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Background

State of Electrification & Integrated Energy Development (IED) in Myanmar

Myanmar's electricity infrastructure is a major concern and priority as the nation opens
its doors and strives to achieve more rapid and equitable economic development.
Access to adequate, affordable and reliable power is required for the country to attract
foreign and domestic investment, to promote effective industrialization and necessary
upgrades in infrastructure, telecommunications, technology, and to improve its overall
capacity to deliver services to businesses and consumers.

Electrification is also an integral component of social and economic development.
Access to electricity is associated with increased time spent on education, improved
quality of life and stimulation of local economies. It enables the use of lighting, radios
and cell phones, income-generating activities and the operation of public institutions,
such as schools, municipal buildings and healthcare centers. It also enables
refrigeration, which can raise living standards and expand opportunities for small
business, such as food or ice vendors. It will also allow expanded use of electric tools,
machinery and irrigation pumps which can boost industrial and agricultural productivity.

Yet, Myanmar's installed capacity is, according to high estimates, under 3,500 MW. In
comparison, according to the US Energy Information Administration, Thailand, which
has a similar population and is Myanmar's largest export partner, has an installed
capacity of 48,515 MW — nearly 15 times that of Myanmar.’

According to many estimates, just under half of Myanmar's population has access to
electricity from a combination of sources including the national grid as well as off-grid
and independent sources. The grid is said to reach about 26% of the population, mostly
in urban environments. Outside this urban area, about 70% of Myanmar's population
lives in a rural environment. Accurate and complete data in these areas, however, is
hard to come by. This makes it very difficult to make national assessments. Rural
villages can range from those in isolated areas that have no access or which rely on car
batteries or solar lanterns and home panels, to those that have installed small gen-set
or other microgrids, or where there is sufficient income, entrepreneurs have installed
diesel power generated connections. There are also areas where the government has
provided off-grid connections from hydro, gasifier and other facilities.

It therefore comes as no surprise that Myanmar has one of the world’s lowest per capita
electricity consumption rates, at just over 110 kWh per person in 2011, according to
World Bank data.’ This compares to 164 kWh per person in Cambodia, 680 kWh per
person in Indonesia and 2,315 kWh per person in Thailand.* Only Nepal, Haiti and a
handful of sub-Saharan African countries consume less electricity per capita than
Myanmar.

" International Energy Statistics, U.S. Energy Information Agency
l Electric Power Consumption (kWh per capita), The World Bank Group, accessed: July 2, 2014
Ibid.
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Demand for electricity is estimated to be growing at an annual rate of between 12% and
15%.5"" According to a 2012 Asian Development Bank (ADB) assessment, nationwide
demand could reach 5,000 MW by 2020,* while the government is aiming to produce to
23,594 MW of power by fiscal year 2030-31.%

Adequate electrification, particularly where rural electrification is concerned, is as much
a political as an economic issue. Rapid growth in electricity consumption strains
capacity, and frequent blackouts have resulted in protests in major cities, as have
proposed increases to government-subsidized electricity tariffs. Provision of adequate
and reliable electricity are further complicated by the country's reliance on hydro-power,
the availability of which fluctuates significantly between dry and rainy seasons.

Efforts to improve electrification have also met with resistance. Transmission lines were
bombed by insurgents in 2012, while a number of energy projects funded by Chinese
and Thai companies have been suspended or cancelled due to social and
environmental concerns.

While grid extension has been the traditional method of achieving universal
electrification, extending Myanmar's national grid is not a matter of addressing a few
deficiencies within a largely functional infrastructure but rather building on a rudimentary
and largely antiquated system almost from scratch. This is reflected in the comments of
one senior engineer in Myanmar, who noted to the KWR Team (“Team”) his belief, that
about “70% of electrical wiring in Myanmar is 70 years or older”. The Ministry of Electric
Power (MOEP), charged with distributing electricity at a subsidized rate, is currently
operating at a loss. This will only widen as grid extension initiatives are rolled out and
MOEP takes on new consumers.

Despite the challenges, according to the World Bank, universal electrification is both
"achievable and affordable" in Myanmar by the year 2030.” Toward this end, the
institution has committed $1 billion in financial support to expand electricity generation,
transmission and distribution for the national grid"™" and is assisting with the
development of a National Electrification Plan through 2030.%*

The Myanmar government has also undertaken efforts to coordinate policymaking on
long-term energy planning. In January 2013, President Thein Sein announced the

iSimon Lewis and Kyaw Hsu Mon, Yangon Switches On, The Irrawaddy, April 17, 2014

Pyae Thet Phyo, Power Struggle: Supply Falls Short, Myanmar Times, April 28, 2014
T Electricity Master Plan Hopes to Solve Myanmar's Electricity Woes. Myanmar Business Today. July 1,
2014
H Asian Development Bank, Myanmar Energy Sector Assessment, 2012
§§ Myanmar Business Today. Op.cit.

Xiaoping Wang, Development of Myanmar National Electrification Plan Toward Universal Access,
World Bank Presentation in Naypyidaw, March 20, 2014
™ Power to People: World Bank Group to invest US $2 billion in Myanmar to support reforms, reduce
goverty, increase energy and health access, Press Release, World Bank Group, January 26, 2014
H Xiaoping Wang, Op.cit.
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creation of the National Energy Management Committee (NEMC) and the National
Energy Development Committee (NEDC), comprised of members of seven of the
ministries involved in energy policymaking.3$® These include Ministry of Energy (MOE),
which is primarily concerned with the oil and gas sectors, MOEP (power sector),
Ministry of Mines (coal development), Ministry of Agricultural and Irrigation (biofuels and
micro-hydro for irrigation purposes), Ministry of Science and Technology (MOST)
(renewable energy), Ministry of Environmental Conservation and Forestry (fuelwood,
climate change, and environmental safeguards requirements) and Ministry of Industry
(energy efficiency).” Myanmar plans to launch a 20-year Master Energy Plan,
developed with support from ADB, which will include an energy demand forecast,
supply options, legal and institutional arrangements and, importantly, investment
requirements.T" In 2013 it was said that $200 million in investments for power
generation were held up due to the lack of framework for private sector involvement in
the industry, such as power purchase agreements or feed-in tariffs.™*

The national government also has plans to replace its Electricity Law of 1984, and the
Ministry of Livestock, Fisheries and Rural Development (MLFRD), which has been
appointed as the lead Ministry to implement rural electrification, has expressed an
interest in developing legislation specific to facilitating electrification in rural areas.

A More Comprehensive Approach to Rural Electrification is Essential

At the same time, accessing the large segments of Myanmar's population living in rural
areas, which lie beyond the national grid is difficult, due to geographical and financial
constraints.3% This is complicated by the fact that Myanmar's rural population has
rapidly rising expectations about their ability to improve living conditions, and the
immensity of the challenge of electrifying large disconnected areas that cannot possibly
all be managed at the same time.

Although urban electrification is relatively easier, rural electrification, in addition to
helping the country develop and industrialize, is one means for the government to build
trust with rural populations and broader support for reform as it becomes more
dependent on political buy-in from traditionally marginalized and remote populations. As
a result, a more comprehensive approach to rural electrification is essential.

Therefore, while grid extension represents a sound long-term strategy, the need for
complementary short- to medium-term solutions is clear. These may come in the form of
decentralized electrification initiatives, off-grid home systems and mini-grids, which are
considered to be more feasible for communities located far from the national grid and

8 Asian Development Bank, 46389-001: Institutional Strengthening of National Energy Management
Committee in Energy Policy and Planning, Project Data Sheet, accessed July 2, 2014
http://www.adb.org/projects/46389-001/details

Ibid.
™ Ibid.
HH KWR Interview with a Yangon-based provider of rural micro-finance and electricity solutions. August
2013.
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which are more adaptable to local resources and conditions. The prospects for these
are only improving with new technological developments, such as energy storage.

Ensuring the universal electricity access foreseen for Myanmar by 2030 by the World
Bank and other institutions through both grid extension as well as off-grid alternatives
requires a detailed examination of related factors and costs—monetary, as well as
social and environmental—involved in the various energy resources and electrification
schemes available to Myanmar's diverse population.
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Overview

Prior KWR/UT Research on Electrification and IED in Myanmar

To date, KWR International (Asia) Pte. Ltd. (KWR), in cooperation with the University of
Tokyo (UT), has completed three phases of extensive research on energy and
electricity in Myanmar for the Economic Research Institute for ASEAN and East Asia
(ERIA). Beginning in May 2012, an in-depth review of several hundred documents and
data sources was undertaken in an effort to draft the electrification and energy
component of the ERIA-led Myanmar Comprehensive Development Vision (MCDV)
initiative. This included media reports, government statistics and presentations,
consultations with technical advisors and other experts and reports from multilateral
donor agencies and development banks, nongovernmental organizations and academic
institutions as well as interviews with targeted individuals in Myanmar.

This research provided a detailed overview of the current state of Myanmar's electricity
sector and infrastructure, including: governance and decision-making processes;
current electrical capacity and projected demand; the state of the national grid, as well
as grid extension plans; energy policy and diversification strategies; social and
environmental concerns associated with certain types of power generation; and foreign
investment in the energy and electricity sectors. The report also analyzed the complex
set of political, economic, technical, social and environmental considerations the
government must balance in devising a comprehensive energy and electrification policy
moving forward. Additional attention was given to identifying gaps in the data and
‘roadmapping” concerns that need to be addressed if the Government of Myanmar,
donors, private companies and other entities are to develop the policy, strategies and
other inputs needed to attract investment and initiate the dramatic expansion of capacity
necessary to achieve Myanmar’s electrification goals.

This initial report, completed in July 2012, prepared KWR and UT to undertake Phase |
Fieldwork, which included site visits to eight locations: 1) Bagan/Nyaung-Oo, 2)
Monywa, 3) Mandalay, 4) Pathein, 5) Pyin Oo Lwin, 6) Pathein, 7) Tachileik, and 8)
Kengtung. The Team conducted over 50 interviews with villagers and village leaders,
local electricity officials and private power providers. The visits covered a number of
issues, ranging from availability of electricity, local uses of electricity, projected and
aspirational demand for electricity, sources of electricity generation, willingness and
ability to pay for electrification, and the cost-effectiveness of various electrification
schemes. Follow-up visits were made to Monywa and Mandalay to obtain additional
information concerning incentive programs and activities of local regional government.

Over 50 additional interviews and meetings were also held in Yangon, Naypyitaw,
Bangkok and Singapore and other locations within Myanmar and throughout the region,
including with individuals and entities including, but not limited to Director Generals of
the MOE, MOEP, and MOST; Representatives of a leading solar energy company in
Myanmar; Management of Renewable Energy Association of Myanmar; Large and Mid-
sized project developers and industrialists in Myanmar; Social Enterprises and Micro-
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Finance Institutions involved in rural electrification; President, Myanmar Engineering
Society; representatives of the World Bank, ADB and other donors; Fund Managers and
investors; Commercial and Trade Officers and representatives of other business and
trade associations; Lawyers and Accountants; Analysts; other individuals/entities with
an existing or potential involvement and interest in Myanmar’s electricity sector,
journalists and other targeted individuals.

During this first Fieldwork phase an emphasis was placed on visiting towns, urban
areas, and other locations, where individuals from nearby villages were brought
together so the Team could define broad “area-wide” themes and gain insight into the
dynamics of particular projects and regions. Sometimes these visits were supplemented
by brief visits to one or more villages in these areas. For example, during the first phase
of fieldwork in 2013, the Ministry of Agriculture organized several visits to irrigation
pumping stages in areas such as Bagan/Nyuang-Oo, Mandalay and Monywa. In
addition to receiving information about these facilities, and these areas as regional
destinations, the Ministry invited several neighboring villages to send their head-person
and selected town residents to participate in “focus-group” style meetings. This enabled
the project team to ask questions about their respective situations and how they
managed their electrification needs, both in respect to their individual locations but also
comparatively to the other villages that were invited.

The site visits conducted during Phase | Fieldwork revealed a number of important
insights about grid extension initiatives, off-grid electrification and border-zone
electrification in Myanmar. These included:

Grid Extension

Myanmar's national grid largely covers major cities—Yangon, Naypyidaw and
Mandalay—in the center of the country with large areas along the periphery left off-grid.
According to MOEP data, electricity from the national grid is distributed to 2,323,467 out
of 8,905,674 families, or 26%. The electricity covers 220 out of 396 towns and

total of 64,346 villages.” Only one in five rural households is said to be connected to
the grid. Tt

According to the most recently available data, Myanmar's national grid system connects
major electric power stations—consisting of 20 hydropower plants, one coal-fired plant
and ten gas-powered plants—to substations and end users using eight types of
transmission and distribution lines. ¥ The country has 4,793.24 miles of transmission
lines, comprised of 39 230 kV, 37 132 kV and 117 66 kV lines.5%%8 There are 27 23 kV,

*****

Electricity Prices to Be Doubled, op.cit.
T Kyaw Hsu Mon, ADB to Loan $60 Million for Burma’s Electricity Network, The Irrawaddy, December
17,2013
HHE Kan Zaw, Challenges, Prospects and Strategies for CLMV Development: The Case of Myanmar in
ERIA Research Project Research 2007 No.4: Development Strategy for CLMV in the Age of Economic
integration (Tokyo: IDE-JETRO, 2008)
5885 The Republic of Union of Myanmar: Country Report, op.cit.
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24 132 kV, and 108 66 kV substations with a total transformation capacity of 5,875.4
megavolt amperes. Transmission losses are high in Myanmar, estimated at between
21% and 27% as of 2011, due to the relatively low voltage used and antiquated
equipment. T This is down from about 30% between 2003-09.555588

Adding to the problem, users sometimes use transmission line voltage regulators, or
step-up transformers, which can create supply imbalances and blackouts. Beyond being
uncompensated, this creates safety issues. More than one third of fires that broke out in
Yangon in 2011 were reportedly caused by improper use of electrical appliances.
Transformers are seen as a leading cause. This makes upgrading Myanmar's
distribution system imperative.

The government plans to build 36 additional substations with 5,675 MVA and 6,444
miles of transmission lines using four 500 kV, 41 230 kV, 8 132 kV, and 20 66 kV
lines.” " Itis likely most new transmission lines will bring power from northern hydro-
power and southern gas-fired power plants at 230 kV and 117 kV.

b G SN
Villagers repairing locally installed power lines near Bagan

<5 PRI 10 " 5 5,

Expanding the grid system can be the least expensive means to increase connectivity,
with a capital cost, according to one analyst's estimate, of between $13 billion and $18

******

Ibid.
T Electric power transmission and distribution losses (% of output). World Bank Databank, accessed
July 2, 2014.

i Asian Development Bank, op.cit.
SS5585 |pig.

*******

Ibid.
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billion. The World Bank has plans to assist with the comprehensive extension of
Myanmar's grid by 2030.

As part of this effort, the World Bank has committed a $140 million interest-free loan
toward upgrading a power plant to feed the national grid and local mini-grids in Mon
State. The plant, after replacing existing gas turbines with more advanced technology,
will be 250% more efficient using the same amount of gas, while improving health and
safety standards.™ " The World Bank is also working in partnership with the Earth
Institute at Columbia University to develop low-cost, off-grid electrification solutions
using geospatial technologies, to help satisfy interim demand and reduce social
tensions among the electricity "haves" and "have nots."

Village-level grid connections

According to official policy, which was detailed to the Team during Phase | Fieldwork,
the national government is responsible for extending Myanmar's grid to the township
level through the MOEP, at which point it is the role of individual village committees to
organize and finance village-level grid connection. Likewise, loans and grants for
electrification needs, where they exist, often come from regional or local governments,
foundations and other locally-oriented individuals and entities, while the national
government, under its 24 rules on grid access, prohibits requests for donations or
financial assistance from being made by villages to the MOEP. (For additional details on
the 24 Rules of Grid Access, see Appendix 5) It should be noted, however, that
exceptions to these rules have been observed in fieldwork visits. ™

Phase | Fieldwork also revealed that villages tended to be highly dependent on village
committees to determine and organize electricity access. Payment structures, whether
for grid connection or power provision from independent or communally-owned
providers, also tend to be organized and managed by village committees. In some
cases, this takes the form of communal or sliding-scale payment structures, whereby
payments by lower-income villagers are subsidized by those of villagers with higher
incomes. In another instance, an installment plan was devised.

While limited, local financing programs are available for grid connection in certain areas.
In the case of Monywa, which the Team visited during Phase | Fieldwork, the locally
based Zayyarpadeithar Foundation gave one-year loans at 2% interest to 42 villages
between March 2012 and June 2013. Loan amounts ranged from 10 lakh to 300 lakh,
the maximum amount allowed, with an average loan size of about 160 lakh. These are
given to villages within a two-mile radius of the grid. To qualify for the loans, each
village is required to have 50% of the loan amount in savings and the village
electrification committee itself must serve as a guarantor for the loan. Villages that fail to
pay are blacklisted though the foundation has indicated that collections have not proved
to be a problem. Given the limited time frame for this loan, however, and the relatively
large amount of money it represents for effected villages, this program, while positive in

T Bringing More Electricity for the People of Myanmar, World Bank, September 24, 2013.
HHH gee case studies on Kyaukpyu Township and Za Di Ya Ward.
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terms of promoting local grid extension, should be seen as extremely limited. That is
because it necessitates the village have a highly structured plan in place to allow quick
repayment, rather than a general ability to pay out over time through future cashflow.

In another area in the region, it was reported to the Team that local businessmen loan
money to the regional government, which uses the funds to make development loans.

Challenges to grid extension in rural areas

From a national view, the MOEP, currently operating its distribution at a loss, will only
take on greater losses as it increases its consumer base. That makes it difficult for the
Ministry to facilitate rural connections with their own resources, even if this were
mandated as a policy priority. Additionally, on a village and household level, Phase |
Fieldwork interviews found that grid connection proved too costly and organizationally
complex for most rural populations. It is a particular challenge in low-density areas
where populations are spread out over a large territory.

It is important to consider that the further a village is from the national grid, the greater
the cost of grid connection. Equally important, villagers lack project management and
financial sophistication, which makes planning difficult. In the case of Pathein, for
example, several agricultural villages were reported to have lost their initial investment
in grid connection as they were ultimately unable to cover auxiliary costs, such as wiring
and plugs, which can add up to 50% to the total cost of connection. In May 2014, it was
also reported that Karen State experienced unrest as villages were asked to collectively
contribute more than 10 million kyat to connect to the national grid.5%55% Villagers
elsewhere have reported concerns over whether the government will be as responsive
to maintenance issues as the private power providers upon which they currently rely.

Beyond economic barriers, topographical constraints can also be a hindrance.
Taungyargon, for example, a relatively affluent village in the Pathein region that was, for
the most part, able to connect easily to the grid, faced difficulties in certain areas as grid
lines could not be run through ravines and other challenging landscapes.

Despite the challenges associated with grid extension, Phase | Fieldwork revealed the
extent to which expectations for improved living standards are rising among certain
segments Myanmar's population. Villagers near Mandalay, for example, when asked
why they were not interested in developing capacity through installation of gen-sets and
panels as seen in other areas, cited the belief that off-grid initiatives were not necessary
given their belief the government would soon help them connect to the national grid.

Increasing electricity access through grid extension is a matter of balancing the
electricity needs of a diverse range of stakeholders within the resources that can be
made available. This includes not only rural versus urban populations but also
agricultural actors, industrial players, government, the tourism sector as well as other

5555558 Paing Soe, Karenni villagers asked to pay the price to connect to the grid, Democratic Voice of
Burma, May 20, 2014
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interests. It will require decisions concerning which regions to prioritize, pitting areas
inhabited by ethnic minorities, which in some cases continue to represent conflict zones,
against disenfranchised and impoverished rural areas and comparatively more affluent
and larger urban areas. The latter's electrification issues may be easier to address and
prove more attractive to foreign investors and industries, but prioritizing them may be
seen as favoring elites over the wider population.

This difficult balancing act was noticeable during Phase | Fieldwork. In Nyaung-Oo, a
mostly agricultural village neighboring the burgeoning tourist destination of Bagan, the
local pumping station was only able to provide irrigation for about one third of the land in
its mandate, in part due to electricity shortages. Although the grid system was unable to
meet the region's current electricity needs, demand is only going to increase, perhaps
rapidly, as tourism develops, hotels expand and new ones are developed.

In Monywa, a small industrial city about 136 km northwest of Mandalay, township
officials reported being required to ration electricity during the dry season, when supply
from hydropower is limited and availability of electricity was said to drop by more than
half. During the daytime, pump stations and industrial users are given priority, while
access is reserved for residential users at night. This differed from some other areas
visited, such as Bagan/Nyaung-Oo, where the maijority of capacity was reserved for
industrial use and tourism, though may be accounted for by the fact this is a city with a
far larger population.

In addition to these concerns, simply extending distribution lines will not provide a short-
to medium-term solution to rural electrification due to inadequate generation capacity. A
2003 report by Japan International Cooperation Agency estimates if rural electrification

********

for networks to reach the majority of Myanmar's towns and villages.
Off-grid electricity development
Micro-level

Given the challenges of grid extension, in particular for Myanmar's rural population,
villagers have begun implementing schemes on a self-help basis. Accounting for overall
electricity access, World Bank data states 49% of Myanmar's population had access to
electricity as of 2011. This is consistent with a 2009-10 Integrated Household Living
Conditions Survey, carried out jointly by UNDP and Myanmar Ministry of National
Planning and Economic Development, which states overall access to electricity
increased from 38% to 48% in 2005-10. Large differences exist between the poor, with
a 28% access rate—up from 20% in 2005—and the non-poor, with 55%. The figures
stand at 34% for rural and 89% for urban dwellers.

********

The Study on Introduction of Renewable Energy Sources in Myanmar, Japan International
Cooperation Agency, September 2003
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Rakhine State fared among the worst in the UNDP study in respect to access to
electricity and household, water and sanitation conditions. Access to electricity stood at
26% in Rakhine, 30% in Ayeyarwaddy, 31% in Magwe and 32% in Bago. ™11

It is likely these statistics, while measuring availability of electricity from all sources,
including the national grid, generators and independent projects are primarily focused
on grid extension and public programs organized through the MOEP to supply off-grid
power through captive hydro and other means. Typically remote households in
Myanmar also derive electricity from car batteries, chargers, and inverters—commonly
used to convert direct to alternating current—or purchase power from independent or
village-owned generators. It is therefore the Team’s belief that few villages are totally
lacking in electrification access, even if electrification in these areas consists of only one
or more solar panels and a few lights or rechargeable batteries, solar lanterns, or other
minimal sources of generation.

Solar

Solar energy also holds substantial promise. Myanmar's MOEP reports available solar
energy is about 51,974 tWh per year. Solar energy is abundantly available in central
Myanmar with a radiation intensity of 5 kWh per square meter per day during the dry
season. At present it is mainly being used on an individual scale, primarily through
photovoltaic cells, although Phase | Research revealed plans underway to develop solar
energy farms to supply the national grid.

Solar panels have been a source of electricity for certain monasteries and schools in
Myanmar and were provided to villages in Myanmar's Ayeyarwady Delta following
power interruptions due to Cyclone Nargis HHHH

In some cases, off-grid electrification is carried out with the support of NGOs, donors
and small- to medium-sized enterprises, in parallel with government initiatives. Proximity
Designs, for example, a Yangon-based social enterprise, introduced a solar-powered
lantern that sells for about $11, compared to a $60 Chinese model 33885588 |n May 2014,
ADB, with financing from the Japan Fund for Poverty Reduction, announced $2 million
in grants to bring power to 25 off-grid villages in Myanmar, primarily through small-scale
solar and biomass systems.”

Regional governments are also supporting micro- and household-level initiatives. In an
interview in Monywa in the Sagaing region in Upper Myanmar, the Team learned that
130 villages in the area were reported to have taken advantage of a solar panel cost-
sharing program, whereby the regional government pays 50% of a $70 solar panel and

T |ntegrated Household Living Conditions Survey in Myanmar 2009-2010, Poverty Profile Report,
UNDP Myanmar, June 2011

HEHEEEE B octricity in Myanmar, op.cit.

SSSS888S Winn, op.cit.

ADB, Japan Grant to Pioneer Off-grid Renewable Energy Access in Myanmar, Asian Development
Bank, May 29, 2014.
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converter, which are then distributed within villages to individual users. Individual
households cannot apply. It was also reported in the Kyaukpyu region that the MLFRD
had provided six local villages with solar panels and solar home systems in 2013. In
addition, a MLFRD notice was also recently published concerning a $35 million national
tender for solar and other energy-related equipment! Tt

In a separate interview during Phase | Fieldwork, conducted with a company named
Asia Solar in Yangon that is active in Upper Myanmar, it was reported they and two
other firms had won a tender sponsored by the Sagaing government, in which the local
government purchased 1,030 “starter” solar kits from each firm. The kits were then
distributed to villages in the division. The company did not know the exact details of
where the kits were installed.

Asia Solar supplied a 25 W kit, consisting of a solar panel, three bulbs and a box that
allows generation by direct current for $73. They also market this kit directly to

consumers for $85. According to Asia Solar, the price of the solar kits has fallen from
160,000 kyat roughly 8 or 9 years ago, and is expected to fall further in coming years.

Asia Solar US$74 lighting kit for villagers in Sagaing Division

Solar panels were reported to be used as back-up to generators in some cases, and
were also said to power income-generating activities. In Monywa, for instance, a solar
panel allowed one household to refrigerate soft drinks and water that could then be sold
at a profit.

Solar poses more of a challenge to larger-scale commercial and industrial users. In one
case, the manager of a foundry in Mandalay was unable to find the appropriate
equipment that would have allowed him to install a powerful enough solar scheme for
his operations.

P The New Light of Myanmar, May 29-June 1, 2014
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Other challenges include high start-up costs and the need for greater technical
knowledge. Energy storage for nighttime use is also a problem with solar electricity.

Like hydro, solar electricity is site specific and dependent on sun intensity among other
factors. Solar panels, however, were reportedly used in locations where sun intensity
was not optimal, but were said to require more costly configurations. Asia Solar, for
example, noted that configurations for equipment sold for use in Shan State, which has
less sun intensity than the dry zone of Upper Myanmar, were more expensive.

Hydro

Myanmar has a high potential to provide low-cost renewable alternatives to diesel. The
largest source is hydropower, which grew in importance after the World Bank conducted

a 1995 study that predicted Myanmar had a potential production capacity of 108,000
MY FEEE

The use of hydro-power as an alternative to grid-access was prevalent across Myanmar
and was seen by the Team being used as a primary or auxilliary energy source in
Mandalay, Kengtung and Pyin Oo Lwin, where it provided cost-effective power for
lighting, electronics, television and other uses.

In Pyin Oo Lwin, for example—a tourism destination in the Shan highlands north of
Mandalay—the Team interviewed a restaurant owner near a small waterfall that serves
as a tourist attraction. This individual was able to power her business using an off-grid,
micro-hydro scheme. The restaurant owner reported purchasing a hydro generator ten
years ago for $300 and replacing the ball mechanism once per year at a cost of about
$15. Additionally, an attendant checks on the generator routinely. The generator
supplies all the restaurants’ electricity needs 24 hours a day, including several lights,
television and a normal size refrigerator.

o

Mini-hydro Turbine in Waterfall Powering Restaurant w/ Refrigerator, Lights & TV

FHHEEE Harnessing Energy from the Clouds, The Myanmar Times, August 20-26, 2007
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The business owner noted hydro-generators operated by other nearby shopkeepers
require more maintenance on a comparative basis, perhaps due to less optimal
locations, but still represent a very cost-effective energy source.

A larger and more powerful hydro-generator was seen in a store on Pyin Oo Lwin's
main road. It sold for $550 and was said to supply 5 KW, enough to power lighting and
television within an average sized village of about 100 households.

Despite the advantages of hydroelectricity, however, it was not as widely used as might
be expected in Pyin Oo Lwin and many consumers expressed a growing preference for
solar power. This can potentially be explained, in part, by the need for optimal
placement within a viable water source. In many cases significant engineering support
is also required where damming is necessary with larger installations. Water flows can
also vary tremendously as seen in the example above by one restaurant owner whose
neighbors incur a higher cost structure due to placement elsewhere in the same small
waterfall. Additionally, there is the convenience of installing a solar panel as opposed to
a hydro-generator, which can be easily washed away or subject to power surges given
variations in currents. These findings emphasize the need for further research to better
understand the factors surrounding consumer preferences for solar over hydro, among
other resources.

Gasifier/Biofuels

Myanmar is working to develop its biomass resources, consisting of fuelwood, charcoal,
agricultural waste, and animal residue.

Biomass Resources in Myanmar

Type Quantity

Rice Husk 4.392M ton/year
Lumber Waste 1.5M ton/year
Bagasse 2.126M ton/year
Molasses 240M ton/year
Livestock Waste 34.421M ton/year

Source: Myanmar Engineering Society

While it is difficult to obtain accurate data given unreported logging, more than 50% of
Myanmar's total land area is reported to be forest. This represents approximately
344,232 square kilometers. Myanmar's potential annual yield of fuelwood could be as
high as 19.12 million cubic tons.

To preserve forests, Myanmar’s government has undertaken initiatives to substitute use
of fuelwood with other biofuels or, in areas near oil and gas fields, LPG. Efforts are also
being made to introduce more efficient stoves and appliances to rural households.
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These measures are expected to decrease dependence on fuelwood by 46% over a 30-
year period.

Myanmar has 1.5 million tons of lumber waste, 240,000 tons of molasses, 2.126 million
tons of bagasse, and 34.421 million tons of livestock waste per year. All of these
sources can be used for biomass gasification.$%%% Cost savings makes biomass
especially attractive for Myanmar's rural population.

Per year, Myanmar also has 4.392 million tons of rice husk resources, which are most
prevalent in Yangon, Ayeyarwady and Tanintharyi divisions as well as Rakhine and Mon
States.

The abundance of rice paddy in the Ayeyarwady Delta, makes rice husk gasifiers the
preferred alternative to diesel generators in this region. In Myaungmya Township, for
example, a hybrid rice husk gasifier managed by the Ministry of Agriculture and
Irrigation, with supplemental power from diesel, electrifies 80 households in a nearby
village and pumping station and operates at a profit. Electricity generated by the
Myuangmya gasifier is reportedly available for five hours per day in the evenings.

In Nayaung, a village visited roughly 45 km northwest of Tachileik in Eastern Shan
State, a local entrepreneur powered his rice mill and factory, as well as approximately
100 other consumers in the area, using a rice-husk gasifier, which powers a generator
via a dual-use gas and diesel engine.

Although economically viable, the environmental impact of most rice husk gasifiers
currently used in Myanmar is not favorable. According to an interview conducted in
Yangon with the owner of one of the largest suppliers of gasifier equipment in Myanmar
revealed that more environmentally friendly technology is being developed with the help
of JICA and other parties. This would, however, add to the cost of the equipment and
compliance would have to be monitored. In the absence of such environmental
safeguards, it is unlikely that rice husk gasifiers will be endorsed by donors and
international agencies, nor should it be seen as a viable energy source given the
potential for toxicity and adverse environmental consequences.

Generators

Generator sets, typically fueled by diesel, were the most commonly observed
independent electrification scheme seen by the Team in Myanmar.

In the Bagan/Nyaung-Oo region, villagers off the grid tended to operate collectively
owned generators and monthly payments were not metered, but varied depending on
whether they utilized only lighting or other appliances such as television. One village
possessed a communal generator to provide lighting for the village pagoda, streets and
school, but not for individual households.

S558388%8 ASEAN Countries' Presentation on Renewable Energy Projects and Business Opportunities
(Myanmar), Myanmar Engineering Society
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In addition to providing primary electrification, independent generators were observed
throughout the country to provide back-up power for users connected to the national
grid. This is common throughout Myanmar even in the most urban of areas and adds a
significant additional cost layer for businesses and individuals who seek a reliable
power source. For example, although grid extension initiatives were underway in the
Monywa region, only about one quarter of the villages connected to the grid were
reported to be fully reliant upon it.

This is important as almost every business person interviewed during the Team’s
Fieldwork who received access to subsidized power noted their willingness to pay more
providing the MOEP could improve the capacity that would allow the removal of this
extra cost layer which required the installation and maintenance of back-up generators.
Without this ability the incentive structure was reversed in which these business people
counted on the availability of subsidized power to compensate for the high costs of
diesel and maintenance, operation and installation of this costly equipment.

Back-up generator use was particularly common among commercial and industrial
users where a dependable power source is more critical. An interview with Monywa's
Industrial Zone Management Board officials revealed that each of the factories within
the zone relied on at least one generator to compensate for unreliable electricity supply
from the grid. Factories in Pathein also reported the use of back-up generators in the
case of black outs.

In Mandalay, a development company has opted for self-reliance as it develops an
industrial park, given there is no feed-in tariff or ability for this developer to sell excess
power back to the grid. The company therefore seeks to utilize a modular power supply
that will power the construction phase of the operation on an as-needed basis. It will
then add capacity as tenants are located and move into the facility. This example
highlights the pressing need for Myanmar to develop regulation that encourages private
sector involvement in the power industry, through mechanisms such as a feed-in tariff,
power-purchase agreements and public-private partnerships. That would allow longer-
term planning and the ability of entities such as this developer to develop the capacity
needed for the longer term, which would be far more economical than adding on
periodically, and selling what is presently unneeded back to the national grid or other
customers. According to one interview conducted in Yangon with a supplier of rural
micro-finance and electricity solutions, $200 million in investments for power generation
were held up as of 2013 because of the lack of such legal frameworks.

Although more reliable, the cost of electricity from captive diesel generators is
significantly higher than the government-subsidized rates for electricity from the grid.

For industrial users, unreliable electricity was a paramount concern as the national grid
did not provide sufficient capacity or reliability, however, the use of diesel generators

raised production costs considerably. In some cases, companies reported spending up
to 50% of operating costs on electricity. As noted, the need for this reliance contributes
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to an suboptimal incentive system in which large users—most of whom indicate they
would pay more for grid power if it were reliable and enabled them to operate without
these auxiliary systems—become dependent on the cheaper grid power to reduce the
higher cost of diesel-fueled power accessed through their auxiliary generators.

Challenges of decentralized power

Although desirable to provide a short-term solution on a household or small-scale basis,
the sustainability of reliable decentralized power is questionable, particularly if there is
no connection to the national grid in the long term. Isolated systems, including those
that use solar, hydroelectricity and biofuels are suitable options where demand density
is low. They do not require large-scale investment or substantial amounts of hard
currency. While operating and maintenance costs are also low compared to projects
involving the national grid, administrative and management costs by donors and other
institutions seeking to develop numerous sites can be onerous given individual small
projects lack the scale that allows effective amortization in comparison with larger
projects.

Independent power providers that try to deliver to rural areas face many challenges,
Marketing to the rural poor is also a challenge.” Other challenges include scarcity
of capital, obsolete equipment and machinery, a shortage of adequate physical and
human resources and an absence of current information on technical, market and legal
issues. There is also a lack of support from the state, especially in technology transfer,
credit guarantees and loans. This is an area in which donor assistance could prove vital.

Mini-grids

According to the International Energy Agency (IEA), which advocates efforts to reach
universal electrification by 2030, 42% of all new power generation worldwide must
derive from mini-grid systems. T The |EA suggests at least 100 kWh of electricity
per person per year must be reached to surpass basic home needs, such as lighting,
phone charging or television/entertainment use, and to develop sufficient electricity
supply for productive uses, such as rice mills, tools, irrigation pumps, and

refrigerators FHHHH

The Team defines a mini-grid as an electricity distribution network operating at between
4 KV and 13 KV at the lower end or 26 KV and 69 KV at the higher end, which supplies
electricity to a localized group of consumers and which can potentially be connected to

the national grid. The development of mini-grids could reduce the cost of grid extension,
and can act as an incentive to extend the national grid to remote areas where

**********

Entrepreneurship Development in Solar Energy Sector for Rural Area in Myanmar, ARTES/SESAM
Alumni Regional Level Workshop, May 2008
T Evan Scandling, Rural Energy Access: The Case for Renewable Energy Mini-Grids, The

Huffington Post, March 8, 2014
HEH g,
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infrastructure is lacking if suitable regulation and policies are introduced to support and
encourage this activity.

Mini-grids can be developed utilizing a variety of different business models. Under a
community-based model, a mini-grid system would be owned and operated by the
village, which would be responsible for maintenance, tariff collection and management
services. The government may retain control over technical and safety standards as
well as the provision of subsidies. Utility-based mini-grids, which are said to be the most
common type for rural electrification in developing countries, may be run by a
government institution, investors or a cooperative. Private sector models vary
depending on contracts and other circumstances. In one example given by GVEP
International, distribution utilities and electricity cooperatives in a developing country
were required to outsource power generation to private companies using a competitive
bidding process.

Mini-grids may also be operated using a hybrid business model, whereby a utility or
private company may own a mini-grid system, the management of which is handled by
a community-based organization. Business models are said to benefit from availability
of credit from public agricultural banks; private financing from commercial banks;
simplified licensing procedures; unrestricted power tariffs; capital cost subsidies from
government; and technical assistance from bilateral donors and NGOs. Education and
communication with local communities are also a key component of success for private
business models.

Table 1. Advantages and disadvantages of different mini-grid business models

Model Advantages Dsadvaniages
Community * Increase ownership which improves | « Communilies may lack technica
manmianancs ant busMess sulis (0.9, design and
* Can be more eMcient than bureaucratc nstalation; tar® setting), leading 0
utiltes nigher costs to brng these in
s Governance of sysiems needs 1o be
sl mananed
| well managed
Private * Greater efficiency * Lack upfront fimancial suppoet in
* May have capacty io offer beotter most cases
operation and managemen! services * Ofer fifficult y find ¢ ugt
*Ma y De belter able 1O navigale polbica experiented coOMpanes, 0 often
Werference schemes are run by smalor

cCOompanies with \oss Capachy

Utiny D Responsh ty hes wiith an expenionced e Vooralisabion means that they are
grganization markel cnven, 0 may not pnosilise
* ODften good ks 0 policy so have decentralsed systems In rural areas

betier access 10 leQal sysiems o Often ne™cient and bankrupt

* Their scale means that they may have | * Ofien driven by political agendas
betier access 0 spare paris and

manienance

Hybnd * Combine the advarntages of the mode's | * Differences n the management
above, such as the technical expertise systems of each enlily can increase
of a udtiity and the financal expertise of ransachon costs
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Source: GVEP International, The history of mini-grid development in developing
countries, Policy Brief, September 2011, citing World Bank, 2008a; USAID/ARE,
2011

In Myanmar, MOEP's off-grid projects rely on hydroelectric plants and diesel generators.
Countrywide, the MOEP runs 32 off-grid hydroelectric power plants with a total installed
capacity of 33 MW.

During Phase | Fieldwork, the Team visited a government-run mini-grid in Kengtung, a
relatively large but isolated township in the Shan highlands, close to the borders of
China, Laos and Thailand. Kengtung's size, natural resources and distance from the
national grid made it an interesting case study for the use of off-grid hydropower on a
scale beyond that of village-level.

MOEP administers two off-grid hydroelectric plants in Kengtung, one of which supplies
reliable electricity to local military facilities as well as about 8,000 consumers from
nearby villages. During the dry season, it was reported that electricity from the national
grid was supplemented by a diesel generator. It was also noted during an interview with
the MOEP district officer that upgrading the system's transmission and distribution lines
could help the off-grid plant to better meet Kengtung's power needs.

|
g/
i g

Hydropower Facility in Kengtung

Transformers and cables for off-grid projects are set to national standards, but, like
those of the national grid system, are also a source of transmission losses.

The MOEP-run projects observed in Kengtung differed from other small-scale hydro-
power schemes visited in other areas, like Pyin Oo Lwin, in that they were not
supplementing power from the grid or small-scale generators, nor were they merely
supplying niche areas, such as small, isolated and geographically challenging villages
or parts of village or individuals where grid connection was not feasible. Considering
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most parts of Myanmar, including those on the grid, receive a limited number of hours of
electricity per day, the off-grid hydropower plants visited in Kengtung appear to be a
relatively reliable electricity source for local residents.

Cross-border electrification

Although the Myanmar Electric and Power Enterprise is designated under the State-
owned Economic Enterprises law of 1989 as the sole legal provider of electricity, certain
areas of the country have been receiving electricity from Myanmar's more developed
neighboring countries for years.

Tachileik, a border city situated on an important crossing into Northern Thailand, is one
such location and was visited by the Team during Phase | Fieldwork. Similar activity has
been reported in Kachin State and Northern Shan State on the China border and Kayin
State further south along the Thai border.

Tachileik is a prominent trading center in eastern Shan State, bordering Thailand to the
South and located roughly 29 km west of the Laos border. The area is so integrated
with its neighbor that the local economy operates on the Thai baht as opposed to the
Myanmar kyat. As Myanmar continues to develop and open to foreign travelers,
Tachileik holds significant potential for the tourism industry because of its hiking trails,
scenic views, and ancient pagodas as well as its proximity to Thailand.

Tachileik initially connected to Thailand's grid in 1995. Because of the availability of
electricity in Tachileik, in addition to lucrative trading opportunities, and ability to serve
as a gateway to Northern Thailand, the area's economic development has steadily
increased over the years. By 2001, the population was reported to have grown to
100,000, about five times what it had been in the mid-1990s.

Border Crossing Between Myanmar-Thailand in Tachileik

The electricity from Thailand is said to provide sufficient power to all of Tachileik's
100,000+ inhabitants. Less than 10% of these are industrial users, which primarily
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consist of small-scale factories and workshops that produce welding, steel structures
and other "installation" products.

The electricity supplied by Thailand is reportedly very reliable with no blackouts,
however, there are reported transmission losses of roughly 15% per year, about one
third of which may be the result of illegal power tapping. The local electricity committee
has proposed increasing electricity supply to Tachileik by upgrading the cables.

Currently, Myanmar's MOEP is responsible for the technical administration of electricity,
such as wiring, from the Myanmar side of the border. In addition to the local MOEP
office, a local electrical committee was formed and given a permit, renewable on an
annual basis, that allows them to assist with electricity operations, including payment
collection.

The local MOEP and electricity committee are considering extending the Thai
connection outside Tachileik. The area is bound by the nation-wide regulations on grid
connection, however, certain aspects of the system, such as switchgears, must also
meet Thai standards.

The cost of electricity in Tachileik was reported at approximately 3.25 baht (186 kyat)
per kWh for residential users and 7.25 baht (225 kyat) per kWh for industrial users,
roughly 5 and 3 times greater, respectively, than subsidized electricity purchased from
the Myanmar national grid. It is less, however, than electricity provided by off-grid,
independent diesel generators.

Given the relatively high mark-up on this electricity, the return on investment resulting
from upgrading or expanding Tachileik’s electrification supply would be realized in a
relatively short period of time. The Thai energy provider gives a portion of mark-up to
the electricity committee, which is a non-profit organization, to cover operational costs.

This situation, however, raises concerns over the area's reliance upon Thailand. Though
reliable, the power supply from Thailand is susceptible to political disputes. It was, for
example, cut off by Myanmar’s government in 2002 due to rising tensions.

If Myanmar's relationship with Thailand were to sour—as it has in the past—or if either
government decided to cut off Tachileik's access to Thai electricity for any reason, the
area would suffer an immediate and drastic change in living standards and a potential
set-back in terms of economic development and tourism revenue.

Likewise, there are concerns about over land ownership and environmental risks of
greater energy development in the region. Any negative impact, such as a dam
malfunction, has the potential to cause problems between Myanmar and Thailand.

