0.0% 14.0%
Lao 0.0% 0.0% 13.6%
Myanmar 0.0% 0.0% 12.0%
Vietnam 51% 7.3% 2.4%
Thailand 3.0% 3.4% 2.5%
Total Cambodia 8.7% 12.8% 3.5%
Lao PDR 7.0% 10.1% 2.9%
Myanmar 7.1% 9.5% 4.1%

9Based on top 10 GDP countries excluding Brazil, China and Russia.
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BAU Demand Forecagsor Cambodia

Agriculture energy growth slows down from 6.7% up to 2013 to 4d.2085 then to 2.0%

by 2050 as the economy gears towards higher productivity activities in industry and the
commercial sectors. The industrial sector has experienced significant growth over the past
few years and is forecast to continue growing at 19.5%nduthe 2015 to 2035 period,
then slowing to 2.6% as total GDP slows down to the world average of 2.0% real growth
per annum. The residential sector experiences consumption growth of 7.8% in the first half
of the forecasts as the government continues trge electrification rates of 97% and 94%

of the rural and urban population by 2030 combined with increasing per capita
consumption, slowing down to 4.8% growth thereafter. Cambodia is forecast to grow at
8.7% pa over the forecast period to 88 TWh in 2065¢. Yo 2 RA I Qa St SO0 NR OA
plotted in Figure20.

Figure20 Cambodia Projected Electricity Demand (262850, BAU)
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Agriculture electricity consumption remains relatively flat across there period as the
economy, similar to Cambodia, shifts towards industrialisation. The Industry electricity
consumption maintains high growth rates of 13.5% to 2035 as the sector is assumed to
contribute 60% of the total GDP (up from 33% in 2013) and iesnat this level by 2056

The commercial sector is assumed to increase its share in the GDP from 2030 onwards to
25% by 2050, increasing consumption over this period by 5.1% pa to 2050. Residential
energy growth is high in the earlier years (6.9% pa) tuelectrification efforts and the

10 The rapid demand increase in the earlier years of the fastds related to the aluminium bauxite smelter that is
due to be online by 2015.
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increasing consumption and population rates before declining towards 4.0% by 2050.
h@dSNIXtf [F2 t5w Aa F2NBOlFrad G2 3INRg |G T 0mEs
demand is plotted ifFigure21.

Figure21 Lao PDR Projected Electricity Demand (2€2@60, BAU)
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BAU Demand Forecagor Myanmar

The agriculture sector in Myanmar is assumed to contribute a smaller share towards total
GDP declining from 27% 2013 to 13% in 2030, and 10% by 2050. Like the other smaller
GMS countries, the industrial sector dominates the GDP composition increasing from
35.4% in 2013 to 60% in 2030. The residential sector experiences growth to 9.8% in the first
20 years as a refiuof increasing electrification rates and higher per capita usage then
drops back to levels around 4.0% p@&35. Myanmar energy demand grows at a rate of
TOM: LI 2SN GKS LISNR2R (2 HnAnpnn dFigaré2 Yy Y NQ &

£ N
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Figure22 Myanmar Projected Electricity Demand (2022050, BAU)
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ThailandBAU Demand Forecast

¢ K I A fihdys®RyQedectricity demand growth picks up due to a recovering GDP then
maintains growth at an avege rate of 2.7% pos2035 as a result cd slight shift of the

economy towards the industrial sector (42.5% in 2013 increasing uniformly to 47% by

2050). The commercial sector is assumed to increase its share of Gb§inar share

displacing agriculte as a share of total GDP. Residential energy grows at 2.9% pa to 2035
andthen grows at 1.9% pa with increasing per capita usage offset by a declining population
FFGSNI Hnop® ¢KFEAfFYRQa LRLMzZ FGA2Yy ANRPGgUGK adl
0%bynor a FSNIAEtAGE NI GSa FrLif o0St2g¢ LI Lz |
demand is plotted irfFigure23 below.
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Figure23 Thailand Projected Electricity Demand (202050, BAU)
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Vietnam BAU Demand Forecast

BAU electricity demand growth in the agriculture sector decreaser time as the country
AYRAZAGNR I £ A&dSa Ay f AySitdédcriédses #dmSl6.4%bih 201330 & ( NI
10% in 2030 and 8% by 205MeTindustrial sector growth declines from 8.3% pa in the

initial 20-year period (2018035) to 1.2% pa (203%050) as the economy is assumed to

shift from being heavily industrialised (accounting for 50% of GDP in 2035) towards services

and commerce. Theesidential sector growth slows corresponding to lower population

growth rates towards 2050 in line with the UN Medium Fertility scenario. Across all sectors,
+ASG blrY A& F2NBOlad (G2 3INRg G pom: LI 238N
electricity demand is plotted ifrigure24.
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Figure24 Viet Nam Projected Electricity Demand (20@®50, BAU)
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Comparison of IES BAU Demand Forecasts with Published Government
Demand Forecasts

Comparig ya | 3FAyad OFNAR2dzA 2FFAOAIET LINR2SOlA2ya
power development plan, found the following differences as presentebainie15 below.

