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Introduction

Foll owing Myanmardés 2010 el ection, t he
almost 60 years of stagnation, toward a democratic government and more open
economy. Foreign and domestic stakeholders are gradually overcoming their concerns
over whether this transition is sincere, initiating efforts to pursue emerging opportunities
as well as to address numerous challenges. Blessed with abundant natural and human
resources inacountrythat once possessed Southeast

nat.i

Asi

per haps no economi c i ssue i s as pressing
iI's be

antiquated power sector. Presentl vy, it
only about 30% of its 51 million people. More than half the wiringd in this country that is
about the size of Texasd is estimated to be at least seventy years old.

National electrification is profoundly important. It is a central element and foundation
upon which to achieve needed advances in education, healthcare, industrial and
regional development. Job creation, tourism, telecommunications, financial services and
governance are also effected by power generation. So is the country's ability to raise
incomes and living standards and to create a more inclusive and equitable society.
My anmar 6s g odevelopment partners such as the World Bank, Asian
Development Bank (ADB), the Japan International Cooperation Agency (JICA) and
others are allocating substantial resources to support the design and development of a
coherent and viable national electrification plan and energy development strategy. At
the same time foreign leaders, executives, investors and other parties crowd Yangon
and Naypyitaw to position themselves for this major infrastructure upgrade, and to
partake in the decades of strong growth forecast in Myanmar moving forward.

| n 2012, however, as My anmar 6s gover nment

returning donors and others to define and address the nation's development needs,
there was a real shortage of information. This was required to evaluate the overall
situation, as well as the complex issues that impact power generation and other key
sectors. Given the need for data to address these challenges, the Economic Research
Institute for ASEAN and East Asia (ERIA) drafted a multi-sector Myanmar
Comprehensive Devel opment Vision (MCDV)
Planning and Economic Development. KWR International (Asia) Pte Ltd (KWR), working
in cooperation with the University of Tokyo (UT), prepared the energy and electrification
component. This led to a multi-year study that included three phases of fieldwork and
hundreds of interviews with key stakeholders; site visits to cities, towns, villages, border
crossings, planned special economic zones and other locations both inside and outside
Myanmar. Capacity building initiatives and workshops were also organized; and an
effort maintained to continuously review and monitor available information.

The methodology employed in this effort extended far beyond the quantitative forecasts
and technical evaluations that often characterize initiatives of this kind. This was due
both to an inadequacy of reliable data as well as a recognition that the challenges
Myanmar faces require wholesale redevelopment and review of essentially every
sector. It also requires restructuring of government, rewriting of legislation and regulator
regimesd some of which date to the 19" centuryd as well as a need to reconcile
Myanmar's culture with international standards and business practices.
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Nowhere is this dilemma more profound and important than in the power sector.
Electricity demand in Myanmar is expected to grow at an annual rate of between 10-
15%. This is double projected GDP, and could be as high as 2.5 times international
nooms. The nationds antiquated infrastructure i
needs, let alone anticipated demand from foreign investors, manufacturers and tourists.

e

Source: KWR International

My a n ma r 0 smogly dorttentrated in urban areas, leaving those that live in rural
areas largely without grid access. Given its large size and geographic diversity this is
not easy to resolve. The challenge is further complicated by complex political and social
issues related to income inequality and ethnic conflict. In addition to technical concerns,
Myanmar is also lacking in developed, as opposed to underlying, human resources as
well as the institutional capacity needed to address the challenges of national
electrification. Government decision-making in regard to energy and electrification is
divided among eight or more Ministries. Data collection is weak, and electricity lawsd
which were recently updatedd still lack adequate provisions, such as for power
purchase agreements and feed-in tariffs, that would help to attract private sector
investment. This is particularly true in rural areas that extend beyond the national grid.

Making matters worse, the use of subsidized tariffs means the government currently
provides power to citizens at a loss -- which totaled over US$275 million in 2013. In the

past, economic development and domestic energy use was less of a priority. Revenue

gained from oil, gas and resource exports were used to finance the country's survival in

the face of a harsh sanctions regime. This largely benefited a small group of elites and

select institutions. The nation is now, however, pus hi ng f or My &orbenar 6 s
used for the public good. At the same time market pricing and mechanisms, as well as

the inefficiency of subsidiesd are not well understood. This makes it difficult to remove
subsidies to provide the funds and pricing needed to facilitate grid extension and to help

ensure sustainability of socio-political and national economic growth.

2
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Myanmar, however, does not suffer from a lack of resources. It has vast potential for
hydroelectricity, gas, biomass, diesel and alternative energy. At the same time the

natonhas one of the worl doés comwunetorr ratgse-rankn@ pi t a

higher than only Nepal, Haiti and a handful of sub-Saharan African countries. In 2012,
Myanmar's electricity supply was estimated at less than half of future demand and ADB,
citing the Ministry of Electric Power (MOEP), forecast individual power consumption
would grow from 204 kWh in 2012-2013 to 550 kWh in 2021-2022.