Nonetheless, the Tachileik situation illustrates the economic and social utility of cross-
border integration with Myanmar's more developed neighbors and reveals that certain
regional arrangements can supersede and supplement national regulation.
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Such cross-border understandings, and the development of stronger, though more
balanced, relationships with neighboring countries could be a vital component of
Myanmar's regional energy and overall economic integration. Arrangements could be
developed whereby Myanmar can leverage the capacity of these countries to access,
and perhaps ultimately even deliver, additional electrical capacity and, over time, to
facilitate the development of a dynamic, regional energy market.

Phase I Fieldwork Conclusions

Phase | Fieldwork helped the Team fill gaps and understand inconsistencies in the
exploratory research conducted during development of the initial background report. It
also enabled the Team to begin identifying important themes and issues, which will
facilitate development of policy recommendations for Myanmar's integrated energy and
electricity policy and areas where additional research would prove helpful.

A number of these insights were outlined in the above text, including the importance of
regional and local governments in organizing villages' electrification initiatives and
payment structures, the need for increased dialogue among the public and private
sectors and greater legal clarity on private sector participation in the power industry, and
the importance of enhanced international collaboration and cross-border cooperation.

The Team also believed that more structured fieldwork would be of particular
importance to gain a greater understanding of the costs and benefits of various energy
sources. This was due to the inability of villagers to define their reasons behind stated
preferences for different electrification technologies or to assess with any degree of
accuracy the variability of installation and operations and maintenance costs.

While there is both a need and clear potential for renewables and energy sources that
can be used to supplement the grid as it is expanded to provide additional off-grid
supply, there is a definitive lack of information concerning the real cost—monetary and
otherwise—of various options. This is important to evaluate the comparative cost of
solar, hydropower, gasifiers, grid connection, generators, batteries and other
technologies in different parts of Myanmar with consideration given to geography,
village size, income level and the various factors that impact effectiveness.

Similarly, given that optimal solutions will likely involve combining different technologies
in a manner that at least eventually will promote the connection of remote locations
back to the grid, special attention should also be given to evaluate the potential use of
micro-grids as a means to extend electricity access in Myanmar.

Phase Il Fieldwork Research
Phase Il Fieldwork consisted of village-level site visits and other meetings undertaken

by KWR and UT between January 2014 and June 2014. This phase enabled deeper
examination of the dynamics driving rural electricity supply and demand in Myanmairr,
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and centered on developing a more comprehensive "bottom-up" view through more
detailed site visits to specific villages. Special attention was devoted to the development
of data on village income and the comparative costs, benefits and feasibility of various
electrification technologies, including solar home systems, mini-hyro turbines,
generators, gasifiers and grid extension. Finally, steps were taken to facilitate further
identification, analysis and refinement of policy recommendations under development
for Myanmar's energy and electrification strategy.

After careful planning, in which efforts were made to provide a more comprehensive
evaluation of sites in Lower Myanmar, which would then be supplemented in future
phases with locations in the North, the following sites were selected: Tha Yet Taw, Kyar
Kan Daung, Aung Mingalar Kyun, U To and Me Za Li Ywar Ma in Ayeyarwady Division;
War Taung and Za Di Ya in Kyaukpyu in Rakhine State; and Myoma and Mu Du near
Dawei in the Tanintharyi Region. Interviews with villagers, field offices of the Myanmar
Electric Power Enterprise (MEPE), private power providers and small business owners
were supplemented with “exploratory” fieldwork visits to larger, more urban and
industrial settings. These included two special economic zones (SEZ), one in Kyaukpyu,
which is also the site of a government led-initiative to extend the national grid, and
another in Dawei. Another exploratory visit was conducted to a now defunct hybrid-
power facility in Chaunghtar, a beach area in the Ayeyarwady region of Myanmar. The
facility had been initially developed by the New Energy and Industrial Technology
Development Organization (NEDO) of Japan in cooperation with MOEP and MEPE. It
was comprised of a hybrid power system incorporating renewable and conventional
power generation, including solar photovoltaic panels, Myanmar’s first wind turbine and
a diesel generator.

In addition to the Fieldwork research, the Team convened numerous meetings in
Yangon, Naypyitaw and other locations inside and outside Myanmar to interact with key
stakeholders and individuals who could contribute to the planned research. The Team
also participated in a number of events and discussions on integrated energy
development in Myanmar, with an emphasis on rural electrification. These included: a)
Stakeholder meeting, organized by the Team in coordination with the Union of Myanmar
Federation of Chambers of Commerce and Industry, Myanmar Engineering Society,
Myanmar Industries Association and Investment and Industrial Development Committee
of Myanmar’s National Assembly, which was held in Yangon to gain broader input on
rural electricity access from Myanmar's private sector; b) a conference, convened by
UT, held at Chulalongkorn University in Bangkok, Thailand on the topic of cross-border
power integration and c) Meetings sponsored by the World Bank and Asian
Development Bank which took place in Naypyitaw from March 20-22, 2014. These
meetings facilitated the exchange of information and helped boost awareness of
KWR/UT/ERIA and the ability to contribute to and advance policy discussions
concerning rural electrification and integrated energy development in Myanmar.
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Phase Il Fieldwork Methodology
Basic Assumptions

To make sound recommendations on the feasibility, sustainability and comparative
advantages of electricity sources requires a nuanced understanding of the various
costs, monetary and otherwise, involved in each source and in each village.

While the Team realized it would not be possible to develop a full detailed costing of
different electrification technologies, given the intensive engineering and other
resources required as well as the potential for alternative and hybrid approaches, it
initiated an effort to gain a basic, approximate understanding of the costs and benefits
associated with the five most commonly utilized electrification approaches in Myanmar
in each village visited. This includes solar home systems, generators, mini-hydro,
gasifiers and grid extension. The options were viewed from a village level and assessed
from the perspective of individual villages, rather than a regional or national standpoint.

Demand Assumptions

In respect to the demand side, the Team overlaid Myanmar household income data with
projected household electricity goals. Households with the lowest income were
assigned a projected wattage of 120, a level noted by the MLFRD as their minimal goal
in providing rural electrification access on the household level. Wattage estimates were
then determined for four higher income brackets (aspirant = 500 W, emerging = 1,000
W, established = 2,500 W, and affluent = 5,000 W), utilizing categorizations first
developed by the Boston Consulting Group and its Center for Consumer and Customer
Insight. It is recognized that many households normally defined as "affluent" could have
much higher demand capacities over 25,000 W. However, for the purposes of this
study, there were no "affluent" category examples even at 5,000 W capacity.
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EXHIIT 2 | Vietnam and Myanmar Have Fast-Growing MAC Populations

Vietnam Myanmar indonesia Thadtand
AN ot 3 - 3 21 “N
- . » :‘ 2 v —
Latasinhed a8 pas b 81 15
w2 Emergng 36 7 416 s
Asgianm 1Y s “e 31
Pocr s 2l 155 s
Ao, 3.2 16 34 5.5
1) 10
Estaninhes 28 87 (VR 1¢l 09 49
00 Emergng e pER 682 284
Aam 62 7o s 133
Moo 208 54 N2 82
:‘{‘1‘3 ‘:’:.';:;‘L,’:‘\'*M 129 4 a4 a2
» Total MAC consemen
Sourtex BOG OCO) models, 8O0 arahyvs
Note: v Vietram and Wyarrrar (he NAC populaton Compries e aMuet and extainted stprerts W indoceia and Thaland, the VAL
POPAIDn 00 IACLUMS 1N SN DTN TG K OWNY 30 ZNNeNCet 1A The SONE BT WINED (ONATE! P nSng WA T L0 Thess Mmarke
The VAL cutal & monthly por Laptts mcome of S190 'n Vietrare, $129 1= Nparvmulr, and SL50 'n Thatand, For 'ndonems, e MAL o oft which 1y
FAONSOE 10 SRS iy 10T Incorme Iy $40 per monet

Projected household electrification goals based on income

Income Bracket Minimum Electricity Goals

Potential Electricity Usages

Poor 120 W

Lighting, portable DVD player

Aspirant 500 W

Lighting, portable DVD player,
portable fan, television set

Emerging 1,000 W

Lighting, portable DVD player,
portable fan, television set, rice
cooker

Established 2,500 W

Lighting, portable DVD player, music
system, television set, air
conditioning, rice cooker

Affluent 5,000 W

Lighting, portable DVD player, music
system, television set, air
conditioning, rice cooker, microwave,
refrigerator, water heater

Source: KWR International
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When the Team visited each village, the leadership was asked to give an approximate
breakdown by income of the village inhabitants. Few villages in Myanmar have any
"affluent" people. There can be a few residents in the second category (established),
while the maijority of village inhabitants will likely fall into the remaining three (emerging,
aspirant and poor). For example, in one village visited in early 2014, the headman broke
down inhabitants into three categories. No villagers were truly "affluent"; the richest
residents were traders, merchants and property owners, the second group comprised
small farmers and property owners, and the third comprised day laborers.

From there, the Team examined further to fit these groups as possible into the five
categories and household demand was calculated accordingly. The Team would also
ask about other facilities in the village and then calculated a rough projection of the
electrical demand required. For example, below is the demand estimate for U To village.

Percentage Kilowatt  Demand (KW)
% Poor 80% 0.12 11.52
% Aspirant 15% 0.5 9
% Emerging 5% 1 6
% Established 0% 2.5 0
% Affluent 0% 5 0
Total Household Demand 26.52
Non- household demand 6
Total Village Demand 32.52

These calculations were derived to project the estimated capacity needed for stand-
alone off-grid projects. With grid extension, however, total demand on a village- or
township-level is not as much of an issue. That is because within reason, villagers can
get what they need from the grid or a larger source (ie hydro or generator, in the case of
regional micro-grids) as opposed to village-level projects in which there is a clear finite
limit. At the same time, total demand is important for determining the approximate cost
of potential electrification schemes. This is necessary to put the costs and comparative
advantage of grid extension into context with the other four options examined.

Non-household demand was calculated based on facilities commonly found in villages,
with emphasis on monasteries and schools. Although the Team encountered small
businesses, such as teashops and small industry in some villages, given the difficulty in
assessing their energy demand, and an assumption that the electrification costs for
these facilities would likely be underwritten by the owners utilizing captive power
sources rather than drawing from village-installed installations, the cost model omits
these elements from its non-household demand estimate. This is because this usage
would not commonly be included within village mini-grids.

Through consultations with local inhabitants and consultants, the Team made the
following assumptions on the average non-household demand required for these
facilities: monasteries would consume about 3 KW of electricity, schools 2 KW, and
clinics 500 W. In most villages, monasteries host celebrations and religious ceremonies
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that often use sound equipment. Community wells, requiring electrical pumps, may also
be found on monastery grounds. Schools were assumed to consume 2 KW of electricity
because they often serve as meeting halls for the village. Additionally, there are a
growing number of night classes held for improving literacy among adults. Village clinics
do not have any medical equipment that requires electricity. They are often very modest
and at minimum have basic lighting.

Technology Assumptions

Every village is unique and the Team’s objective is not to use this data as the basis for
larger scale forecasts of regions or the country as a whole. It is rather a tool that allows
for a more nuanced understanding of the comparative benefits of these various
commonly employed solutions, to help define which technology may be best for a
respective region and village and to identify commonalities, trends and conclusions.

As a result, mini-hydro has largely been eliminated as a possible electrification solution
due to lack of adequate river sources in the respective sites visited. Among the Team’s
field visits, there was only one town—Myoma—where mini-hydro was deemed feasible,
and which was in the process of installing a 100 KW turbine. While the Team has
calculated an estimate of $172,552 for a 100 KW installation, the estimate does not
account for the dam being constructed for Myoma’s project. Developing a meaningful
estimate for installation of a dam would require a detailed engineering study. Mini-hydro
projects in general require such in-depth civil engineering surveys and studies, as they
are site-specific. As noted in prior analysis undertaken by the ADB, such surveys often
incur high consulting fees and can cause the cost of electricity generated to become
less competitive, 5559988555

While it is unknown whether the present project in Myoma has undergone such a
survey, this mini-hydro plant, as with most, is also dependent on water flows and will
only be operational eight months out of the year. For two of those months, it will be
reliant on the reservoir. Additionally, these facilities are generally either too large for
smaller villages, with very high excess capacity, or insufficient, given weather variability.
As a result, as with the case of Myoma, where the facility under development will only
supply 100 KW of 420.54 KW in estimated demand, these facilities tend to require
auxiliary generation through generators and other sources. For these reasons, as well
as the cost of up-front engineering, and the fact there was not a sufficient hydro
resource in eight of the nine villages visited, the Team eliminated hydro as a viable
source for small-scale rural electrification during this phase of the study.

Based on this assessment of present electricity demand in the locations visited, the cost
model focuses on installation costs and includes a one-year estimate of operation and
maintenance (O&M) expenses, as this is commonly included in installations in
Myanmar. In the case of diesel and other inputs needed for generation, these first year
costs include only that needed for testing and installation. Although these estimates

S555555558 Scoping off-grid renewable energy opportunities in Myanmar, Asian Development Bank, March
2014
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should not be interpreted as sufficient to plan actual installations, the Team did its best
to generate an assessment in consideration of the most appropriate solution and
materials.

The systems priced in the cost evaluations reflect those commonly utilized in Myanmar,
albeit outfitted with more proper installation and design. For instance, while the
estimated costs for solar are based on home systems, those priced in the Team's cost
model include a mounting structure, controller and a battery specifically designated for
deep cycle charging. Solar home systems widely used in Myanmar generally have no
controller or mounting structure and utilize car batteries that are suboptimal for solar
charging. The mounting structure should resolve the issue of improper panel orientation.

Similarly, the cost estimates for the generator and gasifier systems are based on a
properly installed mini-grid system with a distribution panel instead of the common
practice of improperly positioned distribution lines that have high losses. Additionally,
gasifier estimates account for a water treatment system, which, in the Team’s
experience, most gasifier operators neglect to install.

The cost evaluation also accounts for better quality materials which have more
sustainability, though efforts were made to include costs for components that were
feasible for Myanmar rather than even higher cost options seen in more developed
countries. The solar home systems, therefore, were composed of higher quality parts
from Taiwan and China. The panels, guaranteed for ten years, are based on Japanese
technology and assembled in Taiwan or India. The controller, maintenance-free battery
and inverter are of advanced technology made in China. Like many Chinese
manufactured products, there are ranges in quality. As witnessed by the Team,
inexpensive, low-quality solar home systems made in China abound in Myanmar. While
the initial cost is lower, the quality is generally inferior, resulting in less sustainable
installations and a higher real cost over the lifetime of the installation. Therefore, the
choice of Chinese-made materials priced in Team’s cost analysis is of the higher end.

While the solar home systems priced in the Team’s model are admittedly pricier than
those generally seen in villages and those readily available in the Myanmar market, in
the range of solar PV product price and quality, these units fall in the middle of the
spectrum of available products. For a 100 W peak solar power system—including a
panel, controller, battery, inverter, mounting structure, panel box and wiring—the cost
comes out to 340,000 kyat (approximately $354). At Schneider Electric, where solar PV
systems are among the available retail products, the price for only a panel and battery
of the same specifications amounts to 320,000 kyat.

Prices for gasifiers, mini-hydro and grid extension are all based on equipment and
materials generally used in Myanmar. Some are manufactured in Myanmar but higher
technology components will be imported. This will change as the country's capability
develops. Generator prices are based on high quality Japanese gen-sets readily

***********

available in the Myanmar market .

***********

See Appendix 1 for summary of equipment costs.
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Interest rates were left out of the equation as they vary depending upon the source.
Grants and gifts can be obtained with subsidized, single-digit rates, while interest rates
can be as high as 30% for certain micro-loans. In addition, loans are still difficult to
obtain in Myanmar. It should be noted, however, that interest rates will be an important
factor in determining technology choices, as access to lower interest rates may make
capital-intensive choices more favorable.

Capital Cost Summary

The table below summarizes the capital costs and first year O&M expenses for solar
home systems, gasifiers, generators and grid extension in the villages the Team visited.
While there is a separate table for estimated O&M costs for each village, as mentioned
above, the figures below include O&M expenses because, as standard practice,
Myanmar contractors generally charge and include these fees with installation. For
instance, the commissioning of the generators requires a 24-hour fuel test. Fuel costs
for this test have been included in capital costs.

Due to the impossibility of accurately designing distribution networks without a more
detailed engineering study, distribution networks included in the gasifier and generator
capital cost estimates are based on the assumption that households in villages were not
widely dispersed and that the terrain is relatively flat. Additionally, the grid extension
figures for Aung Mingalar and War Taung islands are based on the assumption that
they would use land connections, which results in a far lower charge than would be
actually incurred if the requisite sub-sea connections were provided. To the Team’s
understanding, the Electric Power Corporation's policy generally does not extend the
grid to any areas that require crossing bodies of water.
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* Estimate for 100 KW system and does not include construction of dam or advanced
engineering study

Operations and Maintenance

To develop a more accurate assessment of which technology works best, the Team
also examined O&M costs beyond the first year of operations or in the case of fuel
which extend beyond the installation tests. By adding in these O&M costs, certain
technologies, which may have smaller capital costs, become less attractive due to
operating expenses generated over the longer term. A cost assessment would have
been incomplete without including these important details. Additionally, for some power-
generation options, the original expected lifetime will not be met, consequently requiring
replacement after just a few years. Solar household systems are such an example.

Total Lvtmated Cont - Arvaua

Tots M G
Regrwon Vilage Name f Houreholdh Demand Solar hydro Cauvhe Generator (etermaon
- - .
Operating Mourn t ) ) 74

Aperwadey | T
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Operations and Maintenance Assumptions

The above O&M costs were calculated based on the following assumptions:

Solar

Hired maintenance would be paid $5 to clean five panels per day, twice a year.

(Total number of panels)/ (5 panels per day) * (2 times a year) * ($5 a day)

Mini-hydro

At $26,280 per annum, O&M costs assume the same labor, maintenance and overhead
cost for all capacities from 500 KVA and below. This is based on $0.01 per kWh and
60% availability per year.

Gasifier
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A gasifier consumes an estimated 0.04667 gallons per kWh and runs for three hours
per day with labor costs to be about $10 a day. Price of diesel per gallon is estimated at
$4.60.

[[(Total Demand * 0.04667) * ($4.60 — price of diesel per gallon) * (3 hours per day)] +
($10 — daily labor charge)] * 365 days

Generator
A generator consumes an estimated 0.09334 gallons per kWh and runs for three hours
per day. An operator overseeing the generator will cost $6.50 per day in labor fees.

Price of diesel per gallon is estimated at $4.60.

[[(Total Demand * 0.09334) * ($4.60 — price of diesel per gallon) * (3 hours per day)] +
($6.50 — daily labor charge)] * 365 days

Grid Extension

There are 8,760 hours in a year. Each unit of electricity costs 35 kyat or about $ 0.036.
Total Demand * 8760 * 0.036

Technology Analysis

In addition to examining each technology for each village, the Team also conducted a

macro-evaluation of each electrification method for Myanmar as a country. This overall
assessment was done according to the following categories:

Capital/financing cost (1=highest cost, Including system, batteries,
10=lowest cost) installation and land
Energy resource cost (1=highest cost,
10=lowest cost)

Cost of energy resource

Includes labor, spare parts and
consumables, transportation,
overhead

Supply chain, reliability,
plant/material life cycle,

Operation & Maintenance cost (1=highest
cost, 10=lowest cost)

Sustainability/Life-span (1=lowest
sustainability, 10=highest sustainability)

deterioration
Importance of Local Knowhow (1=high Technology, installation and O&M
importance, 10=low importance) overall familiarity

Ease of capacity growth (1=difficult
scalability, 10=high scalability)
Front-end engineering/project
management (1=highest upfront cost,
10=lowest upfront cost)

Ease of scaling-up capacity

Front-end engineering, consulting &
management costs
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Ease/Lead time of installation o : .

R ) Civil, mechanical and electrical
(1=hardest/longest lead time, endineerin
10=easiest/shortest lead time) 9 9
Energy resource availability (1=lowest Insolation, fuel, small river systems,
availability, 10=highest availability) rice husks, geographic factors, etc.
Environmental impact (1=severest impact, | Emissions/pollution/contamination
10=lowest impact) concerns

The Team found that evaluating each technology according to the above criteria
allowed for a better understanding of which means of rural electrification would be best
in the context of existing needs, constraints and resources with overall conditions in
Myanmar.

The current policy for rural electrification prioritizes an immediate solution under a
limited budget. Thus, these benchmarks help to distinguish solutions that are
convenient for the short-term and which account for more sustainable, long-term
electrification goals. For the sake of achieving current national policy goals and to
provide immediate means of basic lighting, capital/financing cost and ease and lead-
time of installation, these are important indicators to consider and balance against the
needs, concerns and preferences of specific villages and regions so they can prove
successful over the long term.

Solar | | Gasifier
Home Geid MHydro - Gen-vet Gas
Electricity Category Systemn | Extension Mini HS Diesel | Engne

Mind grid | Mini grid | Mini grd
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These ratings were calculated by having three team members provide their own ratings
separately, and then after discussion to allow revisions. The numbers were then
averaged to provide the indicators noted above. In this overall technology assessment,
solar home systems garnered the highest rating—67.33—due to generally favorable
insolation conditions found throughout the country, its short lead-time, low
environmental impact and low resource cost. Though overall solar received medium to
high scores, it did receive a rather low rating for sustainability on account of the low
quality materials generally used in Myanmar.

Following solar is grid extension with a score of 55.67. While grid extension is ideal,
because it can supply low-cost electricity presumably for 24 hours and easily
accommodate capacity growth, it has much higher capital costs and a longer lead-time.
In the short-term, solar power is the best solution as it can immediately be deployed,
while grid extension should be viewed as the long-term goal.

The other technology ratings are as follows: gen-set mini-grid system (47,33), gasifier
mini-grid system (43.67) and mini-hydro systems (37).

Similar to solar home systems, generators also have a short lead-time. They can be
reasonably affordable as villages often combine resources in order to purchase one.
Generators are also reliable and familiar to Myanmar. However, concerns related to
availability and cost of fuel as well the negative environmental impact led the Team to
rate it at 47.33.

Gasifiers, although in theory should have a more positive environmental impact, are
given the same mark of 3.67 as generators in that category because of their unfortunate
track record in Myanmar. The rice husk gasifiers presently in use do not incorporate a
water treatment system and often elicit complaints about smell and tar residue.
Moreover, while Myanmar may be a large rice producer, paddy fields are mainly
concentrated in the Ayeyarwady Delta region. Therefore, rice husks are not readily
available throughout the country and not always free of charge. Operation and
maintenance costs—another weight on the gasifier ranking—are also of concern, as
most gasifiers require frequent cleanings and labor to feed fuel into the gasifier units.

Mini-hydro may have ranked higher but its application is limited to certain regions where
the geography is more accommodating. Furthermore, it may be more difficult to
organize from a village perspective. Although hydro is often viewed as an
environmentally friendly energy source because it uses renewable resources, this can
sometimes be misleading as hydro systems can potentially have an impact on plant and
animal life in the water source, and in terms of carbon emissions. The generally high
capital cost, long lead-time and in-depth civil engineering required for mini-hydro
systems led the technology to have the lowest rating.

Broader Factor Analysis
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To supplement these cost evaluations, the Team also assessed each technology
solution for each village on a broader set of indicators. These indicators look at factors
that affect how each technology fares in the context of each village’s resources and
constraints. Below, for example, is an example of one such assessment done for the
village of Tha Yet Taw.

nem Category Decoricity Comegory
' y v v

The first item assessed the village’s ability to pay for the respective electrification
method, including O&M costs, with cash or bartering of resources.

The second item looked at factors related to the population of the village and those
surrounding it. Population size, density and clustering of villages are important
determinants. Some installations require a minimum use of energy that a small village
may not need. In other cases, such as grid extension, clustering of villages is important
as the combined electricity demand would justify the construction of the distribution line
and help disperse the costs over a larger group of people.

The third item—Ilocation/geography—looked at the proximity of the village to the grid,
road accessibility, captive power access, ease of transportation of materials, local siting
locations and potential topographical challenges. Some of the villages the Team visited
are flooded every year during the monsoon months, while others are in particularly hilly
areas. Such factors affect where generation sites are situated and the manner in which
distribution networks are established and can lead to higher expenses.

The fourth item, resource availability, is also a key component to the success of off-grid
electrification strategies. For grid extension, this indicator looked at the ease of
connection to the grid. While the previous category looked at the proximity, this indicator
evaluated whether or not connection is feasible. For hydro, the distinction between
location and resource availability is that while a village may be near a river source, the
river may not hold consistent water levels throughout the year.

The fifth item—Iocal/accessible knowhow—examined a village’s ability to handle the
design, project management, installation, operation and maintenance and safety
demands of each technology. While a village in itself may lack the knowhow, vicinity to
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larger cities and towns where the expertise is available can suffice. As the Team
witnessed, O&M of equipment is a critical issue in Myanmar. Therefore, while a
technology may be suitable in other respects, if it involves regular maintenance or some
technical training, certain villages may not be equipped to handle them well and may be
better off with a different electrification strategy.

Finally, the sixth item, cohesion, recognizes that villages must be self-reliant in securing
means of electrification, and cohesion among the community is of great importance.
This indicator examines a village’s capacity for leadership, cooperation and planning.
With the exception of solar home systems, the other means of electrification require
coordination among villagers, especially to deal with the financing of these projects.

Challenges

The Team's cost model was based on consultations with local Myanmar experts
experienced in transmission and distribution utilizing these different technology
platforms. While the Team did its best to consider all factors, the pricing model only
provides approximations. Developing an accurate view of installation costs has been a
challenge. The Team has found that while typical Myanmar installation costs may be
comparatively lower than international standards, this is largely due to local practices
whereby safety and maintenance standards are often not considered.

Throughout the course of field visits, the Team encountered a general lack of exercise
and regard for safety, maintenance and formal standards. This, however, has not been
exclusive to villages and remote areas. Even in Yangon, as explained by a local
consultant experienced in transmission and distribution, there are plenty of instances in
which switchgear is improperly positioned and transformers and distribution lines are
not properly installed. The Team has also witnessed the general disregard for safety, for
example observing repairmen dangerously work on distribution lines without proper
safety gear. However, with training of professional suppliers as well as electricity users,
these issue could be overcome.

As emphasized in the Chaungthar case study, one of the key lessons learned during
this phase of Fieldwork Research is that providing state-of-the art equipment for well-
intentioned purposes can backfire. Thus in trying to develop the model on what should
be as opposed to what is, and keeping in mind that overly advanced technology and
equipment would likely face neglect and could not be financed or adequately
maintained, the Team settled on striking a balance between what is desirable and what
is practically feasible. Inputs are an improvement on existing systems observed by the
Team during its field visits, but are by no means too complicated or advanced in quality
and design to be utilized in Myanmar and were selected with a regard toward price.
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Village Fieldwork Visits

Tha Yet Taw: Satisfied with the Status Quo
Pathein Township
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Population 150 -200
Number of Households 48
State/Division Ayeyarwady
Township Pathein
Distance from Grid 10 miles
Nearest City with Access to Grid Pathein City
Coordinates 16.88, 94.698
Main Economy Fishing and farming
Recommended Electrification Strategy Solar
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Tha Yet Taw Percentage Kilowatt Demand (KW)
% Poor 98% 0.12 5.64
% Aspirant 2% 0.5 0.48
% Emerging 0% 1 0.00
% Established 0% 2.5 0.00
% Affluent 0% 5 0.00
Total Household Demand 6.12
Non- household demand - 1 monastery 3.00
Total Village Demand (KW) 9.12

Tha Yet Taw is a small Buddhist village ten miles outside of Pathein City. Though not
especially remote, Tha Yet Taw is not reachable by a typical car or truck. Accessible
only by a narrow road, the Team had to hire motorcycles to reach the village. Tha Yet
Daw is within the Kyauk Chaung Gyi village tract and surrounded by three other
villages, the nearest is Kyar Kan Daung, which the Team also visited.

. : _
T

Takig motorbikes into Tha Yet Daw

Economic Profile

Most villagers in Tha Yet Daw work in both the farming and fishing sectors. Villagers
reportedly are only able to plant one crop of rice per year due to flooding during the
monsoon months. Villagers report that they farm between February and October and
fish between November and January. Fishermen can reportedly earn up to 7,000 kyat
per day during the high season when eels are plentiful, while daily laborers engaged in
farm work reportedly make 2,000 kyat per day when their services are needed.
Alternatively, the Team did encounter a household supplementing its income by making
and selling bamboo floor mats, which might serve as the basis for a village-scale
cottage industry in the future.
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The young child's family sells bamboo mats like the one on which she is resting

On average, villagers report earning about 100,000 kyat per month. There is no value
added in their commercial activities beyond the delivery of the underlying agricultural
and marine products. Therefore, while one might imagine the village has ready access
to rice husks that could be used as a potential biofuel, these crops are forwarded on
and sold to processing centers and traders in their raw form so they are not then
available for use as a biofuel or other products.

Electrification

According to the village headman, U Tin Aye, villagers could afford to pay about 1,000
kyat to 2,000 kyat per month for electricity. He expressed a preference for electrification
through either grid extension or solar.

At nearby Kyar Kan Daung village, which has a small generator and is also profiled in
this report, the local pastor offered to extend a line to Tha Yet Taw at a cost of about
100 kyat per day per household, but the villagers declined. According to the pastor,
villagers from Tha Yet Taw decided they did not want to spend the money and preferred
to set up solar home systems for themselves.

Presently there are only a few households with solar home systems. Panels ranged in
size from 80 W to 150 W. Nearly half the village, however, own solar-powered batteries.
Those without their own panels pay to charge their batteries. Additionally, those without
batteries can rent them by the day. Depending on the size of the battery, a full charge is
at least 100 kyat. Outside of lighting, most households with access to a battery also use
the power for entertainment purposes. Most own small television sets or small portable
DVD players.
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In the Team’s assessment of potential generation sites, the only communal land
available is the assembly hall and nearby properties. However, the land may be too
small to accommodate building a gasifier unit. Any associated installation of distribution
lines from a potential generation site would have to account for the many trees in the
village and the high winds that occur in the monsoon months. Further, the potential
generation site and other associated facilities would need to be well elevated to
safeguard against seasonal flooding.

Analysis

Tha Yet Daw does not appear to have any plans to electrify the village independently.
Unlike neighboring Kyar Kan Daung, the Team found Tha Yet Daw to be loosely
organized and less unified as a community. In addition, villagers do not appear to have
the income or motivation to finance and successfully organize a village-scale
electrification initiative. As a result the Team does not foresee the village as a whole
taking any active measures toward electrification at the present time.

Estimated Cost Analysis

Viliage Name: Tha Yet Taw

Distance
from Total
National Vilage Mydro GasHfier Gen-set
Type of Number of Grid Demand | Solar Home | Minkgrid Mink-grid Mink-grid Grig
Cost Households | (miles) (KW) ,__System | System | System | System Extension |
Instaliation 4B 10 [ $34 285 $0 \ $31610 $27.48% $411.738
OaMm* 48 10 9 $110 50| $5.795 $6.663 32878
* Assumes daily operations of 6 hours for solar home systems, 3 hours for gasifier mini-gric systems, 3 hours for gen-set mini-gnd
sysems and 24 hours for grid exdension

Solar

This is currently the preferred and existing technology within the village with all
installations seen being home systems. Utilizing the assumptions and equipment
preferences noted within the model that has been developed®, the estimated cost of
installing solar home units to all households, the local monastery and six solar
streetlights is approximately $34,285, or $714.26 per household. The cost per KW is
$3,757.30. Annual O&M costs would be approximately $110.

Mini-Hydro
Although Htan Kant Lant creek is only 1,800 feet from the village, water levels are not

consistent enough to support a mini-hydro turbine. Therefore this cannot be considered
a viable energy source.

*2 Please see prior section, Phase Il Fieldwork Methodology, for an explanation of how cost estimates
were calculated and the assumptions that were made.
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Biomass

A gasifier-based mini-grid system would cost approximately $31,610 to install, or
$660.72 per household. The cost per KW is $3,464.21. In terms of capital costs, it is
slightly less expensive than solar, but after accounting for annual O&M costs of about
$5,795, solar would become more economical in the first year with less maintenance
required.

Generator

The Team estimates installation costs for a generator-based mini-grid would be
approximately $27,485, or $572.61 per household. The cost per KW is $3,012.15. It is
the cheapest option in terms of upfront capital costs, but after accounting for an annual
O&M cost of $6,663 it is no longer as competitive.

Grid Extension

With less than 50 households in Tha Yet Taw and its distance from the grid, it is not
economical to pay for grid extension. The Team estimates grid connection would cost
$411,738 or $8,577.86 per household. The cost per KW is especially high due to Tha
Yet Taw’s low demand at $45,122.91. Grid extension is not a feasible option.

Broader Factor Analysis

Gen-set
Solar National Hydro Mini- Gasifier
Home Grid Mini-grid grid Mini-grid
Tha Yet Taw System | Extension system system system

Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 6.50 2.50 1.00 8.00 4.00
Population (1=totally
insufficient, 10= totally

adequate) 9.00 2.50 1.50 7.00 2.50
Location /Geography

(1=totally unsuitable, 10=

totally adequate) 8.00 3.50 2.00 7.50 5.00

Energy Resource Availability
(1=totally insufficient, 10=
totally adequate) 7.50 3.00 1.50 7.50 7.00
Local / accessible knowhow
(1=totally insufficient, 10=
totally adequate) 6.50 6.50 5.00 6.50 4.00
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Cohesion (1=totally
insufficient, 10= totally

adequate) 9.00 1.50 1.00 4.50 3.50
Total 46.50 19.50 12.00 41.00 26.00
Average across 6 categories 7.75 3.25 2.00 6.83 4.33

Solar ranks the highest with a score of 46.50, more than twice the scores of national
grid extension and hydro and nearly double that of gasifier. Solar is well suited to the
village’s small population and electricity demand as well as the village's low level of
cohesion. Additionally, after factoring in O&M costs, it is the least expensive option. The
village’s apparent lack of leadership and local governance makes it difficult to organize
any of the other technologies on a village level.

While a gen-set-based system scores well in all the other categories, cohesion is an
obstacle to its use in Tha Yet Taw. The village had declined neighboring Kyar Kan
Daung’s offer of electricity from their gen-set as Tha Yet Taw’s residents preferred solar
home systems. Tha Yet Taw’s residents appear to have no plans to combine resources
for a village generator.

The same issue of organization applies to a gasifier mini-grid system, where cohesion
also rates low at 3.5. Overall gasifier ranks third with a score of 26. While Tha Yet Taw
does not have a steady supply of rice husks from its harvest, it is possible to purchase
rice husks from the local rice mill. Gasifier ranks low on location because of storage and
siting issues, as the village floods during the monsoons.

Because of its exorbitant costs, grid extension scores low in all categories except
local/accessible knowhow, given the little technical knowledge required once it is
installed, with a score of 19.5 overall. Since Tha Yet Taw is just outside Pathein City,
technical assistance is accessible from there. While it can be argued this village could
attempt to connect in combination with other nearby villages so the high costs could be
distributed over a larger population, assessing the ability of villages within the area to
join together was beyond the scope of this exercise and therefore all analyses were
done from the perspective of the villages that were visited. As a result, grid extension
rates low in location/geography and resource availability.

Finally, mini-hydro is simply impractical because of a lack of an adequate river source
and ranks last with a score of 12.

Conclusions

Despite the rustic lifestyle of Tha Yet Taw's villagers, existing solar home systems
demonstrate their willingness to embrace new technologies. Yet, the residents of Tha
Yet Taw appear complacent with their few solar home systems and battery rentals that
provide enough power for a couple of lights and a small portable video player.
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Electrification efforts will need to be introduced by an outside party, perhaps
microfinance organizations or an NGO. Though the physical implementation of a project
may not be too difficult, efforts will need to be made to encourage community and
development of the local economy.

Recommendations

Mini-hydro and grid extension are immediately disqualified as feasible options due to a
lack of a water source and the high cost of grid extension. If the government made an
extension to the area a priority, and provided financing, it could be a possibility.
Nevertheless, considering the small size of the village and low level of demand, the
Team recommends the expansion of solar home systems.

Installation costs of generator, gasifier and solar are relatively in same range — though
differences are significant for a poor village of this size. O&M costs reveal that in the
first year O&M expenses for gasifier and generator will make up for the higher cost of
solar. They also require far more attention and maintenance.

The factor analysis also puts solar first, with a score of 46.5. Generator is not far behind
at 41, followed by gasifier (26), national grid (19.5) and mini-hydro (12). However, in
combination with O&M costs and the fact that solar home systems provide electricity for
twice the number of hours, solar again comes out the clear winner, especially when
considering the low level of cohesion in Tha Yet Taw.

Solar would work better for this village in this regard too given its reliance on household
units which do not require strong leadership as individual households are responsible
for themselves. Also, from the overall technology assessment, solar works better than
generators because of its low resource cost and low environmental impact. Further the
mounting structures that come with the solar home units would solve problems of
improper panel orientation as witnessed by the Team.

It is clear from the range of site visits that were conducted that solar works best in
smaller, isolated villages as there are economies of scale for gen-set, gasifier and grid
extension which do not exist with solar home systems. This is even more true if the
village, like Tha Yet Taw, lacks leadership and cohesiveness.

Interview List

*U Tin Aye - Village Head

* U Han Kyay - Resident

* U Than Aung - Resident

* U Kyaw Lin Aung - Resident
* U Poe Tha Htoo - Resident
* Daw Tin Nwe - Resident

* Daw La Ohn - Resident
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Kyar Kan Daung: Benefiting from Leadership and Strong Community

Pathein Township
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Number of Households 72
State/Division Ayeyarwady
Township Pathein
Distance from Grid 11 miles
Nearest City with Access to Grid Pathein City
Coordinates 16.872, 94.701
Main Economy Fishing and farming
Recommended Electrification Strategy Solar
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Kyar Kan Daung Percentage Kilowatt Demand (KW)
% Poor 95% 0.12 8.21
% Aspirant 5% 0.5 1.80
% Emerging 0% 1 0.00
% Established 0% 25 0.00
% Affluent 0% 5 0.00
Total Household Demand 10.01
Non- household demand - 1 monastery & 1 school 5.00
Total Village Demand (KW) 15.01

Kyar Kan Daung is a close-knit Christian Karen village about a quarter of a mile down
the road from Tha Yet Taw village. The village is about 11 miles from Pathein City. Kyar
Kan Daung is also in the Kyauk Chaung Gyi village tract and shares a similar economic
profile to Tha Yet Taw.

Economic Profile

The average income in Kyar Kan Daung is reported to be less than 100,000 kyat per
month. The majority of the villagers work as day laborers, some in farm work, while a
handful of villagers own a few acres of land. Some villagers also subsist on eel fishing,
like the fishermen in Tha Yet Taw. There is no value added in their commercial activities
beyond basic production of the commodities themselves.

Electrification

Nevertheless, Kyar Kan Daung is a well-organized community centered around the
church and led by the fourth-generation pastor and his wife, Esther Moe. Mrs. Moe, a
retired elementary school teacher, has been pivotal in helping to provide basic lighting.
Through donations from the Women’s Committee of the Christian Society, Mrs. Moe
was able to purchase two solar panels, one 150 W and one 300 W, for communal use.
In light of its existing presence in the village, Mrs. Moe expressed preference for the
technology as a future means of electrification.

Sitting with Mrs. Esther Moe
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The panels are located beside the Pastor’s house. The house, along with the village
church and assembly hall are located at the village center. A number of households
have been able to charge batteries using the communal solar panels. A 6-volt battery
costs 100 kyat per full charge, while a 12-volt battery costs 200 kyat per full charge. The
money collected goes back to the Women’s Committee of the Christian Society.

About ten households within the village have been able to afford the cost of batteries.
The 6-volt battery costs between 6,000 kyat and 7,000 kyat and lasts for one year; the
12-volt battery costs 30,000 kyat and lasts for two years. In the past, Mrs. Moe and the
Pastor tried to provide lighting for the entire village, with a diesel generator, at 100 kyat
per three hours of electricity a night but discontinued the service because people could
not afford it. Mrs. Moe and the Pastor noted they had also offered to provide lighting for
neighboring Tha Yet Taw, but the village declined.

Those unable to afford the cost of batteries rely on candles or kerosene lamps. The
Team encountered one clever individual who devised an alternative solution for lighting.
He fashioned a device by fitting five AAA batteries into a tube with wires on both ends
that connected to a small light bulb. With those five batteries, at a total cost of 500 kyat,
he is able to keep his small bulb lit for three hours a night for an entire week.

Households mainly use the solar-powered batteries for lighting. They can purchase a
small solar kit, consisting of one solar-powered battery and an 8-inch fluorescent tube
light, for 15,000 kyat. The battery will provide approximately three hours of light. For
households with school-aged children, the solar kits have been a worthwhile alternative
or supplementary source of lighting for studying. A handful of households have been
able to afford additional appliances, such as small televisions and portable video
players.

In addition to the solar panels, Kyar Kan Daung village also has two diesel generators,
one of which, a 10 KVA high speed gen-set, is only three years old. Despite being
relatively new, it is not functioning. From a brief assessment, the Team found a cracked
cylinder head and a potential lubricant problem. The only available maintenance is in
Pathein and the villagers cannot afford to fix the generator.

The working generator provides lighting for the church and assembly area, though only
for special events. The site for all social occasions, the assembly hall is well equipped
for lively celebrations with a keyboard, lights and sound system. Generally, rural villages
are willing to organize and prioritize electrification efforts for local religious
establishments. In Buddhist villages, electrification efforts are often focused on
monasteries.

Analysis

It is important to note that Kyar Kan Daung is demonstrative of the value and
importance of strong local leadership to the development of village cohesiveness and
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the organization of successful village-scale initiatives. Despite its poverty, due to Mrs.
Moe’s leadership and the strong Christian community that exists in the village, it has
been able to access the little electricity it has. While other villages may have similar
leadership, they do not always have the same access to external sources of support as
Kyar Kan Daung has from the Christian Society.

For Buddhist villages, former residents or relatives who have done well for themselves
often become benefactors. Buddhists often make donations as a means to earn merit.
Although Buddhist villages may also have means to external sources of support, it often
comes through individuals rather than organized associations.

Estimated Cost Analysis

Distance
from Total
National Village Mydro Gasifler Genset
Type of Number of Grid Demand | Solar Home | Minl-grid Mini-gridi Mini-grid Grid
Cost Households {miles) (KW) System System System System Extenslon
Installaton 72 11 15 $51.738 $0 $34 610 $30485 $451.760
O&aM* 72 11 15 $160 SO $7.718 $9.429 $4.733 |
* Assumes dadly operations of 6 hours for solar home systems, 3 hours for gasifier min-gnd systems. 3 hours for gen-set mini-gnd
Systems and 24 hours for grid extension. |

Solar

Solar is preferred and present in the village though at maximum there are only ten
households with solar home systems. Powering the entire village, including the church,
school and six streetlights, with solar home systems would cost approximately $51,738
or $718.58 per household. The cost per KW is $3,447.33. O&M expenses would add
approximately $160 per year.

Mini-Hydro

The nearest river source to Kyar Kan Daung is also Htan Kant Lant Creek. Though
nearby, water levels are not consistent enough to support a mini-hydro turbine. Mini-
hydro is therefore not a feasible option.

Biomass

The installation cost of a gasifier-based mini-grid system is estimated to be
approximately $34,610, or $481.14 per household. The cost per KW is $2,306.12.
Annual O&M expenses would be an estimated $7,178.