Differences can be attributedot out of model adjustments for some of the smaller
economies, and optimistic forecasts for Vietnam and MyantharThe government

projections were taken from:

Cambodia: Power Development Plan 2008, Ministry of Mines and Energy;

Lao PDR: Summary Report on Ro®evelopment Plan in Lao PDR, MEM, 2011,

Myanmar: Ministry of Electric Power Presentation 2015;

Vietnam: Power Development Plan 7 (2011); and

Thailand: Power Development Plan 2010 Revision 3 (2012).

== =2 =4 =4 -

11 Cambodia and Myanmar forecasts include out of model adjustments to reflect additional industrial load not
captured by the regression forecast methodology, see BAU assunmtio
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Tablel15 Comparisons to Gowament Projections (BAU)
Viet Nam 2030 (PDP 2030 (IES Difference
Energy (GWh) 615,205 503,947 -18.1%
Peak (MW) 110,215 78,806 -28.5%
Cambodia 2020 (PDP 2020 (IES Difference
Energy (GWh) 8,019 13,177 64.3%
Peak (MW) 1,452 2,124 46.3%
LaoPDR 2020 (PDP 2020 (IES Difference
Energy (GWh) 20,330 11,646 -42.7%
Peak (MW) 2,905 1,958 -32.6%
Myanmar 2030 (PDP 2030 (IES Difference
Energy (GWh) 111,100 60,124 -45.9%
Peak (MW) 19,216 9,805 -49.0%
Thailand 2030 (PDP 2030 (IES Difference
Energy (GWh) 346,767 307,819 -11.2%
Peak (MW) 52,256 46,852 -10.3%

Comparison of IES BAU Demand Forecasts to Other Countries

Figure25 below plots the total electricity consumption per capita on an annuai$a The

dotted lines represent 2014 consumption levels in Japan, Hong Kong, Singapore and Taiwan
with Taiwan at 10,000 kWh and Hong Kong around the 6,000 kWh level. The forecast show
Viet Nam exceeding Singapore and Thailand reaching Singapore by 2050e other
smaller economies trend towards Hong Kong but do not reach 6,000 kWh by 2050. Lao PDR
is higher than Myanmar and Cambodia due to its high electrification rates, and Myanmar
lags behind Cambodia due to its larger population.

12Based on total population, and energy demand including transmission and distribution losses. GMS countries are
based on the electrified population.
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Figure25 Total Electricity Consumptiongr Electrified Capita (kWh per annum)
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Sustainable Energy Scenario (SES) Demand Forecasts

The SES seeks to transition electricity demand towards the best practice benchmarks of
other developed countriesniterms of energy efficiency, maximise the renewable energy
development, cease the development of fossil fuel resources, and make sustainable and
prudent use of undeveloped conventional hydro resources. Where relevant, it leverages
advances in offyrid technologies to provide access to electricity to remote communities.
The SES takes advantage of existing, technically proven and commercially viable renewable
energy technologies.

SES Key Drivekssumptions

Most of the key driver assumptions for the denthforecast of the BAU are the same in the
SES, in particular the following remain the same:

GDP growth rate scenarios;

GDP composition;

Population;

Special economic zone developments

Urban and rural populations;

Per capita electricity consumption;

Transmission and distribution losses; and

Load factor(although note that within the SES, there will be greater usdevhand
sidemanagement

= =4 =4 -4 =-a4 -4 -a -a

The details of these assumptions were presented in secdohd, 4.1.24.1.34.1.4 4.1.5
4.1.7 4.1.8and4.1.11

Themajor differencesfor the SES demand forecasts are the assumptions made in terms of
energy efficiencyand thecentralgrid electrification rates These differences are described
in detail in sectiorb.2and5.2.4

Energy EfficiencBenchmarks for SES Demand Forecast

The SES electricahergy demad forecast uses benchmarks frodemandintensities of
selectedcountries for different demand sectar$he energy efficiency metric was based on

the required energy input per dollar of GDP (kWh per real 2005 USD). These levels allowed
IES to derive a reference energy efficiency level that was used to calculate the incremental
energy consumptionWe haveassumed the current energy consumption follows the Base
Case efficiency assumption, and that incremental year on year demands from the Base
Casaresubject to further efficiency gains.