Village system powering television in Myanmar

> 4

Source: KWR International

Myanmar's installed capacityd approximately 3,500 MW in 20129 is far too low for a
country its size. Thailand, by comparison, possesses roughly 30,000 MW. Further,
although there were no significant reported upgrades in the years leading up to 2012,
Myanmar experienced 15% annual increases in electricity generation between 2008-
11.Blackouts became more frequent in Yangon and Mandalay, leading to tensions given
rising public expectations. Adding to the problem, about 27% of electricity is lost in
transmission due to antiquated equipment and relatively low voltage lines, as well as
users diverting electricity. The latter is also a safety concern. More than one third of fires
in Yangon in 2011 were reportedly caused by improper use of electrical appliances.

Based on its examination of available literature, background briefings, and the analysis
incorporated into its MCDV findings, KWR worked with UT to focus its review on three
main thematic areas. These included Grid Extension and Development, Off-Grid/Rural
Electrification and Regional Integration/Cross-Border Electrification. This was then
supplemented by the identification of short-, medium-, and long-term priorities as well as
resulting policy implications, concerns, conclusions and recommendations. Following
this review, three phases of fieldwork and research were conducted to assess:

APhase |: On-the-Ground Conditions and Key Issues Relating to Rural Electrification
APhase |l: Comparative Cost & Technology Evaluation Relating to Rural Electrification
APhase lll: Cross-Border Electrification and Potential for Regional Energy Integration

€
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Third stakeholder's meeting at UMFCCI

i

Source: KWR International

This comprehensive evaluation included workshops, discussions, capacity development
and a peer-review process to gain input and involvement from key internal and external
stakeholders. Through an ongoing examination of important issues and concerns,
government officials, executives, investors, donor representatives, academics and
analysts were able to provide feedback, encouraging public-private and intra-ministerial
dialogue. This is helping to build consensus concerning viable policies and approaches,
encouraging the cooperation needed to success

Through further examination and discussion of the many issues and concerns identified,

it is hoped this process will continue, recognizing thatthes cope and scal e of
energy and electrification needs are too large for its government, development partners

or the private sector alone. Cooperation will be critical, necessitating ongoing dialogue,
continuous study and exchange of information, so Myanmar can both realize its
potential as a vibrant, dynamic economy and contribute to the development, integration

and emergence of an ASEAN Economic Community as a whole.

APhase |: On-the-Ground Conditions and Key Issues Relating to Rural Electrification

Meeting with village leaders in Monywa
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Following preparation of the MCDV analysis, Phase | fieldwork was undertaken to
examine on-the-ground conditions and to determine key issues related to rural
electrification and whether the fArhetor.i
in the field. From May-August 2013, fieldwork was undertaken in several regions in
Myanmar. This included Bagan/Nyaung-Oo, an agricultural area that encompasses a
burgeoning tourist destination; Mandalay, a large city in Myanmar's dry zone; Monywa,
an industrial river city on route to the Indian border; Pathein, a delta city in a largely
agricultural region with a growing industrial focus; Pyin Oo Lwin, a colonial outpost north
of Mandalay; Tachileik, a rapidly growing city on Thai border near Laos; and Kengtung,
in East Shan State where there is an abundance of hydro resources.

This fieldwork painted a broad picture of the electricity practices of rural populations in
Myanmar's diverse regions. It underscored the fact that, despite the dire statistics on
electricity access in Myanmar, many off-grid communities have obtained a power supply
on a household or village level, albeit not in an ideal or sustainable fashion.

Site visits highlighted the fact that electricity access and economic development are
inextricably linked. This applies to householdsd where villagers were able to start
businesses or add value to existing revenue streams with the use of electric appliances
or equipmentd as well as larger scale industrial entities, whose ability to achieve
profitability and competitiveness, increase production and create jobs was dependent
on access to reliable power sources.

Village entrepreneur selling rental batteries

i

Source: KWR International

What also became clear is that Myanmar citizens have rapidly rising expectations. In
some cases villages postponed plans to initiate village-level electrification strategies as
they were optimistic the government would soon connect them to the national grid. This
reflected the fact that, in its attempt to build a more representative democracy, Myanmar
is becoming more dependent on the political support of traditionally marginalized and
remote populations. Rural electrification, in addition to helping these regions and the
country develop, is one means of building support among more diverse constituencies.

5
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Field research also illustrated more clearly the complex challenges facing Myanmar's
government as it seeks to balance the electricity needs of a largely rural population with
those of a growing tourism sector, business and industry and urban populations. It also
emphasized the need for electrification strategies that focus careful attention on the
three themes that had been emphasized in the MCDV research: Grid Extension; Off-
Grid Electrification and Cross-Border Energy and Electricity Sharing.