Generator

There are presently two generators in the village. One, though relatively new, is not
functioning. Installing a gen-set-based mini-grid would cost approximately $30,485, or
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$423.41 per household. Although this may appear to be the cheapest option, annual
O&M expenses, estimated to be $9,429, must also be factored in. The cost per KW is
$2,031.27.

Grid Extension

It would cost approximately $451,760 to bring the grid to Kyar Kan Daung. The
installation cost is equivalent to $6,274.45 per household and the cost per KW is
$30,101.31. Due to the village’s low demand, the annual O&M costs for grid extension,
an estimated $4,733, will be less than that for a gasifier system and nearly half of that of
a gen-set based mini-grid. Still, grid-extension does not qualify as a feasible option.

Broader Factor Analysis

Solar National Hydro Gen-set Gasifier
Home Grid Mini grid | Mini grid Mini grid
Kyar Kan Daung System | Extension | system system system
Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 6.00 2.50 1.50 7.00 5.00
Population (1=totally
insufficient, 10= totally
adequate) 8.50 2.50 1.50 7.50 5.00
Location /Geography
(1=totally unsuitable, 10=
totally adequate) 8.50 3.50 2.00 7.50 5.50
Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate) 7.50 3.00 1.50 7.50 7.00
Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate) 7.00 8.00 4.50 7.00 4.50
Cohesion (1=totally
insufficient, 10= totally
adequate) 8.50 4.50 3.00 8.50 7.00
Total 46.00 24.00 14.00 45.00 34.00
Average across 6 categories 7.67 4.00 2.33 7.50 5.67

According to the factor analysis, solar and generator are the best options for Kyar Kan
Daung, with scores of 46 and 45 respectively. Both technologies are currently present in
the village and register roughly the same scores across the board. However,
considering the state of existing generators in Kyar Kan Daung, solar might be seen as
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the better option, as it requires less maintenance, which is a clear challenge for the
village.

Gasifier comes in third, with a score of 34. Similarly to Tha Yet Taw, Kyar Kan Daung
does not have a steady supply of rice husks from its harvest, but it is possible to
purchase rice husks from the local rice mill. The same seasonal flooding in Kyar Kan
Daung causes the gasifier to score low on location because of storage and siting
issues.

Grid extension ranks fourth, with a score of 24, and mini-hydro last, with a score of 14.
Without a suitable water source, mini-hydro is not a real alternative in Kyar Kan Daung.

Grid extension is cost-prohibitive due to the village's low income and small population.
Although some support is likely to come from the Christian community, it is unlikely to
be enough to make grid extension feasible. Furthermore, Kyar Kan Daung's economic
base does not warrant the capacity increase grid extension would afford, at least in
comparison to alternatives. Kyar Kan Daung also shares the same logistical, economic,
and transportation challenges as Tha Yet Taw. The only category in which grid
extension scores high is local/accessible knowhow. Situated outside Pathein city, Kyar
Kan Daung can easily hire technicians from the city. Overall, grid extension is not an
appropriate solution for Kyar Kan Daung.

Conclusions

Though Kyar Kan Daung’s economic profile is similar to that of neighboring Tha Yet
Taw, the Team encountered many more households solely reliant on traditional forms of
lighting, particularly kerosene and candles, and unable to afford solar-powered
batteries. Mrs. Moe believes electrification for her village would be difficult because of
cost constraints. Considering the prevalence of rudimentary forms of lighting and the
lack of ability to pay 100 kyat per night night for electricity, the Team finds Mrs. Moe’s
assessment to be more or less accurate.

Kyar Kan Daung’s communal cohesion is encouraging and the Team believes that with
adequate funding, a plan for electrification would not be difficult to implement. With
Esther Moe at the helm, the Team is optimistic about any village initiative. The only
matter of concern is the ignorance of the importance of maintenance and proper usage
of equipment. Educating villagers on these issues will be critical to successful and
efficient electrification.

Recommendations
Mini-hydro and grid extension are immediately disqualified due to lack of a water source

and cost constraints, respectively. The only way grid extension would be possible is if
the government made extension to the area a priority.
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The Team recommends expansion of solar home systems. Since Kyar Kan Daung has
more households than Tha Yet Taw, solar would be more expensive, but the village is
still small enough that economies of scale seen in larger villages are not yet that
significant.

The difference between solar home systems and gasifier- and generator-based systems
is nevertheless much greater here. The O&M expenses associated with gasifiers and
generators would surpass the extra cost of installing solar home systems after about
two years. This does not account for financing costs, which can be as high as 30% in
microfinance markets.

While it is less apparent in the factor analysis, given that solar and gen-sets registered
scores of 46 and 45, respectively, followed by gasifier (34), grid (24) and hydro (14), the
O&M costs further strengthen the appeal of solar home systems. Moreover, solar home
systems would provide twice the number of hours of electricity compared to generators.
The overall technology assessment also supports solar, particularly due to its low
resource costs and neutral environmental impact.

Interview List

* Esther Moe - Pastor's Wife
* Tapalase - Resident

* U Hin Kyaw - Resident

* Rowena - Resident

* Mary - Resident

* U Saw Mu Taw - Resident
* U Saw Kyay Lay - Resident
*Daw Tal Tar - Resident



KWR International (Asia) Pte. Ltd.

Aung Mingalar Island: Fishing Village on the Verge of a Tourist Boon
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Number of Households 110
State/Division Ayeyarwady
Township Chaungthar
Distance from Grid 42 miles
Nearest City with Access to Grid Pathein City
Coordinates 16.952974, 94.430096
Main Economy Fishing
Recommended Electrification Strategy Solar
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Aung Mingalar Percentage Kilowatt Demand (KW)
% Poor 85% 0.12 11.22
% Aspirant 15% 0.5 8.25
% Emerging 0% 1 0.00
% Established 0% 2.5 0.00
% Affluent 0% 5 0.00
Total Household Demand 19.47
Non- household demand - 1 monastery & 1 school 5.00
Total Village Demand (KW) 24.47

Aung Mingalar Kyun village is located half a mile across the U To River channel from
Chaungthar beach on Aung Mingalar Island. The approximately 60-acre island sits at
the mouth of the U To River, on the Bay of Bengal. Aung Mingalar is mostly flat with a
set of hills to the southwest. Aung Mingalar Kyun is the only village located on the island
and is approximately 42 miles from Pathein City, the nearest access point to the grid.

Economic Profile

Aung Mingalar village has a fish-based economy. Approximately 70% of villagers own
their own boat. For those who do not, villagers negotiate a means of access by which
they pay a portion of their catch to the owner of the boat. As they are only able to fish
six months out of the year, though not continuously, the villagers’ source of income is
seasonal. During the monsoon months it is especially difficult to fish due to heavy
winds. In the months when weather is accommodating, it is reported that villagers are
able to earn at least 100,000 kyat and as much as 600,000 kyat per month. When they
are unable to work villagers do not engage in any other commercial activity and remain
on the island.

Dried Fish

A few villagers supplement their income with small businesses. There are about ten
modest shops—selling drinks, snacks and other small goods—set up outside of houses,
as well as about five teashops. Many youth on the island work in hotels across the river
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at Chaungthar beach, though the older generation follows a more traditional lifestyle
and relies on fishing and agriculture, which until now has served as the mainstay of the
island’s economy.

Nevertheless, of the villages the Team visited in the Ayeyarwady region, Aung Mingalar
Island is expected to be the most likely to develop and improve within the next few
years. Due to its proximity to Chaungthar beach, a popular tourist destination, Aung
Mingalar Island is likely to benefit from Myanmar’s growing tourism sector. At present,
there are no formal tourist activities or guesthouses on the island, but interest is
undoubtedly present. Villagers report tourists occasionally come across from
Chaungthar to wander or sunbathe on the island’s beach.

While the village itself has not taken any initiative to encourage tourism, others,
described as wealthy businessmen from Yangon, have been buying hillside lands to
build hotels. With tourism as the driver, Aung Mingalar Island is likely to see a more
rapid increase in electrification compared to the other villages visited.

Electrification

Currently, a small generator electrifies about one third of the households on the island.
U Zin Min Tun, the entrepreneurial village headman, believes electrification is easy for
his village. He expressed a village preference for electrification through solar home
systems or generators. Formerly a fisherman, Mr. Tun runs a small shop, in addition to
providing electricity to 35 households, with his private 15 KW generator. Mr. Tun funded
the household wiring and installation fees himself.

U Zin Min Tun's private generator

For their part, households pay according to usage. For electricity sufficient to power a
two-foot fluorescent light for three and a half hours per night, households pay 100 kyat
per day. For 300 kyat per day, households receive electricity sufficient to power both a
light and a small television. Mr. Tun runs his generator from 6 P.M. to 9:30 P.M. every
night.
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While Mr. Tun believes electrification would be easy, transmission and distribution may
be challenging due to the layout of the village. The monastery and schoolhouse—the
two communal areas in the village—are at a distance from where most of the
households are concentrated. If potential generation were to be sited in either area,
distribution costs would increase.

Analysis

With the inevitable growth in tourism, electricity demand will change and increase. While
hotels may and likely would have an ability to utilize and finance the development of
captive power, other businesses and facilities catering to tourists will grow and likely
draw on the village’s power source. In any case, a comprehensive electrification plan is
desirable but beyond the scope of the Team’s analysis at present, given both the
difficulties of forecasting growth in the tourism sector and ultimately to assess and
finance the development of captive power to service this emerging demand. Therefore
as with the other villages visited, the Team assessed demand projections based on
current usage.

Estimated Cost Analysis

Distance
from Total
National Village Hydro Gasifier Gen-set
Type of Number of Grid Demand | Solar Home |  Mini-grid Mini-grid Mini-grid Grid
Cost Households (miles) (KW) System System System System Extension
Inszallation 110 42 24 $T9.677 $0 $50,642 $41006| $1557.581
oam* 110 42 24 3240 $0 39402 $13877 s7.717
* Assumes daily operations of 8 hours for solar home systems, 3 hours for gasifier mini-grid systems, 3 hours for gen-set mini-gnd

systems and 24 hours for grid exdansion

Solar

Solar is one of two preferred electrification strategies. There are some home systems
present and, similarly to other villages, batteries are charged and rented. Installing solar
home systems for the entire village, including the monastery, school and streetlights,
would cost approximately $79,677, or $724.34 per household. The cost per KW is
$3,256.11. O&M expenses would add about $240 per year.

Mini-Hydro

Aung Mingalar is on a channel of the U To River but there are no smaller river sources
on the island itself. Mini-hydro is not an option.

Biomass
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Installation costs for a gasifier-based mini-grid system are estimated at approximately
$50,642, or $461.32 per household. The cost per KW is $2,069.53. O&M costs would
add roughly $9,402 a year.

Generator

The existing generator in Aung Mingalar is poorly installed, raising safety concerns. The
Team assessed costs for a properly installed generator mini-grid system. Installation
costs would be approximately $41,006 or $372.78 per household. The cost per KW is
$1,675.77. O&M costs would add an estimated $13,877 per year.

Grid Extension

The Team’s cost estimate of about $1,557,581, or $14,159.83 per household for grid
extension, does not account for sub-sea cables that would be necessary for this village
and is instead calculated as if this were a land connection. The cost per KW of
$63,652.69 is very high due to the village’s low demand.

Broader Factor Analysis

Gen-set

Solar | National Hydro Mini- Gasifier

Home Grid Mini-grid grid Mini-grid
Aung Mingalar System | Extension | System System System
Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 7.00 1.00 1.00 8.00 4.50
Population (1=totally
insufficient, 10= totally
adequate) 8.00 2.00 1.50 7.50 4.50
Location /Geography
(1=totally unsuitable, 10=
totally adequate) 8.00 1.00 1.00 7.00 3.00
Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate) 7.50 1.00 1.00 6.00 4.00
Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate) 6.50 6.50 2.50 6.50 5.50
Cohesion (1=totally
insufficient, 10= totally
adequate) 8.50 3.00 1.00 7.50 5.00
Total 45.50 14.50 8.00 42.50 26.50
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|Averageacroschategories | 7.58 | 2.42 | 1.33 | 7.08 | 4.42 |

In the broader factor analysis, solar ranks highest with a score of 45.5, although
generator is not far behind with a score of 42.5. Aung Mingalar’s population, resource
availability and location favors solar slightly more than generators.

This is followed by a gasifier-based mini-grid which ranks third with a score of 26.5.
Resource availability and location/geography are concerns as there are no rice husks
on the island and it is prone to flooding during monsoon months.

Grid extension received a score of 14.5 and mini-hydro 8. Neither are feasible options
due to cost, location and, in the case of mini-hydro, resource availability.

Once Chaungthar is connected to the grid, connection to Aung Mingalar Island may be
possible, especially if tourism takes hold on the island. Nonetheless, the Team does not
anticipate grid extension to happen any time soon, given the island's distance from the
grid and the high costs of sub-sea connection, as well as the current level of economic
activity on the island.

Conclusions

Unlike Kyar Kan Daung and Tha Yet Taw, Aung Mingalar Island has significant potential
for growth. Its proximity to Chaungthar beach is likely to result in a shift from a fish-
based economy to a more diverse and productive economy based on tourism that
allows for commercial activities all year round instead of six months. The potential for
growth necessitates a sustainable electrification method that will accommodate
increased demand and allow for expansion of the power generation facilities. At the
same time, however, lack of a developed tourism plan makes it difficult to evaluate
potential demand with any measure of real specificity.

Recommendations

The Team recommends electrification by solar home systems. Mini-hydro and grid
extension are impractical due, respectively, to lack of water source and the high costs
associated with connecting a village located far from the grid and with a difficult physical
geography. Installation of a sub-sea cables in particular would be extremely expensive.

Given the larger number of households, and the resultant expense for solar home
systems, it would take almost three years for the maintenance costs associated with
generators to bring the total cost of these systems up to that of solar. This does not
include financing costs which could require almost another year if the village were not
able to finance for themselves.

Nevertheless, while Aung Mingalar may require added financing costs, the factor
analysis supports the use of solar. Additional advantages of solar home systems over a
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generator-based mini-grid are low resource costs, longer hours, and low environmental
impact. In addition, transport costs for bringing diesel and other inputs onto the island,
which are probably underestimated in this estimate, are minimized.

The Team also suggests consideration of a pilot project for anaerobic digestion based
on animal waste. As many households in Aung Mingalar own pigs, organic waste could
potentially be used in anaerobic digestion, although this technology is relatively
unknown in Myanmar where biomass generally refers to use of rice husks. Therefore,
while it should be possible to purchase feedstock off the island, a readily available and
transportable fuel source for a gasifier is unknown.

If successful, however, anaerobic digestion could be expanded to accommodate
organic waste generated from hotels and other associated tourist industries that will
eventually develop. If successful, this platform could be utilized in other locations in
Myanmar.

Interview List

* U Zin Min Tun - Village Head
* U Aung Aung - Resident

* U Nyi Pu - Resident

* Ko Kyaw Shwe - Resident
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U To: Public-Private Cooperation and Being in Right Place at Right Time
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Recommended Electrification Strategy Generator/Solar
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UTo Percentage Kilowatt Demand (KW)
% Poor 80% 0.12 11.52
% Aspirant 15% 0.5 9.00
% Emerging 5% 1 6.00
% Established 0% 2.5 0.00
% Affluent 0% 5 0.00
Total Household Demand 26.52
Non- household demand - 1 monastery, 1 school & 1 clinic 5.50
Total Village Demand (KW) 32.02

U To is a fishing village on U To River. Situated at the major bridge crossing and entry
point toward Chaungthar beach, it is four miles from this increasingly popular tourist
destination and 37 miles from Pathein, the nearest grid connection.

Economic Profile

According to the village headman, U Thein Win, 70% of villagers work as fishermen,
while 30% engage in small farming. This consists of cultivating rice, vegetables and
fruits. The fishermen, however, only work fourteen days out of the month due to
variance in the U To River’s water levels. They sell their catch at the Chaungthar
market. Like the fishermen on Aung Mingalar Island, they do not engage in any other
commercial activities when conditions are not to their favor.

The Team also noticed a few small stores on the main road selling cold drinks and
snacks. Shop owners likely profit from the flow of traffic on the road toward Chaungthar.
Average incomes are reported to range between 60,000 kyat and 100,000 kyat per
month, though living conditions in U To appear somewhat higher than in other Delta
villages visited.

Electrification

Similar to the island village, U To has a diesel generator providing electricity. In October
of 2013, U To received a 15 KVA high-speed diesel generator from the Chaungthar
administration to provide lighting for the bridge. They are able to utilize the leftover
power in return for providing necessary diesel and maintenance. This allows U To to
provide electricity to its 120 households for four hours per night, from 6 P.M to 10 P.M
without having to organize or finance the generator purchase. Additionally, the
generator powers 30 streetlights.
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U To's generator gifted by the Chaungthar administration

As in other villages, households pay according to their usage: 100 kyat per day for
lighting, and 200 kyat per day for lighting and television. The charges essentially cover
diesel costs. At 2 gallons per day, fuel costs run between 8,000 kyat and 10,000 kyat
per day. Out of 120 households, only 90 contribute to fuel costs. The village head does
not collect from the elderly or those unable to pay. As a result, the village roughly
generates revenues necessary to cover their costs, not accounting for any necessary
depreciation or maintenance.

Of the villages surveyed in the Delta region, U To demonstrated the most initiative in
improving quality of life for the entire village. Electricity aside, U To also has plans to
build a health clinic in the near future. Granted their electricity access comes at least in
part by virtue of being located next to a bridge, generally the Team found U To’s
communal unity to be a considerable asset. Their demonstrated resourcefulness
indicates the potential for future public-private cooperation in electrification and other
areas.

In addition to the electricity provided by the generator, many households also use solar-
powered batteries as an auxiliary power source. U Myo Htike and his wife have made a
small business of renting solar-powered batteries. He and his family own three 300 W
solar panels, two of which he uses for his solar battery business and one for his own
household use. The small 6-volt batteries cost 100 kyat per day, while the larger 12-volt
batteries cost 500 kyat per four-day use. The smaller batteries are used to power small
light bulbs while the larger batteries are used for lighting and entertainment.

It was reported that U Myo Htike and his wife rent about 70 batteries per day combined.
This is a substantial amount for a village of this size, with only about 120 households, in
which most households already have a generator connection. The desire for this
auxiliary power source suggests that the village's electricity demand is likely to grow.
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U Myo Htike's wife preparing batteries for rent

Analysis

According to U Thein Win, the preferred electrification strategy would be mini-hydro.
There is a stream that runs off of the U To River four to five miles away from the village.
However, without a civil engineering study, the Team could not accurately assess
whether mini-hydro is actually feasible. Hydro has not been a widely used technology in
this area and the village in and of itself is not optimal for a dedicated hydro facility.
However, considering the way U To has been able to capitalize on the generator
provided by the Chaungthar administration, it is reasonable to believe that the village
would be able to organize and facilitate more advanced electrification efforts through
alternative technologies in the future.

Estimated Cost Analysis

Viliage Name: U To

Distance
from Total
National Village Hydro Gasifier Gen-set
Type of Number of Grid Demand | Solar Home | Mini-grid Mini-grid Mini-grid Grid
Cost Households (miles) (KW) System System System System Extension
installation | 120 37 32 $98,026 $0 $51.392 $41.756| $1.381752
O8M* 120 37 32 $260 $0 $11.295 $17.662 $10.256

* Assumes daily operations of 6 hours for solar home systems, 3 hours for gasifier mini-grid systems, 3 hours for gen-set mini-grid
systems and 24 hours for gnd axtension

Solar
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Solar-powered batteries are prevalent in the village but solar home systems are not. To
install solar home units for all households, the school, monastery, streetlights and future
clinic would cost approximately $98,026, or $724.34 per household. The cost per KW is
$3,061.40. O&M expenses would add an estimated $260 per year.

Mini-Hydro

An off-stream of the U To River is four miles away. However, actual feasibility for mini-
hydro is unknown without a thorough civil engineering study. Therefore, the Team does
not consider this to be an option.

Biomass

Installation cost for a gasifier-based mini-grid system is approximately $51,392, or
$429.13 per household. The cost per KW is $1,604.98. Annual O&M expenses are
estimated at $11,172.

Generator

The high-speed diesel generator currently used is relatively new. The Team finds
switchgear and installation to be satisfactory. However, there is no scheduled
maintenance for this generator. The Team estimates the village will need a larger
generator system in the future to fill village needs as the current capacity is only 15 KW
and current demand, according to interviews conducted by the team, is already 32 KW.
For a 40 KW system, installation costs are estimated to be $41,756, or $347.97 per
household. Though this low compared to other technologies, O&M expenses add an
estimated $17,417 per year. The cost per KW is $1,304.06.

Grid Extension

Installation costs for grid extension are estimated to be $1,381,752, or $11,514.60 per
household. The cost per KW is $43,152.78. Annual O&M expenses are expected to be
$10,092. U To is far from Pathein and the road from Pathein to U To runs through a
particularly hilly region. The aforementioned figures assume a simple distribution
system without these complications, but the Team expects actual transmission and
distribution costs will be inflated by topographic challenges.

Broader Factor Analysis

Gen-set
Solar National Hydro Mini Gasifier
Home Grid Mini grid grid Mini grid
UTo System Extension system system system
Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 7.00 4.00 3.00 8.00 6.00
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Population (1=totally
insufficient, 10= totally

adequate) 8.00 2.50 2.50 8.00 5.00
Location /Geography

(1=totally unsuitable, 10=

totally adequate) 7.50 3.00 2.00 8.00 4.00

Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate) 7.50 1.00 2.50 6.50 3.50
Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate) 6.50 7.00 1.50 8.00 3.50
Cohesion (1=totally
insufficient, 10= totally

adequate) 8.50 7.00 4.00 8.00 5.00
Total 45.00 24.50 15.50 46.50 27.00
Average across 6 categories 7.50 4.08 2.58 7.75 4.50

Generators rank first with a score of 46.5, followed by solar (45), though differences are
marginal. Both technologies are well suited to the village’s population, location and
relatively low demand.

Gasifier ranks third with a score of 27, followed by grid (24.5) and mini-hydro (15.5).
Low resource availability and the village’s lack of interest in a gasifier system make the
technology less favorable.

As expected, grid extension ranks low because of high costs. Extending the grid from
Pathein will require building transmission lines through a hilly region, which further
increases costs. Though villagers mentioned mini-hydro as a possibility, the Team
believes further surveys would be needed before determining its viability. As a result, it
ranks last.

Conclusions

U To demonstrates reasonably strong leadership and enterprise. This, in addition to the
village’s geographic advantages, provides a strong basis for future public-private
partnerships. Of the villages visited by the Team, U To appears to be the least isolated.
Though Aung Mingalar Island will likely benefit from the extension of tourism from
Chaungthar, U To also stands to benefit from the increasing exposure it will have to
tourists heading toward Chaungthar.

Recommendations
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The Team would not consider mini-hydro and grid extension. Biomass is not readily
available, eliminating gasifier as an option as well. There is a possibility for anaerobic
digestion with organic waste. However, for the time being, villagers do not undertake
any fish processing in the village. If that changes, anaerobic digestion might be
considered.

Ultimately, the Team recommends a generator system with the use of solar as an
auxiliary source. Village factor analysis shows similar numbers for both solar and
generators, though generators rate higher which only happened in one other village
visited. Additionally, U To has the benefit of having had its generator donated to them
by local government authorities, who would presumably also cooperate in an upgrade.
This would serve to further differentiate between the already significant cost differences
between the installation of a solar or generator platform.

Further, U To possesses more than 100 households, the level at which scale starts to
deliver more cost efficiencies for generators and other micro-grid platforms. O&M costs
for a generator, at an estimated $17,417, would take approximately three and a half
years to bring the total cost of generator use up to that of solar home systems. This is in
addition to financing costs which, as noted previously, could be as high as 30% in the
case of microfinance, if such an option were available.

Solar home systems are, however, generally more favorable as a technology because
of the ease of installation, low resource cost and low environmental impact. Moreover,
using solar would allow for twice the number hours of electricity.

In addition, as the present generator was installed less than a year ago and already
seems inadequate for current, not to mention future, demand, solar can also potentially
play an important role in U To, as it does elsewhere, as an auxiliary electricity source.
One can see that already happening given the high number of villagers charging
batteries on a daily basis using the solar panels that U Myo Htike has installed.

Interview List

* U Thein Win Village Head

* U Hla Than - Resident

*U Tin Oo - Resident

* U Myo Htike - Owner of solar battery-charging business
* U Myo Htike's wife
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Mezali: Primed for Gasification
Nyaungdon Township
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Population ~300
Number of Households 94
State/Division Ayeyarwady
Township Nyaungdon
Distance from Grid 7 miles
Nearest City with Access to Grid Sarmaluck

Coordinates

16.944, 95.795

Main Economy

Daily Laborers

Recommended Electrification Strategy

Gasifier or Grid Extension
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Mezali Percentage Kilowatt Demand (KW)
% Poor 11% 0.12 1.24
% Aspirant 42% 0.5 19.74
% Emerging 47% 1 44.18
% Established 0% 2.5 0.00
% Affluent 0% 5 0.00
Total Household Demand 65.16
Non- household demand - 1monastery & 1 school 5.00
Total Village Demand (KW) 70.16

Mezali is located in the Ayeyarwady division in the Nyaungdon district and
township. The village lies within the Mezali village tract. The tract, composed of
eight villages, has an aggregate population of between 3,000 and 5,000 people.

The Myanmar Engineering Society (MES) facilitated the Team’s visit to the
village. Retired Colonel U Thoung Win, a mechanical engineer, who specializes
in bio-fuels, and who serves as chairman of MES’s Energy and Renewable
Energy Committee, accompanied the Team on this visit.

Economic Profile

Of the villages visited in the Ayeyarwady division, Mezali is the first in which the
Team encountered small industry. Situated by the main road is the Ne La Rice
Mill, owned by U Ye Kyaw Htut. There are 12 other rice mills in the surrounding
areas. The Ne La mill has two sets of milling equipment and two gasifiers
powering the machinery. An in-depth review of the rice mill is included below.

Households in Mezali are concentrated about a mile from the rice mill. Within the
village, there are three main streets, a local monastery and small schoolhouse.
Houses within the village vary more significantly than other sites that were visited
and range from poorly thatched bamboo huts built on wooden stilts to modest
wooden houses with concrete bases. Along the road toward the main village area
are sturdy concrete houses of considerable comfort. One such house belongs to
the village head. These households belong to the village's top income bracket,
estimated to include about 2% of the village population.

For the village assessment the Team spoke with U Thein Myint, a member of the
local Village Electrification Committee (VEC). According to U Thein Myint, the
village can more or less be broken down into four income categories: very poor,
low income, middle and top. He estimates the village is mostly low and middle
income with the remaining falling into the top or very poor categories. Most
villagers are day laborers who work at nearby plantations and reportedly earn
3,000 kyat per day. Skilled workers are reportedly able to earn 5,000 kyat a day.
Some of the villagers work at the local rice mill.
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Electrification

Like U To, Mezali also has a local generator. The VEC presides over the
generator. Donated by UNICEF four years ago, the 10 KVA generator provides
power to 90 consumer units, including the monastery. The few households that
fall into the very poor category do not receive power.

Electricity is provided from 6:30 P.M. to 9:30 P.M. each night. For those three
hours, the generator requires two gallons of diesel. In Mezali, electricity
payments are broken down into three categories: 100 kyat for lighting only; 150
kyat for use of a television and DVD player; and 200 kyat for lighting, television
and a DVD player. Some households own solar panels.

Mezali's version of a streetlight - a fluorescent bulb housed in a plastic bottle

Altogether, the VEC collects 8,500 kyat per day in fees. Diesel expenses run at
7,000 kyat per day. The remaining 1,500 kyat in revenue is used to pay for a
local operator and maintenance. The local operator earns 36,000 kyat per month
and maintains the generator, however, like most operators in Myanmar he has
not had any specialized maintenance training.

"~ The focal operator
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Gasification at Ne La Rice Mill

Colonel U Thoung Win arranged for the Team to evaluate Ne La Rice Mill’s
Myanmar-made gasifiers. During the Team’s visit, only one of the gasifiers,
and accordingly only one of the two mills, was in operation. The Team was
able to get an up-close look at the gasifier in the suspended mill. The
following report focuses on the suspended gasifier undergoing maintenance.

With Colonel U Thoun Win and Ne La Rice Mill owner U Ye Kyaw Htut

The Ne La Rice Mill has been in operation since 2003. The mill has a
capacity of 1,200 baskets of rice per day and operates from 7 A.M. to 6 P.M.
Farmers deliver paddy to the rice mill themselves for processing. For every
basket of green paddy, U Ye Kyaw Htut charges 200 kyat. (A basket of rice
is approximately 49 kg, or 108 Ibs.) He sells 50 kg bags of broken or finished
rice for 700 kyat each. Broken rice can be used for animal feed. Finished
rice can either be eaten or sold.

The former truck engine modified for gasifier use

A 350 horsepower (HP) (261 KW) gasifier unit powers the milling machinery.
The gasifier uses rice husks as a feedstock, requiring 16 bushels of rice
husk per hour. The gas produced runs through an 8-cylinder generator
engine and produces enough electricity to power the mill throughout the day.
Altogether, the initial capital investment for the mill was 177.5 million kyat:
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17.5 million kyat for the gasifier unit; 50 million kyat for the building; and 80
million kyat for the rice milling machinery. The cost of the gasifier unit includes a
5 million kyat modification, which upgraded the original 6-cylinder engine to an
8-cylinder, 350 HP engine.

The gasifier unit is, in Colonel U Thoung Win’s words, of crude, older, mostly
Indian technology. The gasifier uses a large truck engine outfitted for
gasification. (To be suitable for use as a gasifier generator, the pistons of truck
engines are cut and compression ratios are changed.) Colonel U Thoung Win
noted that if the gasifier had been built with an engine made specifically for gas
production, it would run much more efficiently.

Every four to six months the mill shuts down for scheduled maintenance on the
gasifier engine. U Ye Kyaw Htut was trained during the installation of the
gasifier and performs the engine upkeep himself. Engine maintenance takes
approximately three days. For the mill itself, maintenance is performed every six
months and one head cleaning is performed every year. During the time of the
Team’s visit, the gasifier was in need of a part replacement and U Ye Kyaw Htut
was awaiting the finished product from the casting shop in Hlaing Thar Yar.

The broken part used to sit at the base of the furnace
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Though the technology is “crude,” the gasifier has managed to power the Ne La
Rice Mill for more than a decade. There is, however, one major concern: the
gasifier uses a considerable amount of water to cool down the gas. The water,
which comes into direct contact with the gas, is then released into the
environment without treatment. The Team was able to witness this process at U
Ye Kyaw Htut’s other gasifier.

The other gasifier at Ne La Rice mill

Wastewatel; diécharged from the running gasifier

The contaminated water from the above flows directly into the local creek.
Though Mezali villagers do not use the creek water, it is likely the polluted
wastewater will seep into groundwater. Additionally, the wastewater is highly
acidic and is believed to have a pH level of 3. Further, it is estimated that
installation of a water treatment component could increase costs by 20% to
30%.
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As with most villages in Myanmar, the poor installation of distribution lines in
Mezali results in significant electricity losses. During the course of the Team’s
interview with U Thein Myint about village electricity demand, it was estimated
that households paying 200 kyat a day for electricity use approximately 300 W.
Altogether, that means the village likely consumes only about 3 KW. Mr. Myint
stated, however, that the system is overtaxed and that the generator does not
provide sufficient electricity.

As the generator’s real output is about 8 KW, the village is experiencing about 5
KW in distribution losses. Proper installation of lines and streetlights could result
in a 20% to 30% increase in efficiency.

Analysis

When the village finally received electricity access four years ago, according to a
woman the Team interviewed, villagers were jumping for joy. Having been
informed of their distribution losses, it remains to be seen whether or not the
village will now invest in proper installation. With time, given the diverse income
levels, demand load will increase. Granted the higher-income households
probably own their own gen-sets, as middle income households drawing from the
village generator begin wanting more than three hours of electricity per night, it
may incentivize the village to improve its distribution network.

Lastly, the visit to Mezali was notable due to the existence of a VEC, which
suggests it is a fairly well organized community and is a promising indicator that
future electrification initiatives will have functioning leadership to coordinate and
implement.

Estimated Cost Analysis

istance

from Total
National Village Hydro Gasifier Gen-set

Type of Number of Grid Demand Solar Home Mini-grid Mini-grid Mink-grid Geld
Cost Households |  (miles) (KW) | System | System | System  System | Extension
Instaliation G4 | 7 | 70 ‘ $182618 S0 $TT836 $58 569 $314.846

' ' 1 + : : :

CaM* ) | 7 ’ 70 ‘ $220 SO $20.143 $35.359 $22.126

* Assumes cally operations of 6 hours for solar home systems, 3 hours for gasifier min-gnd systems, 3 hours for gen-set mini-gnd

systams and 24 hours for gnd exiension
Solar

A few households supplement the generator-provided electricity with their own
solar home systems. Electrification through solar home systems for all
households, the monastery, school and 15 solar lighting systems would cost
approximately $182,618, or $1,942.75 per household. Solar is more expensive
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due to the village’s higher demand. The cost per KW is $2,602.85. Annual O&M
expenses would be approximately $220.

Mini-hydro

There is no river within the vicinity of the village, only the creek. Though its levels
are sure to rise during monsoon months, the creek had very little water when the
Team visited. Further, villagers have noted that many creeks have been drying

up. Mini-hydro is therefore not a feasible option.

Biomass

Installing a gasifier-based mini-grid in Mezali would cost approximately $77,839,
or $829.19 per household. The cost per KW is $1,109.44. Annual O&M expenses

would be roughly $20,143.

Generator

The Team estimates that the cost to install a generator-based mini-grid system
with a proper distribution system would be approximately $58,569, or $623.07
per household. The cost per KW is $834.78. Though a generator system would
have the lowest installation cost, annual O&M expenses are expected to be

about $35,359.

Grid Extension

The installation cost associated with grid extension is estimated at $314,846, or
$3,349.42 per household. That number could be reduced, however, if Mezali was
able to join with other villages in the area. The cost per KW is $4,487.49. Annual
O&M expenses are expected to be about $22,126.

Broader Factor Analysis

Solar National Hydro Gen-set Gasifier
Home Grid Mini- grid | Mini-grid | Mini-grid
Meazali System | Extension | system system system
Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 7.00 3.50 1.50 6.50 6.50
Population (1=totally
insufficient, 10= totally
adequate) 9.00 7.00 4.00 7.50 6.50
Location /Geography
(1=totally unsuitable, 10=
totally adequate) 7.50 6.00 1.00 7.50 7.50
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Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate)

7.50

5.50

1.50

7.00

72

8.50

Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate)

7.00

6.50

3.00

8.00

8.50

Cohesion (1=totally
insufficient, 10= totally
adequate)

8.50

5.50

3.00

8.00

8.00

Total

46.50

34.00

14.00

44.50

45.50

Average across 6 categories

7.75

5.67

2.33

7.42

7.58

Similar to many other villages, solar and generator scored nearly the same for
Mezali. Gasifier also scored high for this village and in fact ranked second with a
score of 45.5 after solar (46.5). Generator is third with a score of 44.5, followed
by grid extension (34) and mini-hydro at (14).

While solar would generally prove favorable in a village of Mezali’s size, given its
fairly small population, Mezali's higher income and demand requirements make
solar a more expensive option. Gasifier is actually more favorable in this village
because of the abundance of fuel supply. Technical knowhow scores well
because there are many gasifiers in operation in this locale. Environmental
factors, however, are a real concern.

Grid extension ranks fourth because of high costs. However, in light of the
sizable population of the Mezali village tract and its proximity to the grid, grid
extension is a potentially viable option if Mezali can join together with other
villages in the area. Though Mezali village proper is not on the main road, it is
relatively easy to access and only seven miles from the national grid.

Mini-hydro is not an option due to a lack of water source.

According to the factor analysis, Mezali can presumably have its pick of four out
of five alternatives. Once cost is factored in, however, the number of viable
options diminishes.

Conclusions

The existence of value-added production distinguishes Mezali village from the
other villages visited in the Ayeyarwady region. Furthermore, as compared to the
other villages, Mezali also demonstrates a greater range of income levels as
evidenced by the three-tiered payment categories and varying levels of housing
structures. Village electricity demand will be difficult to predict but will
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undoubtedly grow. Though U Ye Kyaw Htut appears satisfied with his captive
power generation and rice mill operations, he could potentially expand his line of
business to include power generation and distribution for the entire village. His
gasifiers as they are now, however, would not be an appropriate source of
generation given the environmental impact.

Recommendations

Mini-hydro is definitely not an option. Solar is suitable but too expensive. The
relative cost benefits to solar decline with a larger population as well as higher
household demand such as is seen in Mezali. A generator could work as well but
O&M costs are high.

Of all the villages visited, biomass has the greatest potential in Mezali. When
asked why he did not provide electricity to the village with his gasifier, U Ye Kyaw
Htut explained that it was because his gasifier operated during the day, while the
village primarily required electricity at night. Furthermore, the gasifiers at his rice
mill are at a distance from the village. Nevertheless, with the existing rice mill and
ready availability of rice husks, Mezali is primed for gasification-based
electrification.

The Team recommends rice-husk based gasification as an interim solution given
the combination of available fuel and environmentally conscious facilities, which
is priced into the Team’s cost estimate. The only reservation the Team has with
gasification is the need for government oversight on environmental impacts,
which at present is non-existent. There is a chance that the water treatment
systems included in the Team’s gasifier costs, if installed in Mezali, would not be
well maintained.

The Team also believes, however, that Mezali village has a strong case for grid
extension, despite the factor analysis ranking it fourth with a score of 34. In the
first four villages surveyed, demand was low. Here in Mezali, demand is higher
and as part of a larger village tract, there is a chance of organizing neighboring
villages to contribute to the amortization of costs even if the government does not
make this area a priority in terms of grid extension.

Further, the presence of industry within the village tract indicates that there would
be a demand base outside of household demand. Grid extension would be the
ideal option because, as seen in the technology assessment, its sustainability
and ease of capacity growth makes it the long-term goal. As a result it was
included as a second recommended electrification strategy.

Interview List

* Colonel U Thoung Win
* U Ye Kyaw Htut - Owner of Ne La rice mill
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* U Thein Myint - VEC member
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Za Di Ya Ward: The Case for Grid Extension

Kyaukpyu Township
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Population Approximately 2,000
Number of Households 520
State/Division Rakhine
Township Kyaukpyu
Distance from Grid 2 miles

Nearest City with Access to Grid

Kyaukpyu City

Coordinates

19.429, 93.514

Main Economy

Fishing and farming

Recommended Electrification Strategy

Grid
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Za Di Ya Percentage Kilowatt Demand (KW)
% Poor 23% 0.12 14.35
% Aspirant 58% 0.5 150.80
% Emerging 19% 1 98.80
% Established 0% 2.5 0.00
% Affluent 0% 5 0.00
Total Household Demand 263.95
Non- household demand- 1 monastery & 1 school 5.00
Total Village Demand (KW) 268.95

Za Di Ya ward is administratively part of the Kyaukpyu town area. It is two miles from
Kyaukpyu city and three miles from Gon Chein Ward. With a population of nearly 2,000,
the ward is large compared with other villages visited by the Team. It has been a clear
beneficiary of a grid extension initiative in Kyaukpyu.

With Za Di Ya residents
Economic profile

The local economy includes fishing, agriculture and livestock. Income levels vary in Za
Di Ya but average between 80,000 kyat and 90,000 kyat per month.

According to U Hla Aung, the head of the local administration, the ward’s income
profiles can be classified into three categories. At the top are the merchants and
traders, which includes about 100 households involved in importing that are well
established in the fish industry. A handful of households within this category have made
a profit selling their land amidst rising property prices due to anticipated development of
the nearby Kyaukpyu SEZ. It should be noted, however, that while these households
are cash rich at the moment, the money made from selling land is not sustainable
income and is being rapidly depleted. This tenuous situation has led to a sense of social
dislocation and other tensions among the community, which are likely to grow over time.
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In the middle income bracket are farmers who own one or two acres of land and sell
their harvests for local consumption. Estimated at about 300 households, this group
accounts for most residents.

Finally, those considered to be poor are mainly day laborers and fishermen who live and
work on a subsistence basis. There are approximately 120 households that fall into this
category.

Local business consists primarily of a few small shops—selling drinks, snacks and other
small goods—operated out of houses. Small industry also exists and includes a water
purification and bottling factory, ASM, which was recently established in November,
owing in part to reduced electricity prices.

Although U Hla Aung anticipates that the development of the Kyaukpyu SEZ may
generate employment and business for the town, he revealed that many youth,
unsatisfied with the lack of local employment opportunities, have left to find work in
Yangon or abroad in Thailand and Malaysia. Employment opportunities aside, a dearth
of skilled labor, in addition to a lack of properly certified laborers, has been a challenge
to local employers.

Distribution lines along the main road in Za Di Ya

In interviewing Za Di Ya’s residents, the Team met with one young man who worked at
a local bank in Kyaukpyu City. He revealed that he was the only one among his friends
with a job. With no local universities or work, these young men sit idle. Indeed, a
number of them sat on the sidelines and curiously watched as the Team interviewed
residents.
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Electrification

Za Di Ya is currently receiving 24-hour electricity from the Kyaukpyu gas-powered mini-
grid. Electricity costs are now 35 kyat per unit, the same subsidized tariff rate as in other
parts of Myanmar that are supplied by the national grid. In the past, the local Electricity
Supply Enterprise (ESE) office supplied diesel generated power, for 500 kyat per unit,
which was only available four hours per day between 6 P.M and 10 P.M. Electricity bills
reportedly ran between 4,000 kyat and 5,000 kyat per month.

According to U Hla Aung, over half of the households in the ward are electrified,
including all houses along the main road (toward Kyaukpyu City), where the distribution
line runs. U Hla Aung expects another 150 households will gain electricity access within
the next year. The remaining households will be unable to connect to the grid due to
either affordability or accessibility constraints. Households must be located within 100
yards of the main distribution line in order to connect.

Twenty-four-hour electricity access at 35 kyat per unit has had a very positive impact on
many Za Di Ya residents. Living standards in Za Di Ya are increasing and villagers are
buying more appliances such as fans, rice cookers and refrigerators. The electricity has
also facilitated activities such as studying and entertainment.

- a\ ‘

The affordable electricity has also increased commercial activity. U Aung San Myint,
who owns an ice-making factory as well as ASM, the water purification and bottling
factory, made the decision to expand into the water bottling business because of the
consistent and low-cost supply of electricity. Since beginning his business, U Aung San
Myint has expanded water bottle distribution outside of Kyaukpyu throughout Rakhine
state and plans to grow distribution of his product throughout the country.
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Meanwhile, small shops are able to keep longer hours, chicken farms can easily
incubate eggs without the additional costs of diesel-generated power and large farms
can irrigate lands as needed with an electric-motored water pump.

Moreover, according to one resident who recently returned from Yangon, blackouts in
Kyaukpyu are less frequent than in the big city.

Za Di Ya is a rare example of an isolated off-grid area where the government has
enacted a measure to establish a mini-grid and provide electricity instead of waiting until
the national grid was within reach of the area. Residents of Za Di Ya have only had to
pay for their household connection fees; Daewoo International, a South Korean
company involved in the construction of a gas terminal and pipeline in the region,
financed the costs of building the grid. If not for the gas-generated electricity, the
expensive diesel mini-grid system would have remained until the national grid reaches
Za Di Ya, on its way to connect to Kyaukpyu City, which is anticipated at the end of
2014.