5.2.1 Industrial Demand

Figure26 plotsthe industrial sector benchmarks for selectealintries. The approach taken
is explained as follows: Vietnam has a very high kWh/al#vas assumed to trend back
G261 NRa Y2NBIQa noc fS@St 08 H/omies VOINEGM y I & A
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then continues onthe trajectory to 2050. The other countries trend back towards the 0.2
level experienced b¥ong Kong and FrancEigure26 and Figure27 plots the benchmark
and the GMS trajectory.

Figure26 Industrial Energyintensity Benchmark (kWh per USD, real 2005)
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5.2.2 CommercialDemand

Commercial: All GMS countries, with the exception of Myardfare assumed to trend
towards levels around Singapore, Japan and Hong Keggre28 and Figure29 plots the
commercial sector benchmark and the GMS trajectory

Figure28 Commercial Energintensity Benchmark (kWh per USD, real 2005)
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Figure29 Commercial Energintensity ¢ GMS (kWh per USD, real 2005)
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5.2.3 Agricultural Demand

Agriculture energy demand constitutes a very small amount of total energy dertia@das
assumedhat al GMS countries revert to the Thailand letegm level by 2025. Agriculture
makes up a very small percentage of total consumption of the GMS countries

5.2.4 Residential Demand

Urban per electrified capita residential electricity consumption is based on current levels
GNBYRAY3I (2461 NRa { Af figprioXidtatslis K200 kVHzpEN&D Iy thénS @ S f
declires back towards 1,000 kWh by 2050 in Viet Nam and Thailand. The other GMS
countries trends upwards then back down from 20&tgure30 plots the assumed urban
residential percapita electricity consumption. Rural consumption increases to 70% of
urban consumption by 2050.

Figure30 Urban Per Capita Consumption (kWh, per annum)
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5.2.5 Energy Efficiency Costs

EnergyEfficiency costsvere based on the rages quoted in the US markbtsed reports

W' yi201Ay3a 9ySNHe 9FFAOASYyOe Ay GKS ! { 902y
Total Cost of Saving Electricity through Utility Custofended Energy Efficiency

t N2INFYAQ 0O. SNJ St Se& re[ativalydomv castrenemy efficienty 88vings & & dzY ¢
in the GMS region from the outsewith costsslowly increasinat 2.5% pdreal)}*. By 2050,

IESassumed thakenergy efficiency costaould reacharound 60% of that quoted in the

141t wasassumed a starting valudat is 25%of the level quoted in the Berkeley lands repoot between $8
$13/MWh. Thiss commensurate with the range of costgoted in the McKinsey and Company repdot a range of end
use functions
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Berkeley Labseport based on judgments arountthe composition and efficiency of the
USAdemands today as compared to evolution of demand in@&MS

Figure31l Energy Efficiency Costs ($/MWh
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Grid Electrificationand Offgrid Supply

Myanmar and Cambodiaere modelled toachieve70%centralgrid electrification by 2030
and 85% by 2040 in the SES. In the 8iE@iputed offgrid solutions to enhancprovide
electricity accessvere assumedincludingmini-grids andmesogrids Theseare deployed
initially to provide access to remotmeas of the grichowever, over timehe isolated mini
gridsand mesogridswere assumed to becomeentralgrid connectedbased on ecoomics

The ASES assumes grid electrification ceases from 2025 onwardgad géfneration costs
reaches parity with the gridBecause there adewer costs assumed in the ASES, the incentive
for isolated minigrids and mes-grids becoming central grid coactedis not present.In all
three scenarios electricity access, i.e. grid electrification andridfsupplyare verysimilar,

with levelsreachingaround 100%by 2030.

5.3.1 Potential OftGrid Supply

Potential off-grid demand assumes the following and 4.5 persons per household. An
additional 5% is added to reflect ndmousehold energy requirement®rojectedpotential
off-grid demand is assumed to increase at 3@ Myanmar and Cambodia reflecting the
increasein standard of livingandeconomic development.