Grid Extension

Extending the national grid to rural populations is the most efficient strategy for national
electification, both economically and technically speaking. The grid is easier to scale
than other systems, reducing the generation cost per unit with the ability to draw, and
integrate, distribution from a range of energy sources. Nonetheless, grid extension
requires massive investment to meet the needs of Myanmar as a whole. Investors are
also likely to choose urban centers, industrial zones and other areas where demand is
high and incomes sufficient to allow positive returns on a commercial basis, before
providing power to more marginal areas.

For rural populations who generally possess lower incomes than those residing in urban
areas, the challenges of self-financing grid connections are significant. Fieldwork
revealed MOEP's responsibility for grid extension ends at the township level, after which
it is usually up to villages to connect households on a collective basis. Grid extension
can cost in excess of US$35,000 a kilometer or US$250+ per household, not counting
the final costs of connection into the home. This is more than double the average
monthly income in Myanmar.

Vlllagers repairing locally installed power lines near Bagan

Source: KWR International

Village connectivity i s ¢oonsvom GrdeEdtendion. AiaDdE P 6 s

other clauses, this requires villages to draw from collective savings and generally
prohibits loans and other financing mechanisms. It states i Per mi ssi on
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village having the savings relied on themsel

or donation is asked for, the project for the access to the electricity in the village shall
notbe per mi t texceptioos hivh bekeneobserved, few opportunities exist in any
case for financing. Even when obtainable, loans in Myanmar are generally for one year.
This makes it very difficult for villages to connect unless they can gain a rare exemption
that allows for individual household, rather than collective, connectivity or funds from
wealthy present or former residents or other sources.

Strong local leadership and management capacity is essential if a village is to
collectively organize itself, resolve issues related to land and household affordability,
and to fully understand the dimensions and requirements of their commitment. This is
difficult and instances are reported where villages have installed generating equipment -
-- but not adequately provisioned for the final expense of household connection -- and
therefore ran out of funds before they were fully connected.

Further, even if adequate financing and a structure is developedd which would allow
villages to bypass the 24 conditionsd and the nation was able to deal with the high
costs and ramifications of grid extensiond capacity must be expanded within the grid
itself. The grid currently lacks sufficient generating power to deal with present
connections. This necessitates a reliance on backup and auxiliary generators. That is
problematic. While many consumers, particularly larger users, note a willingness to pay
higher rates for adequate and reliable power, they are not only resistant if there remains
a need to incur the costs of backup equipment, but they also become more dependent
on low tariffs to compensate for the high cost of diesel generation. Therefore, if
Myanmar is to both expand its grid, and to develop adequate capacity to satisfy both
residential and industrial users at projected growth levels, the cost will be enormous.

el generation near Dawei
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Source: KWR International
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Additionally, even if the nation is able to successfully implement planned initiatives,

such as the Wor | d Bankodés proposed National Bl ectri
national grid extension effort to almost the entire natonby 2030, My anmar 6s |
and geographic diversity ensures some parts of the country will be connected before

others. This will leave certain areas dependent on high-cost diesel and other sources

that can cost up to MMK 500 per kWh, or which provide power only a few hours a day.

At the same time some of their neighbors and nearby areas, which are connected, will
receive 24-hour power at the MMK 35 per kWh residential or MMK 75 per kWh
industrial tariff rates. This is bound to exacerbate social tensions and promote a sense
of inequity. Some towns and villages are already protesting their lack of a grid
connection while others are brought online. As efforts to extend the grid are
accelerated, this type of tension is sure to increase. It will require more extensive
community relations and public outreach to facilitate this essential transition.

|l nadequate capacity within the grid is even
economic development. Industrial users in particular suffer from unstable electricity

access, given their need to maintain predictable production schedules and secure

supply chains. Auxiliary capacity must be installed for use when grid power is not
available. This generally takes the form of higher cost diesel generators. Companies in

Pathein and Mandalay reported up to 30% increases in production costs when these

systems are in use. One foundry in Mandalay, for example, noted its use of two-tiered

pricing. Machinery produced during rainy season, when ample hydro-sourced grid

power was available, was sold at a lower price than machinery produced during the dry

season, when they were more reliant on higher-cost auxiliary generation.

Workers at a foundry in Mandalay

Source: KWR International

Increased public-private cooperation is also vital given the immensity of these
challenges as well as numerous legacy issues and inefficiencies, and the size of capital
requirements. Resolution is essential if Myanmar is to increase income and living
standards, develop tourism, industry and other sectors and satisfy rising expectations.
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While there are many domestic and foreign investors, companies, donors and other
entities interested in developing the power sector, Myanmar presently lacks the
mechanisms needed to craft effective public-private partnerships. For example, despite
passage of a new electricity law, the country is finding it difficult to negotiate the Power-
Purchase-Agreements needed to maximize private sector involvement.