The exorbitant costs of grid access are typically a significant obstacle for rural areas
where income is generally low. Elsewhere in Myanmar, even if a village or town has the
financing for grid extension, it must first comply with 24 conditions as per EPC policy. Za
Di Ya has been in a privileged position of not having to deal with the onerous conditions
and the need to incur heavy up-front costs. While this increases the risk for the MOEP,
as a general policy it would allow for more of the population to access low-cost
electricity.

Analysis

Za Di Ya Ward has been a fortunate beneficiary of the Presidential directive to electrify
and provide electricity at the subsidized tariff rate in Kyaukpyu. The ward is a relatively
poor part of Myanmar where residents earn less than 100,000 kyat per month. Without
the government mandate, Za Di Ya's residents would not have been able to finance the
costs of grid connection on their own, given that it would require organizing themselves
to meet the 24 conditions and the costs of financing the entire extension as a group
rather than the current practice of allowing individual connections.

Other towns and villages that are not situated near an SEZ are not as lucky. Neither are
households located beyond the 100-yard margin of the distribution network. It remains
to be seen if and how the policy may be altered to incorporate more households into the
grid. However, given reports that funding for the transmission and distribution network
came from Daewoo International, EPC and MOEP may not have sufficient funding, or
immediate impetus, to adopt a more inclusive policy.

Nevertheless, Za Di Ya is a successful example of grid extension and is demonstrative
of the significance of electrification by means of a formalized grid. The accessibility of
affordable electricity has increased living standards and stimulated the local economy.
The situation here does raise concerns, however, that new commercial activity may not
develop at a fast enough pace, or in a broad enough manner, to compensate when the
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capital gained on property sales runs dry. There are also concerns that tensions may
increase between those with access to regular, affordable electricity and those who are
still left paying more than 400 kyat per unit. Previously, local residents were angered
over price discrepancies between Rakhine state and Myanmar's major cities. The recent
electrification initiatives in Rakhine, while well intentioned and responsible for significant
social and economic improvements in the area, may, over the short-term, bring this
inequality closer to home and fuel more tension moving forward.

Estimated Cost Analysis

Village Name: Za DI Ya

Distance
from Total
National Village Hydro Gasifier Gen-set
Type of Number of Grid Demand | Solar Home | Minkgrid Mink-grid Mini-grid Grid
Cost Households (miles) (KW) System System System System Extension
Installation 520 2 269 $708,798 SO $220,130 $177430 $54.167
CaMm* 520 2 269 $1.080 SO S66.874 $128.821 $64.817
* Assumes dalty operations of 6 hours for solar home systems, 3 hours for gasifier min-grid sysiems, 3 hours for gen-set mini-grid
systems and 24 hours for grid extension
Solar

The Team estimates it will cost approximately $708,798 to power all households, the
monastery, school and 20 streetlights. This comes out to $1,363.07 per household.
Among the technology options, for Za Di Ya solar home systems cost the most at
approximately $2,635.41 per KW. Additional O&M costs would come out to about
$1,090 a year.

Mini-hydro

The are no rivers or waterways close to the town, only the sea. Mini-hydro is therefore
not an option.

Biomass

Establishing a gasifier-based mini-grid would cost approximately $220,130, or $423.33
per household. Cost per KW is the second highest at $818.47. Annual O&M expenses
are approximately $66,874. Fuel source and supply, however, is unknown and would
need to be secured.

Generator

A generator-based mini-grid would cost approximately $177,430, or $423.53 per
household. Cost per KW is moderately lower than the gasifier at $659.71. Additionally,
annual O&M expenses would be about $128,821.

Grid Extension
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Assuming the Kyaukpyu natural gas-based mini-grid had not been extended to Za Di
Ya, the residents of Za Di Ya would have had to pay approximately $260,152 to connect
to the national grid. Accounting for the mini-grid, the cost of extending connection to the
Za Di Ya households that as yet have been unable to connect or which are located
beyond the 100-yard limit is estimated at $54,167 or $208 per household. The cost per
KW is the lowest at $201.40.

Broader Factor Analysis

Solar National Hydro Gen-set Gasifier
Home Grid Mini grid | Minigrid | Mini grid
Za DiYa System | Extension | system system system
Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 6.50 8.50 1.50 6.50 4.50
Population (1=totally
insufficient, 10= totally
adequate) 8.00 9.00 3.50 7.50 7.50
Location /Geography
(1=totally unsuitable, 10=
totally adequate) 7.50 8.50 1.00 7.50 5.50
Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate) 7.50 8.50 1.50 7.00 3.50
Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate) 7.00 8.50 2.00 8.00 4.50
Cohesion (1=totally
insufficient, 10= totally
adequate) 8.50 9.00 5.50 8.00 6.00
Total 45.00 52.00 15.00 44.50 31.50
Average across 6 categories 7.50 8.67 2.50 7.42 5.25

Grid extension ranked the highest with a score of 52. Since the distribution network
already exists, there are no concerns of a long lead-time or high capital costs, which
often make grid extension less favorable to other options. Furthermore, as seen in the
technology analysis, grid extension is also the most sustainable option as grid
infrastructure is built to last for decades.

The cost of connecting to the grid is comparatively low. As a result, under the first
category of cash/non-cash, among the all the places visited, Za Di Ya has the highest
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score for grid extension at 8.5. Za Di Ya’s large population and location are also well
suited to grid extension.

Solar home systems and a gen-set mini-grid follow with scores of 45 and 44.5,
respectively. With respect to Za Di Ya, both technologies received similar ratings in
each of the six categories. Since Za Di Ya is close to Kyaukpyu City, there are no issues
of fuel supply or lack of local/accessible knowhow and therefore no significant contrasts
in scores. Both technologies score high in cohesion because previous use of generators
in the town demonstrates the town’s ability to organize such a measure and cohesion is
not necessary for solar home systems. However, it should be noted that Za Di Ya’s
relatively high demand and large population make the use of solar home systems very
expensive.

As for a gasifier-based system and mini-hydro, cash and resource availability concerns
cause both to be rated lower. Hydro came in with the lowest score (15). Aside from a
lack of river source for mini-hydro power, Za Di Ya’s villagers, with modest average
income levels, would not be able to afford the cost of a hydro system capable of
meeting the village’s energy demands.

Overall, there is a strong case for grid extension in Za Di Ya.
Conclusions

Za Di Ya has experienced eight months with affordable 24-hour electricity. This has
resulted in increased living standards and productivity, and the creation of small and
medium-sized enterprises. The town is an excellent example of an electrification
initiative resulting in economic and social development. The town’s energy demand will
inevitably grow as more households connect and appliance use increases. The
development of the SEZ will add to this by creating opportunities for services,
manufacturing and construction.

Nevertheless, unlike other villages in Myanmar, Za Di Ya’s residents did not finance the
overall electrification effort. Households merely paid a connection fee, a fraction of the
costs it took to install the cables, lines and transformers. Furthermore, there are still
more than 100 households in Za Di Ya that will be unable to access the grid, not to
mention the large number of households, towns and villages that lie outside the 100-
yard zone. The Presidential initiative to allocate gas to Kyaukpyu and install gas
generators was largely a move to show residents they would benefit from the creation of
the SEZ. While the government may have mitigated tensions, the exclusion of residents
living beyond the 100—yard zone may lead to strained relations within the community in
the future.

Going forward, if the government plans to introduce another mini-grid ahead of
extension of the national grid, it should be as inclusive as possible of all residents in a
given area and where this is not possible steps taken to address the concerns of those
who will be connected over the longer term, possibly through off-grid technologies.
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At the same time, however, it will not be possible to include all areas of Rakhine, so
auxiliary solutions such as the use of solar or generators is also important as an interim
solution.

Recommendations

For residents without electricity, grid extension is the obvious choice. Za Di Ya
demonstrates that if costs are born by the government, or a company that operates in
the area, grid extension becomes a more viable option. In Za Di Ya this is true not only
because of the total investment required but also as the EPC allows individual
connection, rather than requiring the entire community to join together to raise the
required capital and meet the 24 conditions necessary for grid connection.

If Za Di Ya had not been in this unique situation, it would have had to rely on generators
as they did before, when electricity was only available for a few hours a night and was
very expensive. For the most part, at that time only businesses and high-income
households were able to afford using electricity. Small-scale use of auxiliary solar home
units would be the only other alternative, unless a stable fuel source and supply was
secured for gasifiers.

At present, estimated demand is relatively low in Za Di Ya but with reliable availability of
low-cost electricity, residents have steadily increased their load and economic activity
and entrepreneurship has begun to emerge. This typical increase shows the need to
plan for the future rather than existing demand.

The grid can easily accommodate the need for capacity growth. Additionally, lifespan is
not a concern as the grid is built to last for decades. Factor analysis is in accordance
with these recommendations as grid extension is ranked first.

At the same time, care must be taken to develop auxiliary solutions as grid extension is
in progress, given that it will not be possible to connect the entire state at once.

Interview List

* U Hla Aung — Head of the Za Di Ya administration
* U Aung Tin — Resident

* Shop owner

* Youth from Za Di Ya working in Kyaukpyu city
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War Taung: Isolated Island but Resourceful Community

War Taung Village Tract
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Population 900
Number of Households 161
State/Division Rakhine
Township Kyaukpyu
Distance from Grid 13 miles
Nearest City with Access to Grid Kyaukpyu City
Coordinates 19.426, 93.686
Main Economy Fishing and farming
Recommended Electrification Strategy Solar and Generator
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War Taung Percentage Kilowatt Demand (KW)
% Poor 80% 0.12 15.46
% Aspirant 15% 0.5 12.08
% Emerging 5% 1 8.05
% Established 0% 25 0.00
% Affluent 0% 5 0.00
Total Household Demand 35.58
Non- household demand - 1 monastery & 1 school 5.00
Total Village Demand (KW) 40.58

War Taung is among the villages that will not benefit from the grid extension plans for
Kyaukpyu Township. Because the village is located on a small island about an hour
from Kyaukpyu City, establishing a grid connection would require costing underwater
cables. The Team arrived by fishing boat and was escorted by U Tun Thway, who had
taught in the local elementary school years ago.

Economic Profile

The local economy in War Taung is centered on agriculture and fishing. Villagers grow
mostly cashews, fruits and vegetables. The village also grows one crop of rice per year
for local consumption. Not all of the villagers own boats, but those who do are able to
sell their catch in Kyaukpyu.

Some of the farmland lies on the edge of the island. Villagers have built barriers to
protect their fields, but on occasion seawater seeps through and renders the land
unable to produce crops. Villagers acknowledge the need for a proper barrier,
preferably made of concrete.
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During the visit, the Team noticed many idle youths. As in Za Di Ya, many villagers
have left to find work in Thailand or Malaysia. An estimated 50 people have reportedly
left War Taung to work abroad.

The village headman, U Maung Ba Khin, estimated the village's average household
income at roughly 30,000 kyat per month. This is lower than in any other village visited,
though when examined on a purchasing-power-parity basis the village could be
considered as having a much higher living standard than would seem justified by this
income. The availability of fish and agricultural crops enables villagers to enjoy a lower
cost of food. Income alone, therefore, does not accurately portray War Taung's
economic condition. In fact, the village appeared to be far more prosperous than
villages that reported income levels that were two to three times higher.

Though he could not provide an accurate estimate, the headman was able to provide
the Team with an idea of how income groups could be classified. He estimated there
are about 50 households that are considered poor, 30 households that are living
comfortably and 70 that are somewhere in the middle.

Electrification

War Taung has two private diesel generators that connect a total of 70 households. The
first generator is an 18 HP (13 KW) engine, providing electricity to 30 households. The
generator has been in use since October 2012. The second generator is a 25 HP (18
KW) engine and provides electricity to 40 households. The owner bought it for 4 lakh
two years ago in Kyaukpyu City.

el
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18 HP (left) and 25 HP (right) generators

Electricity is provided between the hours of 7 P.M. and 9:30 P.M. For lighting only,
households pay 2,000 kyat a month. Households that also own televisions pay 5,000
kyat to 6,000 kyat per month for electricity, depending on the size of the television set. U
Maung Ba Khin approximates 25 households have televisions. Though the generators
are private, he revealed that due to diesel costs, their owners are not making any
notable profit from providing the service.



KWR International (Asia) Pte. Ltd. 87

;' ii : Dy '
L '
ir
¢ Jr'.m

.

o

In addition to the diesel-generated electricity, a few households (U Maung Ba Khin
estimates seven) in War Taung own solar home systems. One of these households,
which also ran a small shop out of the house, paid 250 lakh for its solar home system
and has had it for two years. The size of the solar home system is reportedly 200 W
though the family was not too certain of its specifications other than the dimensions of
the panel (4 feet). The household uses the solar home system for television and
lighting. During heavy rains, the household manages with a battery and flashlight. In
circumstances where rains have been heavy and persistent, the household takes its
batteries to Kyaukpyu for recharging.

When asked about perspectives on the low-cost electricity from the grid that is available
in nearby Kyaukpyu City, U Maung Ba Khin asserted that villagers do not expect grid
extension for War Taung. He indicated that government officials have made it known to
the village that the government would not be able to afford extending the grid to their
island. The government has, however, promised either solar or diesel generators as a
means of electrification for the entire village. Though it would depend on village
consensus, U Maung Ba Khin believed the village would prefer solar power because of
concerns with the fuel, operation and maintenance costs associated with diesel
generators.

In contrast to Za Di Ya, War Taung, due to its relative self-reliance and isolation, as well
as the villagers' understanding that grid extension to the island is not feasible, may be
less susceptible to any social tension that may arise from uneven grid extension
initiatives in the region.

Analysis

Despite the lack of employment opportunities and the island’s distance from Kyaukpyu,
the Team noticed that many of the residents of War Taung do not appear to be
struggling or suffering from abject poverty. Unlike, for example, villagers from Kyar Kan
Daung or Tha Yet Taw near Pathein, War Taung’s access to more resources appears to
have made its villagers better off. This can be seen in the fact that 25 households are
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estimated to have televisions, with electrification and Skynet (cable) charges that would
require a major share of the income estimated by the village leader.

Furthermore, there appears to be considerable communal unity in War Taung. During a
tour of the village, the Team observed a number of villagers digging a channel to
prevent flooding during the monsoon season. The coordinated effort to protect the
village and practice of consensus-based decision-making leads the Team to believe that
the village headman would be able to rally War Taung residents to organize a village-
scale electrification initiative should there be sufficient benefits.

Estimated Cost Analysis

Village Name: War Taung

Distance
from Total
National Village Mydro Gasifier Gen-set
Type of Number of Grid Demand | Solar Home Minl-grii Mini-grid Mini-grid Grid
Cost Households [miles) (KW) System System System System Extension
nstallason 161 13 41 $121,271 S0 $63.350 $53,714 $557,152
OaM* 161 13 41 l $350 SO $13.190 $21.452 $12.798 |

* Assumes dady operations of 6 houwrs for solar home systems, 3 hours for gasifier min-gnd systems, 3 hours for gen-set mini-grid
Systems and 24 hours for grid extension

Solar

The Team estimates that supplying solar units for all 161 households, a monastery,
school and ten streetlights would cost approximately $121,271. At $753.24 per
household, this is high and, relative to the village’s income, would be difficult to finance.
The cost per KW is $2,988.37 and additional O&M costs would come out to about $350
per year.

Mini-hydro

Though the channel the villagers are digging might be wide enough to accommodate a
small hydro turbine, water levels are only existent during the rainy season. It therefore
would not be cost effective to install a turbine. There are no other river sources that
could provide mini-hydro power.

Biomass

The Team estimates a gasifier-based mini-grid would cost $63,454, or $394.12 per
household. This figure also assumes that War Taung has a flat terrain. Due to slight
variations in elevation on the island, the cost of installing a distribution network may in
fact be higher. Cost per KW is $1,563.64. Annual O&M expenses would be about
$13,190.

Generator
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There are presently two generators in the village. The existing distribution system is
poor. Installing a larger generator to meet the village’s needs with a better distribution
system is estimated to cost $53,714, or $333.63 per household. Cost per KW is

$1,323.63. Additional O&M expenses would amount to roughly $21,452 per year.

Grid Extension

If War Taung were not an island, connecting to the grid would cost approximately
$557,152, or $3,460.57 per household. in reality, however, extending the grid from

Kyaukpyu to War Taung would require installation of sub-sea cables, the cost of which

is not included in the aforementioned figure. Sub-sea cables would compound the

already high costs of grid extension which villagers cannot afford. Further, with War
Taung’s low demand, cost per KW is high, estimated at $13,729.38. Additional O&M
expenses would be about $12,798 per year.

Broader Factor Analysis

Gasifier

Solar National Hydro Gen-set Mini-

Home Grid Mini-grid | Mini-grid grid
War Taung System Extension system system system
Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 6.50 1.00 1.00 6.50 4.50
Population (1=totally
insufficient, 10= totally
adequate) 7.50 1.50 1.50 7.50 6.50
Location /Geography
(1=totally unsuitable,
10= totally adequate) 7.50 1.50 1.00 6.50 5.50
Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate) 7.50 1.00 1.00 5.50 5.00
Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate) 7.00 8.00 2.50 7.50 4.50
Cohesion (1=totally
insufficient, 10= totally
adequate) 8.50 6.00 5.00 7.50 6.00
Total 44.50 19.00 12.00 41.00 32.00
Average across 6
categories 7.42 3.17 2.00 6.83 5.33
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According to the factor analysis, solar home systems, scoring 44.50, ranked the highest.
Solar is well suited to War Taung’s relatively small population, low demand and the
island’s fair amount of isolation. Its ease of installation and low O&M costs also make it
a favorable solution.

A generator mini-grid system follows with a score of 41. This technology scored lower
because of the need to transport fuel and parts from Kyaukpyu to War Taung island. In
contrast to solar home systems, where transport only plays a role in the installation
process, generator use will require frequent deliveries of fuel and the occasional
maintenance overhaul. Though travel to Kyaukpyu City may be frequent, the need for
consistent transport of materials leads the technology to be ranked lower in availability
and location/geography.

Gasifier technology ranked lower because of concerns both with fuel supply and local
knowhow. Although rice is grown for village consumption, villagers in War Taung have
described difficulties in maintaining their rice crop, which would jeopardize consistent
and sufficient access to rice husks, and therefore fuel for gasification. The Team also
believes that, should a gasifier be installed, residents may not be able to adequately
maintain it, which may have negative environmental effects.

Mini hydro-power is unfeasible and grid extension too costly. Both face challenges of
resource availability as the island does not have any river source and the sub-sea cable
connection requires significant effort and capital. Consequently, the ratings reflect that
neither is a feasible option.

Conclusions

Though employment and income-generating activities may be limited in War Taung
village, there is potential for employment in nearby Kyaukpyu. Villagers from War Taung
often travel to and from Kyaukpyu for supplies and other services. Though they
understand that grid extension will not be available to them, Kyaukpyu’s around-the-
clock electricity access may motivate War Taung residents to launch a village-wide
electrification effort.

War Taung would likely require financial support and especially technical support in
order to install a better distribution network. Nonetheless, having witnessed their ability
to cooperate and organize, the Team believes the village would be able to manage a
village-scale electrification initiative.

Recommendations

The Team recommends the use of both solar home systems and generators. The
technology analysis shows that, while both have short lead times, solar, because of its
resource availability and low O&M costs, is the better option. Further, due to the low
energy demand, it is not as costly to use solar home systems as it is for other villages of
a similarly large population.
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It would, however, take three to four years to pay for solar with financing, and these
added costs makes using solar as the primary energy source cost prohibitive. Therefore
the Team recommends a combined solution which would call for utilizing generators
with the use of solar as an auxiliary source of electrification.

As in Aung Mingalar, the Team believes War Taung would be a good location for a pilot
project using anaerobic digestion of waste from livestock and the fishing industry. If the
pilot is successful, the Team would recommend anaerobic digestion as an additional
supplementary source and a platform that could also potentially be used elsewhere in
Myanmar.

Interview List

* U Maung Ba Khin — Village Head

* Small retail merchant with solar panels
* Owner of generator (1)

* Owner of generator (2)

* Host
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Myoma Ward: Prosperity with 24-Hour Diesel-Generated Electricity
Tha Yet Chaung Township
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Population 3,000
Number of Households 600
State/Division Tanintharyi
Township Tha Yet Chaung
Distance from Grid 246 miles

Nearest City with Access to Grid

Mawlamyaing

Coordinates

13.860, 98.265

Main Economy

Agriculture; Migrant Labor

Recommended Electrification Strategy

Generator (short-term)
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Myoma Percentage Kilowatt Demand (KW)

% Poor 7% 0.12 5.04

% Aspirant 60% 0.5 180.00

% Emerging 31% 1 186.00

% Established 2% 2.5 30.00

% Affluent 0% 5 0.00

Total Household Demand 401.04

Non- household demand - 5 monasteries, 2 schools & 1

clinic 19.50
Total Village Demand (KW) 420.54
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Myoma ward is in Tha Yet Chaung town and is considered a part of the urban area. It is

17 miles from Dawei City, the site of a planned SEZ, the development of which is now
stalled. The main road that runs from Dawei to Myeik all the way down to Kawthoung,

Myanmar's southernmost point, runs through Myoma.

Economic Profile

Most residents of Myoma are engaged in agriculture and its main crops are rubber,
betel nut and durian. Many of the younger residents have left to work in Thailand.
According to U Tint Win, the township administrator, approximately 10% of the village

This road runs from Dawei through Myoma down to Myeik

population (about 300 people) work outside the village, including in Thailand, Myeik and
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Dawei. These workers tend to return to Myoma during the monsoon season after seven
to eight months outside.

There are also a number of small businesses in Myoma, including a car workshop,
motorcycle shop, game center, bakery, steel furniture shop and about ten teashops.
Most of the businesses were established since the availability of regular 24-hour
electricity. According to U Tint Win, people from neighboring areas come to Myoma to
work.

Myoma's proximity to Thailand plays a strong role in the local economy, which is
boosted by cross-border trade and remittances. Anticipation of the Dawei SEZ, the
plans for which include a large deep-sea port, industrial zone and highway to Thailand,
has already driven up land prices and travel to the area. It is expected that certainty
over the Dawei SEZ's future, as well as other regional integration plans, will further drive
Myoma's economic growth.
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Small busmesses (steel furnlture shop (left) and motorcycle shop (right) in Myoma

Income levels in Myoma are high compared to other villages and towns the Team
has visited. Income ranges from 1.5 lakh (150,000 kyat) per month to as much as
10 lakh (1 million kyat) per month. U Tint Win breaks down distribution of these
income levels as follows: approximately 7% of the population earns less than 1.5
lakh, 60% of residents earns about 1.5 lakh; 25% earns about 3.5 lakh; 6% earns
about 4.5 lakh; and 2% earns about 10 lakh per month. The 2% earning 10 lakh
per month includes plantation owners and teachers who are hired for private
tutoring. Indicative of the relatively higher levels of income, many residents in
Myoma own satellite dishes.

Electrification

Myoma ward receives 24-hour electricity access from a set of generators in
nearby Maw Shi Kone Ward. Their electricity provider is Phoe Thee Cho Co. Ltd.
(PTC), a private company working in conjunction with the EPC. PTC is present in
villages and cities throughout the Tanintharyi region.

The local PTC office

There are two generators—one 350 KVA and one 150 KVA generator—located
in Maw Shi Kone. U Kyi Lwin, the operator, says the villages consume
approximately 20 gallons of diesel per day. The two generators provide electricity
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to four adjacent wards: Myoma (600 households), Maw Shi Kone (200
households), Kyaukmyaung (400 households) and Pan Daw (400 households).

Generators at Maw Shi Kone

According to U Thit Lwin, out of the four wards, Myoma consumes the most
electricity. Besides having a larger population, Myoma’s apparent position as the
central point for businesses among neighboring areas likely contributes to the
higher loads.

Myoma has had 24-hour electricity access since November 2013. PTC charges
490 kyat per unit of electricity. The township administrator estimates that of 600
households, 560 have electricity. The remaining 40 are either elderly or cannot
afford the electricity, although PTC does provide free electricity to certain low-
income households. Before PTC, a local private company provided Myoma with
electricity from 6 P.M. to 11 P.M. at a rate of 600 kyat per unit.

U Win Naing's electricity bill

The Team spoke with U Win Naing, owner of the only car workshop in town. U
Win Naing moved to Myoma from Dawei seven years ago. He and his family
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have been happy about the service provided by PTC, although they would prefer
grid access as it would be considerably cheaper. U Win Naing’s household has
the typical television and lighting appliances, but also a fan, water pump and
electric iron. His household electricity bill for the month of April was 23,930 kyat.

Myoma will also be receiving mini-hydro generated electricity. The 100 KW mini-
hydro project, headed by U Hla Htun, is currently under construction. The turbine
will reportedly be able to run eight months out of the year. During six of those
months, the creek in which it is built will have consistent flow from rainwater. In
the remaining two months, the turbine will rely on a reservoir, which is also being
built. According to U Thit Lwin, the 100 KW generated will only fulfill 10% of the
town’s electricity needs.

Analysis

Myoma’s reported incomes are considerably higher than in other villages and
towns that the Team has visited. Since the availability of 24-hour electricity
access, economic activity is flourishing, even at the cost of 490 kyat per unit.
Lower electricity costs would likely encourage even greater growth among
Myoma’s small businesses, which will also benefit from the proximity to Thailand
and the Dawei SEZ when it is constructed. With government plans to extend the
national grid to Kawthoung, Myoma is likely to receive grid access within the next
few years, as transmission lines will need to pass through the town.

Estimated Cost Analysis

Distance
from Total
National Village Mydro Gasifier Gen-set
Type of Number of Grid Demand | Solar Home Mird-grid Mini-grid Mini-grid Gria
Cost Households (miles) (KW) System System System System Extonsion
Insatalon 800 246 a1 $1.044 422 | $172582 $312778 $23611 S_Ei 065 328
O8/M"* 600 246 &21 1 $1,260 $26280] $10250%| $200091] $132521 ]

* Assumes daily operatons of 6 hours for solar home systems, 3 hours for gasder minkgnd systems, 3 howrs ©or genarator mini-grid
sysams, 24 hours or hydro mni-grd systams, ang 24 hours for gnig extansion

** Estmate for 100 KW system and does not include construction of dam or advanced engineeang study
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Solar

Powering the entire town with solar home units will cost an estimated
$1,044,422, or $1,740.70 per household. In addition to the 600 households,
independent solar units will power five monasteries, two schools, one clinic and
20 street lights. The steep price is due to the town’s higher electricity demand
and large and more affluent population. Further, solar home units will only supply
six to eight hours of electricity as opposed to the 24-hour access to which the
town is now accustomed. The cost per KW is $2,483.53. O&M would add
approximately $1,250 per year. Altogether, solar is too expensive of an option.

Mini-hydro

A 100 KW mini-hydro system is currently under construction. This however, will
only supply 25%, at best, of Myoma'’s electricity needs and will only be
operational eight months out of the year. According to U Hla Htun, there are
reports that a river further up on the hill could produce up to 10 MW year round.
At the time of the Team’s visit, however, surveyors had yet to examine the site. If
there is potential for a secondary site, the 10 MW could also feed into the local
grid. The Team estimates the current 100 KW project roughly costs $172,552, or
$287.59 per household. This figure includes household connections but does not
account for the dam and reservoir under construction.

Biomass

The Team estimates a gasifier-based mini-grid to cost $312,880, or $521.47 per
household. The cost per KW is $744. Additional O&M costs add an estimated
$102,509 a year. Though rice husks are reportedly available, sufficiency of
supply is unknown and there are no storage facilities. The Team also has its
reservations about the environmental impact.

Generator

Myoma is currently using diesel-generated electricity. Residents enjoy the 24-
hour access but electricity costs remain high even after the switch to PTC.
Assuming Myoma were without access to PTC’s services, the Team estimates
the cost of installing a generator-based mini-grid to be $236,171, or $393.62 per
household. The cost per KW is $561.59. Additional O&M costs would be
approximately $200,091 per year, however, this assumes the generator operates
three hours per day as opposed to the 24-hour electrification Myoma is currently
receiving.

Grid Extension

The Team estimates grid extension to cost $9,065,329, or $15,108.88 per
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household. This figure is extremely high because it is dependent upon distance
from the national grid, which presently reaches Mawlamyaing, more than 200
miles away. This figure should be seen as exaggerated, however, as it assumes
a straight connection between the closest extension point and the village, with no
interim connections along the way, which would help to reduce and amortize the
costs over a wider population. The cost per KW is $21,556.40. Additionally,
annual O&M costs are estimated to be $132,621.

Broader Factor Analysis

Gasifier

Solar National Hydro Gen-set Mini-

Home Grid Mini-grid | Mini -grid grid
Myoma System Extension system system system
Cash/non-cash (1=totally
insufficient, 10= totally
adequate) 8.00 7.00 6.50 9.00 7.50
Population (1=totally
insufficient, 10= totally
adequate) 7.50 8.00 6.50 8.00 7.00
Location /Geography
(1=totally unsuitable, 10=
totally adequate) 8.00 3.00 5.00 8.00 6.50
Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate) 7.00 3.50 6.00 7.00 4.50
Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate) 7.50 8.00 4.50 8.00 5.00
Cohesion (1=totally
insufficient, 10= totally
adequate) 8.50 5.50 5.00 8.00 6.00
Total 46.50 35.00 33.50 48.00 36.50
Average across 6
categories 7.75 5.83 5.58 8.00 6.08

According to the factor analysis, a generator mini-grid, with a score of 48, is best
suited to Myoma’s needs and conditions. This is in accordance with Myoma'’s

current means of electrification. The existing grid demonstrates Myoma’s

finances, location, local know-how and cohesion are all well-suited to a
generator-based mini-grid system.
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Although solar ranks second with a score of 46.5, due to the town’s relatively
high income levels and resource availability, capital cost analysis reveals it is too
expensive and inferior to the alternatives. On account of the considerable amount
of estimated electricity demand, solar home units are very costly for Myoma.

A gasifier system comes in third with a score of 36.5, followed by national grid
(35), and lastly hydro (33.5). The biggest concerns with a gasifier system are
resource availability and the technical capacity needed to deal with a gasifier's
environmental issues.

As for grid extension, Myoma’s distance from the national grid in Mawlamyaing is
the biggest hindrance. Once the national grid makes its way down into the
Tanintharyi region, grid extension will be a more attractive option.

Finally, Myoma is the only site of which the Team visited where mini-hydro is
feasible and a facility is currently under construction, which will supply part of its
energy needs. As a result out of all the villages, hydro scores the highest in
Myoma.

Conclusions

Twenty-four-hour electricity has already proved valuable in Myoma. Access to
new electricity sources, including hydro, has ignited economic activity in a short
period of time even though it comes at a relatively high price. The Team finds it
reasonable to believe that productivity and economic activity will increase
substantially once electricity costs are lowered, and that the area’s growth—both
in terms of economic activity and electricity demand and capacity—is likely to
accelerate with or without access to the national grid.

If the planned Dawei SEZ and ASEAN highway moves forward, the Team
expects Myoma to develop even more rapidly. Electricity demand will also grow
with it. In the meantime, new businesses will likely continue to grow in Myoma
and PTC will need to add additional capacity to meet electricity demand.

Recommendations

The Team recommends continuing with generator use as a short-term measure
while waiting for grid extension, given Myoma's high level of demand and existing
infrastructure. Once the national grid reaches Dawei, it will make its way through
Myoma as it moves on to Myeik and Kawthoung. If the river site on the hill is
sufficient, the Team also recommends integrating additional mini-hydro capacity
into the generation mix.

The factor analysis supports the recommendation of generator use with a score
of 48. According to the broader technology analysis, the generator also works
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well because it can easily accommodate capacity growth, which will be important
in Myoma where demand is already high and expected to increase.

The Team recommends national grid for the long term. In this particular situation,
the government’s policy goal of extending the national grid into the Tanintharyi
Region was a factor that could not be accounted for in the analysis. Hence its
score of 35.

Interview List

* U Win Naing — Owner of local car workshop, Myoma resident

* U Thit Lwin — Administrator for Myoma ward

* U Kyi Lwin — Operator of PTC-owned generators in Maw Shi Kone
* U Hla Tun — Owner and manager of mini-hydro project in Myoma
* U Thit Lwin — Myoma ward Head Administrator
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Mu Du Village: Stuck in the Middle as a “New” Myanmar Emerges

Ye Phyu Township
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Population 2,700

Number of Households 700

State/Division Tanintharyi

Township Ye Phyu

Distance from Grid 234 miles

Nearest City with Access to Grid Mawlamyaing

Coordinates 14.24, 98.083

Main Economy Agriculture; Migrant Labor

Recommended Electrification Strategy Generator
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Mu Du Percentage Kilowatt Demand (KW)
% Poor 17% 0.12 14.28
% Aspirant 71% 0.5 248.50
% Emerging 12% 1 84.00
% Established 0% 25 0.00
% Affluent 0% 5 0.00
Total Household Demand 346.78
Non- household demand - 1 monastery & 1 school 5.00
Total Village Demand (KW) 351.78

Mu Du village is located 12 miles from Dawei City. According to the Dawei Development
Project plans under Italian-Thai Development Company (ITD), the area of Mu Du will
become a part of the heavy industrial estate. If and when the Dawei SEZ moves
forward, inhabitants of this reportedly 200-year-old village will have to relocate. ITD had
already built housing for the relocated residents, however, for the time being, while the
Dawei SEZ plans remain on hold, villagers remain in Mu Du.

Economic Profile

Mu Du’s economy is mainly agrarian. Crops include rice, peanuts, rubber and cashew
nuts. Some farmers also grow watermelon and other fruits. Most villagers do not have
significant land holdings. There is, however, a handful of rubber plantation owners that
own hundreds of acres of land.

Outside of agriculture there are not many other employment opportunities in Mu Du.
The Team learned that nearly one third of the village residents, mostly youth, works
abroad in Thailand. One woman sent five of her six children abroad to find work.

Incomes in Mu Du reportedly range between 200,000 kyat per month and 500,000 kyat
per month. Based on the significant number of migrant workers, it appears the reported
incomes are largely based on remittances from family members abroad. Plantation
owners fall in the upper end of the income range and represent an estimated 1% of the
population. Around 11% fall in the middle, earning approximately 300,000 kyat per
month, with the vast majority of the population at the lower end.

Income is inconsistent for some of the population. A farmer growing watermelon, for
instance, can earn 2 million kyat selling his crop but that income would have to last until
the next crop season.

The local economy has stagnated due to the Dawei SEZ plans. Residents report that
government officials informed them they should not plant any new trees because the
village would be razed for the industrial zone. That was more than three years ago
when it was first announced the Dawei SEZ would go forward. Since then, villagers
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have suspended any activities that would prove futile if this move went forward. This
includes house and building repair.

Residents are, however, optimistic about the industrial zone despite the disruption it has
and will cause. For one, they are hopeful for employment opportunities. The
aforementioned mother of six expressly told the Team that she would have her children
return to work in Myanmar if the Dawei SEZ created local jobs. One resident said he
was willing to make the sacrifice for the good of the country. Another reported that while
he’s disappointed he cannot plant new crops on his land, he believes the Dawei SEZ
will develop the region. Although ITD had accounted for new housing for relocated
households, there has been minimal compensation for lost farmland.

Electrification

There are two private generators providing electricity in Mu Du. About 500 households
are electrified. Electricity is provided from 6 P.M. to 9:30 P.M. daily and costs 4,000 kyat
per month for lighting and between 7,000 kyat and 8,000 per month for television and
lighting. There are 400 households paying for both lighting and television while the
remaining 100 households only pay for lighting.

About six households in the village own solar home systems. One household has a 145
W peak solar home system which it has been using for three years. The village has
expressed a preference for generator-powered or solar electricity.

Villagers are familiar with PTC’s services. U Aung Toe, the village administrator
estimates that at least 500 households in the village could afford PTC’s services.
However, with the village expected to be relocated for the industrial zone, it is
reasonable to believe PTC has decided not to seek approval or to make the costly
investment of building transmission and distribution lines in Mu Du.

Analysis

When U Aung Toe reports to officials at the township level every month, he brings up
the issue of the Dawei SEZ and asks for any news on when the project will go forward.
The township authority assures that the Dawei SEZ will happen but has no answers as
to when. After nearly four years, Mu Du’s residents continue to live under the
assumption that their 200-year old village will eventually be flattened to make way for an
industrial estate. They have foregone activities and investments that are aimed at the
long term. Accordingly, villagers may be unwilling to initiate anything more than a
provisional electrification project.

Estimated Cost Analysis
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Distance

from Total
National Village Hydro GasHier Gen-set
Type of Number of Grid Demand | Solar Home | Mini-grid Mini-grid Mini-gria Grid
Cost Households | (miles) | (KW) System = System = System System Extension
nstallation 700 ! 234 | 352 $921,838 | S0 | $250,338 $205338 | $8,544,246
! {
O&M" 700 | 234 352 $1.450 $0 $86.345 $167.763 | $110,93 J
* Assumes daily operasons of 6 hours for solar home systems, 3 hours for gasifier mini-gnd systems, 3 hours for gen-set mini-grid
systems and 24 hours for grid exiension

Solar

Due to high demand and a relatively large number of households, the cost of supplying
solar home systems to the entire village is estimated at $921,938, or $1,317.05 per
household. This figure includes solar units for the monastery, school and 20 streetlights.
The cost per KW is $2,620.78. Additional O&M expenses would cost approximately
$1,450 a year.

Mini-hydro

Yay Hla Chaung River is about half a mile away from the village though it is not clear
whether this represents an adequate resource even if the village were willing to bear the
expense. Therefore, as with other villages that did not have a proven hydro resource,
the cost of hydro for Mu Du was not estimated.

Biomass

The Team estimates a gasifier mini-grid to cost $250,442, or $357.77 per household.
The cost per KW is $711.93. Annual O&M expenses would be approximately $86,345.

Generator

The village is currently using diesel-generated electricity. To install a new generator-
based mini-grid would cost approximately $205,338, or $293.34 per household. The
cost per KW is $583.71. Additional O&M expenses would be about $167,763.

Grid Extension

The Team estimated it would cost $8,544,246, or $12,206.07 per household to extend
the grid from Mawlamyaing all the way to Myoma. The cost per KW is $24,288.61 and
O&M expenses would add approximately $110,937 per year. While this figure would be
reduced given that additional villages, including Myoma, would be connected, it would
not make sense here in any case, given that the population would ultimately be
relocated.
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Broader Factor Analysis

Solar National Hydro Gen-set Gasifier
Home Grid Mini-grid | Mini-grid | Mini-grid
Mu Du System | Extension system system system
Cash/non-cash
(1=totally insufficient,
10= totally adequate) 7.00 2.00 1.00 7.50 6.50
Population (1=totally
insufficient, 10= totally
adequate) 8.00 5.00 2.50 8.00 7.00
Location /Geography
(1=totally unsuitable,
10= totally adequate) 8.00 2.00 1.50 7.50 4.50
Energy Resource
Availability (1=totally
insufficient, 10= totally
adequate) 7.00 1.00 1.50 7.00 5.50
Local / accessible
knowhow (1=totally
insufficient, 10= totally
adequate) 7.00 7.50 3.00 8.00 4.50
Cohesion (1=totally
insufficient, 10= totally
adequate) 8.50 4.00 4.00 7.00 4.50
Total 45.50 21.50 13.50 45.00 32.50
Average across 6
categories 7.58 3.58 2.25 7.50 5.42
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According to factor analysis, solar, with a score of 44.5, and generators, with a score of

45, are the best options for Mu Du. The village’s location, availability of resources,

cohesion and local knowhow are well suited to both technologies. However, due to the
village’s high demand, not to mention imminent relocation, capital costs reveal that solar

is too expensive.

Gasifier could be an option but the regular availability of fuel is unknown. Cohesion is

also a challenge. Activities that involve investment for the long-term have ceased in Mu
Du due to their impending move. Villagers would not be willing to plan, organize or pay

for a gasifier mini-grid.
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The same can be said for grid extension and mini-hydro, both of which have long lead
times and high capital costs. Neither is suitable for Mu Du’s situation as villagers would
not be willing to commit to such large investment projects.

Conclusions

Mu Du is in a difficult position. Economic activities and opportunities are limited.
Villagers must weigh investments and projects against the possibility that may be been
done in vain once residents are forced to leave the village. Any recommended
electrification strategies will have to be temporary. As a result, solar, mini-hydro and
gasification are all deemed unfeasible as neither would be worth the time and
investment needed for installation.

For Mu Du, the best solution is to continue use of generator power, as it is a sufficient
method of electrification for the short-term.

Recommendations

The Team recommends that Mu Du continue using generator power, as there is no
incentive to plan or pay for expensive, long-term solutions given the uncertainty over
how long residents will remain in the present location.

Theoretically, solar home systems could work well in Mu Du as the equipment is not
fixed and could easily be transported if and when villagers leave for new housing.
However, whether or not this future housing situation will be suitable for this transfer is
unknown.

While the findings of both the factor and technology analyses favor solar more than
generators, due to Mu Du’s unique situation, benefits of solar power are less applicable.
In addition, Mu Du’s larger size would probably make solar home systems too
expensive an alternative even if they were not faced with the need to relocate.

Interview List

* U Aung Toe — Village administrator

* Assistant to U Aung Toe

* Local resident

* Household owner of solar panels

* Mother of six, with five abroad in Thailand
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Exploratory Fieldwork Visits

Chuangthar: A Mismatch of Well-Intentioned Design

Chaungthar is a coastal village and resort in Myanmar's Ayeyarwady Delta,
located approximately 155 miles west of Yangon and 35 miles west of Pathein,
Myanmar's fourth largest city. An already crowded beach destination,
Chaungthar is positioned to grow as tourism to the region and to Myanmar as a
whole takes off. Rapidly rising electricity demand, driven by tourism and
population growth, will also be pressured by the needs of local agriculture and
fisheries as well as industrial development initiatives in nearby Pathein.
Unfortunately, the region’s appetite for renewable energy projects, wind in
particular, was stymied due to the failure of a project, sponsored by Japan in
cooperation with the Myanmar government, which combined solar photovoltaic
(PV) panels, a wind turbine and a diesel generator. A well intentioned and costly
gift, the hybrid-energy system ultimately proved unworkable in Myanmar due in
part to a mismatch of advanced technology and limited local technical capacity.

Overview

Situated in Myanmar's Ayeyarwady Delta, overlooking the Bay of Bengal, Chaungthar's
local economy has been traditionally based on fishing and agriculture, including rice and
coconut products. Income in surrounding villages was reported to be in the range of
100,000 kyat to 600,000 kyat per month and fluctuates depending on the season. (See
Aung Mingalar and Za Di Ya reports.) Some residents are said to supplement income
by running small storefronts, selling beverages and snack foods. The region's hotels,
which profit from a growing tourism industry, have also employed local youth.
Chaungthar has benefited from a large-scale investment in the region's transportation
sector under the previous Myanmar government, which included the construction of a
network of roads and bridges connecting the Ayeyarwady Delta region to other major
cities in Myanmar.

Strong emphasis on infrastructure development, combined with Myanmar's tourism
boom, has seen Chaungthar become a popular beach destination among locals and
foreigners alike. The township has seen an increase in visitors and settlers, with some
areas seeing a nearly five-fold increase in population over the past decade. Chaungthar
has also seen a subsequent increase in electricity demand.

U Thant Zin, an MOEP-assigned electrical engineer in Chaungthar, estimates that the
entire Chaungthar district would need 10 MW of power to provide 24-hour electricity to
the area's villagers and hotels. He notes that the existing system of power generation—
relying on diesel-based generators—is costly and expressed great interest in
renewables.