Tablel1l6 Breakdownof off-grid Household Consumptiorf2015)
Type Houselold Size kwh per HH %
Urban ALL 600 100%
Rural Low 150 25%
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5.3.2 Grid Electrification and Offgrid Supply Cost

The cost of grid electrificatiois based on cost estimates of 100% electrificaiioMyanmar

Rural

Med

300

50%

Rural

High

600

25%

which is foreast to cover7.2 million households by 2030hd forecast tacost $5.8 billiof.
The prorated electrification cost per capita is applied to our electrification rate and

population assumptions fdvlyanmar and Cambodia

Off-grid supply costs are based onaoPV and battery storage systems waih efficiency of

85%around 2025 when we forecast significant uptake ofgftl technologies in the SES and
ASEZS. We have also assumed that the sizing of the battery is based on the mismatch of
generated power fronthe solar PV systems and residential consumption, estimated at 25%
of the total daily load.

Grid electrification costs only includes the building of the central transmission network and

needs to also include grid cost of generation when comparing tgradfsupply costs.

Flexible Demand

Flexible demand represents changes in consumption behaviour or load shifting throughout
the day. By 2050, we have assumed up to 15% of electricity demand is capable of being
shifted.One thirdof the 15%(5%)is enabled through storage technologies such as pump
and battery storag¥, with the balance directly attributable to eagser demand shifting.

Note this is on top of the significant energy efficiency savings as discussed above.

Fossil Fuels

No additionalcoal, gas and largecale hydro projects are to be developed from 2019
onwards representing a shift towards more sustainable energy #pes

Transmission Planning

Transmission planning is optimised across the region to maximise the utilisation of renewable
resources in an efficient manner compared to the BAU where generation and transmission

LI FyyAyYy 3

gl a

0laSR 2y SI OK AYRAOQARdzZ

15Myanmar National Electrification PrograRoadmap and Investment Prospect@astalia Strategic Advisors,

2014.

16 SES: battery storage is assumed to cost $600/kWh decreasi®g0@/kWh by 2050.

17 Battery and pump storage is also scheduled in accordance with system generation requiremen{s athis.

8. ao PDR and Myanmar yabeen allowed up to 2,500 MW of laregeale hydro on top of committed new entry to
support the roll out of renewable projects.
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5.7 Overall GMS SES Demand Forecast
The following section and results are compared to the Base Cemge 17 shows the
percentage savings as a result of the assumed efficiency gains. Efficiency gains are based on
current intensity benchmarks of the GMS countries trending towards levels experienced by
other developed contries. See methodology for further detaiBigure32 plots the entire
GMS region results for the BAU and SES case.
Tablel7 BAU and SES Case Differences (GWh)
Country / 2030 2030 2030 2050 2050 2050
Region BAU SES Difference BAU SES Difference
VN 503,947| 396,400 -21% 861,417 582,401 -32%
TH 307,819 276,176 -10% 531,991 389,005 -27%
CM 36,034 28,566 -21% 87,811 62,512 -29%
LAO 29,459 25,813 -12% 54,924 43,414 -21%
MY 60,124 47,746 -21% 148,990 105,593 -29%
GMS 937,383 774,701 -17%| 1,685,133| 1,182,925 -30%
Figure32 GMS Electricity Demanf0052050) for the BAU and SES
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5.8 CambodiaSES Demand Forecast

Figure33shows the SE&emand forecast and the BAU demand forecast.
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Figure33 Cambodia Electricity DemanBorecast¢ BAU and SES
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5.9 Lao PDR SES Demand Forecast
Figure34 compared_ao P (5&S demand forecast to the BAU demand forecast.
Figure34 Lao PDR Electricity Demand by Case
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5.10 Myanmar SES Demand Forecast

Figure35comparesa € | y Y $ESIeinand forecastthe BAU derand forecast.
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Figure35 Myanmar Electricity Demand by Case
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5.11 ThailandSES Demand Forecast
Figure3602 YLJ- NB& adl yYIFINRaE {9{ RSYIFIYR FT2NBOI ai
Figure36 Thailand Electricity Demand by Case
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5.12 Vietnam SES Demand Forecast

Figure37 comparest A S (i YSESrd@miand forecast to the BAU demand forecast.
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Figure37 Vietnam Electricity Demand by Case
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5.13 Off-Grid Electricity Demand in th&ES

The SES case assumes lower electrification targets in Myanmar and Cambodia relative to
the BAU. Myanmar and Cambodia achied@ogrid electrification by 2030 and 85% by
2040 in the SES casagure38 providesthe forecastpotential off-grid demandn Myanmar

and CambodiaThe energy levels are a function of electrification rates (rural and urban),
and population sizes. Myanmar has the highestgftl energy demand due to iturrent

low rural electrification rate (15% in 2013) and high population size. This demand in the
SES is expected to be met by-gffd renewable technologies and smart grids in the interim
before the national electricity networks are expanded into ruralease

Off-grid demand assume&5 persons per household. An additional 5% is added to reflect
non-household energy requirements. Additional assumptions relating to household size
and usageare shown inTablel18 below.