This not only impinges on the expansion of grid capacity, but also the n a t i abifitpts
finance energy-dependent facilities and industrial projects. New power projects are
generally dedicated either to producing power for the grid, with the output subject to, or
influenced by, tariff rates; or as stand-alone installations to power new industrial zones
or off-grid areas where demand is speculative. As there is presently no provision for a
feed-in-tariff or mechanisms by which new facilities can sell a variable and potentially
decreasing portion of output to the grid as their underlying projects achieve viability, or
converge with the grid once lines are extended to this area. Otherwise demand for
promising new projects is speculative and unknown. This makes new, costly projects
dependent on the risk of the project itself without the ability to hedge through sales to
grid. This makes financing difficult. That in turn leads to more costly and inefficient
strategies based on modular expansion and suboptimal implementation if possible at all.

Small Village Generator in Nyuang-Oo

» b4

Off-grid electrification

Many regions of Myanmar will lag behind planned grid extension efforts and other
national development initiatives. This is due to their remoteness as well as the costs
and a recognition the entire country cannot be wired at the same time. These areas will
by necessity continue to rely on off-grid systems and self-help approaches to gain
access to electricity over the short- and likely intermediate-term. For these areas, off-
grid systems such as solar panels, micro-hydropower turbines, generators and
traditional biomass must be examined.
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By utilizing intermediate technologies and interim solutions, it is believed these least
developed regions can begin to move forward. This could mean a steady step for
modernization in these regions, without unnecessarily detracting resources and
investment from grid extension initiatives in the urban and industrial areas that will drive
Myanmar 6s economic devel opment .

Diesel Generators are Perhaps Most Prevalent Form of Rural Electrification in Myanmar

Fieldwork demonstrated a number of solutions in use. Perhaps the most prevalent
electrification mechanism on the village level are diesel generators. These are typically
purchased and managed through a village electrification committee or by a local
entrepreneur. Wiring and management is provided locally, usually by untrained
personnel. Power is provided for several hours in the evening for US$2-5 a month per
household, depending on whether it seeks only lighting or television and expanded use.

Solar Power Is Increasingly Popular as Off-Grid Energy Source in Myanmar

Solar is also becoming increasingly popular as an off-grid energy source in Myanmar. It
is sometimes used in villages that have collective generators as a means to provide
auxiliary power both to facilitate commercial activity such as small weighing stations,
refrigeration for a shop, or light machinery. Some individuals also seek power in the off-
hours for their own use. For example in one village a young man showed off the solar
panel he had just installed to play loud music in the afternoon.

Solar lighting kit provided to Sagaing Division villages

=% N
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Source: KWR International

In Myanmar, rural solar generally consists of home units. While mini-grids should be
examined in future research, home units creates less need for strong village leadership
and cohesion than in the case of collective grid extension since individuals can make
decisions on the household level. While traditionally purchases were made by
households, national and regional governments in Myanmar have begun to develop

10
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programs to assist isolated villages in procuring this equipment. In Sagaing Division, for
exampl e, a relatively sparsely populated regi
has extremely bright sun and is therefore suited for solar, 130 villages in 2013 were
reported to have taken advantage of a solar cost-sharing program. The regional
government paid 50% of the cost of a solar panel, converter and three lights, which
were then distributed in villages to individual users. One company interviewed won a
tender with two other firms, in which more than 1,000 solar kits were purchased from
each firm and distributed to villages in the division. The interviewed company noted they
assembled the units in their own facility in Yangon but procured the panels by sending
technicians up to Muse, on the Myanmar-China border, where they tested and sourced
individual panels from China, then transported them down for sale within Myanmar.

The provision of solar home units to small and isolated villages in Myanmar gained
further momentum in 2014-2015 as the Ministry of Fisheries, Livestock and Rural
Development, which was appointed the lead ministry for rural electrification, initiated
national procurements in 2014. This has dramatically expanded this program, though
there has been concern, both over the anticipated life-span of sourced equipment, and
since they are provided without charge to villagers, whether this will upset existing
market-based distribution channels.

Hydro Also Important but Location-Dependent for Off-Grid Transmission

Given Myanmar 6s abundant hydropower potenti al
potential in providing off-grid solutions both within and beyond the village level. Given

there has traditionally been no grid connection east of the Thanlwin River, municipalities

such as Kengtung, a city of about 100,000 people and nearby areas, for example,

receive power from two off-grid hydropower plants under administration of the MOEP.

Mini-hydro turbine in waterfall powers a restaurant in Pyin Oo Lwin

Source: KWR International

Households and facilities fortunate enough to be located near viable water sources can
take advantage of micro-hydro technologies. In Pyin Oo Lwin, for example, a local

11