Development of a Hybrid Power System in Chaungthar
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About 15 years ago, Japan’s NEDO, in cooperation with MOEP and MEPE, sponsored
development of a hybrid power system facility in Chaungthar, Pathein. With a blend of
renewable and conventional power generation, the project featured solar PV panels, a
wind turbine and a diesel generator. This was also Myanmar’s first wind power project.

The site selected for the power generation system was in Chaungthar beach, facing the
Bay of Bengal, a promosing area for wind power. After surveying in 2000, construction
began in 2001. Technicians held a yearlong wind survey and installed the wind system
between January and March of 2003. The project was online later that year.

Built with top of the line equipment, systems and design, the project, estimated to have
cost as much as USD 5 million**, was seen as a successful demonstration of bilateral
cooperation and a generous gift on behalf of NEDO.

Wind system installation

Technical Specifications

*3 Ministry of Electric Power, http://www.oilseedcrops.org/wp-content/uploads/2013/06/Ministry-
of-Electric-Power-Myanmar-Wind-Power-Resources-Survey-2012-.pdf
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Equipment Specification

Solar Photovoltaic 80 kW output
12in series x 56 in parallel (672 modules)
Inclined angle 17°

Solar Battery Module Polycrystalline silicone solar cell
257V 4.67A 120 W
Inverter Self-exciting voltage inverter by IGBT (Insulated Gate Bipolar

Transistor)
80 kW Input DC 308.4 V Output AC 210V

Wind Power 40 kW output: 3-blade up-wind type

Diameter 15 m, Hub Height 21 m

Rated wind velocity 11 m/sec, Cut-in wind velocity 2 m/sec,
Cut-out wind velocity 25 m/sec

Generator Permanent-magnetic synchronous generator 43 kW
42 poles with step-up gear of 1:4.6 adjustable speed type
Diesel Generator Engine: 4- cycle water-cooling type
60 kW
Storage Batteries Load-leveling type, valve control type, stationary lead battery,

capacity 1000Ah
Unit battery 2V x 204 cells

Ballast Load 3 units of ice flakes making machine
Refrigerant R404a of hydro fluorocarbon
Capacity of Refrigeration unit — 2 tons
Consumed energy: 8.3 kW/unit

Source: NEDO project brochure

Challenges of the advanced technology

From the beginning after the facility was installed there were reported concerns about
output from the wind turbine. The location of the turbine proved problematic, and
several people interviewed have suggested it was not assembled at the intended site.
Rather it is said that technicians had planned for the turbine to be situated on a hill
about half a mile away. However, that site was on private property but the owner then
denied use of the area for the project. Nevertheless a decision was made to proceed
and the ultimate location of the wind turbine, and therefore the project at large,
generated far less wind. The hybrid system operated from 2003 to 2011. The turbine
only operated intermittently but by 2008, wind power was discontinued.

Further, NEDO installed three ice-making machines as a ballast load. With a
predominant fishing economy, installing ice machines was both practical and sensible.
Nevertheless, locals did not take to the small ice cubes produced by the machines; they
preferred large blocks given they melted less quickly. Consequently, ice making was
also abandoned.
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Systems Failure

The most striking mismatch was that of technology and capacity. This became acute in
2011, when a problem with the solar PV systems transformer control caused issue with
the DC breaker. The breaker, which automatically switched on, was reported to have
failed. Noting the explicit warning on the equipment not to operate manually, employees
heeded the warning and left it alone. There was none among the operators that
understood the exact source of either the glitch or how to fix it. Thus, solar was also
discontinued and thereafter, only the generator was in use.

The DC breaker

The Chaungthar project involved highly advanced equipment. However, system
operations were automatic and purportedly easy to maintain. As described in a
pamphlet detailing the project, the advantages of photovoltaic generation included
“Simple system configuration [and] easy maintenance.” Accordingly, the Team finds it
reasonable to believe that NEDO hoped to preempt any major challenges in operation
and management with automated systems. An automatically run power system was
prudent, especially given the lack of advanced technological systems and equipment in
Myanmar. Indeed automation seemed to circumvent the need for intensive training in
operations and maintenance. Nevertheless, systems did fail and local operators were
not equipped or capable of repairing the problem.

According to U Aung Thaung, a MOEP employee overseeing the site since the project
began, sometime about a year ago, a technician from NEDO came to inspect the solar
equipment. The technician indicated that the problem was with the program logic control
and that it could be fixed in Singapore. Though he did not provide an estimate, it was
presumed to be too expensive to repair and the issue continued to be neglected.
Consequently, it was only last year that MOEP officials at the site learned what exactly
had gone wrong.
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MOERP electrical engineer U Thant Zin pointing to the source of the failure
Population Growth

NEDO'’s hybrid system was expected to supply power to two villages in the Chaungthar
Township. Two diesel generators provided the electricity used in the hotels.

According to U Thant Zin, in 2005, there were approximately 55 households in each of
Village (1) and (2). The 60 KW diesel generator remaining in use provided them with
sufficient power. It was however expensive: the generator consumed 35 gallons of
diesel a day and cost 35 lakhs (about $3,500) a month. Since then, Chaungthar has
developed into a tourist attraction and beach area and the population in the villages has
grown nearly five times. The villages now have a combined total of 500 households.

The new 300 KVA ltalian generator
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To meet added demand in the villages, MOEP purchased a 300 KVA Italian made
generator in April 2012. The generator consumes 13 to 14 gallons of diesel per hour.
Where there had been a 100 KVA step-up transformer, they put in place a 315 KVA
transformer. The 50 KVA step-down transformers near each village were replaced with
200 KVA transformers. The 60 KW generator, the last remaining NEDO-provided
equipment, was moved last year to Shwe Taung Yan village, where it provides
electricity to about 40 to 60 households.
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As for the power provided to the hotels, output has fallen dramatically. The original 100
KW Japanese Yanmar generator only produces 30 KW while the 120 KW Czech Skoda
generator produces an output between 20 KW to 30 KW. In Chaungthar, MOEP-
provided power only runs for a few hours a night, between 6:30 P.M. and 9 P.M.
Regardless of the decline in output, hotels have long needed to finance their own power
generation. Most own generators, and larger hotels have at least two. Hotels also face
heavy fuel expenses and as a result some limit guest use of electricity to after sundown.

Looking Ahead
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With service and repair, the NEDO project site can again serve as a renewables-based
generation site. At present, the site is dormant. Since wind and solar operations have
ceased, MOEP has left the equipment untouched and is not reported to have plans to
bring back online. The local MOEP engineer states that the Ministry does not have the
budget to repair the control system. Yet from what the Team has gathered, there is no
real determination to make use of the equipment either as a generating source or as a
valuable research opportunity. This seems unfortunate as the asset is there and has
already been financed. Therefore, with a few relatively simply repairs, it could be easily
utilized.

With the right resources and determination, the hybrid power generation site can be
revived. Upon visiting, the Team saw that for the most part, much of the solar and wind
equipment have remained intact. Indeed, the control panels in the wind tower looked
relatively new. A few solar panels have been damaged though most appear functional,
albeit in need of some cleaning. Once the solar control system is fixed or replaced, the
solar generating facility could once again be utilized. Additionally, modifications could be
made to the turbine, such as increasing the elevation of the turbine to capture more
wind. However, any plans to reintroduce the use of facilities must include training for
maintenance and repair.

Brush growing on the abandoned panels

An additional byproduct of the failure of the Chaungthar wind project appears to be that
many individuals in Myanmar now express reservations over wind power and one
frequently hears that wind power is not a viable option. Myanmar has a long coastline
and other areas that are often considered suitable for this technology, and whether or
not the nation proves an ideal environment for wind-powered projects, the potential for
wind power should not be dismissed based upon the fallout of this one project alone.
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Conclusions

With billions of dollars currently being invested in Myanmar's energy sector by World
Bank, ADB and other international actors, the NEDO project offers several lessons for
donors and other foreign participants seeking to help electrify Myanmar:

The critical need for operations and maintenance training

NEDO'’s project was so advanced, including the use of automated systems, it seemed
to have provided for most contingencies. System automation decreased the likelihood of
a local untrained operator committing human error. It also diminished the need for
intensive training. However, the developer did not appear to have foreseen the potential
for systems failure. And in Myanmar, where even technical engineers are unfamiliar with
such advanced systems and finding in-country technicians and parts to repair such
systems is difficult, this spelled the end of a tremendous accomplishment as it appears
that no provision was made either by NEDO or MOEP for long-term care and
maintenance.
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Chaungthar is perhaps demonstrative of a theme the Team has encountered over and
over again on its field visits, which is that most people in Myanmar have yet to embrace
the wisdom of routine maintenance. The condition of equipment is deemed fine until it
stops working. The most important lesson to be learned is that simply providing
equipment or technology is not enough, no matter how simple or advanced. Instruction
on equipment usage, maintenance and repair are fundamental. Further, accounting for
local input could help avoid potential dissatisfaction or concerns.

The need for local input in developing sustainable electrification schemes

While one could not likely have foreseen the tremendous growth that the area has
enjoyed due to its emergence as a tourism center when the project was first
contemplated, and it is unknown why it was first selected, in retrospect it illustrates the
importance of long-term planning and the need to contemplate the prospect of future
growth rather than the installation of projects based upon existing rather than potential
demand.

Going forward, it would be advisable for future electrification projects to incorporate
greater local involvement. This is not limited to considerations of local energy
opportunities and needs, but applies to the availability and importance of local know-
how and participation if the community is to be expected to manage and care for the
resource over the long term. As for the future of this hybrid project, optimally, consensus
among government ministries will allow for its use as an energy research center and
perhaps even a re-launch of operations so that this valuable asset can be utilized.

The importance of donors and international cooperation

Despite its ultimate failure, the NEDO project was a very generous gift to the people of
Myanmar, especially considering it came years before solar PV became cost
competitive. The state-of-the-art project offered the potential for the development of
renewable energy and increased electrical capacity on a scale that would not otherwise
have been possible. Had the project been a success, it would have opened possibilities
for greater economic and social development in the region, and for replication of the
project in other parts of Myanmar.

Interviews
Chaungthar

* U Aung Thaung - MOEP Employee
* U Thant Zin - MOEP Electrical Engineer

Tha Yet Taw

*U Tin Aye - village head
* U Han Kyay - Resident
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* U Than Aung - Resident

* U Kyaw Lin Aung - Resident
* U Poe Tha Htoo - Resident
* Daw Tin Nwe - Resident
*Daw La Ohn - Resident

Kyar Kan Daung

* Esther Moe - Pastor's Wife
* Tapalase - Resident

* U Hin Kyaw - Resident

* Rowena - Resident

* Mary - Resident

* U Saw Mu Taw - Resident
* U Saw Kyay Lay - Resident
*Daw Tal Tar - Resident

Aung Mingalar

* U Zin Min Tun - Village Head
* U Aung Aung - Resident

* U Nyi Pu - Resident

* Ko Kyaw Shwe - Resident

UTo

* U Thein Win village head

* U Hla Than - Resident

*U Tin Oo - Resident

* U Myo Htike - owner of solar battery charging business
* U Myo Htike's wife

Mezali

* Colonel U Thoung Win
* U Ye Kyaw Htut - owner of Ne La rice mill
* U Thein Myint - VEC member
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Kyaukpyu: Accelerated Grid Extension with Launch of New Special Economic
Zone

Kyaukpyu City is a port city in Rakhine state, about 400 kilometers (250 miles)
northwest of Yangon. While fishing has traditionally dominated the local economy, its
role has diminished in recent years. Now, with the development of a Special
Economic Zone underway, launch of the Myanmar-China pipeline and the prospect
for other projects, land prices and expectations for job creation are rising. Rakhine
State has also been the site of social unrest over high electricity prices, reportedly as
high as 1,200 kyat per unit, despite the abundance of natural resources in the region.
A recent government initiative to lower electricity prices has spurred commercial
activity, as locals within proximity to the mini-grid are able to access affordable, 24-
hour electricity that is necessary to operate and grow small-scale industry. The Team
visited the site of the SEZ as well as Kyaukpyu City center and other locations in the
area. The Kyaukpyu region highlights the importance of rural electrification initiatives
in driving social and economic development. It also emphasizes the potential risk of
exacerbating inequality and social unrest as certain locales achieve electricity access
while nearby neighbors remain unconnected.

Overview

Kyaukpyu is located in Rakhine State in western Myanmar and shares a border with
Bangladesh to the northwest. Situated on the Bay of Bengal, Rakhine state comprises
most of Myanmar’s western coastline. The state has 3,860 villages with a population of
2.61 million. Its natural resources are substantial. Several oil and gas projects are
underway with involvement of foreign and local companies.

According to government reports, Rakhine is the second poorest region in Myanmar,
after Chin state. Rakhine is also the site of recent unrest between the local Muslim and
Buddhist populations. This has taken a toll on the local economy and raised concerns
about the state's reputation as a safe and stable place for business and investment.

MLFRD statistics suggest more than 1,000 of Rakhine's villages are electrified,
equivalent to an electrification rate of 26%. Electrification in Myanmar, however, may
mean 24-hours of electricity, such as that found in Kyaukpyu, a few hours of electricity
accessed through a generator, solar panel or gasifier, or a few light bulbs powered by
small solar units. The cost of electricity in Rakhine has traditionally been among the
highest in Myanmar, with prices reported at between 400 kyat and 1,200 kyat per unit
from private providers, compared with the subsidized tariff rate of 35 kyat per unit for
household use of electricity from the national grid.

PTC, one such private company involved in generation and distribution that also
operates in Tanintharyi region, sells electricity provided by diesel-powered generators at
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460 kyat per unit. It provides electricity in Sittwe, (with 8,000-metered customers),
Kyauttaw (2,000-metered customers), and Thandwe (4,000-metered customers). The
price discrepancy between the subsidized tariff rate and that offered by providers such
as PTC, combined with economically and socially disruptive resource extraction by
foreign companies, has caused many local residents to speak out against their
exclusion from reaping the benefits of their local resources.*

To address inequities and to allow the local population to share in the benefits of local
energy resources, President Thein Sein pledged to provide lower the cost of electricity
to Rakhine State by installing a 50 MW gas turbine in the region.* Twenty percent of the
natural gas produced from the Daewoo-led Shwe project in Kyaukpyu, or 100 million
cubic feet of gas, is allocated for domestic use, while the other 80% will be sent to
China.*® Twenty million cubic feet of gas a day is specifically allotted for Kyaukpyu’s
use, a move that has resulted in significant reductions in electricity prices.*” Temporary
gas generators provided by British firm Aggreko and managed by Parami Energy, a
local company, currently supply low-cost electricity to Kyaukpyu with the allotted gas
while the 50 MW power plant is constructed.

Kyaukpyu is a port city located on the northern tip of Ramree Island in Rakhine state,
about 400 kilometers (250 miles) from Yangon. Kyaukpyu is also the site of a SEZ
under development.

According to the local administration office, the city of Kyaukpyu, comprised of ten
wards, has a population of 19,857. Kyaukpyu Township has a population of 161,998,
although estimates vary.*® About two-thirds of the township’s population is located
across the water from Kyaukpyu City.

A Rapidly Changing Local Economy

Kyaukpyu’s economy has traditionally relied on fishing, an industry that has been in
decline for the past decade, allegedly due to overfishing, dynamiting and other
destructive practices. It was further hindered by the devastating impact of Cyclone Giri
in 2010 and more recently by ethnic conflict. One former fisherman that was interviewed
explained that after the cyclone destroyed his gear and equipment, he gave up the
business after more than two decades.

Besides fishing, agricultural products in Kyaukpyu include rice, coconuts and cashews.

4 Nyein Nyein, Arakan residents push for more benefits from state’s resources, The Irrawaddy, August
19, 2013

45 Kay Zin Oo, Thein Sein Pledges Cheaper Electricity for Rakhine State, Mizzima, October 4, 2014

6 Juliet Shwe Gaung, Shwe gas to power Rakhine State: minister, The Myanmar Times. Volume 31, No.
611. January 23-29, 2012

i Maung Tintone and Kay Zue, Arakan national conference calls for Rakhine to get 50% of oil and gas
revenues, Mizzima, April 30, 2014

*® These figures do not reflect the recent census. Nor do they account for displaced Muslim population.
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Kyaukpyu is also the site of significant oil and gas resources. South Korea's Daewoo
International in a consortium with Myanmar Oil and Gas Enterprises, India's GAIL and
ONGC Videsh Ltd., Korea Gas Corporation and other companies are operating the
Shwe gas pipeline and onshore terminal. Most of the project's more than 420 billion
cubic feet of Shwe gas is sent to China, while 20 million cubic feet is allocated for
Kyaukpyu. The China National Petroleum Corporation (CNPC) oil and gas pipelines
delivering gas and crude oil from the Middle East to Yunnan are also situated in the
Kyaukpyu area on Maday Island. Maday Island has a deep-sea port to receive oil and
gas tanks from the Middle East.

Shwe Onshore gas terminal

With plans for the development of an SEZ in Kyaukpyu, the Team expects the local
economy to change rapidly. In the interim, because electricity has become available 24-
hours a day in certain areas and its cost per unit has dropped substantially, there is also
potential for small and medium-sized enterprises to flourish.

Despite recent advances, challenges exist to Kyaukpyu’s rapid development. Local
businessmen point out that lack of skilled labor is of prime concern. Daewoo reportedly
had to bring welders in from Singapore due to lack of certification on the part of local
welders. One businessman reported an assignment where he had taken on a job that
required certification at a local wage rate and he had to bring in a worker outside which
eroded all this profit. There are also concerns that while construction of the SEZ will
provide employment opportunities for locals, these jobs will mainly involve hard labor
and will only last for as long as construction is ongoing.

Furthermore while Kyaukpyu is no longer limited by the availability and cost of
electricity, SMEs will still face other infrastructure challenges, as will industries in the
SEZ. During the construction of Kyaukpyu's gas facilities, Daewoo provided a crane to
assist with deployment of the generators that were brought in on a barge from Yangon.
More recently, however, when a turbine was delivered to meet increasing demand, one
month passed before it was able to be installed due to the lack of a proper crane.
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A lack of well-built roads is another notable infrastructure challenge. In the Team’s
discussion with local businessmen, they mentioned they have voiced this concern to
government officials. Nevertheless, local businessmen are optimistic about the future of
the region, particularly given the decline of electricity prices in and near the city center.

Chinese built port on Maday Island

Bringing Affordable and Reliable Electrification to Off-grid Kyaukpyu Township

According to U Kyaw Thu Soe, the head of the local administration office, of the 261
villages in Kyaukpyu Township, up to 35 villages have electricity access, though
definitions of “electricity access” within Myanmar can vary, and he counts among these
13 villages that have been given solar home systems by the MLFRD. The Ministry
provided six villages with panels and solar home systems last year.

Solar home system
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Team with U Kyaw Thu Soe at the township administration office

Until recently, Kyaukpyu operated on a diesel mini-grid. Under this system, electricity
was reported to have cost between 400 kyat per unit and 1,200 kyat per unit, and the
diesel input to run the generator cost roughly $60,000 per month. During that time, only
2,100 meters were installed, as only businesses and high-income households were able
to afford electricity.

At present, the city and 17 villages are receiving 24-hour electricity from the Township's
mini-grid, powered by gas generators with an installed capacity of 4.5 MW. The facility
went online on September 14, 2013 and is expected to be connected to the national grid
by the end of the year. The remaining five villages are powered by local diesel-
generators.

JA'ggréko gas generators
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The current gas-powered generators are operated by Parami Energy, a Myanmar firm,
which, through a reported agreement with the government, receives gas free of charge
from Myanma QOil and Gas Enterprise. The facility operates four gas generators from
Aggreko, a public company from the UK. These include three 1 MW generators and one
1.5 MW generator. The initial installed capacity was 3 MW, however, due to increasing
demand, and an additional 1.5 MW was added in March 2014. In September the initial
load was only 1.2 MW. According to Parami Energy, the peak load, which occurs
between 6 P.M. and 7 P.M., is currently 3.1 MW to 3.2 MW.

The Team visited the gas generator facility and met with the site manager, U Aung
Kyaw Soe, and his team. There are a total of 14 employees operating the facility in
shifts, 11 of which are employees of Parami Energy and three from Aggreko. The staff
monitors the load and switch on generators as needed. Generators take approximately
three minutes to turn on but if they have been resting for a long period of time, they
need a longer period of time to warm up.

With U Aung Kyaw Soe énd his te;-lm o

Aggreko/Parami are operating on an 18-month contract that will end once the
construction of a MEPE 50 MW gas power plant is completed. The 50 MW plant will be
built in the Kyaukpyu area and is expected to feed into the national grid in September
2014. According to U Zaw Zaw, an electric engineer at the EPC office, the national grid
should reach Taunggok and Thandwe in lower Rakhine state in May 2014 and An, a city
121 miles to the north of Kyaukpyu, in August 2014.

Once Aggreko/Parami's contract ends, the company will hand over the gas generation
facility to MEPE. However, it is believed the Aggreko/Parami contract may be extended
because, as of May 2014, construction for the 50 MW plant had reportedly not yet
begun and it appears only the substations had been built.
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Construction of Kyaukpyu’s transmission lines and distribution network from the
generating facility began in February 2013. It was reported that government policy is to
provide electricity from the gas-powered mini-grid to villages within 15 miles of
Kyaukpyu city. However, this only applies to villages inland on Ramree Island and not to
villages across the inlet on the mainland, despite the fact that they are part of Kyaukpyu
Township. The required sub-sea cabling and logistical difficulties would make grid
extension very costly for those areas, which for the most part are accessible only by
small boats.

Current policy allows for households up to a 100 yards from a 11/0.4 kV distribution line
along the main road of Ramree Island, which runs along the shoreline, to apply for grid
access on an individual basis. This is significant as in most places in Myanmar EPC
requires any village seeking to gain grid access to meet 24 conditions and then to fund
the extension themselves as a group rather than by individual household as here.

With U Zaw Zaw at the local EPC office

Costs of installation, wiring and connection fees, including the cost of a digital meter
(90,000 kyat, compared to the 65,000 kyat analog meters) and service cables (45,000
kyat), are reported to cost a total of approximately 200,000 kyat. Households purchase
cables on their own, according to specifications that EPC provides. Meters are
produced in Myanmar and cables are purchased from local distributors.

It was also noted that Daewoo International, the main shareholder in the Shwe Project,
provided funding for the distribution infrastructure, including cables, posts and 61
transformers. (The Daewoo-operated Shwe Project gas terminal is located in
Kyaukpyu.) Two local companies were commissioned to build the network in Kyaukpyu:
Ivory Naypyitaw Ltd. and West Yoma Man Daing. A local company carried out electrical
installation.

With the regular availability of inexpensive electricity, villagers have begun to adapt their
electricity consumption habits. The load has steadily increased as villagers have been
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able to afford the use of more appliances, especially rice cookers and refrigerators. At
the same time, one woman in a nearby village noted she still cooks with firewood even
though an electrical power source would be safer and more efficient. In fact, U Zaw Zaw
reveals that during occasional power outages, villagers, instead of residents living in the
city proper, are the first to call his office and complain.

Another effect of the electrification has been rising property prices along the distribution
line. The Team learned of instances where properties are reported to have increased
more than three times in value. Households beyond 100 yards may apply for permission
to connect their households, according to one official, and EPC officials will consider
these applications on a case-by-case basis.

Distribution lines along the main road

It was also acknowledged there were a few instances of households with grid access
privately extending a line to their neighbors who live beyond the 100-yard parameters.
However, it was reported that efforts were being made to prevent households from
privately profiting from electricity sharing activity.

As of April 2014, the number of metered households has increased more than three fold
to 6,664. Despite this increase, the staff at the local EPC office has remained the same,
though there are plans to hire. The EPC currently has six employees devoted to meter
reading. Each meter reader makes two visits to households a month: one for reading
and the second for distributing electricity bills.

Kyaukpyu Special Economic Zone
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Myanmar’s former military government announced plans for a SEZ in Kyaukpyu in
2009. In addition to the SEZ, there are plans to build a deep-sea port, power plant, an
international airport and a highway and railway system that will connect Kyaukpyu to
Yunnan Province in southwest China.*® The highway and railway system will run parallel
to oil and gas pipelines built by CNPC.*°

The SEZ will comprise 1,000 acres of land and cost an estimated $277 million for the
first phase.®" The siting of the SEZ has yet to be finalized as the initially designated site
was found to be within kilometers of a mud volcano.*> However, the government
recently chose CPG Corporation of Singapore to consult and manage the project. The
consulting firm was hired for US $2.4 million.*> CPG Corporation is tasked with finding
and attracting investors and companies that will develop infrastructure for the zone.*
The firm will also assist in dealing with land issues.* They will have until November to
find developers for the zone and in early July hosted road shows in Yangon and
Singapore to present the project.

Many expect the Kyaukpyu SEZ will have a substantial portion of Chinese investors,
given the heavy presence of Chinese in the area due to the new pipeline and oil and
gas projects. Local businessmen have expressed concern at the prospect of Chinese
dominated investors. They hope for a more diverse group of foreign investors instead.

Kyaukpyu’s SEZ will be governed by the national SEZ law. To lure investors, the
Parliament passed this law in January 2014 exempting both local and foreign SEZ
investors from income tax for up to seven years.*® The law also stipulates incorporating
local skilled labor at graduating levels.

Separate from CPG Corporation's role, a management committee will run the Kyaukpyu
SEZ* and will be responsible for setting wages and ensuring that local skilled labor is
utilized according to the law.

Conclusions

Kyaukpyu is a unique example of off-grid households given the ability to access
government-subsidized electricity rates on an individual basis through a project enabled
by foreign investors. It illustrates the following:

Electricity's effect on economic growth

Gwen Robinson, Myanmar plans its own ‘mini Singapore’, The Financial Times, February 8, 2013
Survey commences on railway to China, Eleven Myanmar, June 5, 2014
Nyan Lin Aung, Singapore firm wins Kyaukpyu consultancy, Myanmar Times, March 17, 2014
Kyaukphyu SEZ to move out of mud volcano effects, Eleven Myanmar, June 7, 2014
CPG to invite Kyaukphyu SEZ developers, Eleven Myanmar, March 5, 2014
* Shibani Mahtani, Myanmar Envisions Trading Hub at Deep-Sea Port, The Wall Street Journal, May 20,
2014
Nyan Lin Aung. Op.cit.
% New Law Offers Tax Incentives for Special Economic Zones, Eleven Myanmar, January 28, 2014
Aung Shin, Contracts move forward for third ‘gigantic’ SEZ, Myanmar Times, September 15, 2013
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A government-led electrification initiative in one of the country's poorest states
demonstrates that regular access to affordable electricity can positively impact
economic and social development. With the diesel-based mini-grid in Kyaukpyu has
come rising property prices, greater use of electronic appliances and the potential for
both large-scale industrial development and smaller-scale commercial activity. Business
owners in surrounding villages that have been able to connect to the Kyaukpyu mini-grid
have reported being able to expand operations and lower production costs. (More in Za
Di Ya report.) This could prove vital to Kyaukpyu and surrounding areas given the
decline of traditional industries, like fishing, and the overall low level of economic and
social development in Rakhine State.

The impact of foreign investors and public-private partnerships

The mini-grid in Kyaukpyu is made possible by a government directive that prioritizes
affordable electricity access for Rakhine State, as well as the involvement of Daewoo, a
foreign company with an interest in long-term business operations in the region. Unlike
in other villages, Daewoo provided a significant amount of the equipment required for
grid connection and households in Kyaukpyu and surrounding areas are able to connect
to the mini-grid on an individual basis, as opposed to relying on other households'
capacity to connect. The apparent efficacy of this model demonstrates the potential for
public-private partnerships in Myanmar and suggests the government should consider
how emerging legislation, as well as the existing 24 Rules on Grid Connection, may
facilitate individual grid connections and private sector involvement in electrification,
particularly in rural or underdeveloped areas of the country.

Potential for Social Discord

Solving some of the region's problems has raised other challenges, namely the potential
for affordable and reliable electrification in parts of Rakhine State to exacerbate
inequality within the region. Electricity access in the Kyaukpyu area was improved so as
to appease the locals who were unhappy over the discrepancies in electricity cost and
availability between Rakhine State and maijor cities including Yangon. With the
government's policy of connecting households within 15 miles of Kyaukpyu and 100
meters from main line, while leaving surrounding areas without grid access, inequality
has been brought closer to home and the discrepancies in electricity access and
affordability—not to mention the resultant impact on living standards and economic
development—will become more apparent.

The impact of the Kyaukpyu SEZ may exacerbate this potential social discord. Locals
have expressed concerns that the SEZ, dominated by foreign investors and with
significant emphasis on integration with China, will only bring jobs to the region that are
temporary and involve hard labor. Likewise, the benefits of rising property prices do not
guarantee sustained income. This places even greater urgency on the government to
develop more comprehensive off-grid rural electrification strategies for areas that are
too difficult to access and/or whose populations cannot afford to connect to the national
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grid. Coupled with investments in infrastructure, vocational training/certification and
other areas that would benefit local development, these programs could help bring more
equitable develop to Rakhine State and, in the process, mitigate potential social unrest.
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Interview subjects
Kyaukpyu

* U Tun Thway — Director of Uprose Japan General Trading Co., Ltd.
* U Aung Kyaw Soe — Site Manager for Parami Energy

* U Ba Lat — Former EPC engineer

* U Khin Maung Cho — Director of Cho Professional Supply

* U Zaw Lin Cho — Executive Administrator of Professional Supply

* U Kyaw Thu Soe — Head of the Kyaukpyu Administration office

* Assistant to U Kyaw Thu Soe

* U Zaw Zaw — EPC Electric Engineer

* U Aung San Myint — Head of ASM Water Purification and Bottling Company
* U Hla Aung — Local businessman in Kyaukpyu city

* U Tun Nu — Head of Kyaukpyu City development company

* U Ba Khin Pyu — Owner of Hotel Kyaukpyu

Villages

* U Hla Aung — Head of the Za Di Ya administration

* U Aung Tin — Resident of Za Di Ya

* Shop owner in Za Di Ya

* Youth from Za Di Ya working in Kyaukpyu city

* U Maung Ba Khin - Village Head of War Taung village
* Small retail merchant with solar panels

* Owner of generator (1) in War Taung village

* Owner of generator (2) in War Taung village

* Host in War Taung village
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Dawei: Utilizing Public-Private Partnerships to Allow Successful Electrification

Dawei is the capital of the Tanintharyi region. It is about 230 (273 km) miles from
Yangon and a six-hour drive from Bangkok. It is perhaps best known for the
presence of a planned Special Economic Zone, the development of which began
in 2008, led by Thai investors, and is now stalled. Average income in this region
is relatively high, reported at roughly three times the national average, and there
is a shortage of labor due in part to opportunities in nearby Thailand.

While the grid has not yet made its way to Dawei, there are plans for grid
connection in the near future. In the meantime, households and businesses in the
district reported regular, 24-hour access to electricity, provided by public-private
partnerships, albeit at a cost as much as ten times or more above subsidized
government rates. There were also plans for more, and existing, local distribution
of electricity generated in Thailand. Despite some challenges caused by the
uncertainty of the Dawei SEZ, the area highlights a number of important themes
for electrification, including the role of private electricity providers and value of
regional integration with Myanmar's more developed neighbors.

Overview

The city of Dawei has a population of 150,033 and 14,742 households." The local
economy includes fishing, trade and agriculture. In areas outside the city, locals farm
betel nut, rubber, cashew nuts and rice. Dawei is also a site for coastal trade with its
river port frequently unloading goods from Yangon and the Malay peninsula.

The region’s proximity to Thailand allows for a number of locals to migrate across the
border to find work. There are reportedly a number of people in and around Dawei that
work in Thailand for most of the year and return during the monsoon season.

Dawei is also the first proposed site for a SEZ in Myanmar. The plans include a large
deep-sea port, industrial zone and highway to Thailand that is expected to be integrated
into larger regional development plans. Though progress on the economic zone has
stalled, many local and Thai businessmen have bought land around the zone for
investment and development, leading to a rise in land prices.*®

Dawei’s local hotel industry has slowly been growing in anticipation of the SEZ as well
as rising tourism in Myanmar. Since completion of a road between the economic zone
and the Thai border in October 2013, Dawei has seen a steady flow of tourists and
business travelers.*

The Tennasserim hills along the Thai border are rich in mineral deposits, especially tin
and tungsten. Prior to 2012, the area was largely inaccessible and dangerous due to the

:Z Paul Vrieze and Htet Naing Zaw, Dawei awaits its destiny, The Irrawaddy, February 22, 2014
Ibid.
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presence of the Karen National Union. Since the signing of a ceasefire in 2012, a
number of mining firms have shown interest in the area.*

According to one local hotel owner, even if the SEZ does not happen, he believes that
tourists and many mining prospectors visiting Dawei, where licensing applications are
handled, will sustain the industry as will the region’s close links with Thailand.

Income in the region is higher than in most of Myanmar with average monthly income at
about 3 lakhs, compared with about 2 lakhs in Tachileik, another border zone adjacent
to Thailand, and 1 lakh overall for Myanmar. Given greater opportunities for
employment in neighboring Thailand, Dawei faces a shortage of labor—and a shortage
of skilled and/or properly certified laborers—which has driven up the daily wage to
approximately 6,000 kyat for day labor, which is much higher than in other parts of
Myanmar.

Electrification

From 1957 to 2005, the EPC provided diesel-generated electricity to the entire
Tanintharyi region. Electricity was priced the same as it was in other parts of the
country. In 2005, EPC could no longer afford the price of diesel. Cities began relying on
local electrification companies that bought fuel and supplied electricity through
government-owned generators.

Phoe Thee Cho (PTC), a company that began as a competitor to EPC, began to expand
its services after 2005. In cooperation with EPC, the company now operates in nine
cities using private generators and the transmission network built by EPC. In the course
of expansion, PTC has also built and installed transmission and distribution lines.

PTC supplies 24-hour electricity to Dawei city. The city has 12,000 metered customers.
According to U Khin Lay, the chief engineer of the Electricity Supply Enterprise for
Tanintharyi Division, metered customers in Dawei of the lowest income on average
spend around 10,000 kyat a month for electricity. The average household pays around
30,000 kyat a month, while high-income households spend an estimated 90,000 kyat a
month.

Commercial users can pay as much as 2,500,000 kyat and 3,000,000 kyat (25 to 30
lakh) a month. In the past, some commercial users tried operating their own generators
but due to high maintenance and operating charges, they are opting to rely on PTC’s
services instead. Still, electricity charges are high. One local businessman, U Kyaw
Win, owner of the Palé Eikari Hotel, estimates that electricity costs account for one-third
to one-half of operational costs among local businesses.

While the region is able to sustain these high electricity costs due to its strong economy
and high average household income, PTC has recognized that its rates are out of reach

€ paul Vrieze, Dawei village to sue Thai mining firm over environmental impacts, The Irrawaddy, March
17,2014
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for some residents. The company provides electricity free of charge to monasteries and
very poor households. As a result, it has avoided the public outrage seen elsewhere,
including in Rakhine State, over high electricity costs.

Dawei City has a total of 30 generators with an installed capacity of 9 MW. The city
uses 4.5 MW at peak load. Fourteen of those generators are at the EPC office
compound. All townships in the Dawei district have their own standby generators.
Electricity costs approximately 470 kyat per unit in Dawei.

Generators at the EPC office compound

To add capacity and reduce dependence on diesel generators, there are plans to install
a combined cycle gas plant in Kanbauk, about 50 miles north of Dawei, with gas from
the Gulf of Mataban. Andaman Power Utility (APU), a Thai firm, signed a memorandum
of understanding with the Department of Electric Power to study and develop a 500 MW
plant.®’ According to APU, the development of 500 MW capacity will depend on the
availability of gas. The initial phase will be a 20 MW to 30 MW capacity plant.®

The electricity generated from the combined cycle plant is intended for Dawei City.
Transmission and distribution lines are currently being built. According to U Khin Lay,
once the gas plant is online, electricity costs in Dawei should drop by half, to about 235
kyat per unit. This is still, however, far above the subsidized tariff rate of 35 kyat to 50
kyat per unit. Electricity production is expected to start in October.®

The natural gas plant in Kanbauk will eventually feed into the national grid. Plans have
been made to extend the national grid down into the Tanintharyi region. The grid
presently reaches Mawlamyaing, about 230 miles (370 km) north of Dawei in Mon state,
and is expected to reach Dawei between 2015 and 2016. There are also plans to

¢ Chairman Message from Andaman Power and Utility. http://www.apu.co.th/chairman.html

2 There are differing reports on the initial capacity of the plant: the APU’s website states the first phase
will install a 20 MW plant while the EPC reports that it will be 30 MW.

% Mega Coal-Power Plants Planned in Myeik, Bokepyin, Eleven Myanmar, May 16, 2014
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extend the grid down to Kawthoung, at the southernmost tip of Myanmar, by 2020.
According to U Khin Lay, the grid extension will be financed by a loan from India.

Successful Public-Private Partnerships in Dawei District

Since 2005, cities and towns that had previously been receiving electricity from the EPC
began to rely on local companies for electricity services. The local companies bought
diesel fuel and supplied electricity, using government-owned generators. Private
generating companies pay EPC a fee of 10 kyat for every unit of electricity it sells.

Dawei Township

As previously mentioned, PTC, a private company, operates in Dawei in cooperation
with EPC. PTC's consumer base has increased five-fold since It began operation in
2002 and the company plans to expand to provide services to more villages.
Additionally, PTC has negotiated an agreement with PEA, a Thai utility, to provide
electricity to the Mawthoung and Tiki villages on the Thai border. Transmission lines on
both sides of the border have been built. Only the cables running across the border
remain to be established. Thai-generated electricity will cost 6 baht per unit, or 180 kyat
per unit in Mawthoung and Tiki villages.

To operate in Tanintharyi, PTC renews its contract with EPC annually. The company
has a staff of 110 employees, 30 of whom are meter readers. Meters are read on the
first of every month and bills are issued on the third.

In the process of expansion, PTC has grown more efficient as a utility provider. In the
past, it used government-owned generators. The generators were inefficient and
consumed a significant amount of diesel. As a result, according to U Khin Lay, in its
early years, the company operated at a loss. Since then, PTC uses highly efficient
generators which it replaces every year. Moreover, in building new distribution lines, the
company uses more expensive insulated cables to minimize distribution losses.

Outside of Tanintharyi region, PTC also operates in Rakhine state. PTC supplies
electricity to households in Sittwe (8,000 meters), Kyauttaw (2,000 meters) and
Thandwe (4,000 meters) at 460 kyat per unit.

According to U Aung Thu, when the national grid arrives in Dawei, PTC will relinquish its
operations and the government will be responsible for distribution though he remained
confident that they would be able to define a future role for PTC in the sector.
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One of U Tin Myint's generators

Launglon Township

PTC’s collaboration with the EPC is but one example of public-private cooperation in the
Dawei district. In Launglon Town, the Team met with two private operators supplying
electricity to the town of 3,000 people.

U Tin Myint works with the EPC to provide diesel-generated electricity to residents of
Launglon Town. In the past, at the advice of the Tanintharyi Regional Commander, he
also made an effort to operate a rice-husk gasifier for one year. Noticing that trees and
fish near the gasifier began to die and after frequent complaints from villagers about the
smell, U Tin Myint abandoned the gasifier and continued with the use of diesel
generators.

Currently, U Tin Myint operates three generators with a total capacity of 400 KW (one
50 KW, one 150 KW and one 200 KW). The generators consume 37 drums of diesel a
month (or 1,850 gallons—each drum holds 50 gallons). U Tin Myint charges consumers
600 kyat a unit. For every unit he sells he pays the EPC 10 kyat.



KWR International (Asia) Pte. Ltd. 135

Switches for separate transmission lines

U Win Min Aung also supplies electricity to the town. Instead of diesel generators, he
runs a rice husk gasifier. U Win Min Aung’s gasifier seems not to have provoked the
same complaints, though this may be because U Tin Myint’s generation site is closer to
the center of town. The gas generated from the gasifier powers two generators—one
200 KW and one 100 KW. He has been providing electricity to the town’s residents
since 2000. His customers are charged according to usage: for 1 to 10 units of
consumption he charges 550 kyat per unit; 10 to 50 units, 500 kyat per unit; 50 to 100
units, 450 kyat per unit; and for 100 units and above he charges 400 kyat per unit.

The gasifier runs on 350 bags of rice husks a day. Each bag (about 7 kg) costs 80 kyat
to 120 kyat. U Win Min Aung suspends the gasifier once a day between 11:30 A.M. and
1 P.M. to change the filter. However, every three to four months, the generator engines
break down and requires repair.

Electricity generated from U Win Min Aung’s gasifier runs on a transmission line
separate from the EPC’s line. The majority of the households in town own two meters
and have a switch that allows them to use one provider instead of the other.

Daw Than Kyi Htwe and her husband run a small teashop in Launglon. To have 24-
hours of continuous power they installed two meters. Much of their income goes toward
paying their electricity bills. Last month, their bills totaled 68,500 kyat.
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Daw Than Kyi Htwe's meters: the one on the right is EPC

According to Daw Than Kyi Htwe, although one source is cheaper than the other, power
from the gasifier fluctuates and a regulator is needed. Furthermore, electricity from the
EPC is consistent, whereas U Win Min Aung’s gasifier breaks down from time to time.
At the time of the Team’s visit, the gasifier had been shut down for repair for a few days.

In Min Yet Village, also in Launglon Township, U Zaw Moe supplies electricity to 1,000
households within a five-mile radius of his house, where he runs his 250 KW generator.
U Zaw Moe has been operating since 2005, when he applied with the EPC to provide

electricity. Similar to other private operators, he pays the EPC 10 kyat for every unit he
sells.

U Zaw Moe's hydro turbine

In the past he also generated electricity with a 40 KW hydro turbine. The turbine could
only operate three months out of the year during rainy season. After four years with high
maintenance costs, U Zaw Moe gave up on using hydropower.
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At present, he relies on his generator, which he has had for three years. The generator
runs from 10 A.M. to 1:30 P.M. and from 6 P.M. to 10:30 P.M. everyday. It consumes
one drum of diesel (roughly 50 gallons) per day.

U Zaw Moe says his customers consume a total load of about 100 KW with each
household averaging a consumption rate of 12 kWh. He charges his customers 600
kyat per unit. Installation and meter fees, not including cable costs are 100,000 kyat.
The costs of cables depend on the households’ distance from the distribution line.

Overall, Dawei has been unique in that a number of private operators, in cooperation
with the EPC, have been allowed to participate in generation, transmission and
distribution. This is the first region in which the Team has encountered successful
public-private partnerships in electrification. Dawei’'s success could potentially serve as
a model to other regions in Myanmar though higher income and prices in this area give
it characteristics that make it different from other areas and therefore needs to be
recognized.
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Special Economic Zone
Initial Plans

After years of discussion, the governments of Myanmar and Thailand signed a
memorandum of understanding in 2008 to develop an SEZ in Dawei. On November 2,
2010, both governments signed a deal with Italian-Thai Development Public Company
Ltd. (ITD) allowing ITD to develop and operate the planned zone of 250 sq. km.

Development plans included the building of a deep-sea port, power plant, industrial
zone and a railway and highway link to Thailand’s Kanchaburi Province.** As part of the
agreement ITD had a 75-year concession over heavy industries and a 40-year
concession for light industry.®® The heavy industrial estate would include a steel mill, oil
refinery, petrochemical facility, ship-building yard and fertilizer factory.

The infrastructure for the project’s initial phase was estimated to be $8 billion.®
According to ITD, the first phase of construction would take five years and the entire
project would be built in three phases over a period of a decade.”