Tablel18 Off-grid Demand Assumptions
Type Household Size kWh per HH %
Urban ALL 600 100%
Rural Low 150 25%
Rural Med 300 50%
Rural High 600 25%
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Figure38 Off-grid Demand (SES, GWh)
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Advanced Sustainability Energy Scenario (ASES)

The ASES assumes that the power sector is able to more rapidly transition towards a 100%
renewable energy technology mix under an assumption that renewable energy is deployed
more than in the SES scenario wignewable energy technology costs declining more
rapidly compared to BAU and SES scenarios.

A brief summary of the main differences between the ASES and SES is detailed below:

A Demand Uptake of electric vehicles and motorcycles is doubled by 2050. An
additional 20% in energy efficiency savings is applied to the incremental SES demand.
Electrification rates in Myanmar and Cambodia stop increasing after solar and battery
storage costs reach parity with the system LCOE and all potentigtidfiemand is
instead met by mini and micro gridghis is expected to occur after 2025.

A Flexible DemandFlexible demand is assumed to increase from 15% in 2050 (SES) to
25% in 2050 under the ASES reflecting a faster change in policy, infrastructure and
attitudes affe¢ing consumption behaviour.

A Technology costsThe SES technology cost changes are accelerated by 10 years in the
ASES. The trajectory from 2040 to 2050 assumes the same rate of change from 2030
2040.

A Renewable Targets and RetirementShe ASES assumeseamble policy targets are
implemented across the region targeting 95% and 100% of renewable generation by
2045 and 2050. As such, coal and gas plants are assumed to retire earlier than in the
SES.

Overall GMS SES Demand Forecast

The following section andesults are compared to the Base ca3able 19 shows the
percentage savings as a result of the assumed efficiency gains. Efficiency gains are based on
current intensity benchmarkof the GMS countries trending towards levels experienced by
other developed countries. Sesuntry modelling report$or further details.Figure39 plots

the entire GMS region results for the BARESand ASE&ases.

Table19 BAU and SES Case Differences (GWh)

Country / 2030 2030 2030 2050 2050 2050
Region BAU SES Difference BAU SES Difference
Viet Nam 507,526| 370,786 -27% 890,284 564,259 -37%
Thailand 311,872 271,312 -13% 560,269 397,371 -29%
Cambodia 36,034 24,573 -32% 90,584 55,636 -39%
Lao PDR 29,459 23,083 -22% 55,733 39,608 -29%
Myanmar 60,124 41,893 -30% 157,997 99,300 -37%
GMS 945,016| 731,647 -23%| 1,754,867 1,156,175 -34%
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Figure39 GMS Electricity Demand (206%050) All Scenarios
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Lao PDR SES Demand Forecast
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Figure41 Lao PDR Electricity Demandill Scenarios
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Myanmar SES Demand Forecast
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forecast.

Figure42 Myanmar Electricity Demand All Scenarios
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Thailand SES Demand Forecast

Figure4302 Y LJ NB & GES-danfahdyfoRetrat against the BAU and SES demand
forecast.
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Off-Grid Electricity Demand in the ASES

The ASES case assumes loged-electrification targets in Myannraand Cambodia
relative to the SES gmtential off-grid demand is met by ofjrid renewable technologies

and smart grids permanenthrigure45 plots the forecast ofgrid demand. The offjrid
demand in Manmar and Cambodidecline initially due to initial efforts towards grid
electrification. From 2025, the demand that is supplied bygritl technologies increases
assolar PV and battery storage reasparity with system generation cost§he trajectory
upwards from 2030 reflects increasing population and higher per capita consumption levels
as the GMS economy grows.

See sectiom.13for the common grid electrification and effrid assumptions.

Figure45 Off-grid Demand (ASES, GWh)
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Fuel Pricing Assumptions

IES has developed a global fuel price outlook wisdased in the shorteterm on the
contracts traded in global commadity exchanges for fuels before reverting towardsdang

price fore@sts and relationships provided in energy agency reports. A summary of the fuel
prices expressed on an energy basis ($US/MMBtu HHV) is preseRigdiie46 below. Fuel
prices in this section are quotexh a FOB basis.

The 30% dip from 2014 to 2015 for the various fuels was the result of a continued weakening
of global energy demand combined with increased stockpiling of reserves. Brent crude prices
fell from $155/bbl in mie2014 to $50/bbl in early 2013-heOrganisation of the Petroleum
Exporting CountriesQPEL at the November 2014 meeting did not reduce production
causing oil prices to slump. Fuel prices are assumed to return tetdonmgexpectations by
2025.

Figure46 IES Bae Case Fuel Price Projections to 2050
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Key comments on the trends and relationships assumed in the fuel price scenarios are
discussed below.

Crude Oil Prices
The crude oil price trajectory is made up of:

1 Our base case crude projection is based on resettiement prices of theNew York
Mercantile Exchange\(YMEXmonthly crude oil contract in the short term reverting
to longterm pricing by 2025.

1 The longterm outlook is derived from the IEA World Energy Outlook 2014 report. The
IEA report contains tlee scenarios, current policy, new policy and a 450 scenario
representing a global carbon intensity target of 450 ppm. Our-tenigp prices are
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based on the 450 scenario, which are projected to decline over the longer period from
$102.35/bbl in 2015 to $.56/bbl by 2040, representing a more conservative view of
long-run oil prices. Crude prices after 2040 are assumed to remain constant from 2040
to 2050.

Given the significant price disparity between currently traded exchange contracts and
the IEA longerm outlook trajectory, the projection of crude pricesbased on a high
weighting towards NYMEX contract prices in the siterin trending towards a 100%
weighting towards the IEA 450 scenario projection by 2025.

The projection is shown iRigure47.

Figure47 IES Crude QOil Projection to 2050
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Dated Brent, Fuel Oil, and Diesel Oil

Dated Brent, Fuel Oil, and Diesel QOil are linked to the-tenyg forecast price movements of
crude:

1

Dated Brent in the short term, similar to our methodology with crude, is based on the
NYMEX monthly exchange traded contracts to 2020. Leteger prices are based on
the historical relationship with crude oil applied to the IEA 450 scenario cruide o
forecasts. Weightings, as per the methodology for crude oil, are applied to the short
and longterm prices to derive the Dated Brent price trajectory.

Shortterm Fuel Oil and Diesel Oil prices (to 2017) are based on calendar swap futures
listed on the Gicago Mercantile Exchange. The ldagn prices are based on the IEA
450 scenario crude price growth rates applied to the historical Fuel Oil and Diesel Oil
prices respectively. Weightings, as per the methodology for crude oil, are applied to
the shortand longterm prices to derive the Fuel Oil and Diesel Oil price trajectories.

Figure48plots the Dated Brent, Fuel QOil, and Diesel Oil price projections.
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Figure48 IES Dated Bant, Fuel Oil and Diesel Oil Price Projections to 2050
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Coal Prices

Imported coal in the GMS is mostly sourced from Indonesia and Austriabeecass of
imported coal prices are based on:

17 Newecastle coal prices over the shaerm are based on the mohty Newcastle coal
futures listed on the Intercontinental Exchange. The kergn Newcastle prices are
assumael to recover to 2013 levels by 2025 and held constant thereafter.

1 Forecasted Indonesian coal prices are based on the relationship between rastoric
Newecastle and Indonesian coal prices on a per equivalent energy basis. The historical
ratio from 20102014 has been stable around 0.85, and we have estimated it to
increase to 0.90 over the longer term.

1 Average imported coal prices are assumed to ifle 70/30 weighting of Newcastle
and Indonesian coal respectively.

Figure49 shows the coal price projections.
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Figure49 IES Coal Price Projection to 2050
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Asian LNG Prices

International Asian Liquefied Natural GasNG prices are based on the LNG price dynamic
against Japan Crude Cocktail (JCC) prices:

1 The JCC curve is based on the historical relationship with crude oil prices. These crude
oil prices follow the IEA 450 sceimcrude oil price projections out to 2040 which are
then held constant.

1 LNG prices are assumed to be a function of JCC prices, with a slope of 0.12 and an
intercept of 1.05 ($US/MMBtu HHV).

Figure50 plots the international Asian LNG prices.
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Figure50 IES LNG Asian LNG Price Projection to 2050
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Summary of Key Fuel Price Assumptions

In this modelling we have assumed a single trajectory of prices and have not developed any
alternative casesTable20 summarises the approach to IES fuel price projections. The-short
term forward curve and lorerm projections are weighted to smooth out the trajectory

with higher weightings given tiorward prices in the shosterm which trend towards long
term projections.