There were high hopes for the project. Envisioned as a part of the ASEAN connectivity
project and development of the Southern Economic Corridor, the industrial zone and
especially the Dawei deep-sea port, which would be able to accommodate large tankers
of up to 300,000 tons, would transform the region. It would allow goods produced and
received in Dawei to be transported overland into Thailand and other parts of ASEAN
and conversely from Thailand out to markets in India, Middle East and Europe
bypassing the Straits of Malacca.

Setbacks

In 2012, it became clear that ITD was facing obstacles in completing the proposed
plans. Early in the year, citing environmental concerns the Myanmar government
stopped plans for 4,000 MW of coal power plants.® In July 2012, Max Myanmar, ITD’s
main local partner backed out from the project leaving ITD to find investors to replace
Max Myanmar’s 25% share in the project.” A Myanmar energy minister revealed that
two other SEZs would likely be developed earlier than Dawei.” Thereafter, there were
reports of ITD struggling to secure financing from investors.”

64 Kyaw Lwin Oo, Myanmar seeks new Dawei SEZ partners, The Asia Times, December 3, 2013
% An Industrial Project that Could Change Myanmar, The International Herald Tribune, November 26,
2010
% Ibid.
°7 Ibid.
&8 Myanmar scraps coal-fired power plant in Dawei, Reuters, January 9, 2012
32 Myanmar tycoon says pulling out of Dawei project, Reuters, July 4, 2012
Ibid.
" Italian-Thai seeks investors to replace Max Myanmar in Dawei, Reuters, July 6 2012
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In November 2013, the Myanmar and Thai governments signed a framework agreement
creating a special purpose vehicle (SPV)—the Dawei SEZ Development Co.—to
oversee the Dawei project. Both governments hold a 50% share in the SPV.

X
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Dawei as a part of plans for the Greater Mekong Sub-region

The Myanmar and Thai governments signed a series of MOUs restructuring the
project.”” The first created the SPV, which would be registered in Thailand. The
agreement also indicated that special purpose companies (SPC) would be created to
manage specific projects and the SPCs would be registered in Myanmar. The SEZ was
reduced to 196 sq. km.

The second MOU revoked ITD’s concession. Finally the third guaranteed that new
investors for the ports and road would reimburse ITD an estimated 6 billion baht ($189
million) that it had already invested. ITD’s completed infrastructure work would undergo
a due diligence assessment, to be funded by ITD. The due diligence report will produce
a more accurate figure of how much ITD will need to be reimbursed. Furthermore, ITD
would be allowed to bid on projects in the future.

Local Impact
The originally planned SEZ encompassed the Nabule village tract and Ye Phyu

township. There are conflicting reports as to the number of villages affected. The ITD-
built exhibition hall indicates 15 villages and 4,173 households would be affected. News

"2 Chatrudee Theparat, NESDB sounds alarm over Dawei project, The Bangkok Post, April 19, 2014
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articles report between 16 to 18 villages.” Nevertheless, under the revised plan, only six
villages are to be affected.”

The Team visited one of the villages to be relocated. According to residents in Mu Du,
housing at the resettlement site has already been constructed. They will remain in their
village until the plans for the SEZ begin again and officials ask them to leave. (More in
Mu Du case study.)

Relocated villagers will be compensated for their loss of land. According to a deputy
minister of social welfare, relief and resettlement, altogether compensation will amount
to 340 billion kyat, about 33 billion of which has already been paid by ITD to villagers.”
There are, however, reports of land confiscation and inadequate compensation.
According to some farmers, officials have offered farmland that locals claim to be
infertile or unsuitable for their crops.”

As for local employment opportunities, the zone’s focus on heavy industries, instead of
light industry such as manufacturing, is not expected to require a large work force.”
Under ITD’s management, the workers employed for construction activities were mainly
migrant laborers from Thailand or upper Myanmar.” At the same time it should be
recognized that given better opportunities in Thailand, there is generally a shortage of
labor in Dawei, with the average wage for a day-laborer being approximately 6000 kyat
per day. This is far higher than other areas of Myanmar.

Present Status

Although Dawei was the first proposed economic zone in Myanmar, it now looks likely
that it will be the last to be developed.” Since taking control of the project, the Myanmar
and Thai governments have been pushing for Japanese investment. However, Japan
has indicated it will first focus on developing the Thilawa SEZ.* Furthermore, Japanese
firms have suggested they will wait until basic infrastructure in Dawei has been
established. This presents a dilemma for the SEZ as developing the necessary
infrastructure will require investment that may not take place unless development of the
SEZ is assured.

"3 Ei Ei Toe Lwin, Dawei SEZ sparks concern amid promises, The Myanmar Times, December 3, 2012
;‘5‘ Kyaw Hsu Mon, In Dawei, ITD Projects Suspended, Not Terminated: Minister, The Imrawaddy, December 3,2013

Ibid.
e Kyaw Phyo Tha, Rice paddies in Dawei confiscated for housing, The Irrawaddy, October 28, 2013
;; Soe Lin Aung, Workers in Dawei, New Mandala, September 4, 2012

Ibid.
70 Myanmar tycoon says pulling out of Dawei project. Op.cit.
80 Japan to focus on Thilawa SEZ before Dawei, Eleven Myanmar, February 2, 2014
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Gas plant site

The Team was able to visit the zone, including the visitor center and exhibition hall built
by ITD. The exhibition hall features the original proposals for development, including
details on resettlement construction, a LNG terminal, and water resources development
for the industrial zone. With ITD no longer in control of the project, It is unknown
whether future development will follow ITD’s plans.

The Team was also able to visit a gas-fired power plant commissioned by MaxPower
(under Navigat Group).?' The plant's 1 MW GE Jenbacher engine runs on liquefied
natural gas (LNG) supplied by LNG Plus, a Thai firm. LNG Plus, in an agreement made
with ITD on December 3, 2012, was responsible for the transport and installation of the
plant at ITD’s construction site.* The re-gasification facility was built in Thailand and
transported to Dawei over land.

The plant has been idle, however, since December 2013, when ITD suspended its
operations pending the due diligence assessment. Two factories operating nearby do
not meet the minimum 450 KW load needed and instead use diesel-generated power.
The facility was built to accommodate two more engines, which were to be installed in
May 2013. Upon the Team’s visit, there was only one gas engine on site.

The present status of the Dawei project is unclear. Reports on the opening date for
tenders for the initial phase, including the construction of a two-lane highway, port,
industrial zone and other infrastructure, have been inconsistent. There are reports that
tenders were to be opened at the end of March while more recent news reports mention
a July tender.®® According to certain sources in Yangon, the recent coup in Thailand
may negatively affect the SEZ, given its association to the former Thai government.

The Myanmar government has reportedly brought in strategy consultancy Roland
Berger—which handled the 2013 telecommunications tender to great international

81 Navigat Group, MAXPOWER successfully commissioned 1 MW Power Plant in Dawai, Myanmar,
Company Press Release, Jun 24, 2013

82 NG Plus International, Completed Projects: Dawei Gas-Fired Power Plant, accessed June 15, 2014:
http://Ingplusinternational.com/dewei-gas.html

8 Somluck Srimlee, Italian-Thai Development Subsidiary to raise, The Nation, May 2, 2014
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acclaim—to devise a strategy for the SEZ moving forward. Multinational accounting firm
Ernst and Young has also been reported to have been hired to conduct the due
dligence assessment.

ITD, in a joint venture with Rojana industrial Park, has announced that it will bid for the
initial phase. Nevertheless, it remains to be seen when and if the Dawei SEZ will go
forward.

Conclusions

The Dawei region illustrates the importance of components necessary to crafting
effective electrification strategies:

Public-private partnerships

Working in partnership with the local EPC, private power companies in the Dawei region
have been allowed to distribute electricity to commercial and residential users, at first
using government generators. These private distributors have been able to bring 24-
hour electricity access to certain villages when government agencies were no longer
able to afford to do so. In some cases private companies also brought expensive
upgrades to make generators and cables more efficient and the technical know-how to
properly maintain equipment. They have also been able to provide free electricity to
certain consumers who would otherwise not be able to afford the high rates. This is an
important lesson for country-wide power distribution. While the MOEP operates at a
loss, upgrading aging infrastructure with newer and better-maintained equipment is a
crucial component of improving energy access and cost-efficiency nationwide. Public-
private partnerships in this region could serve as a model for regulating Myanmar's
independent power providers, whose role in recent years has been said to be in a state
of flux.

Vibrant local economy

Household income of the villages in the Dawei area were relatively high compared to
other villages surveyed thus far by the Team. The robust economic activity in this area
makes it possible for households and businesses to afford higher than average
electricity rates that would otherwise be—and are, in areas such as Rakhine states—
crippling and out of reach. The ability to sustain regular access to electricity, and pursue
new sources of electrical capacity, has ignited economic activity and accelerated the
area's growth.

Effective local government

These first two themes would not be present in Dawei without the strong leadership of
the Tanintharyi Region's Chief Minister U Myat Ko. As in other parts of Myanmar,
effective local governance in Dawei has played an important role in the region's
economic and social development. More specifically, its ability to bring reliable and
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sustainable electricity to households and businesses is fueling economic activity and
has led to the rapid establishment of new storefronts and the subsequent addition of
electrical capacity from new sources. The local private power provider, PTC, credited its
ability to effectively deliver power to its communication and relationship with the local
government.

Regional integration

The visit to Dawei also underscored the potential benefits of regional integration,
particularly for border areas. Thai companies are involved in local electricity distribution,
and an agreement between a Thai utility and a Myanmar private company will allow for
the distribution of Thai-generated electricity to a local village at a rate that is significantly
lower than what is currently on offer. Workers from Thailand and elsewhere have
migrated to the Tanintharyi Region to benefit from relatively high day-labor wages, while
cross-border trade, as well as remittances sent by locals who had found work in
Thailand, also boosted the villages' household income and contributed to the region's
economic vitality. By the same measure, where the Thai-Myanmar relationship and
long-term development plans lack clarity, such as over the future of the SEZ, broader
development initiatives, including electrification plans, have been stalled. While some
villages neighboring the SEZ are currently unable or unwilling to make long-term plans
without knowing the fate of their land, clarity concerning the next steps for the SEZ and
how the Myanmar and Thai actors will collaborate would allow the province to achieve
substantial development progress.

Interview Subjects
Dawei

* U Myat Ko — Chief Minister of the Tanintharyi Region

* U Khin Lay - Divisional Engineer of the Electricity Supply Enterprise for Tanintharyi
Division

* U Aung Kyaw San — EPC engineer

* U Kyaw Win — Owner of Palé Eikari Co. Ltd. and Palé Eikari Hotel

* U Aung Thu — Manager at PTC Co. Ltd.

* Navigat Group employee

Launglon

* Daw Than Kyi and her husband— Owners of a teashop in Launglon town

* U Tin Myint — Private electricity provider cooperating with EPC

* U Win Min Aung — Independent Power Producer in Launglon — through rice husk
gasification

* U Zaw Moe — Independent Power Producer in Min Yet Village
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Conclusions and Next Steps for Phase Ill Fieldwork

The extensive and in-depth Phase Il Fieldwork research undertaken by the Team
culminated in the development of a framework by which the feasibility of various
electrification options can be assessed according to the realities of the villages in which
they would be utilized. This will be supplemented within the next phase in which
additional site visits will be conducted to other areas of Myanmar.

Many other actors involved in helping to develop Myanmar's energy and electricity
sectors are drawing on international norms and experiences in making their
recommendations. While this is important and instructive, most of these entities lack the
time and resources needed to conduct the more in-depth analysis of the specific needs
of Myanmar's various and diverse villages and regions which are evaluated in this
study. The analytical framework developed by the Team can therefore be used by other
stakeholders seeking to evaluate commonly used electrification options, such as solar
home systems and generators, in Myanmar's rural populations. This analytical
framework can also be extended to analyze technologies that have yet to be introduced
in Myanmar, such as aneorobic digestion, which may prove amenable to local
conditions in certain areas of the country. In addition, they can be used to provide and
draw insight into important policy themes and issues that need to be addressed moving
forward.

Next Steps Toward a Comprehensive Electrification Strategy for Myanmar

Conclusions and Recommendations for Third Phase Fieldwork to be Carried out in July-
December 2014

Building on this, the Team plans to conduct more in-depth analysis of its findings to
produce conclusions and recommendations based on its observations and calculations.
This will comprise macro-level conclusions and recommendations concerning the
development of Myanmar's rural energy and electricity operations as well as
technology-specific conclusions on the costs, benefits and recommended applications
of solar home systems, mini-hydro, gasifiers, generators and grid extension.

Further Engagement with Stakeholders

Continuous engagement will be maintained with stakeholders as an important
component of this intiative, both from a perspective of sharing the Team's insights and
ensuring the data conforms to the findings of other stakeholders and realities on the
ground. The Team will continue to convene and participate in meetings both within and
outside Myanmar, bringing together other policymakers, practitioners, academics,
private sector actors and international donor agencies working toward the development
of Myanmar's energy and electricity sector.
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The team plans to share these findings with a select group of these stakeholders and
once the data and findings have been sufficiently reviewed, the Team will refine this
document into a research report which can be released as a publicly available report.

In addition to conferences and stakeholder meetings, the Team will continue to engage
Myanmar's policymakers, to promote coordination and discussion of key issues
concerning energy and electrification in Myanmar. This includes tangible issues,
including: electricity policy; renewable promotion policy; environment and energy policy;
energy efficiency and policy; energy technology and human resource development;
energy infrastructure; and energy access in rural areas and energy poverty.

Greater Geographic Diversity

Given the importance of the village-level analysis, and the insights gleaned from the
fieldwork visits to villages surrounding Kyaukpyu, Dawei and the Ayeyarwady Delta, the
Team plans to supplement these analyses with more geographically diverse case
studies. For example, a key focus of planned Phase Il research will be to develop a
better understading of the China-Myanmar energy relationship and site visits are
planned for Muse, which is located on the China-Myanmar border and a few
surrounding villages. Undertaking village-level analysis in Chin State in Myanmar's far
north would also offer insights on the country's poorest state and how sharing a border
with India may affect the area's electrification strategy, if at all. Other areas for potential
research include Kachin State, if conditions allow, Myeik or Kyauthoung, on Myanmar's
southernmost tip, or other areas which are deemed a priority after discussions with the
MLFRD and other entities in Myanmar. Fieldwork visits to these regions would add
significant depth to the Team's research and help prepare a more comprehensive vision
of how to best electrify a country as diverse as Myanmar.

The latter visits would be of particular importance, given reports of cross-border
cooperation in electricity development along the Myanmar-China border. The Team has
witnessed such cooperation between Myanmar and Thailand, both in eastern Shan
State and in more southern sections of the Myanmar-Thai border, and believes these
relationships can inform Myanmar's national energy policy as well broader plans for
ASEAN integration. Observing more examples of cross-border energy partnerships, and
evaluating the pros and cons of such arrangements, will help develop and refine
recommendations and can lend further support to the efforts being undertaken by the
University of Tokyo and Chulalongkorn University in studying cross-border electrification
strategies.

Areas for Additional Research
In addition to supplemental geographic focal points, the Team believes there are

additional themes that would benefit from greater examination and analysis. While
largely beyond the scope of planned Phase lll research, these potentially include:
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1. Community relations and public information to inform rural populations of the
benefits of electrification, the costs involved and the alternatives available to grid
extension

2. Prioritization of maintenance and operations, including training and the
development of relevant certification programs, which would lead to more
efficient, more reliable and safer electricity supply

3. Appropriate legislation on tariffs and feed-in tariffs in order to make
electricity supply more sustainable as the number of people connected to the
national grid expands

4. The development of a Rural Electrification Act and supporting legislation,
designed specifically to meet the economic and social development needs of
Myanmar's rural population

5. Public-private partnerships in the energy sector given the number of
parallel, independent electrification projects that are ongoing, with the help of
donor organizations and private sector actors

6. Regional Integration, including best practices learned from cross-border
electricity agreements between Myanmar and its more developed neighbors

7. The interaction of policy and implementation, as rural electrification is as
much a political issue as an economic one and will require considerable
coordination among ministries, as well as among local, regional and national
entities

8. The feasibility of solar farms as opposed to solar home systems, as the
former help reduce the per capita costs of solar electrification
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APPENDIX |

Cost Analysis Data Summary

Summary Table

Tha Yet | Kyar Kan Aung
Taw Daung Mingalar Mezall UTo ZaDiYa | WarTaung | Myoma Mu Du

Village |Number of

Profile |Households 48 72 110 94 120 520 161 &00 700
Distance from
National Grid
(miles) 10 11 42 7 37 2 13 246 234
% Poor ag% as% 25% 11% 80% 23% 0% ™ 17%
* Aspirant 12% 5% 15% 42% 15% 58% 15% 60% 71%
* Emerging 0% % 0% 4% 5% 19% 5% 3% 12%
% Established 0% 0% 0% 0% 0% 0% % 2% 0%
% Affluent % % % 0% 0% 0% % 0% 0%
o Demand
(xwW) 6.12 10.01 19.47 65.16 2652 263,95 3558 401.04 346.7%
Non MM
Demand (KW) 3 5 S 5 55 s 5 195 5
[Total Vilage
Demand (XW) 9.12 15.01 2447 7016 32.02 268.95 £0.58 42054 351.78
Solar 3428458 S1,73750] 79677.081182,618.13| 98,026.04|708,797.92] 121271.09]1,044,421.88| 921937.%
Mini-hydro 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 172552.08 0.00
Gaifier 3161025] 3461025] 5064150] 7783942 51,391.50]220,129.79] 6334983 312.775.63| 25033813
Generator 2748525] 3048525 4100608] 5856858| AL75608[17742981) S53.71417] 23617146 20533813
Grid Extension [411,737.50] 451,760.42{1,557,.581.25] 314,845 83| 1,381,752 08| 54,166.67] 557,152.08]9,065,329.17| 8 544,245 83
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Village total cost/ KW demand
Tot.
B Demand
Region Village Name  |Households | (XW) Solar | Mini-hydro | Gasifier | Generator |  Grid
Ayerwaddy  [Tha Yet Taw a8 9] $3,757.30 S000| $346421| $301215] 545,122.91
Kyar Kan Daung 7 15| $3,447.33 $000| $2,306.12| $2,031.27] $30.101.31
Aung Mingalar 110 24| $3,256.11 $000| $2.06953| $1.675.77| 563,652.69
UTo 120 32| $3,061.40 S000| $1,60498| $1,304.06[ 543,152.78
Mezall a4 70] $2,602.85 S000| $1,10944] $834.78| $4.48749
Rakhine Za i Ya 520 269] $2.63541 S000|  S81847|  $659.71|  $201.40
War Taung 161 41] $2,988.37 S000| $156107] $1.323.63] $13,729.38
Tanintharyl  |Myoma 600 421] $2,48353] 541031] $743.75]  $561.59] $21.556.40
Mu Du 700 352] $2,620.78 S000| S71163|  $583.71 $24,288.61
Average 269.44 137] 5298367  $4559] $159880| $1,33185| $27,365.88
Median 120.00 41| $2,588.37 $000| $1.561.07| $1,304.06| $24.288.61
St. Dev. 258.78 163]| $439.02] $13677] $906.21|  S812.68| 52055254
Total Village Cost / Households
Tot.
3 Demand
Region Village Name | Households | (Xw) Solar | Mini-hydro | Gasifier | Generator |  Grid
Ayerwaddy  |Tha Yet Taw a8 9] $714.26 SO00| $65855| $57261]| $8577.86
Kyar Kan Daung 72 15!  $718.58 S000|  5480.70|  $42341| $6274.45
Aung Mingalar 110 28] 572434 S000| S46038| $372.78| $14.159.33
UTo 120 32| $816.88 SO00| $42826] $347.97] $11514.60
Mezali 94 70] $1.942.75 $000| $82808| $623.07| $3.349.42
Rakhine ZaDiYa 520 269] $1,363.07 S000| 542333 $34121| 510437
War Taung 161 41] 575324 S000|  $39348| $333 63| 5346057
Tanintharyi  |Myoma 600 421] $1.740.70]  $287.59]  $521.29]  $393.62] $15,108.88
Mu Dy 700 352| $1,317.05 S000| $35763| $293.34| $12.206.07
Average 269.44 137] $1.121.21 $505.74]  $41129| $8306.21
Median 120.00 41|  ss16.88 $a60.38| $372.78| $8577.86
$1. Dev. 258.78 163] 548332 §14896|  $112.74]| $5.310.00
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Operations & Maintenance

Total Estimated Operations & Maintenance Cost - Annual

Total
Demand Meni- Grid
Region Village Name & Housebolds  (KW) Solar hydro Gasifier  Generator  Extension
Operating Howrs 6 24 3 3 24
Ayerwaddy | Tha Yet Taw as 9 $110 §5,795 56,663 52,878
Kyar Kan Daung n 15 $160 57,178 £9,429 54,731
Aung Mingalar 110 24 $240 $9,402 $13.877 $7,717
UTo 120 32 $260 $11,172 517417 $10,092
Mezali 94 70 $220 520,143 $35,359 522,126
Rakhine ZaliYa 520 269 $1,090 566,874 | $128.821 584,817
War Taung 161 a1 $350 $13,1%0 $21,452 512,798
Tanintharyl | Myoma 600 a1 $1,260 | $26,280 | $102,509 | $200,091 $132,621
Mu Du 700 352 $1,45%0 586,345 $167,763 $110,537
Per Hour Estimated Cost - Annual
Tor,
Demand Meni-
Region Village Name # Mouscholds| (XW) Solar hydro Gaslfier | Generator |Grid Extension
Operating Howrs 6 24 3 3 24
Ayerwaddy | Tha Yet Taw [ 9 518 $1,932 $2.221 $120
Kyar Kan Daung 72 15 527 $2.393 53,143 5197
Aung Mingalas 110 24 540 $3,134 54626 5322
UTo 120 32 543 $3.724 $5.806 5420
Mezall 94 70 537 $6,714 $11,786 5922
Rakhine ZavYa 520 269 5182 $22,291 $42,940 53,534
War a!.:h 161 41 558 54,397 $7.151 5533
Tanintharyi | Myoma 600 421 5210 $34.170 566,697 $5.526
Mu Du 700 352 $242 $28.782 $55.921 54,622

Number of

\panels in
each village

55

118

129

542

173

628

122

Solar
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(Total number of panels)/ (5 panels per day) * (2 times a year) * ($5 a day)

Mini-Hydro

(500 KW) * (8,760 hours per year) * (60% availability) * ($0.01 per kWh); This figure is
the O&M cost for a 500 KW hydro system but is actually the minimum O&M cos for 100
KW because it takes the same amount to manage both facilities

Gasifier

[[(Total Demand * 0.04667) * ($4.60 — price of diesel per gallon) * (3 hours per day)] +
($10 — daily labor charge)] * 365 days

Generator

[[(Total Demand * 0.09334) * ($4.60 — price of diesel per gallon) * (3 hours per day)] +
($6.50 — daily labor charge)] * 365 days

Grid extension

Total Demand * 8760 * .036

Note: Only Myoma had river resources needed for mini-hydro. Cost estimate does not
include dam and reservoir development.
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Tha Yet Taw

Village Name Tha Yet Taw MMK 1O USD rate e
Number of Heurcholds 4%
Cont of Diesed (K Biter) %0
Distance te grid (miles) ”
Noo househedd demand 1 monasiery 3
j Nilowatt Demand

e Foor us", AT
e Asplrast b 048
e Emerging (L ]
e Establnbed (1 2% o
e AMoent " o
Total Houscheld Demand 61248
Non- howebald demand 3

Total Vilage Demand (KW) 9124

Technslogy Noof Umit | Sive (i ate » it Tength s inber smsust) Lait Cont (Aymt) \ Cwnt Village Comt

olar Haeme Syveem .l.nrﬂt. LY
JE55 Poor (Poverty ) - 190W ONT-grid Selar Peower Systom 17 Solar 100 » Conmollor Ramory * laveners + L4000 712 000 P
S50 Poor - TSOW OfY-grid Solar Power System W Solar | MWD » Conmolber+ Haery + lavertery + + 435 0 11,1540 13, %%
1% Asplrant - S00W Off-grid Selar Paswer Syviens ' Solar S p = Comsotler Basiery + laversers + + 1,205 000 1,15 800 1208
o Emcrging - 1900W OfF.grind Selar Poner Syslem o Soler [000Wp » Comtroller+ Battory + Livverter « + 4 2000 000 0
o Establinhed « J00OW OdfFgrid Selar Paser Ssslem o Soldat D00Wp + Controdler+ Batery + laverter « + 4 4 A0 000 0
S5 AfMsent « M0OW OFFgrid Solar Power Systom « Masasteorny ! Solar WOOWp « Contredler+ Datsory + lavomer« « 4 6,730 000 6,730,000 010
The sodar vtreet light system . Solar 100Wp « Conmaalbor Bamery « Polig s+ » ) 0 2,160 000 2490
Frasupovsenon Cants ) {for one g - 2 car & M Tom x 2 dayw) 600 X0 1,800 D00 1578
Betailation (Cont 3 (for ome wp -25 men-day ) 00 0 1,000 000 (RN
Operatom and Samionamy Cinnt 4 e g 10 maen-day ) 300,000 1,200,000 1240
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Tech aetogy o of Uit | Sior (indicute wath Wemgthvammberwmannt] | LS Cot Gyat) | Village Cout | Vibage Cont |

I5KW (Kyz) Uson |

ey wnk - dumndiafl ogmanry Ihivaton 1008 000 1 00000 142

Famp, plpes and vabver 200 000 200 000 o

T (nt) 00000 00,000 ns|

st s tovatome ot oy uled 00000 00 000 21|

Loasllier lestuliotion cont 1 008000 1000000 10e2

Cromerwtnr - duel focl engine - 15 KW 200,500 4188 o0 4,180 000 h-:“

Primary Cont for Conorvtior bassr snd muls Satridetion et G Hhows « Tanthing « Pasel « Nl L1 008 D00 Hsabm  ILR2N

Secondary Cont iper hawse hodd cwel) % | Cuble « Matn Bound + Benker + Lighvng 120,000 8720000 1000 |

B e N (For ome g - 2 owr x| Tom a2 depy 06 o0 1200000 108

Sosaliarum Coasns 00 Mo 1 000 00 12

ommecram ) ov sev homwohodd Cont (for oo g 28 men-duy) N0 oo 1,500 000 1343

.&ﬂll)!sa-zrl,\}.nl!tl M | leedes | dowrper galea 4400 104 20 :o..

~ Uamamanr et 4 g 1 redey) oo 1,000,000 L8
Tochasbogs Noof Unit | Sios dadicate watt leagth ssmber amass() - Whage Cont

Kysd) aso) |

W) i “

Powsr by w Sl Type. ) Phase (Slarter) e o) A o oo XS

Py Cost for Generpsor howse ad man Suzibucion oot G Thows + Lartung « Panel + Pole L1068 000 11 0md D00 :Vu-“

e (g Wament b come) 6 |Cable « Mabs Boud ~ Benker ~ Lighting 120,000 4,720,000 100

e (oo g - 2w 8 1T 0 2 e NG oo | A0 o0 a8

ralane o 2 00,000 1,000,000 2|

A ey v Fov puv Momnobdd Coms ) (Ft e g 35 men by ) e o 1 00 000 L

Coone por day (24 Mower parating for sext mum) M Jone thars | Sowr per gallen 450 108 540 10/

i Uas e , 0 . [ F g -y S S caun .9...
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o‘ Cont

L

Tﬂml.ll-
1 Kpat) (LS

Nightoasion Line 5 FPhase *N tLarth Cownt
: o e e a2 4.2 oon s 0
ol oiall 11 AADAKY, SOKVA tamsformaer 1 FLA 0 AN, MoK VA tams lorrner £ 140,000 L0
Gear / Diariducion Pascl 1 340,000 4000
M= gy m Tl 18,100 mrien LSRN 188 X0
Latung Sywem 1 1,440 000 1,500
Lo Towsbon Line ) Phase 4N charms Ot .
o ppicanon oot | (S LS e
oy » Py y—— 20,420,000/ 23000
Supply |OKVA AVN Sengle Phase ) 1,440,000 1500
P » N 000 2,500 000 2804
2 o Nl o " 120,000 A.720,000 0
Tremrminsse Crety 2 e wne irp - 2o 8 1w x 2 dapn) A0 (X0 1,800 000 1
Unenaliaion Cout 2 200,000 1800000 (s
o o on 1 200 00 10
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Kyar Kan Daung

Village Name
Number of Hossebolds
Distasce to grid (miles)

:
8
P
i
T

Kilowatt Ixmaad
%% Poer LA 208
% Asplraat 0s Is
%% Emergleg ! 0
% Establahed 3 ]
56 AfMuemt s 0
Total Houebobd Demand 10,008
Non- bouwdold demand
Total Village Demand (KW) 5008
Techpelogy No of Unit | Sire (iadicate watldength number amoual) LUmit Cost (kyst) Wlage Cont Wage Cont
Nelar Mocse Nyarem (Kya) (L3
S5% Poor (Poverty) - MW O grid Solar Power System 28 Soler 100%p - Contreller+ Batery brveriers -~ 349,000 568 000 LS
0% Pooe - 190W Off-grid Selar Pewer Syvtem 4)  |Solr 130Wp + Contelicrs Nastory Savarsers « + 000 e | 1w
$5% Aspirant - SOUW OfF grid Sedar Power Syvtem ‘. Solar MO p « Comareller Damery « Ivvermers -~ 208 0 LRALE
%% Emerging - 1MW Offgrid Sobar Power System 0 |Sole 1000Wp « Comtroller Batery bavester+++ 500,000 .
% Extabliahed - 2000W OfF-grid Selar Pewer System - School 1 Soler 2000Wp « Comtraller lasery - byvemer -« « 4,49 000 4,450,000 £
S0 AMpent « MOOW OFgrid Sedar Pewer Syvtem « Oharehisssemisly hall | Soler MO0 p - Comtroller- Bamery - bavemey - -+ 000 4,730,000
The sobar servet light vyviem 6 |Sele 100Wp « Comtrelicr+ Hasery Pole -+ 350,000 2160000 23%
A0 (00
00,000
W0, 000
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Tochaubogy Mo of Lull | Siee (indicute watt bongih mamberameant) | USE Cont (yel) | Village Cont | Vilags C ot
15w

T T - -
[ N N . | Modgar gt 1 1900 oe 1,900,000 1042
Water Purmp, ppo e vaives 1 200, 400 200 000 a0
Connd Tank (w) | Ao o0 2o 000 |
WL Dea s oy T L 200, 000 e 00 a1
Uanther Imeinlson cow ' 100 e | (en 1042
Cromerator - dhwet ek < | ' 3200 0w 4180 000 4180 0 an
Primary Cowt Sor Coneroe douss and mun Sacrbecon cet ] Gem Mowse « Earding « Pl « Pole 1! (= ) 11860000 1521
Sovenndary Cond [per howse Sold voudt o Cable + Mam Bowrd + Braker - Lightng 13 a0 Y00 oo 10008
Irenemavane {naty ) Borome v Jwr s [ Tem 0 o 0 00 100 00 AT
Mosilana Coo 3 200,000 1900000 Las
(e o Fow pov bmerbodd Cont ) S e g 20 mendag) A o 1,500 000 1)
Faed Cont puv Sy (24 howr operasting for s remi M 1 4410 105 543 (L)
R ’ s wu 1800 000 1c
Techomdopy Mool Lni | Siee (indicwte wath leagih mumber ameant) . Ckyet) Viltage € et
Catmaruiir Kya AUSD)
Comorsior (WW) (AR N
Cenerstor Power by 15 8W ] Sdaone Type, ) Phuse | Saarwr) 3,200 000 1,200,000 a0
Premary Cowt e Cenervior Sose and mmam daerbwton cosd ' U Mowse ~ Earbeng ~ Pl = Pole 11,00 pox) 11.0ma 000 ~
Sccendary Cot | per hocas old coxt) - Cable « Mun Board « Ieaker « Lighong <+ 120,000 V000 000 0,000
Tramporsason Con J (forooe v - 2 car x 1 Tom n 2 &) 600,500 1300200 AT
B J oo 1,000 200 hl
Conmvction Fow pov bossboldCoe |3 Hieooe vy 25 =eo-day! 00800 1,500, 500 A4l
Frond Cont v dhay (34 M aperaiing o e remy M S G | Dt par guiom 108 240
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L [ N of Uit | Sl flndionte wattlongeh wamber smmnnt) | Lol Coot (o) | Vilage Cost | Village Cont
1 vieumsion (Kpat) Usy
Mighswnsion Line ) Phase *N L O
Sarvey =d wppboxbon oot 1 L2 000 .20
Sappy and wiall 118 KOG, SIKVA D Srmar | SA0AKN, SO VA v Sormmer A L&D 000 LR
yooach Gear | Dearbngson Pasel 1 8.840,000 e
Spply end el Govertend) Cable with pole 120 ACS K (300 longth)| 294 Toesd 17,790 s 170,004,000 a4 A0
MILPE Lartomg Saviem ! 1,480 000 180
Low Tonsbon Line ) P *N s Earts Ot
Survry od wpphorten cost | NS L)
Suppdy e iall Goverhead) Cable with pole ¥8mmd A C S R (30 lengh) b Toead | 000 meosen 12000
1OKNVA AV Smgle Phase ’ 1.5
) woe
18 o0
1L
1042
1)
-

1
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Aung Mingalar

Village Name Aumg Mingalsr MMK TO USD rate 950
Number of Houscholds 1o
Cont of Dienal (Kywt/ liter) w80
Distance to grid (miles) Q
Non-dousehold demand | Mooastery, | schood
} Kilowatt Demasd
%% Poor 5% 012 1na
%% Aspirast 5% 0s ®24
e Emerging [ 1 0
% Estabilhded o 25 0
% AfMfloent P s 0
Total Housebald Demand 1947
Non- howsebeld demand b
Total Village Demasd (KW) e
, Testnalogy No of U Nore (indicase wats length pember amauat) Uit Cont (kywt) Vikage Cont | Village Cont
Solar Home System (Kvat) (LUSDO
3% Poor (Paverty) - 100W Off-grid Selar Power System 1 Soler 100Wp « Comtsaller Batiery+ bnverier 180 000 11,220,000 ey
$5% Poor - 150W Off-grid Selar Pewer System &1 Solsr 1 S0Wp « Comtroller Batiery + loveries 435 000 26317500 1A4
L5% Asplrast - SO0W Off.grid Sclar Power System 17 Solzr SO0Wp ~ Comtoller- Battory + lavestes~ 1,206 000 19,582 500 M
% Emerglag - 1000W Off-grid Solar Pewer System 2 Solsr 1000Wp + Comtrolier- Battery - [srvenes - 2,300 000 . o
5% Establishod « 2000W Off grid Selar Pawer System « School | Soler 2000Wp ~ Controller Bantery - [rvenes 4480 000 4 480 000 4587
S AfMuent - M00W OfF-grid Solar Pawer System - Manmdery [ Solwr YOOWp - Comtroler- anery - lnvener 4,730,000 £,730.000 7000
The solar street Night systens Solw 100Wp « Comtreller Battery  Pode 160 OO 4,160,000 2250
(9} ) 2128
|
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Trchsobegs No of Ll | Sire (indicwte wath Wongih womber ameant) | LS Lol (0w | Village Cout | Vibage Cont |
S Rw Ryxd LS
G et it - Svwndra 2, opeen ove Uit lonn ] Vodier go o 000 000 S00.000 »j
Water P, pper i vidves ! 00,000 X
Gownd Tank (wt) | o oeg m M
Watar Teaomow oy cem 1 00,000 3
Ganficr Instalitson comt | |0 oo L L 10
Urmemaior - pas empoe - S0 KW 1 3500 (00 400 00 4,780 000 10,15
Prizmary Cont for Conerater house s musa Sacrbecion cest 1 Cion llows « Lamhing + Paned + Nk 11,260,000 11.060,00C 1,52
Soverndery Cont (per Sowne Sold gont) 128 [Cobe = Mun Innd < Bevber - Lighoing 1 20,000 14420 08 14 00
Trawqmovan = { ety ) o o < 2o w10 2 e} A X0 00 000 F o)
duvailation Conoy  J 200,000 1,500 000 1,.34)
Clunmestim Fow pow ssabdd Cont Tt oot W 35 mendiey) o o 800 (cn 204
Pt Cont por diny (24 howr operanmng for ot ramy N | lostsbowper paion 4410 1048800 T
N of Uit | Now (indicoms wans L] ot Lot (v Cont (4 ,
j " : (o8 =
b —— ——
Conanssor (kW) oAs
Comnsoor Power by 40 KW 1 Selowt Type. ) Phwse (Varter) 100 00 .500 000 A
Primary Cout Sor Conener Socns snd man Sacrbacon owe I Coox Howuwe « Lazhing + Pl « Nk 11 260 000 11,0600 1352
Sovonndery Cost [per howse Sold cond) 130 [ Coble = Man Bosrd « Brvher ~ Lighting 1 20000 14,400 0 14,000
DPramsporsaton Costr (o sne o - Jowe o [ Bom 1 1 dhon) ’ (e ome b« 2w 8 VB 0 2 e R |0 en LA™
doosilaaa Coo ’ 00 000 1,300,000 1,36)
(s A F o e mratondd Camt ¢ Uer ove wip 35 mendiey) o (e 100 (0 Lax)
ool Cont pov iy (24 Mowr operasing for vt rens 3 o then | hows per galion 4410 - 80 I
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Techawtog No of Uuh | Sioe Gindicute wathWngihmumberiamennt) | LS Lol (koW | Village Cout | Vilaee Cont
(hys0 )
Mightomvinn Line 3 Phase +N + Larth Cowt
e R | A W2 e *,ML
Supply and mwiall |14 804KV, VA tmeformer I 114640 8KV, SOK VA tramformer 8,140,000 5500
Guar / Diariassom P! i 3,440,000 o0
s wagtn) T Toeal §7M08 mcieny e nzmel  Lestam
M. Lauag Syvem | 1440 000 1,500
Low Tonsion Line 3 Phase Earth Conl
and appinacan cemt A 24000 as
30 g x Toral 1 060 meemy 20020, 22000
TOKYA AR P 3 | 440,000 1,500
A 1 o0 §.480 000 s
S hoid ot 2 120,000 14,400,000 15,000
Troumuise Coats 3 Jtorcoewp- 2 carn ITenx 2y 00,000 1,800,000 157
Cont an (ew N e 1.54)
Pow pev Mowroheld ¢ Jotor ove rip 23 men-duy) 00,000 2,800,000 205
i Alam v Cont | 2 | owemve aman 0,008
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UTo

Village Name
Number of Houacholds

Distance to grid (miles)
Non-dousehold demand

| Momastery, | school, | clmic (plans %0 batld)

MMK TO USD rate

Cont of Diwsal (Kynt’ Ster)

%% Poor

e Asplrast

% Emerging
% Established
e AMuent

Total Househeld Demmand
Non- howw bald demand

Technalogy ! L Now (indicate watt Waged nambor aduaust)

Viltage Cont M .

Selar 1Hame Syvtem

The solar strvet light systems

Tremipuwionem Cas
Suvalisnicn Cour
Operation and Mansmence Cart

3% Poor (Poverty) « 190W Offgrid Selar Pawer System
S0% Poor « 150W OfF-grid Selar Pawer Syviem

15% Aspirmat - SOOW Off-grid Solar Power Syvien

% Emergiag - 1000W OfF-grid Solar Power System

%% Eatablisbed - 2000W Off-grid Solar Pawer System - School
% Afflment - M0OW Off-grid Solar Power System - Monastery

Soler |X0Wp - Corerulier- Battery - lmrvenes - -
Solar | SUWp + Controlicr- Batery - lavenes -+
19 Solwr S00Wp « Controlier Bastery + lorvener -«
L) Solar 1000Wp « Comtoadler Bamery « baverters «
1 Solsr 2000Wp » Comtooller Batiery - baverters ++
1 Soler 3000Wp + Comtonller Battery « baverter e o+
6 Sole |00Wp - Contrlier- Banery - Pole

3 (for one 9 « 2 o x [ Ton x 2 days)
b} (for one trip -24 men-day)
os¢ = 10 men-day)

i

A
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Fechnobegy o wf Unk | Sioe (indiewte watt bengihmumberimmennt) | L% Cool (hyw) | Village Cont

Laar AW [T )
el ety el e | Modsar goufo 000,000 4 060000 808
oo P i 200,000 200,200 )
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Fartalianon con / 1 A0 000 1 AR o s
« el Pl evgoe « 48 KW [ 1,590,000 8150000 *, 78,000 10,18
Cone fox Generator howst and Tud Sarderon ook I J0en Ihouwe « Larbing © P « Nole 11.060,000 11,060,000 1A
ot (e e sl caow) 1S CaNe - M Boerd + rser - Lightng =~ 10,008 15,120,000 1
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A — 4
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QAW
I Shomt Type. ) Pase (Yater)

Mioaer « Barbing « Pt « Pl
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Mezali

Village Name \ezas MMK 1O USD rate 900
Number of Houscholds R
ﬁﬁﬁﬁﬁ LS %0
Distance to grid (miles)
Non-howsebold demand | Momastery, | school
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% Lmergiag % ' ST
% Establiahed [ 5 0
% Affbsent % s 0
Total Homedold Demand 651608
Non- hegwdold demaad 5
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SH9% Asplrant - SOOW OFF grid Selar Power System LM Solar S00Wp « ConroTer- Bamery - lovener - -~ 1,203,000 363 AZA000 AT
19% Emerging - 1000W Off-grid Selar Power Syweem w Selar 1000 p - Consolicr Harery - bvverter « « 2,500,000 227,240,000 204,70
% Extablished - J000W Off grid Solar Power System - School I Solar 2000Wp - Comlier - Batiery - lavester -~ 4,450,000 4 450 000 4087
5 Affigent - J00W OfFgrid Selar Pawer Syvtom - Messatory ! Solar WOOWP + Comemalir- Ilecsry - Inverter -+« 4,730,000 6,730,000 7010
The solar strvet light wyatem 20 Soler 106Wp + Controlier Bazery - Pole 360,000 7,200,000 750
Tramsporsaton Coaty 20 (Sar ooe p - 2 car x 1Yo x 2 dan) 400,000 12,000,000 12,500
Mutailation Cosr n (ot ooe ip 28 men-diny) SO0 6,000,000 625
Operascn ond Mamweanie (a1 16| (for oo g 10 men-day) 350,000 4800000




167

Lo dmdagy Nooof Laie | PE%E T \ Cont v Cont

Lo 3 . (Lye _ wmw.
Kignt S o - Sowndni\ opem<coer et om 1 Sodular Cancior 200,000 17,000,000 (LENN)
Parg 200,000 200,000 o8
Mrownd Tonk (sef) 200,000 W0 200 1
W rowrme vyer 00 oo 300,000 N
Sovv Duorsllatim i cat 1000000 1 000200 (S
T - g e 250 KW ! 20,000,000 1000000 ¥1.000 000 o
Camt fow Unememaioe Semrne and e s rdngom v ' Uen Mosne « Barting ~ Pasel ~ Pole 11060 000 11 00, 200 s
0 Cont (per Sonme bold cond) 120,000 42,000,000 45,829
Tromaporsgson (o S00.006 1200000 P
Conts 00 00 000 200 L
oanocrion Fav per howeohodd Cowr 00,000 000 000 LR L)
Const puw dty (24 b wpurwuiing fow des) wun) an a0 ™
Cpumasion ond Maiwsmance Cost 3 oo o s
.l (ks Vilage Cont J e
| T .
0000000 000,000 b X Th)
11,080 000 11,000 008 150
120,000 £.000,006 4429
00,000 7,200,000 7,500
oo A 00 (en AN
00,000 000,000 (S 1))

Cont v day (8 b spavating o devt »an) e AN

KWR International (Asia) Pte. Ltd.