Table20 Fuel Price Assumptions
Fuel Shortterm price assumption Longterm price assumption
Source
Crude Based on the NYMEX forward price§ IEA World Ermgy Outlook 2014 450
scenario crude price projections from 202
to 2040 then held constant to 2050.
Dated Based on the NYMEX monthly Follows growth rate of 450 scenario crude
Brent exchange traded contract price trajectory
Fuel Oil Singapore FO 180cattdres (CME) | Follows growth rate of 450 scenario crude
price trajectory
Diesel QOil | Singapore Gasoil 180cst Futures Follows growth rate of 450 scenario crude
(CME) price trajectory
Imported | Newcastle Coal Futures (ICE) + IES expectations of coal prices (approx. U
Coal Indonesian coal prices based 90% | $92/tonne by 2025, real 2014) and held
parity of Newcastle coal constant thereafter
Asian LNG| Based on constant relationship Based on constant relatiohi against JCC
against JCC (which fluctuates (which fluctuates according to crude) and
according to crude) held constant after 2040
Nuclear UxC Uranium U308 Futures Shortterm levels held constant to 2050
Settlements (CME) to 2017
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FuelPrices

Table21 sets out the Free oBoard (FOB) fuel price assumptions that were used in the
modelling presented in this report. This fuel price set was common to all three scenarios

Table21 Fuel Price Assumptions (FOB) (Real 2014 USD/GJ)

Yea Coal Gas Diesel Uranium Fuel Oil | Biomas$ | Biogag
2015 2.39 10.08 13.34 0.72 9.13 2.57 1.00
2016 251 11.88 15.24 0.76 10.49 2.62 1.00
2017 2.63 12.91 15.28 0.80 11.68 2.67 1.00
2018 2.74 13.72 16.41 0.80 12.43 2.72 1.00
2019 2.86 14.47 17.53 0.80 13.18 2.78 1.00
2020 2.98 15.16 18.64 0.80 13.93 2.83 1.00
2021 3.10 15.81 19.73 0.80 14.65 2.89 1.00
2022 3.21 16.46 20.80 0.80 15.36 2.95 1.00
2023 3.33 17.10 21.86 0.80 16.06 3.01 1.00
2024 3.45 17.72 22.90 0.80 16.76 3.07 1.00
2025 3.56 18.34 23.3 0.80 17.44 3.13 1.00
2026 3.56 18.29 23.86 0.80 17.39 3.19 1.00
2027 3.56 18.24 23.79 0.80 17.34 3.25 1.00
2028 3.56 18.19 23.72 0.80 17.29 3.32 1.00
2029 3.56 18.14 23.65 0.80 17.24 3.39 1.00
2030 3.56 18.09 23.58 0.80 17.19 3.45 1.00
2031 3.56 18.06 23.53 0.80 17.15 3.52 1.00
2032 3.56 18.02 23.49 0.80 17.12 3.59 1.00
2033 3.56 17.99 23.44 0.80 17.08 3.67 1.00
2034 3.56 17.96 23.40 0.80 17.05 3.74 1.00
2035 3.56 17.92 23.35 0.80 17.02 3.81 1.00
2036 3.56 17.89 23.30 0.80 16.98 3.89 1.00
2037 3.56 17.86 23.26 0.80 16.95 3.97 1.00
2038 3.56 17.83 23.21 0.80 16.92 4.05 1.00
2039 3.56 17.79 23.16 0.80 16.88 4.13 1.00
2040 3.56 17.76 23.12 0.80 16.85 4.21 1.00
2041 3.56 17.76 23.12 0.80 16.85 4.29 1.00
2042 3.56 17.76 23.12 0.80 16.85 4.38 1.00
2043 3.56 17.76 23.12 0.80 16.85 4.47 1.00
2044 3.56 17.76 23.12 0.80 16.85 4.56 1.00
2045 3.56 17.76 23.12 0.80 16.85 4.65 1.00
2046 3.56 17.76 23.12 0.80 16.85 4.74 1.00
2047 3.56 17.76 23.12 0.80 16.85 4.84 1.00
2048 3.56 17.76 23.12 0.80 16.85 493 1.00
2049 3.56 17.76 23.12 0.80 16.85 5.03 1.00
2050 3.56 17.76 23.12 0.80 16.85 5.13 1.00

*Biomass energy content and prices can vary wilalsed on feedstock and a variety of other factors. We have assumed an
energy content of 15MJ/kg and arodir$40/t feedstock cost increasing at 2% per annum. Biogas ewstdased on IES
estimates.
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Technology Costs

Current and historical technology costs for the various conventional energy types have been
obtained from a wide range of industry sources and lmukeports®. The costs outlined in

this section are based on global estimates where GMS specific data was not available. The
figure below shows the current cost trends between the various regions in the world
according tahe International Renewable Engrd\gencylRENXC. Capital costs in China and
India, which provide a proxy for the technology costs in the Greater Mekong Region are
observed to be generally lower compared to other regidfigure51 presents a snapshot of

the various renewable technology installed costs.

Figure51 Current Cost Trends
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Review of Historical Technolog@ost Trends

Technology costs over time tend ttecrease as a function of the capacity produced or
attaining greater economies of scale. Sé&afand Wind hae grown at a rapid rate over the

19 Renewable Power Generation Costs in 2014 from IRENA (2015), The Model for Electcicitgldgy Assessment
6a9¢! 0 FNRY (GKS 22NXR .lylwa 9ySNHe {SOG2NJ alyl3asSySyid !
Energy Technologies by the World Energy Council and Bloomberg New Energy Finance (2013), Fuel and Technology
Cost Review (2014)y ACIL Allen Consulting for the Australian energy markets, Updated Capital Cost Estimates for
Utility Scale Electricity Generating Plants (2013) by the US Energy Information Administration.

20pPower Generation Costs 2014, IRENA (2015)
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past 10 years as installed capacity around the world increased from 4 and 48 GW to 177,000
and 370,000 GWh resptively, with significant cost decreases over the same period.

8.1.1 Onshore and Offshore Wind Turbine Costs

Figure52 tables the growth in onshore and offshore wind farm capagigbally,which has
increasedl69% and 81% from 2010 to 2014. Over this period, the weighted average cost has
dropped between 4%nd27%.

Figure52 Cumulative Wind Capacity and Cost Trends (World)
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Figure53 plots historical wind turbine prices, which can account for up to 75% of the total
project cost thosehave declined significantly over the past 7 years. Chinese turbine prices
are significantly lower thn the other regionsFigure54 shows the cost differences between
various regions with wind farms installed in China and India being the cheapest at around
$1,500/kW. Installed costs in China show ahsldgcline in prices from 2010 to 2014.
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Figure53 Historical Wind Turbine Prices
2014 USD/kW
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Figure54 Historical Installed Cost by Region
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Figure55 plots offshore windfarm costs around the world, and on average cost twice that of
onshore wind farms.

Figure55 Commissioned and Proposed Gffore Wind Farm Costs
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8.1.2 Solar Photovoltaic (PV)

Figure56 shows the historical utilibgcale solar PV installed costs. The weighted average
utility costcurve has decreased from around $4,000/kW to less than $2,000/kW by 2014. The

average includes the various technologies including crystalline silicon, and thin film, with and
without tracking.

Figure56 Estimated Historical Utiliy-Scale PV Costs
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Figure57 shows the historical cost trends across various regions.

Figure57 Installed Prices by Year and Reg

2014 USD/kW .
Capacity MWe

8000

1 —
100
200
w =
6000 . .
- ¥
] . .
: H (]
’ b [ . ]
! i * .
& | &
] ‘ t
4000 ] H .
H A 4
) o} 1 { :
! 2 H . !
¢  §
e B
2000 N r H
i .
o
0 m 2012 2013 2014
T T T T
| Small Large | Small Large | Small Large | small Large
. Africa Eurasia . North America
Asia . Europe . Oceania
Central America and the Caribbean . Middle East South America

Source: Power Generation Costs 2014, IRENA (2015)

8.1.3 Concentrating Solar Power (CSP)

Figure 58 plots CSP installed costs by capacity factor and storage capability. There is a
significant cost differencbetween having a storage capability (ranging from $6,000/kW to
$12,000/kW) to CSP without storage ($3,000/kW to $9,000/kW) with an incremental capacity
factor of between 1615%.
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Figure58 Installed CSP Costs by Technology andr&ge Capability
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Figure59shows the costof CSP which have not decreased as much as solar PV prices (utility
scale) to date.

Figure59 Installed CSP Prices

Source: Utiliyscale Solar, US DOE, Sep 2015
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