KWR International (Asia) Pte. Ltd.

N of Lot | Slor G st o ih Syt b et o] Uak Come Oyall | Vibkage Cont ﬁwml.l
(3]

4.9 00 2w

§§§§§§§§§§ Uadafemtar X000 M 000

S 000000 80

L L] Toead 3220 mosens S440 000 L300

1,440 000 1300

A4 000 o

w Toead 3000 excoem 21129000 2200

1400 000 180

SN0 26250000 17048

2. 120,000 2440 000 8250

n et e i - 2 oo & V500 x 2 o) 100,800 1,200,800 1350

). 00 6,000 000 [ »e

s [Tt we i 13 iy 200, 200 8,000,200 L

| M |t rp 0 monde) 3000 V00,0 s




169

Village Name War Taung MMK TO USD rate 560
Number of Howseholds 181
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Myoma

Village Name Myuv=a MMK TO USD rate 0
Number of Houwscholds 00 Cont of Dissel (Kyst' Saer) 80
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Operation and Matetemance Cort
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Figure 1 - Third Stakeholder's Meeting at UMFCCI

Myanmar Integrated Energy Policy Project
Third Stakeholder Meeting to
Improve Rural Electricity Access in Myanmar
Yangon, April 2014
Activity Review and Analysis

On 1 April 2014, the University of Tokyo (“UT”) and KWR International (Asia) Pte Ltd.
(“KWR”) joined with the Union of Myanmar Federation of Chambers of Commerce and
Industry (“UMFCCI”) to organize a Third Stakeholder Meeting to Improve Electricity Access in
Myanmar. This event was organized in cooperation with the Myanmar Engineering Society
(“MES”), Myanmar Industries Association (“MIA”) and the Investment and Industrial
Development Committee, Pyithu Hluttaw. This follows two earlier stakeholder meetings
organized by UT/KWR held in March and June of last year.

The prior meetings discussed initial research and fieldwork conducted by UT and KWR for
inclusion as the energy component in Myanmar’s Comprehensive Development Vision
(“MCDV?”), a policy proposal sponsored by the Economic Research Institute of ASEAN and
East Asia (“ERIA”). In researching integrated energy development in Myanmar, UT and KWR
emphasized evaluating prospects in different geographic areas around three themes: 1) grid
extension, 2) regional integration and international cooperation, and 3) off-grid development.
Through the two prior meetings and its other fieldwork and research activities, UT and KWR
were able to successfully establish contact and relationships with many pubic and private sector
entities involved with Myanmar’s energy policy and sector.

At this present phase of research, UT and KWR are developing a more comprehensive
understanding, and further definition, of potential rural electrification strategies. Accordingly, the
Third Stakeholder Meeting sought to strengthen existing relationships within the public sector
and to broaden the range of contacts and relationships to the private sector.

As aresult, UT and KWR hosted the Third Stakeholder Meeting at UMFCCI’s headquarter
office in Yangon. The meeting involved nearly 50 key stakeholders from government, non-
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government organizations and the private sector with an interest in rural electrification in
Myanmar.

The main objectives of the meeting were: 1) to facilitate a productive and open dialogue among
key stakeholders concerning issues related to rural electrification in Myanmar; 2) to explain the
extent, scope and goals of UT/KWR’s research on rural electrification and development of an
integrated energy policy in Myanmar; 3) to share and discuss UT/KWR’s recent and ongoing
fieldwork, including initial analyses; 4) to deepen key public and private sector stakeholder
relationships to facilitate future opportunities for cooperation in policy development and
potential electrification projects; and 5) to further strengthen UT/KWR’s relationships with local
stakeholders and expand UT/KWR’s network of contacts within relevant energy-related
Ministries and organizations as well as representatives of the private sector.

Third Stakeholders’ Meeting

The third stakeholders’ meeting brought together almost 50 participants of varied experiences in
government, non-government organizations, private sector and academic institutions.
Representatives from Parliament, Ministry of Livestock, Fisheries and Development, Ministry of
Electric Power, Myanmar Industries Association, Myanmar Engineering Society, and UMFCCI
to attended the third stakeholder meeting. (Please see Appendix for a full participant list.)

Mr. Keith Rabin of KWR opened the meeting introducing Professor Yoshikawa of the UT who
commenced the proceedings with a brief introduction of UT’s role in developing an integrated
energy policy for Myanmar and the scope of the research conducted by UT and KWR. He
emphasized that at this phase UT is interested in developing a view of energy demand from
industry and other end users and welcomed the view and understanding of participants with
regard to rural electrification and the future of energy use.

Dr. Maung Maung Lay, the Vice President of UMFCCI, followed with welcoming remarks. The
doctor was gracious and supportive of UT’s efforts and the objectives of the stakeholder
meeting. He called attention to the significant changes undergone by Myanmar and the
challenges of moving from authoritarianism and isolation to a more open society. Dr. Maung
Maung Lay highlighted the major challenge of infrastructure in Myanmar and asserted that rural
electrification is of great importance to Myanmar’s development. He ended his remarks by
wishing the participants a fruitful and meaningful discussion.

Following Dr. Maung Maung Lay, U Kyi Tha, member of the Pyithu Hluttaw and Secretary of
the Investment and Industrial Development Committee. U Kyi Tha, summarized his view on
rural electrification by addressing three key issues: legal, financial and technical support.
Pointing to the experiences of the United States, India and China, U Kyi Tha illustrated the
successful means by which the aforementioned governments promoted rural electrification in
their respective countries. See U Kyi Tha'’s presentation
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Figure 2 - U Kyi Tha speaking

In terms of legal support, and especially as a Member of Parliament, U Kyi Tha stressed the
importance of legislation in advancing rural electrification. Such legislation should define a goal,
as in India, and outline a means by which the government could assist rural electrification in a
fair and equitable manner. This includes financial support such that villagers do not have to bear
the full and burdensome cost of accessing the grid by themselves.

In the U.S., the 1936 Rural Electrification Act included a government backed loan program by
which citizens could access electricity through low-cost financing. In China, there is a “one-
third” policy by which the central, provincial and local governments each cover a third of the
costs of electrification. U Kyi Tha provided these examples to demonstrate the means by which
the Myanmar government can provide critical financial support in rural electrification efforts.

U Kyi Tha also drew on the Chinese experience of government-provided technical support. In
China, the central government distributes technical handbooks to every township. The
handbooks include technical specifications and drawings on how to install and maintain mini-
hydro turbines. U Kyi Tha requested that outside agencies such as those from the U.S. and Japan
assist in issues of technical support.

Additionally, U Kyi Tha pointed out that government had to address issues of fairness. In many
areas without grid access, villages and towns run on diesel generators. High fuel costs lead to
exorbitant per unit costs of electricity. In U Kyi Tha’s district of Gwa, in Rakhine state,
electricity costs more than 600 kyat per unit. As compared to the subsidized rate of 35 kyat per
unit paid by household consumers in Yangon and other markets connected to the grid, who also
have the privilege of twenty-four hour electricity access, this is highly unfair.

In concluding his comments, U Kyi Tha pointed to an insightful conclusion from a 2003 study
on the “Introduction of Renewable Energies in Rural Areas” by JICA. The conclusion stated that
Myanmar lacked both a champion for rural electrification and a comprehensive renewable
energy policy as well as coordination among its many ministries. U Kyi Tha enumerated on the
many ministries involved in different aspects of renewable energy: biomass energy by the
Ministry of Science and Technology, wind and hydro power by the Ministry of Electric Power,
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and so on. Finally, he ended with a request that UT’s study go beyond a report and be of
“practical help to Myanmar.”

To this, Professor Yoshikawa followed with his assurance that UT had no desire to only produce
a report. Professor Yoshikawa emphasized that UT’s research aims to begin a process by which
relevant stakeholders can achieve and advance the goal of rural electrification. This process
would be difficult because energy is not a single issue, as it involves many other issues such as
the economy, national security, diplomacy and education.

Professor Yoshikawa classified the major, visible challenges of Myanmar’s electricity access
into two categories: short term and medium to long term. In the short term, Myanmar needs to
attend to the supply issues on the grid and develop an appropriate electricity tariff structure. In
the medium and long term, Myanmar has to more fully address the challenges of rural
electrification, investment to improve rural access, policy integration and finally technical
support through human resource development. See Professor Yoshikawa'’s presentation

Understanding there are many agencies assisting and working on energy issues, and to provide a
meaningful contribution, Professor Yoshikawa explained that UT is focused on off-grid issues.
To do this, UT has prioritized on-the-ground research through fieldwork. To involve all relevant
stakeholders, this fieldwork allows for a view from villagers — a key stakeholder — and is critical
to developing a holistic policy and goals that incorporate a realistic view of energy demand.

Indeed Keith Rabin’s subsequent presentation of the team’s fieldwork research and impressions
thus far, were well received and prompted a fruitful discussion. The presentation gave an
overview of each of the six villages visited in the Ayeyarwady Delta region, including
classification of estimated levels of energy demand, estimated energy demand and recommended
electrification strategies. The presentation also highlighted key themes the team has encountered
including the prevalence of amateur installations, the importance of leadership and
entrepreneurship in villages, as well as the need to provide villagers with technical support,
training and maintenance. See Keith Rabin’s presentation

Mr. Rabin’s presentation of fieldwork also included a case study of the NEDO project in
Chaungthar. In 2003, NEDO installed a hybrid power system that included wind and solar PV
technologies. The systems and equipment were top of the line. However, the project ceased
operations in 2011. The team’s study of why the hybrid power system was discontinued revealed
that challenges included a relocation of the wind turbine from an intended site with better wind
outputs, mismatch between technology and capacity, systems failure and population growth.
The NEDO project highlighted the immense importance of understanding local capacity and
input. Local officials in Chaungthar were unable to handle the advanced systems. Mr. Rabin
noted that an important lesson to be learned from the NEDO project was that use of modern,
advanced technology in Myanmar requires associated training in operations, maintenance and
repair.

Next, in a brief presentation, Hajime Sasaki of UT, discussed how proper planning of
distribution networks could be an opportunity for Myanmar to get things right from the start. Mr.
Sasaki explained that transmission and distribution systems are often done without strategic
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planning and that the ad-hoc manner of planning causes difficulties with operating costs as well
as structural disadvantages and vulnerabilities.

In many developed countries, it is too late to make radical changes to these ad hoc networks
without huge disruptions and costs. However, in Myanmar, there is the opportunity to avoid
these structural disadvantages. By planning for an optimal distribution network system, Mr
Sasaki believes Myanmar can “save an enormous amount of money” and expand a reliable
electricity grid.

Before the coffee break, there was a brief Q& A session and discussion. During the discussion, U
Soe Myint, former Director General of the Minister of Energy, gave his input on rural
electrification matters. U Soe Myint pointedly commented that out of a population of about 60
million people, only 30% have access to electric power. While most of the remaining 70%,
which lacks access to electrical power coming from rural areas, there is currently no legislation
to facilitate rural access in Myanmar. He went on toe suggest that first there should be a legal
structure that allows the private sector to move ahead. He firmly supported U Kyi Tha’s
assessment of the three main needs of legal, financial and technical support.

Additionally, U Soe Myint noted that it is unfair that the majority of power goes to Yangon,
Mandalay and Naypyidaw. In his view MOEP focuses too much of its attention on grid
consumers without giving adequate thought to the unmet demand in the rural areas.

Next to comment was Ken Tun, CEO of Parami Energy. Impressed with the presentations, Mr.
Tun wanted to call attention to the importance of legislation. He expressed his disappointment in
the delays of the electrification law and expressed a desire for the draft law to be fast tracked to
approval. In his view, there is a clear business case for the private sector to contribute to rural
electrification. Moreover, he believes the private sector has a role to play in easing the
government’s burden of heavy subsidization of electricity and power, except “the law is the
bottleneck.”

After the coffee break, U Win Khaing, President of the Myanmar Engineering Society, resumed
the meeting with a presentation on private sector participation in off-grid renewable energy
solutions for rural electrification. U Win Khaing’s thorough presentation began with a brief
overview of the government’s energy sector policy and objectives. To form a more coherent a
national energy policy, last year the President ordered the formation of the National Energy
Management Committee (NEMC), of which he is a member. See U Win Khaing'’s presentation

In presenting the government’s policies, U Win Khaing provided a look at the government’s
future plans for power generation. These included a potential scenario for private sector to
participate in power generation and distribution as independent power producers or in a joint
venture with the MOEP.

Finally, in looking at rural electrification, U Win Khaing provided recent statistics on the number
of electrified villages in Myanmar and the breakdown of those numbers across regions. He
described Myanmar’s experiences of off-grid electrification with renewables and detailed the
renewables potential in biogas, solar, wind, and biomass.
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U Win Khaing concluded by presenting his view on the main issues of rural electrification and
the specific challenges of renewable energy based off-grid electrification. He also recognized the
many ministries involved in electrification and pointed to a potential lack of clarity in roles and
project execution. Further he raised the issue that with uncertainty in legal frameworks, the
private sector would be reluctant to invest in off-grid projects without having a clear view of
long-term returns. In highlighting the specific challenges of off —grid electrification using
renewable technologies, he repeated the technical, legal and financial difficulties pointed out
earlier in the meeting.

Following U Win Khaing was U Myint Zaw, the Vice President of the Myanmar Industries
Association. Like the speakers before him, U Myint Zaw also pointed out the importance of
leadership and legal frameworks. But he also pointed out that in tackling rural electrification, it
was important to be mindful of corruption. U Myint Zaw illustrated the point by describing
challenges he had in installing real time metering. He stressed that without addressing
corruption, Myanmar would not be able to achieve its objectives. See U Myint Zaw'’s
presentation

Figure 3 - U Myint Zaw

Further, U Myint Zaw advocated that rural electrification policy should be inclusive of all
relevant and appropriate stakeholders, especially local villagers to gauge local village input and
needs. Ultimately, U Myint Zaw believes that private sector involvement is crucial, not just for
investment, but also important in policymaking. He ended his presentation by urging that
government should work hand in hand with the private sector to achieve the goal of rural
electrification.

The last speaker of the meeting was Daw Khine Khine Nwe, Joint Secretary General of
UMFCCI. In her view, with all the discussion of challenges and issues, the true difficulty was in
the prioritization. She noted there were social and economic benefits to rural development
through electrification. However, she posed the question asking which of these benefits
stakeholders would emphasize. If for economic benefit, policymakers would also need to
consider developing economic activities through value-added production and along with it,
training. Daw Khine Khine Nwe believes rural electrification is important for national
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development but ultimately achieving the objectives of development would depend on
prioritization.

Figure 4 - Daw Khine Khine Nwe

Before concluding the meeting, there was another session of Q&A and discussion.

Keith Rabin followed up on Daw Khine Khine Nwe’s comments by pointing out that in
Myanmar there is an abundance of opportunity. Yet with the enormous tasks at hand it could
become a bit overwhelming. Daw Khine Khine Nwe responded by saying pragmatism was the
way forward.

To Mr. Tun’s earlier comments on the electrification law, U Kyi Tha elaborated on the
difficulties of the legislation process. He pointed out that first of all, Myanmar’s existing
electricity law is 30 years old and was the product of a socialist system. Therefore, constructing a
new modern law was difficult. He also explained that there was political infighting and a
problem of coordination. According to U Kyi Tha, MOEP is not the only representative. In his
words, “there are many players on the playground.”

Further, U Kyi Tha noted the difficulties of public opinion. In late March of this year, a petition
was submitted to Parliament and the President. Citing environmental concerns, the petition called
to end all plans for coal-powered plants. Though plans for coal-power are going ahead, U Kyi
Tha commented that public opposition and concerns were being acknowledged in an
environmental bill, which is a relatively new phenomenon in Myanmar.

Next, U Zaw Wynn, former Director General of the Ministry of Electric Power, followed with
some remarks and advice. He reiterated the importance of distribution and echoed similar
chances of opportunity. U Zaw Wynn emphasized the importance of developing and committing
to international standards early on to avoid future complications. Further, he remarked that
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adopting standards should not be limited to safety of equipment and installation but to quality as
well.

Retired Colonel U Thoung Win, Chairman of the Energy and Renewable Energy Committee of
the Myanmar Engineering Society, provided the concluding comments. He shared in the
optimism of Myanmar’s many opportunities and noted that stakeholders must listen to each other
in order to have a medium to work together. He recognized the importance of the stakeholder
meeting as a means of exchanging and hearing the different ideas, views and approaches to
achieving Myanmar’s electrification needs.

For his part, Colonel U Thoung Win recognized that there were many approaches and
possibilities for solutions and that it was important to conduct a proper and thorough analysis
before moving ahead. The Colonel also shared the contents of a policy paper that his committee
is developing. The paper touches on energy efficiency and regulation and calls for a national
electrification program. The paper will is awaiting approval from the President’s office.

Finally, the Colonel concluded by saying that Myanmar’s people have been impatient and that
going forward they must be positive and optimistic.

Conclusions

The meeting revealed that expectations are high among stakeholders, who are eager to participate
an involve themselves in the effort to promote rural electrification in Myanmar. Everyone
recognized the immense challenges and though there was optimism, there was also concern. U
Myint Zaw, Vice President of the Myanmar Industries Association, cautioned that corruption and
inefficiencies must be addressed and Ken Tun, expressed doubt that Parliament could get an
electricity law through anytime soon.

The prevailing theme of the stakeholder meeting was that rural electrification is a multi-faceted
challenge. Accomplishing the goal of universal access to electricity will take a lot of hard work
and cooperation. Given the myriad of concerns brought up by speakers and participants, the
meeting also made clear that among the difficulties is prioritization, as emphasized by speaker
Daw Khine Khine Nwe.

Several key points that participants sought to address, and which bear further discussion, include:
1. Enhance public —private dialogue to promote cooperation
2. Improve communication among government counterparts as well to the public
3. Establish clear legislative frameworks that include means of financial support for rural
electrification efforts
Provide of technical support and training
Facilitate opportunities for the private sector
Clearly delineate authority within government ministries
Incorporate environmental and equality concerns

Nowe

It is clear that the stakeholders in this meeting were well informed and knowledgeable. In fact,
many of the participants in the meeting are trained engineers with extensive experience dealing
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with the electricity and energy sector in Myanmar. Moreover, the issues raised during the
meeting demonstrate that they care deeply about equity, standards, environmental concerns and
sustainability and ultimately hope to contribute to Myanmar’s development. The success of
future electrification efforts will depend on their ability to communicate and cooperate together.

Finally, it should be noted that discussion during the stakeholder meeting focused largely on
what government should be doing and suggested that only government could move the process
forward. As important as the role of government is in providing rural electrification, the private
sector does not necessarily have to wait on Parliament to pass legislation. As was highlighted in
the proceedings, there are opportunities for the private sector to participate in and contribute to
rural electrification on the regional level. Projects under 10 MW are within the purview of
regional governments and they are eager for public-private partnerships. Interested parties in the
private sector should not hesitate to move forward on regional projects.

Next Steps

UT and KWR will continue with fieldwork, discussions, meetings with relevant stakeholders and
it development of analysis over coming months.

There was a lot of discussion of the lack of cooperation and coordination in matters of energy
policy. The exchange of ideas and views during the stakeholder meeting will have hopefully
increased the likelihood of collaboration among stakeholders. Stakeholder meeting provide an
important forum for such dialogue between public and private actors. As such, UT and KWR
hope to organize additional stakeholder meetings in the near future.
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APPENDIX llI

ERI-PARI Joint Workshop:

ASEAN Connectivity:

Power Integration between Thailand and Myanmar
April 4, 2014, The Sukosol Hotel, Bangkok

Co-hosted by
Energy Research Institute (ERI), Chulalongkorn University And
U Tokyo Policy Alternative Research Institute (PARI), the University of Tokyo
Supported by
Economic Research Institute for ASEAN and East Asia (ERIA)

1. Objective:
Regarding electric power developments in Myanmar, this conference aims:

to understand current situations and barriers of on-going Thai investment projects in
Myanmar;

to compare each barriers in terms of political/institutional, physical/technical, and
environmental/social aspects ; and

to draw policy implications to overcome those barriers for an expected power
integration between Thailand and Myanmar

2. Outline:

After the opening of the country, Myanmar economy has remarkably progressed. Its energy
development, however, has been lag behind the economic boom. The country’s further
progress is promising with the energy development. For the development, PARI has held
stakeholder’'s meetings in collaboration with ERIA.

As a matter of fact, the country cannot achieve energy development without sound
global/regional linkages. Focusing on the energy relationship with Thailand, this workshop
tries to discuss the barriers of the Thai’s electric power developments in Myanmar.

What are barriers for the Thai/Myanmar power integration? What kind of win-win
relationship could be imagined through power integrations? What kind of energy policies /
regulations is needed to craft win-win situation? By discussing those questions, we will draw
implications for our further research.

3. Program:
Friday, April 4, 2014

9:30-10:00 am Registration
10:00-10:10 am Welcome Remarks

Prof. Tharapon VITIDSANT (Chula)
10:10-10:20 am Opening Speech: ERIA Project

Prof. Ichiro SAKATA (UTokyo)
10:20-10:30 am Scope of the Workshop
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Mr. Kensuke YAMAGUCHI (Chula)

10:30-10:40 am

Keynote: SEA Energy outlook and Perspectives on
Bilateral Cooperation
Dr. Venkatachalam ANBUMOZHI (ERIA)

10:40-11:00 am

IPP’s Perspective
Mr. Danuja SIMASATHIEN (EGCO)

11:00-11:20 am

Lessons from Neighboring Countries
Mr. Masayuki SEINO (UTokyo)

11:20-12:00 pm

Panel I: Implications for Myanmar
Moderator: Prof. Hisashi YOSHIKAWA (UTokyo)

12:00-1:00 pm ***Lunch***
1:00-1:10 pm Opening Speech

Mr. Simpei YAMAMOTO (ERIA)
1:10-1:20 pm Keynote: Investment in Myanmar

TBA (JETRO)

1:20-1:40 pm Case Introduction: Dawei/Tasan/Hutghi

Dr. Suthee TRAIVIVATANE (Chula)
1:40-2:00 pm Fieldwork in Dawei

Mr. Keith W. RABIN (KWR International, Inc.)
2:00-2:20 pm TBA

Dr. Ukrist PATHAMANAND (Chula)
2:20-2:50 pm Small Group Discussion for Dawei / Tasan / Hutgi
2:50-3:20 pm ***Coffee Break***

3:20-3:40 pm Barrier Removal: Role of JICA

Mr. Tomoyuki KAWABATA (JICA)
3:40-3:50 pm Q&A
3:50-4:20 pm Panel Il: Removal of Barriers

Moderator: Prof. Hisashi YOSHIKAWA (UTokyo)
4:20-4:40 pm Q&A
4:40-4:55 pm Wrap Up

Prof. Hisashi YOSHIKAWA (UTokyo)
4:55-5:00 pm Closing Remarks

Prof. Surichai WUNGAEO (Chula)
*Outreach:

The workshop will be summarized and outreached on a website within this year.
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APPENDIX IV

INTERNATIONAL
140 West End Avenue, New York, NY 10023
Tel. +1-212-532-3005 * Yangon 09-421135567 ¢ E-mail: myanmar@kwrintl.com

http://www.kwrintl.com ¢ http://www.myanmarbusinessdevelopment.com

April 9, 2014

H.E. U Tin Ngwe

Deputy Minister, Rural Development

Ministry of Livestock, Fisheries and Rural Development
Building (36), Naypyitaw

Republic of the Union of Myanmar

Subject: Components of a Comprehensive Rural Electrification Policy
Dear Esteemed Sir,

Thank you very much for your kind support and for taking time to meet with the visiting delegation from
the University of Tokyo and the KWR team during our recent visit to Naypyitaw.

We really appreciated the opportunity to engage in this detailed discussion with you concerning your
Ministry’s efforts to enact a comprehensive rural electrification initiative as well as potential parameters
of legislation that address Myanmar’s specific needs and requirements.

Following our meeting, Prof. Hisashi Yoshikawa and I discussed this matter in detail. I then asked our
analytical team to prepare the following draft memo, which I am forwarding for your review. Please
understand this memo is intended only as a preliminary review of this important issue, given our desire to
provide it to you before Thingyan and to allow for feedback before further refinement.

Do not hesitate to forward on any questions or comments and on my return to Myanmar at the end of
April I would be pleased to meet with you to discuss this in greater detail.

Finally, best wishes for you and your family as well as those of your colleagues at the Ministry of
Livestock, Fisheries and Rural Development for a most enjoyable holiday and happy, healthy and
prosperous New Year.

Best Regards,

KWR INTERNATIONAL, INC.

Keith W. Rabin

Keith W. Rabin

President

CC: Professor Hisashi Yoshikawa, University of Tokyo
U Soe Ko Ko, Director General, Rural Development
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INTERNATIONAL

Turning on Myanmar’s Lights:
Components of a Comprehensive Rural Electrification Policy

In 1935, the United States established a Rural Electrification Administration through an
executive order. The Rural Electrification Act had the dual purpose of extending loans and other
assistance for electrification to rural cooperatives and increasing employment and reviving the
US economy as part of then-President Franklin Delano Roosevelt's New Deal initiative
following the Great Depression.

The legislation was such a success that within two years 1.5 million farms in 45 states were
electrified and the cost of distribution lines dropped from $2,000 per mile to $600 per mile. By
the 1950s, virtually all US farms were electrified and the act had been extended to apply to
telephone companies and other utilities looking to provide services in rural areas.

Following the success of the US Rural Electrification Act, a number of emerging economies,
including India, China, South Africa and Vietnam, also enacted rural electrification legislation
and policies tailored to their needs. Some of these provisions fall within broader legislation
governing nation-wide electrification, long-term development plans or campaigns to promote
rural electrification.

Given Myanmar’s desire to advance its national economic development goals and to raise living
standards and employment in rural areas - most of which currently lacks even basic electrical
connectivity and capacity - adoption of its own Rural Electrification Policy with supporting
legislation, policies, regulations and standards is indeed essential. To facilitate discussion
concerning the parameters that should to be included in an initiative of this kind, KWR
International has conducted a preliminary review of available literature and prepared the
following memorandum. It highlights a number of key points that any comprehensive policy on
rural electrification should consider, including:

1. Definition of rural electrification and standards for when a village is considered
electrified. In the case of the United States, the term "rural area" was defined as an area with a
population of 1,500 or less. Indian legislation twice changed its definition of what constituted an
electrified village. Earlier versions of Indian legislation did not accurately account for all rural
areas where electrification assistance was necessary, as a village only required one household or
storefront to have electricity to be considered electrified. The definition was finally changed so
that at least 10% of village households had to have electricity for a village to be considered
electrified.

2. Targets for the percentage of the rural population and number of villages or districts to
be electrified by a certain date. The broad goals set out in India's Rural Electrification Policy,
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for instance, seek to achieve 100% household electrification by 2012. A report by the

populations and the electrification situation is a prerequisite to successful rural electrification
policy and essential to avoiding the risk of overlooking certain remote populations in need of
electrification assistance.

3. Strategy and goals for rural electrification. Electrification brings a number of
improvements to the communities that receive assistance, including to quality of life, education
and income-generation opportunities. Priority goals can be included in the rural electrification
strategies. For instance, India aligned rural electrification strategy first with food security goals
to meet the needs of agriculture and farming populations, then targeted assistance toward the
development of economic activities and productive end uses. South Africa's Integrated National
Electrification Programme's primary focus is on grid connectivity, as opposed to off-grid
electricity solutions, while the country places special emphasis on connecting schools and clinics
to priority education and healthcare.

4. Administration and governance of rural electrification. Rural electrification legislation
should establish a body with the authority to make and handle loans, determine and manage
electrification strategies and enforce rural electrification agendas. In the case of the United
States, the Rural Electrification Administration was established to handle loans and assistance.
Myanmar may consider a role for village leaders, given that University of Tokyo/KWR
fieldwork suggests these leaders are highly influential and a significant indicator of a village's
organization, ability to meet loan obligations and overall readiness for electrification initiatives.
Likewise, the IEA report states that involvement of rural communities in electrification
initiatives and decision-making processes establishes ownership, support and understanding of
electrification efforts. Local and regional government is also likely to be important. Given
Myanmar’s goal of electrifying 20,000 villages over the next two years - which would essentially
double the number of villages with electrical capacity - consideration should also be given to
development of a national entity that can help manage, coordinate and facilitate this ambitious
effort.

5. Long-term budget. Rural electrification legislation must include a budget that accounts for
overall loan assistance, as well as maximum loan amount, in addition to salaries, training and
maintenance. The IEA points to long-term funding and sustained government support as two
factors that can guarantee more effective implementation of electrification initiatives and funds.

6. Provisions on theft of electricity. Unauthorized power use is a significant concern in many
developing nations, including Myanmar, and is a leading cause of transmission losses and safety
issues. In India, where transmission losses rose 7% in the five years leading up to 2003-2004, the
country's Electricity Act of 1910 was amended in 2003 to render theft of electricity a heavily
penalized criminal offense.

SISSINIINIINS - Comparative Study on Rural Electrification Policies in Emerging Economies,

International Energy Agency, March 2010
https://www.iea.org/publications/freepublications/publication/rural_elect.pdf
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7. Financing and loan assistance. Legislation should clarify the providers of loans, eligible
recipients, the terms of the loan and any loan or subsidy conditions. These conditions can align
with a country's development goals and electrification strategy, or be used to unify nationwide
electrification initiatives. In China, for instance, loans and financial assistance are only provided
for renewable sources. The level of government funding varies by province and is determined by
the connections for consumers below the poverty line. In South Africa, loan recipients must meet
certain level of social and economic development. In the case of India, the government grants
free electricity

technical standards, which can be used to control costs, transmission losses, quality and safety of
the electrification projects.

8. Involvement and management of the private sector. Rural electrification legislation must
set out the appropriate roles and regulation for the private sector. This includes establishing a
competitive bid process and business incentives and investor protection, as well as determining
feed-in tariffs, power purchase agreements, any conditions on foreign investment and oversight
of private sector involvement. In China, foreign investment is prohibited for the use of coal-fired
power plants and strongly encouraged in renewable energy.

9. Maintenance and Warranty. Rural electrification legislation should consider the costs of
maintaining, upgrading and replacing electrification. Otherwise electrification projects risk
losing effectiveness and money over the long-term as malfunctioning or outdated equipment is
abandoned. Local communities must be trained in maintenance of the systems or how to contact
assistance. In India, an "after sales approach" is integrated into the design of electrification
projects, whereby any project seeking financial support must incorporate plans for regular
maintenance and upgrading and should demonstrate that measures will be taken to minimize
technical and commercial losses.

10. Tariffs. Legislation must grant authority to a body to determine tariffs and set out a plan for
the tariff amount and by what amount and procedures tariffs will be amended. Legislation should
also determine if certain segments of the population will receive subsidies or free electricity and
if the rates will be adjusted on a sliding scale basis.

11. Monitoring and Quality Check. Legislation should include provisions for quality
monitoring, including the development of monitoring methodology and responsibility for
inspections. In Brazil, Eletrobras, a federally-owned holding company for electricity assets
which, through its subsidiaries, controls a large part of the country's electric power generation
and transmission systems, is in charge of quality monitoring. In India, states are asked to form
state-level coordination committees required to meet regularly to resolve any issues that could
slow project development. States are also required to form District Committees with
representatives from various stakeholders, including elected members and local communities. A
web-based monitoring system has also been introduced at village level for implementing
agencies to provide all data related to activities carried out.

12. Supporting legislation, policies and campaigns. Supplemental legislation, including
campaigns dedicated to rural electrification goals and long-term development plans that include
relevant measures such as access to credit or energy efficiency policies, can support the
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implementation of rural electrification initiatives. Brazil, for instance, launched a series of
campaigns—Energy Development Programme of States and Municipalities, Light in the
Countryside and Light for All—which helped the country achieve an overall electrification rate
of 97.8 percent (and 88 percent in rural areas) by 2009. India's 11" Five-Year Plan is credited
with accelerating electrification in the country by cultivating strong political will and funding.

Preliminary Draft Preliminary Draft
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APPENDIX V
Twenty-Four MOEP Conditions Allowing Grid Connection

In the presence of responsible personnel of Department of Power Transmission and
Distribution, Electrical Power Transmission and Distribution, Ministry for Electrical
Power No (2), Nay-pyi-daw, the three members of Village Electricity Supply Committee
of Pauk-Kon Village, Pauk-Kon Village Tract, Pathein, Ayeyarwady Region, signed the
agreement on the following 24 items to be followed in the implementation of the tasks
for the access to the electricity in their village.

24 items to be pledged and performed by the Electricity Supply Committee

1) The committee shall have public agreement.

2) It shall be well established.
3) Sufficient amount of money shall be saved to do that task. (This money shall be
able to shown in term of a bank account.)
4) The posts supporting the electric wires/power cables shall be the concrete ones
having the following specifications.
a) Standard 12 M concrete posts for 33 KV line
b) Standard 10 M concrete posts for 11 KV line
c) Standard 9 M concrete posts for 400 line
5) The power cables shall be the ones having the following specifications.
a) ACSR 120 mm? (or) 150 mm? cables shall be used to take electricity from 33
KV line owned by Ministry for Electrical Power No (2).
b) ACSR 95 mm? cables shall be used to take electricity from 11 KV line owned
by Ministry for Electrical Power No (2).
c) The construction of 400 V line in the village shall have the following
specifications
- HDBC Wire No 4 shall be used for 5 lines of triple-strand wire in 400 V

line.

- HDBC Wire No 6 shall be used for 3 lines of double-strand wire in 400 V
line.

- HDBC Wire No 6 shall be used for 2 lines of single-strand wire in 230 V
line.

- HDBC Wire No 8 shall be used for roadside bulbs.

6) Specific cross-arm shall be fixed in posts.

7) Standard pin-insulator horn shall be used.

8) Standard transformers produced domestically, which are permitted to use by
Ministry for Electrical Power No (2), shall be used. Red, yellow and blue colours
shall be used in electric wires, switches and nodes. Other colours shall not be
used. The substation for transformers shall be built in specific model. A fence
having 16 feet each side shall be built around the substation and it shall be
obstructed with wire mesh. The floor of the substation shall be the cement one.



KWR International (Asia) Pte. Ltd. 201

9) Roadside lights shall be included.
10)The committee shall bear expenses for losses.
11)Electricity utilization shall be according to the specific days agreed.
12)The posts shall be supported with the concrete footings (2 x 2 x 2 V2 ft high)
according to the specific standards and these footings shall be built 6 inches over
the ground and 2 feet in the ground.
13)Trees and bushes shall be cleared up completely within the specific distance
from electrical power lines and posts.
a) Trees and bushes shall be cleaned up completely within the area of 20 feet —
10 feet to the left and 10 feet to the right from the centre of 11 KV line. There
shall be no trees 10 feet high or higher within 5 feet on both sides of the
cleaned-up area. (illustration attached)
b) Trees and bushes shall be cleaned up completely within the area of 10 feet —
5 feet to the left and 5 feet to the right from the centre of 400 V line. There
shall be no trees 10 feet high or higher within 5 feet on both sides of the
cleaned-up area. (illustration attached)
14)Since the project is not considered completed as soon as the electric power
lines, posts and transformers have been constructed, the electricity supply
committee shall save “maintenance fund” because the strength of transformers,
posts and electric power lines shall always be examined and they shall always be
repaired and maintained.
15)If the transformers used in the private electric power line are destroyed due to
natural disasters, the maintenance fund saved by the electricity supply committee
shall be spent for repairing works.
16)The committee members shall sign the agreement that Ministry for Electrical
Power No (2) shall not be asked for help or donation to get the materials free of
charge which are needed in implementing for electricity supply and that Ministry
for Electrical Power shall not be asked for help to get the materials free of charge
with the help of other people.
17)The committee shall sign the agreement that the steps in implementing for the
access to electricity supply shall be carried out by making plans within the period
of at least four years.

a) First Year - Making posts

b) Second Year - Fixing cross-arm and pin-insulator horn to the posts and
connecting cables

¢) Third Year - Building substations

d) Fourth Year - Finish connecting cables and accessing electricity supply

18) If the construction of electric power lines and substations are to be carried out by
external technicians, they shall hold certificate of electrical inspection Grade (1)
recommended by Ministry for Industry No (1). Lists of items to be used in
construction works and maps of the electric power lines and substations shall be
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presented to the chief engineer of Department of Electrical Power Distribution and
his permission shall be taken.

19) Concerned with the access to the electricity in the village, the permission is only
for the village having the savings relied on themselves. If the project cannot be
implemented as the village’s programme, and if the help from others are asked for or
the donation is asked for, the project for the access to the electricity in the village
shall not be permitted. And even if it has been permitted but it is found out that there
is asking for donation here and there, the permission shall be terminated.

20) The permission for the installation and implementation of the access to the
electricity in the village relying on the village itself is not the permission for the 24
hours electricity utilization. The permission is just the preparation for the future
electricity supply programme, aiming to be ready to be able to utilize the electricity
when there will be enough electricity supply in future. An agreement shall be signed
to show the proof of knowing that the distribution of the electrical power is based on
the electrical power gained.

21) To implement the access to the electricity, the village electricity supply
committee shall contact directly to Ministry of Electric Power No (2) with the state
and/or divisional electrical engineers and shall make a formal promise not to contact
with brokers and agencies.

22) While getting the electric power for the access to the electricity in the village,
there shall be a formal promise made not to take the electric power connecting with
the electric power lines which are not of Ministry of Electric Power No (2) such as the
electric power lines of other ministries, those of the army, those of industrial zones
and so on. The electric power shall only be taken from the lines allowed by Ministry
of Electric Power No (2). For example, the electric power shall not be allowed to take
from the lines such as those for pumping up the river water, those by industries and
workshops, those by airway, those by navigation, those by the hospital, those by
Myanmar Economic Bank, those by battalions and military units, private electric
power lines.

23) The committee shall agree on knowing that unless the above 22 items for
implementing access to the electricity supply are followed, the permission for
implementing access to the electricity supply be cancelled.

24) The committee members shall agree on understanding that they shall be sued
by Department of Electrical Power Transmission and Distribution, on behalf of
villagers and the ministry, together with the representative of the villagers as the
plaintiff if they misuse, do wrong and unfairly spend the money collected from
villagers without spending it for any tasks related to implementing access to the
electricity in the village.

Agreed on the above 24 items to be followed in implementing access to the
electricity supply
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The Third Workshop on the Development of Myanmar National Electrification Plan

Grand Ballroom, Thingaha Hotel, Nay Pyi Taw

Thursday, March 20, 2014

Draft Agenda
Hour Session Presenter
08:00 — 08:30 | Registration of participants
08:30 — 09:00 | Opening remarks U Khin Maung Soe,
Union Minister, MOEP
Mr. Ohn Myint, Union
Minister, MLFRD
Ms. Julia Fraser, Sector
Manager, The World
Bank Group
09:00 — 09:30 Coffee/Tea break
Session #1: Interim Results of the NEP Study
09:30 — 09:45 | NEP Study: Implementation Progress Chairs:
Presenter: U Zaw Oo, Economic
Dr. Xiaoping Wang, Senior Energy Specialist, The World | Advisor to the President
Bank Ms. Julia Fraser, Sector
09:45 - 11:15 | Myanmar Geospatial Least-Cost Electrification Plan Manager, The World
Presenter: Bank Group
Dr. Vijay Modi, Professor, Columbia University
Q&A
Topics:
Methodologies and key assumptions for geospatial, least-
cost planning analysis
Interim results of electrification rollout plans for Kayin and
Chin States
11:15-12:30 | 3. Institutional Framework for NEP Implementation Chairs:
Presenter:
Mr. Alex Sundakov, Executive Director, Castalia Strategic | U Tin Maung Than,
Advisors Policy Advisor to the
President
Topics:
Institutional challenges and barriers to electrification faced | Dr. Dejan Ostojic,
in Myanmar Energy Sector Leader,
Institutional requirements for a programmatic, sector wide | The World Bank
approach
Institutional options for implementing NEP
12:30 — 14:00 Lunch

Session #1: Interim Results of the NEP Study
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(Continued)

14.00 — 15:15 | Universal Access Roadmap and Investment | Chairs:
Prospectus U Tin Htut Oo, Social
Presenter: Economic Advisor to the
Mr. Peter Hoogland, Director, Castalia Strategic Advisors | President
Topics: Mr. Chong Chi Nai,
Methodologies and key assumptions for developing | Director, Southeast Asia,
investment prospectus Energy Division, ADB
Interim results for Kayin and Chin States
15:15 — 15:45 Coffee/Tea break
Session #2: Development Partners’ Initiatives
Supporting National Electrification
15:45 - 16:00 | 5. Off-grid Electrification: Field Findings Chairs:
Presenter:
Mr. Chong Chi Nai, Director, Southeast Asia, Energy | Ms. Julia Fraser, Sector
Division, ADB Manager, The World
16:00 — 16:15 | 6. Electricity (Power Sector) Master Plan: Update and | Bank Group
Implications for Electrification
Presenters: Kyosuke Inada, Senior
Mr. Satoshi Yamaoka, Newjec Representative, JICA
Mr. Seiji Ueoka, Kansai Electric Myanmar Office
16:15—-16:30 | 7. UNIDO’s Support in Energy Access in Myanmar
Presenter:
Mr. Chin-Pen Chua, UNIDO Representative and Director
of Regional Office in Thailand
16:30 — 16:45 | 8. Technology solutions for grid and off-grid
electrification
Presenter:
tbd, GE
16:45-17:00 | Q&A
Wrap-up Session: Conclusions and Next Steps
17:00 — 17:15 | Summary of Workshop Discussions and Next Steps Ms. Julia Fraser, Sector

Presenters:

Dr. Dejan Ostojic, Energy Sector Leader, The World Bank
Dr. Xiaoping Wang, Senior Energy Specialist, The World
Bank

Manager, The World
Bank Group
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ADB Investor Forum | Off-grid Renewable Energy
Opportunities

21— 22 March 2014 Hotel Thingaha Nay Pyi Taw, Myanmar

DAY 1 21 March 2014
08:00 — 09:00 Registration

09:00 — 09:30 Introduction

Keynote address

H.E. U Maung Myint — Union Minister, Ministry of Industry

Opening remarks by ADB

Mr. Chong Chi Nai — Director, Southeast Energy Division, Asian Development Bank
Government of Norway’s efforts to scale up energy access in developing countries.
Ann Ollestad, Ambassador, Embassy of Norway in Myanmar

09:30 -10:00 SESSION 1: ADB Off-grid renewable energy program in Myanmar

ADB will present the findings of its on-going renewable energy program in Myanmar. The presentation will
discuss:

1) Off-Grid renewable energy applications in Mandalay and Chin state.
Mr. Pradeep Tharakan, Senior Climate Change Specialist, Asian Development Bank
2) Geo-spatial mapping for least cost electrification planning for Mandalay region

Mr. Edwin Adkins, Earth Institute, Columbia University, USA
10:00 — 10:30 COFFEE BREAK

10:30 - 12:00 SESSION 2: Technology Applications for lighting and productive uses.

This session will identify suitable clean energy technologies for lighting and livelihood generation and
appropriate business models.

Chair: Dr Vijay Modi, Earth Institute, Columbia University, USA

1) Solar water pumping for irrigation

Mr. Misbah Moin, MD, Rahim Afrooz, Bangladesh

2) Lighting a million life —triple down approach — light, water and mobile charging
Ms. Fiza Farhan, CEO Buksh Energy, Pakistan

3) Solar home solutions

Philips, XXXXX

4) Scaling up of Solar Home Solutions in Bangladesh

Didar Islam, MD Soalric, Bangladesh
Panel discussion — 30 mins

12:00 — 13:00 LUNCH BREAK

13:00 -14:30 SESSION 3: Best practices for scaling up mini-grid systems
Present the various technologies and modalities to develop sustainable mini-grid systems. Best practices
from various countries will be shared and discussed within the context of Myanmar.
Chair: TBC
1) Designing a minigrid for rural communities
Brian Shaad, Mera Gao Power
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2) Opportunities for off-grid Solar -Tapping into Myanmar's Anchor Client Base
Andy Schroeter, CEO, Sunlabob Renewable Energy, Laos

3) Micro grids experience in Africa

Dr Vijay Modi, Earth Institute, Columbia university, USA

4) PV Systems Considerations for minigrids— Southeast Asia Case Study,
Sutthi Somnuk, REC, Singapore

Panel discussion — 30 mins
14:30 — 15:00 COFFEE BREAK

15:00- 16:30 SESSION 4: Programmatic Approach to energy access —
Lessons learnt

Discuss various programs, approaches and lessons learnt from successful initiatives in the context of
Myanmar.

Chair: Mr. Chong Chi Nai — Director, Southeast Energy Division, ADB

1) Small Hydro Power-World Development and Chinese Practices- Solution to Off-Grid Rural
Electrification

Dr. LIU Heng, Director-General, International Center on Small Hydropower, under UNIDO and China's
Ministry of Water Resources and Ministry of Commerce

2) Lightning a Billion Lives — lessons learnt
TERI, India
3) Lightning Africa and Asia - Lessons learnt
Hemant Mandal, IFC
4) Energy for All - Empowering the poor through increasing access to energy

ADB, Jiwan Acharya, Senior Climate Change Specialist (Clean Energy)

16:30 — 17:30 Session 5: Policy frame work and regulatory mechanism
— Way forward

This session will have a presentation from government on the current government initiatives, programs
and regulatory mechanism. Other bilateral financing institutions will discuss about their programs and
discuss way forward to support government in creating an enabling environment for scaling up energy
access in Myanmar followed by a panel discussion.

Chair: DG MOEP (TBC)

1) Ministry of Industries —MOlI initiatives and government regulatory mechanism on off-grid rural
electrification
2) Department of Rural Development, Mr. U Khant Zaw, Government current initiatives, policies on

rural electrification

Panelist, ADB, World Bank, JICA
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Investor Forum | Off-grid Renewable Energy Opportunities
21— 22 March 2014 Nay Pyi Taw, Myanmar

DAY 2 22 March 2014

08:00 — 09:00 Registration
09:00 — 09:30  Opening

Welcoming remarks

Chief Minister of Mandalay Region /Minister of EP&l Mandalay Region(TBC)
ADB Energy for All Program

Mr. Jiwan Acharya, Asian Development Bank

09:30 -10:45 SESSION 6: Private sector barriers to universal energy access.
Achieving universal energy access by 2030 poses a tremendous challenge to the Government Myanmar.
As demonstrated by Vietnam, an accelerated pace of electrification is possible through a well-conceived
policy and regulatory framework. Session 6 focuses on specfic barriers companies in Myanmar face in
expanding their impact to the energy poor. More importantly, this session discusses corresponding
solutions to these challenges by drawing experience from international policy programs.

Moderator

U Thoung Win, National Energy Development Committee

Barriers to renewable energy development in Myanmar

U Kyaw Min, Earth Energy Systems

U Phyo Minllian, Llian Brothers Co. Ltd.

U Kyaw Thiha Soe, Comet

Panelists

U Khant Zaw, Ministry of Livestock, Fisheries and Rural Development (MLFRD)
Katharina, IFC

10:45-11:00 COFFEE BREAK

11:00 —12:00 SESSION 7: Transition from donor-driven to commercial

sustainability.

Majority of the rural electrification programs in Myanmar are donor-funded. This is necessary to build
awareness about the benefits of electricity in rural areas and create a critical mass of demand. In the
same way, these programs also provide a venue for technology providers to develop their expertise and
strengthen the supply chain for equipment and parts for decentralized energy systems. However,
continued subsidy by the Government is unsustainable, and ultimately harmful. Session 7 analyzes how
the community organizations, infrastructure and equipment installed by the Government’s programs can
transition to commercial units.

Professionalizing community organizations for sustainability

Ms. Laurie Navarro, AMORE

Human resource development to strengthen the distribution network
Mr. Erel Narida, One Renewable Energy
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12:00 - 13:00 LUNCH BREAK

13:00 -14:00 SESSION 8: Funding sources for energy access companies

Securing early stage funding is a 2-step process. First, the company has to invest in development costs
such as developing a viable business model and validating the core assumptions of this business model
through feasibility studies. Second, the company has to identify investors that are willing to invest in
greenfield companies and qualify to their selection criteria. Session 8 presents Energy for All's partners in
both the project development and early stage investment phase.

A platform for impact investment
Mr. Robert Kraybill, Impact Investment Exchange (11X)
Impact funds
Mr. Bradley Kopsick, Insitor Management
Ms. Joan Yao, LGT Venture Philantropy
Ms. Suzanne Chew, Nexus Carbon for Development
Mr. XXXXX, Htoo Foundation

14:00 -15:00 SESSION 9 : Programs that support SME’s and energy access
Commercial banks in Myanmar are partnering with international development organizations to develop
programs that support small and medium enterprises (SMEs) and energy access. Session 9 creates a
platform where these commercial banks can market their programs to the stakeholders in the energy
access space.

Moderator:

Mr. XXXXX, Chairman of the Bank Association of Myanmar / Representative from the
Central Bank

Potential collaboration with multilateral agencies

Saw Harry Hla, Myanmar Citizens Bank Limited

Financing for SMEs

Tin Maung Htay, Small & Medium Industrial Development Bank (SMIDB)

Working capital loans for SMEs

Mr. Winston Cheng, Director/Senior General Manager, Myanmar Oriental Bank Ltd.
Expanding outreach to the rural poor through mobile banking

PE Myint, Managing Director, CB Bank (pemyint@cbbankmm.com)

15:00 - 15:30 COFFEE BREAK

15:30 -17:00 SESSION 10: Business plan presentation

In nascent industries like the renewable energy and energy access sectors, there is exists a lack of
information that limits the accessibility of capital for the private sector. This phenomenon has come to be
known as the “missing middle.” In order to bridge the “missing middle,” Session 10 brings together both
entpreneurs and finanicial institutions to meet directly and explore opportunities for collaboration.

NGWE Wathon Group of Companies

Dato Leong Kin Mun

Poly Ice Co. Ltd.

Thein Han, Managing Director

SolaRiseSys

Kyaw Min Tun, Managing Director

Myanmar Solar Power Trading Co., Ltd.

Win Zaw, Director (myanmarsolarpower@gmail.com)
Myanmar Sustainable Energy System
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U Soe Thein Tun, Assistant General Manager (sttun9@gmail.com)
Salay Engineering & Construction Ltd.

U Thein Maw, Managing Director (nayminn.solar@gmail.com,
solar.nayminn@gmail.com)

Myanmar Eco Solutions (Orb Energy)

Min Chan Win, Managing Director (myanmarecosolutions@gmail.com)
Panelists:

Michele Boario, UNIDO

17:00 — 18:00 Closing remarks and inauguration of the networking room
Participating energy access enterprises will be designated a small booth in the networking room where
they can meet with interested participants.
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APPENDIX VII: Myanmar Comprehensive Development Vision

The energy and electrification components of ERIA’s Myanmar Comprehensive
Development Vision (MCDV) were prepared in July 2012 by KWR International (Asia)
Pte Ltd in cooperation with the University of Tokyo and incorporated into the
Infrastructure and Energy chapter of the MCDV included below.

Infrastructure and Energy

1. Infrastructure

1.1.Current Situation and Challenges

Myanmar’s aspiration to high and balanced growth could not be achieved without having
proper development of public infrastructure. Indeed, infrastructure is a driving force to the
economic growth since there is a positive and statistically significant correlation between
investment in infrastructure and economic performance (Aschauer 1990). Although there is no
empirical analysis, the observers noted that absence of reliable infrastructure such as poor
transportation, energy shortage and low-grade communication is great bottleneck not only to
harness its growth potentials but also to fulfill obligation to ASEAN Economic Community in
the near future. As well, the IMF’s 2012 report argued for industrial development citing that
Myanmar has an advantage of lower wages but the manufacturing sector remains stifle by poor
infrastructure amongst the others. Therefore, immediate implementation of infrastructure
development becomes very crucial in recent days of economic liberalization and reception to
global investments.

In order to determine major obstruction in infrastructure sector and to find the way to
overcome, it is important to see the present status. Table 6-1 tabulates connectivity related
indicators in ASEAN compiled by UNESCAP. Myanmar has all the data in the list. However,
this table explains the seriousness of the current situation of infrastructure and infrastructure
usage in Myanmar. Myanmar is far behind other ASEAN countries in road density per 100 km®.
It had more than half of below class III level road sections of the Asian highway network in
ASEAN. Paved road in Myanmar was 11.9 percent
and the Philippines but still very low T - The number of passenger cars per 1,000
persons was only 5. Port container freight was comparable with Brunei despite the huge
difference in population. Only railway density, 5.1 km per 1,000 km?, was relatively higher in

Vietnam but better than other countries. Of course, it does not necessarily mean that Myanmar
has better railway system when we think of the quality of the services and technology.

Table 6-1: Connectivity Related Indicators in ASEAN

**********************

By now, it increases to 21.7 percent
T According to the ministry of construction, paved roads reached 21.7% for whole
country in March 2012.
""""""""""" Data was not available for Singapore.
S555555555555555555558 According to Myanmar official data, Railway density is 8.6 (Myanmar Railways), Road
density is 203.3 (Public Works), Paved road is 20.89% (Public Works), Passenger car is 5 (Dept. of Road
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Asian Highway
Railway  Road Paved Passenger Alr Por't
density  density road cars passengers  container Bel
carried freight Total clow
class III

(2010)  (2010)  (2010)  (2010) (2010)  (2010)  (2010) (2010)

Brunei - 564 77.2 485 1,263 0.09 - -
Cambodia 3.7 216.7 6.3 18 455 0.22 1,347 0
Indonesia 1.9 262.9 59.1 45 52,283 8.37 4,091 0
Lao PDR n.a. 171.4 13.5 2 555 - 2,857 306
Malaysia 5.1 300.5 82.8 313 30,997 18.25 1,673 0
Myanmar 5.1 41.3 11.9 5 396 0.17 3,009 1,064
Philippines 1.6 470.9 9.9 8 21,024 4.95 3,367 451
Singapore na. 47943 100 121 26,709 29.18 19 0
Thailand 8.7 3524 98.5 57 27,162 6.65 5,111 2
Viet Nam 7.6 516.3 47.6 13 14,407 5.98 2,597 264
it P Mm% peaton M0 Tyt ko,

Source: UNESCAP (2012) and database on the UNESCAP website

The data on telecommunications shows much serious backwardness. Figure 6-1 depicts the
ICT related indicators in ASEAN countries. Given the different development stages, we divided
ASEAN countries in to 4 groups, that is, (1) Brunei and Singapore (small and advanced
countries), (2) Other forerunner countries, (3) Cambodia, Lao PDR and Vietnam (CLV), and (4)
Myanmar. Myanmar has a long way to go to catch up with even CLV countries. In the other
ASEAN countries, we saw rapid increase of mobile cellular subscriptions and declining trend in
fixed telephone mainlines. In fact, the indicators on mobile cellular subscriptions per 100
population of the 3 groups exceeded 100, which meant that people have more than 1 mobile
phone on average. On the other hand, mobile cellular subscriptions per 100 population in
Myanmar were only 2.6 and fixed telephone mainlines were 1.1 in 2011. Myanmar has not
experienced the downward trend in fixed or even upward trend. The figures for internet users
and fixed broadband internet subscribers showed the same backwardness. For the internet users
in 100 population, Brunei and Singapore reached 65.5, other forerunners got 32.9, and CLV
countries also had 15.7 while Myanmar had only 1.0 in 2011.

Transport Administration), Air passengers carried is 2074 (Dept. of Civil Aviation) and Port container
freight is 0.3034 (Myanmar Port Authority)
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Figure 6-1: ICT related Indicators in ASEAN (2000-2011)
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We could say that Myanmar had 10 years of delay in getting internet users to the average of
Cambodia, Laos and Vietnam. Fixed broadband internet subscribers in 100 population showed
relatively lower figures in other countries, while Myanmar’s figures are evidently lower than the
others. Telecommunication service costs were extremely high due to monopoly of Myanmar
Post and Telecommunication (MPT), a state-owned enterprise, which has monopolized license
for 2G and 3G and this created a great challenge for telecommunication sector to grow in
Myanmar. The situation is now changing after the reform. The government has started inviting

private sector to invest in the country.

Table 6-2 and Table 6-3 indicate access to improved water sources and sanitation in ASEAN
countries. Access to improved water resource in Myanmar is the 2" lowest in both of rural area
and urban area in 2008. The percentage in the urban area had dropped from 87 percent to 1990
to 75 percent in 2008. It seems to imply that development of water supply infrastructure could
not catch up with the speed of urban development.
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Table 6-2: Access to Improved Water Sources (% of population)
Unit: %

Rural Urban Total

1990 2000 2005 2008 1990 2000 2005 2008 1990 2000 2005 2008

Myanmar 47 60 69 69 87 80 75 75 57 66 71 71
Vietnam 51 74 85 92 88 94 97 99 58 79 88 94
Cambodia 33 42 51 56 52 64 75 81 35 46 56 61
Lao PDR - 40 47 51 - 77 74 72 - 48 54 57
Thailand 89 95 97 98 97 98 99 99 91 96 98 98
Malaysia 82 93 99 99 94 99 100 100 88 97 100 100

Source: Statistical Yearbook for Asia and the Pacific 2011

Table 6-3: Access to Sanitation (% of population)
Unit: %

Rural Urban Total
1990 2000 2005 2008 1990 2000 2005 2008 1990 2000 2005 2008

Myanmar 15 59 79 79 47 81 86 86 23 65 81 81
Vietnam 29 50 61 67 61 79 88 94 35 57 68 75
Cambodia 5 10 15 18 38 50 60 67 9 17 24 29
Lao PDR - 16 30 38 - 62 77 86 - 26 43 53
Thailand 74 92 96 96 93 94 95 95 80 93 96 96
Malaysia 81 90 95 95 88 94 96 96 84 92 96 96

Source: Statistical Yearbook for Asia and the Pacific 2011

Access to sanitation is better than water supply as indicated in the Table 6-3. The percentage
has improved significantly during 1990 and 2000, and the result of the total (81%) ranked
Myanmar at top in the CLMV countries.

1.2. Key strategies
(1) Need for prioritization

Given the circumstances, Myanmar needs all-round reforms. We need new roads, and
existing roads need to be paved and upgraded. Passenger and commercial cars will increase and
it will require new roads. There is a need to reduce road traffic deaths. Ports and airports need to
be upgraded. Railway needs rehabilitation. Myanmar needs to catch up with increasing ICT
demand of people and industries. We must tackle various MDG issues. At the same time,
Myanmar needs to provide internationally comparable data and improve data quality.

Obviously these cannot be achieved at once, even though Myanmar is now addressing them
all in parallel. Finance and human resources are limited and infrastructure projects take time.
Therefore, we must have clear objective and strategy to prioritize the infrastructure projects.

One practical way to prioritize the projects is taking the same way as the other ASEAN
countries have taken. ASEAN forerunners and Vietnam have long pursued the trade and FDI
driven industrialization. Fragmentation theory and the concept of 2™ unbundling’ clearly
explain what we have seen in those countries. ASEAN forerunners and Vietnam have
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successfully attracted some production processes and tasks in the production networks developed
by multinational enterprises (MNEs). The East Asian countries including ASEAN forerunners
and MNEs were main drivers to promote international division of labor in terms of production
processes and tasks and created the most sophisticated production networks in the world.
Moreover, ASEAN forerunners have expanded the variety of the processes and tasks as they
raised their capacity.

Those countries initiated trade and FDI driven industrialization from their primary cities. In
ASEAN, most production processes in automotive industry and electronics and electric
appliances (E&E) industry are located in limited areas near the big cities. Figure 6-2 illustrates
the agglomeration of E&E and food processing industries based on the industrial value added
divided by area. There is more uneven distribution of E&E industry, when compared with food
processing industry. E&E industry is located near the big cities and only a few other regions can
attract the industry. Malaysia succeeded in dispersing the electronics industry to the states along
the Strait of Malacca, but for Thailand, Indonesia, the Philippines and Vietnam, agglomerations
in production can be seen in limited areas. It implies that even though ASEAN forerunners and
Vietnam could attract FDI and some production processes, it is still a long way for them to
disperse the industry to other regions in the countries.

Figure 6-2: Agglomeration of E&E and food processing industries
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The Comprehensive Asia Development Plan (CADP, ERIA 2010) emphasized the
interactions among the regions in different development stages. The report classified the regions
to three tiers, that is, existing industrial agglomerations such as Singapore, Bangkok and Chennai
(Tier 1), potential growth nodes to be linked with production networks (Tier 2) and other regions
(Tier 3). In the report, Yangon, Mandalay and Dawei are mentioned as possible Tier 2 regions to
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be involved with the production networks. Realistically, Yangon, Mandalay and Dawei have
great opportunity to be connected with production networks.

(2) Development of Yangon with international standardized infrastructure

Myanmar’s primary city is Yangon and its primary port is Yangon port. As there is going to
be a gradual shift of the primary port from Yangon port to Thilawa port, so both the ports are
discussed in this section. There is a need to think of upgrading infrastructure, providing new
infrastructure, and providing international standard infrastructure. Especially, as international
infrastructure requires higher costs and technical assistance from other countries, there is a need
to identify which infrastructure projects should be of international standard.

Table 6-4: Strategy for Yangon (target years for partial operation)

Urban Industrial

Thilawa Port .
Up to Yangon to Thilawa access road Thilawa SEZ

2015 Rehabilitation and upgrading the roads Upgrading current Industrial Zones
2016- Ring roa(! (Yangon) e Thilawa and suburban Yangon
2020 Urban railway (Rehabilitation)
Hanthawaddy International Airport
2021- Urban Railway (New in Yangon)
2025 Airport Link to Hanthawaddy
2026-
2030 Urban Expressway

Note: Bold text items require international standard and/or technical assistance
Source: ERIA.

As far as infrastructure is concerned, international standard infrastructure is needed for
industrial estates/SEZ, primary ports, and access roads between them in the Greater Yangon area.
Thilawa SEZ and Thilawa port upgrading will be a model case of international standard
infrastructure in Yangon and Myanmar. International standard SEZ should be with stable
electricity, internet and water supply, wastewater treatment facility, international standard
customs office, international standard freight forwarders, transparent labor/SEZ laws and
regulations, and various incentives to the investors. One stop center of trade and investment can
be established in SEZ as in Cambodia so that firms can get all information and all import, export
and investment related documents, and consult with the staff of the center on any kind of
difficulties in trade and investment.

Living condition should also be improved to attract foreign investors. High-standard hotels,
residents, service apartments, hospitals, supermarkets, international schools, and even golf
courses or other entertainment facilities are necessary for the visitors, managers and their
families. Although those amenities are provided by private companies, Myanmar government
can give incentives and facilitation measures to attract these companies and enhance living
condition for the investors.
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Mitigating the traffic jams in Yangon must be a long-term effort as in all other countries.
Because economic development must induce the inflow of households and firms into the primary
city, we can say the population of Yangon, including suburban areas, can exceed 10
million . There should be continued upgrading of current roads and urban
railways, build new bridges, plan for new urban railways such as subways, and develop a ring
road. And the territory of Yangon City should be expanded so that urban functions work
smoothly.

Myanmar needs to upgrade the current industrial estates. New industrial estates in suburban
areas of Yangon, especially north-eastern area of Yangon along national roads should be
planned. Better access from these areas to the Thilawa port will be critical.

Yangon will have new Hanthawaddy International Airport and start its construction very
soon. Current handling capacity of the Yangon International Airport is 2.7 million passengers.
The Yangon Airport already exceeded 3 million passengers in 2012 and forecast tells that traffic
will be 5.4 million in 2015, so the development of the new port is an urgent matter. Better
access to the Hanthawaddy International Airport will also be a key in the global competition,
especially in electronics sector and services industry. As shown in Figure 6-3, many airports
have access times less than 45 minutes. Especially, airports in distant place have railway access
from/to the city, e.g., Bangkok, Hong Kong, Shanghai (Pudong), Seoul (Incheon) and Tokyo
(Narita). Given the 80 km road distance between Hanthawaddy International Airport and Yangon
city center, better rail link between the two is essential.

***********************

Both JICA study on Master Plan for the Greater Yangon and IDE/ERIA-GSM analysis
estimated that the Greater Yangon will have more than 10 million populations.
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Figure 6-3: Shortest Time between The Cities and The Airports
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(3) Mandalay and Yangon-Mandalay link

Mandalay is the second largest city in Myanmar and is a logistics hub connecting northern
cities. Yangon-Mandalay link is the most important link within Myanmar. Infrastructure
development in Mandalay is crucial because it should be the first step to industrial dispersion in
Myanmar. If some industries are successfully in dispersed to Mandalay, the geographical
coverage to other cities, regions and states could also be expanded. Otherwise, inclusive growth
and high economic growth cannot be achieved simultaneously.
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Table 6-5: Strategy for Mandalay and Yangon-Mandalay link
(target years for partial operation)

Urban Industrial Intercity
Rehabilitation and
Rehabilitation and utilization of existing
Up to upgrading Upgrading current infrastructure, incl.
2015 Incentive in Mandalay Industrial Zones Yangon-Mandalay
airport Expressway
Further upgrading of
Yangon-Mandalay link,
2016- Mandalay area incl. rehabilitation of
2020 railway
Upgrading inland
waterways
%8%;_ Ring road (Mandalay)
;858_ Urban Expressway

Note: Bold text items require international standard and/or technical assistance
Source: ERIA.

The issues in Yangon-Mandalay link can be divided by two stages. First is enhancing the
capacity of current expressway running between Yangon and Mandalay via Nay Pyi Taw to
allow freight transport. Currently, there is an expressway with 4 lanes between Yangon and
Mandalay, which has enough space to be upgraded to 8 lanes. However, trucks are not allowed
to run on this road till the full pavement width of expressway is finished. Most freights are
shipped through narrow National Road No.1. For better accessibility between Yangon and
Mandalay, upgrading the current expressway to allow freight transport is important. Second is
planning and forecasting better modal mix among National road No. 1, expressway, railway and
inland waterway. Rehabilitation of railway and inland waterway can be assisted by other
countries or international organizations. Collection of quality data, especially in terms of usage
of those modes, is essential to discuss the current and future modal mix. Also, we should
consider the gradual modal shift of passenger and cargo transport from inland waterway to road
as industries and people become more time-sensitive.

Mandalay can be a growth pole as well as an international hub in terms of air-cargo. Based
on other countries’ experience, Myanmar needs to have an international logistics company in
Myanmar. Also, landing fee should be lowered. Malaysia and Thailand have lower landing fees
for Kuala Lumpur International Airport and Suvarnabhumi Airport, respectively. Myanmar can
consider better incentive schemes to the air carriers as well as to the logistics companies.

(4) Dawei and Kyaukphyu as development node

Dawei and Kyaukphyu, which have SEZ plans, can be a milestone to disperse the
international production networks to other cities in Myanmar. First of all, Dawei and
Kyaukphyu have different characteristics in that they will be the gateways for Thailand and
China, respectively. To develop these cities, connectivity enhancement to Thailand and China is
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required. For China, Kyaukphyu will be a strategic project to get a gateway to Indian Ocean as
well as disperse the industries from coastal areas of China to western areas (Isono, Kumagai and
Kimura, 2012). For Myanmar, Kyaukphyu project must be accompanied with domestic
road/railway improvement. For Thailand and other Mekong countries, Dawei will create large
economic impacts, as we discuss in the next section. If we provide good gateways for China or
Thailand, SEZ and other industrial development near the SEZ sites can be considered. Upgrading
Dawei airport into an international airport will provide a better access from Bangkok or other
cities.

(5) Fulfilling the basic needs

Yangon development is essential for the economic development of Myanmar, though it does
not ensure inclusive growth. Yangon development will attract people and firms which will lead
to increased traffic congestion. Upgrading of current infrastructure outside Yangon should be
undertaken simultaneously either with ODA or through Myanmar’s own budget.

However, two facts must be borne on mind. First, Yangon development together with
institutional development benefits real per capita GRDP growth in northern regions, despite the
outflow of households and firms from those areas. People in northern regions and states can
increase their sales and purchase to/from Yangon and increase exports and their imports to/from
other countries, through efficient port or airport of Yangon. For example, agricultural sector can
benefit from better access in Yangon area, because deregulation and better access from Yangon
port to other countries will induce relocation of the distribution center function of agricultural
goods to areas closer to Yangon city (Kudo, Gokan and Kuroiwa). It also applies to ICT. Better
internet connectivity is a primary requirement, and ensuring better internet access in Yangon city
should be pursued continuously despite the rapid increase in demand. Second, just because
Yangon’s congestion is too severe, building of other industrial estates and SEZs outside Yangon
should not be considered. Industries, especially FDI driven development cannot be dispersed
without better infrastructure in the primary city. Building other industrial estates and SEZs in
other regions without tackling the congestion in Yangon cannot attract foreign firms to another
industrial estate. It will also lessen the economic impact and long-term economic growth will
slow down.

Better decentralization mechanism is a key to provide basic infrastructures in rural areas.
Local governments should have better knowledge about their regions and elected local
governments must think of voter’s preferences. We can learn from Indonesia, which has
experienced drastic change toward decentralization and has a lot of literature in both qualitative
and quantitative analyses. Some key findings are as follows:

® A statistical analysis revealed that decentralization has increased infrastructure provision in
rural areas (Chowdhury, 2009). Moreover, villages with lower average income acquired
infrastructure provision more than pre-decentralization era and the decentralization has
narrowed the infrastructure gaps between higher income villages and lower income villages.

® Another statistical analysis showed that corruption increased the local government
expenditure significantly (Murwito, et al., 2012). The study suggested that we need an e-
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procurement system as well as a monitoring mechanism by third-party outside the local
government.

® The law No. 22/1999 in 1999 eliminated the decision hierarchy between provincial and
district governments for the decentralization. Since districts had started to have similar
projects of new port construction or new bus station development without any direction or
coordination, the law No. 32/2004 in 2004 restored the decision hierarchy and required
approvals from provincial governors for districts’ spatial planning (Okamoto, 2010).

1.3.Domestic Corridors Utilizing International Initiatives
The principle infrastructure to facilitate smooth transportation along economic corridors
should be upgraded. Transport infrastructure in all modes of transport related facilities and

services should be improved for domestic transport, overseas trade and border trade. Potential
investment projects in road and logistic facilitation subsectors are needed.

Table 6-6: Strategies for Investment on Infrastructure Development

Area of focus

Short-term strategy

Medium-term strategy

Long-term strategy

Road Construction of * Improve all Union Improve all Union
Infrastructure major trade routes Highway road status Highway road status
Upgrading existing to meet at least to meet at least
roads ASEAN Highway ASEAN Highway
Standard Class 111 Standard Class 11
Road State-owned * Expand Intra and Implementation of
transportation transportation Intercity transport the Intelligent
services services should be ¢ Extend network in Transport System in
further privatized the international and Nay Pyi Taw and
Efficient public regional cooperation Yangon
transport programmes Implementation of
* Construction of international road
roads and bridges Safety standard
Railway Encourage * Construction of Change railroad in
transportation investment to Muse- Kyauk Phyu line with ASEAN
services improve Yangon — rail line and Dawei- gauge to all railroads

Mandalay railroad to Kanchanaburi rail
meet the travel time line which connects
of 12 hours. neighbouring
Cooperation with countries by BOT
private sectors to system

improve the * Change railroad in
effectiveness of line with ASEAN
Yangon circular gauge in main
railway system railroads

Improve cargo trains
for cargo transport

Air transport
services

Construction of new
Hanthawaddy

¢ Operation of four
International

¢ Upgrading the

existing domestic
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International Airport
Allow private sectors
to operate the
airports

Upgrading airline
services

Airports in full swing
Upgrading the
existing domestic
airports

Expansion of
domestic and
international airlines
and air routes

airports to
international airports
such as Bagan,
Dawei and Kyauk
Phyu

Port
Infrastructure

Upgrading existing
port facilities
especially in Yangon

Implementation of
deep seaports
projects in Dawei
and Kyauk Phyu
Implementation of
other seaports
projects in Sittwe ,
Pathein, Myeik and
Kaw Thaung
Construction of 6
ports: Bhamaw port,
Mandalay port,
Pakokku port,
Magway port,
Monywa port,
Kalaywa port

Myanmar ports to be
on the international
sea routes

Inland water
and maritime
transport

Upgrading existing
ports facilities along
the Yangon river
Improve inland water
transportation
especially Yangon-
Mandalay-Bhamaw
route

Formulation of the
national integrated
transport master plan

Improve shipping
lines

Extend cargo ships
for inland water
transport

Introduce routes to
connect international
maritime routes
Implementation of
the national
integrated transport
master plan

Upgrade all
shipyards of the
inland water
transport
Implementation of
the national
integrated transport
master plan
Construction of new
international port
terminal in mouth of
Yangon River to
approach Regular
mother vessels routes

Source: ERIA.

Among them, many sections have been designated as international economic corridors by

ADB GMS, ESCAP, ASEAN or other organizations and initiatives. Yangon-Mandalay,

Myawaddy-Paan-Yangon and Mandalay-Monywa-Tamu sections are part of Asian Highway

No.1 as well as ASEAN Highway No.1. A part of the expressway between Yangon and
Mandalay is a part of India-Myanmar-Thailand Trilateral Highway. Muse-Mandalay section is

Asian Highway No.14. Myanmar can ask for assistance for these infrastructure developments,

starting from repairing current pavement and reduce missing links. Myanmar can gradually

extend the sections at international standard with clear prioritization.

221
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As domestic corridors are part of international corridors, trade and transport facilitation at
the borders are indispensable. As an ASEAN member state, Myanmar has a responsibility to
take part in the ASEAN Framework Agreement on the Facilitation of Goods in Transit
(AFAFGIT) signed in 1998 "the ASEAN Framework Agreement on
Multimodal Transport (AFAMT) signed in 2005, and the ASEAN Framework Agreement on
Facilitation of Interstate Transport (AFAFIST) signed in 2009. Myanmar has acceded to the
GMS cross border transport agreement (CBTA) in 2003+ so that it can fully
utilize the agreement should it want to.

2. Integrated Energy Development

2.1. Energy situation and policy of Myanmar
(1) General condition

While the development of a comprehensive integrated energy strategy requires attention to
both the sourcing of primary power inputs as well as distribution, perhaps no challenge is as
important as Myanmar’s ability to electrify its domestic economy. This is due to the massive
scale and scope of the initiative needed, and capital required, to maintain, repair, expand and
supplement existing infrastructure. In addition there are many technical, social, political,
financial and other issues that need to be addressed. Furthermore, without adequate power,
Myanmar cannot industrialize as it will not be able to create competitive manufacturing facilities.
Nor will it be able to upgrade its telecommunications, technology and overall capacity to deliver
necessary services to businesses and consumers.

Until these issues can be resolved, the nation is experiencing increased blackouts, even
during the rainy season when hydropower plants operate at high capacity. Rapid growth in
electricity consumption—averaging 14.7 percent per year between 2008 and
2()] ] SS555959588888888888888__i5 placing further strains on capacity and increasing generator
failure

Efforts to improve electrification have also come under literal and figurative attacks. After
insurgents bombed transmission lines linking Shweli hydropower station to the national grid,
generator capacity was reduced by 200 MW. People in Myanmar have also organized protests
and accused the government of diverting electricity to neighboring countries. Projects funded by

T There are 9 Protocols. Five were ratified. Protocol 2 & 7 are to be signed and 1 & 6
are to be ratified.

There are 20 Annexes and Protocols. All except Annex 5, 13 (a), 13 (b) & Protocol 3
have been sent to other GMS members and ADB.

S5555555539555659555658 According to the Dept. of Electric Power, household electrification rates (% of

***********************

David Dapice, Electricity in Myanmar: The Missing Prerequisite to Development, Harvard
University, May 31, 2012
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Chinese and Thai companies have been suspended or cancelled and last year a government
official declared all future natural gas finds reserved for domestic purposes'! 11T

Myanmar’s size, as well as its lack of development and large rural population, necessitates
an integrated and comprehensive approach to energy, including electricity. It is not a question of
addressing selective deficiencies within largely functional infrastructure but rather building on a
rudimentary and largely antiquated system almost from scratch. Further, it requires an in-depth
understanding of political, social and economic issues.

(2) Supply and Demand of Energy
Supply and Demand of Energy

Myanmar possesses substantial energy resources. The country's natural gas reserves are the
10th largest in the world; its vast water supply provides the country with rich hydropower
capacity; and forests and abundant arable land contribute to a sizeable potential for renewable
energy including geothermal. It is no coincidence that Myanmar's energy industry has been the
country's leading recipient of foreign investment.

Given Myanmar’s underdeveloped state, its Ministry of Energy introduced a diversification
strategy emphasizing exploration and production to generate export revenues and meet domestic
demand. The country's total energy mix is comprised of 61 percent biomass, 11 percent natural
gas, 11.5 percent oil, 14.5 percent hydropower, and 2 percent coal.*+++#+#esitsiitis

Of total electricity generation in 2009, production from hydroelectricity climbed to 72
percent, from 62 percent in 2008 and 57 percent in 2007.3$8333888833888I8IS prodyction from
oil, gas and coal declined to 29 percent, from 39 percent in 2008 and 43 percent in
2007. Natural gas produced 1,146 million kWh in 2009, or 20 percent,
down from 29 percent in 2008 and 30 percent in 2007. 7T production from
crude oil and petroleum decreased to 523 million kWh in 2009, or 9 percent, down from 10
percent the year prior and 14 percent in 2007. Renewable sources, including solar, wind and
biofuel, are being explored to meet rural household needs.

P Patrick Winn, Myanmar's Real Power Struggle? Keeping on the Lights, Global Post,
June 23, 2012

Wah Wah Thaung, Oil and Gas Sector in Myanmar: The energy related issues and
challenges from the perspective of Ministry of Energy, Myanma Oil and Gas Enterprise, Ministry of
Energy, Republic of the Union of Myanmar. Presented at "Energy challenges in ASEAN: Implications for
Myanmar" workshop, February 2013

S55555555555555555555558 Electricity Production from Hydroelectric Sources (% of total), The World Bank
Group, accessed: June 29, 2012

*************************

Electricity Production from Oil, Gas and Coal Sources (% of total), The World Bank Group,
accessed: June 29, 2012

P Electricity Production from Qil Sources (% of total), The World Bank Group,
accessed: June 29, 2012
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Figure 6-4: Power generation in recent years
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Oil and Gas: Myanmar has about 150 million barrels of future recoverable oil reserves and
11.197 Trillion cubic feet of natural gas reserves as of April 2012. It produces over 17,000
barrels of Crude Oil and nearly 1300 MMCF of Natural Gas per day . of
natural gas produced, more than 80 percent is exported to Thailand.33$8333888338888838888388 Giyen
public demand to utilize this resource domestically, a contract with Thailand has been
renegotiated to allocate more natural gas for domestic use in Myanmar.

Myanmar's electricity production from natural gas sources reached a peak of 70.6 percent of
total electricity production in 1998 and declined to 19.6 percent of total production in 2009,
according to the International Energy Agency.

More than 90 percent of Myanmar's natural gas production comes from the Yadana and
Yetagun offshore fields in the Andaman Sea. These primarily supply Thailand though some gas
from Yadana is used for domestic supply. Gas from Nyaungdon, Myanmar's largest onshore gas
field, located roughly 55 km off the coast of Yangon, supplies state and privately owned
factories as well as Yangon. Thai company PTTEP has made discoveries in M-9 and M-7 blocks
which include Zawtika, Gawthika, Shweypyihtay, Kakona and Zatila. Shwe, an offshore field
near Sittway was discovered in 2004, and will deliver gas to China. Production in Shwe and
Zawtika, both scheduled to begin in 2013, is anticipated to bring Myanmar's total gas output to
roughly 2.2 billion cubic feet a day by 2015 TN =~ The country's gas exports are
expected to reach a record USD4 billion for 2012-2013HH NN A new discovery,
block M-3, will be entirely used for domestic supply®*i33$83388333888AI88383

Nicky Black, "The Myanmar Oil and Gas Industry," in Blood Money: A Grounded
Theory of Corporate Citizenship: Myanmar (Burma) as a Case in Point (University of Waikato, 2009)
SSSSISS5SSIS855S95885888 \Myanmar's Power Struggle Endangers Economic Boom, op.cit.

**************************

Thailand to Supply More Gas to Meet High Demand in Myanmar, Arakon Oil Watch, June
21,2012

P Jacob Gronholt-Pedersen, Myanmar to Launch Offshore Oil, Gas Bidding Round in
April, Dow Jones, Mar. 4, 2013

"""""""""""""" Myanmar Gas Export May Touch $4bn, Natural Gas Asia, March 27, 2013.
§5885588588558855885588888 Wah Wah Thaung, Op.Cil‘.
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To meet the challenge of increasing domestic demand, Myanmar will step up exploration for
natural gas by 25 percent in FY2013-14, according to the National Planning Bill approved by
parliament in March 2013. Myanmar has also relaxed its policy on the import of crude oil and
petroleum products and welcomed joint venture operations with foreign companies for domestic
oil exploration and production.

As of June 2013, 11 foreign companies were exploring for oil at 20 offshore sites, and 13
foreign companies, in addition to 18 joint ventures with Myanmar firms, were exploring in 18
onshore fields. Myanmar is reported to have more than one hundred

exploration blocks, 60 of which are open for investment. Of those, 29 are onshore, 12 in shallow
and 19 in deep water, THTTTATFTFTFTTTTTHTTT

Companies operating in Myanmar's oil and gas sector include Hong Kong's EPI Holdings,
India's Jubilant Energy, Switzerland's Geopetro International Holding, Malaysia's Petronas,
Thailand’s PTT Exploration and Production, South Korea's Daewoo, Indonesia's Istech Energy,
and U.S.-based Chevron, which is operating in Myanmar under a grandfather clause. Australia’s
Woodside Petroleum and France's Total SA are also operating through partnerships.

The country held its first international bidding round for 18 onshore blocks in August 2011,
and 8 blocks were awarded to 6 companies. A second international bidding round for another 18
onshore blocks was announced in January 2013, but it is unlikely decisions will be finalized
before November 2013. Some onshore blocks will be kept as reserves by state-owned Myanma
Oil and Gas Enterprise (MOGE).

Offshore oil and gas blocks tend to be seen as having more potential and therefore generate
more interest from foreign firms. Myanmar announced first international bidding round on 30
offshore blocks on April 10, 2013 and in a new development has allowed foreign companies to
bid for full control without mandating the companies take a local partner as in the

astHHHHHHEEEEEEEL  Bidding firms are, however, required to enter a production-sharing

agreement with MOGESSS$35SS55585T8 858355885

It is also noted that the pipelines for natural gas and oil connecting the coast of the Western
Myanmar with China will be completed in 2013.

Coal: Myanmar produced an average 416 thousand tons of coal per year between 1988 and
January 2009 . The country has 36 major coal deposits with total
estimated reserves of over 519.21 million tons, mostly in the north. Higher quality coal deposits,

***************************

Foreign oil companies ink exploration deals, Agence France Presse, June 21, 2012

P Daniel Ten Kate, Myanmar Qil Veteran Rebuffs Suu Kyi a Shell, Chevron Weigh
Bids, Bloomberg, Sept. 18, 2012

Myanmar open to foreign energy bids, Bangkok Post, March 6, 2013

S55555555395556595556555556 Myanmar opens keenly awaited oil and gas auction, Agence France Presse, April
10, 2013

Myanmar Energy Sector Assessment, Asian Development Bank, October 2012.
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consisting of lignite to sub-bituminous coal, are primarily found in Sagaing Division, Magwe
Division, and Tanintharyi Division, while lower quality coal is found in Shan State. Coal
accounts for roughly 8 percent of electricity production. It is mainly used for power generation,
cement production, steel production and industrial zones or for export to Thailand and, to a lesser
extent, China. There is growing concern, however, over coal’s environmental and societal
impact, as evidenced by the recent cancellation of the Dawei coal-fired plant.

Nevertheless, Myanmar's Ministry of Mines is emphasizing exploration—with coal
production scheduled to increase by 6 percent annually up to FY2031—to allow expanded use
for both power generation and non-power-related uses. There are currently ten mining
companies involved in coal production in Myanmar: Htun Thwin Mining, Geo Asia Industry and
Mining, Myanmar Economic Corporation, Yangon City Development Committee, AAA Cement
Int’l Co., Ltd., U.E Export & Import Co., Ltd., Mine Htet Co., Ltd., Ngwe Yee Pale Mining Co.,
Ltd., and the Max Myanmar Group. Myanmar's membership in the ASEAN Forum on Coal
(AFOC) has opened additional opportunities for coal investment, including as a means to
promote rural electrification. Myanmar is also introducing clean coal technology.

Hydropower: Myanmar has a high potential for renewables that provide a low-cost
alternative to diesel. The largest source is hydropower, which grew in importance after the

World Bank conducted a 1995 study that predicted Myanmar had a potential production capacity
of 108,000 MW Tt

In 2006, Myanmar announced plans to wean the country off gas to make hydropower the
sole electricity source by 2030. Twenty-four hydropower plants would be developed, varying in
output from 48 MW to 7,100 MW, with a projected 23,300 MW of electricity by

""""""""""""""" Certain hydropower resources are earmarked for export, while gas
would be directed to fertilizer production and other projects.

Several power plants are currently under construction in Mandalay, Magway, and Bago
divisions as well as Rakhine state and the Chindwin River Valley. Additional projects are
located in Upper Paunglaung, Nacho, Shwegyin, Htamanthi, Pyuchaung, Kunchaung and
Thahtaychaung. Feasibility studies are also underway in Thanlwin and Tarhsan.

Although hydropower is a sound long-term option, it requires long lead-time, a significant
amount of investment and environmental consideration. This must come from foreign
companies, and Myanmar would prefer not to rely on external entities for basic power needs.
Hydropower also suffers shortages during dry season, requiring back-up. Therefore, even
though hydro capacity should be expanded, the nation must remain diversified so it will not be
reliant on any one energy source.

Gas can plug short-term gaps and be stored during times of low demand for use in maximum
demand periods. For base-load, however, hydropower, geothermal and tidal energy are

T Harnessing Energy from the Clouds, The Myanmar Times, August 20-26, 2007

July 10, 2006

Government Will Prioritize Hydropower Projects Over Gas, The Myanmar Times,
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preferable. Natural gas can be used as a feedstock to increase added-value of Myanmar's
consumer products and exports. Liquefied petroleum gas (LPG) and compressed natural gas can
also be diverted for domestic use. This would reduce carbon emissions and help to develop the
gas industry.

Other Renewables: Traditional biomass is, and will remain, the primary energy source in
Myanmar for many years to come. In addition to hydropower, Myanmar is working to develop
other renewable energy sources, including wind, solar, geothermal, and biomass, consisting of
fuel wood, charcoal, agricultural waste, and animal residue.

Table 6-7: Biomass Resources in Myanmar

Type Quantity
Rice Husk 4.392M ton/year
Lumber Waste 1.5M ton/year
Bagasse 2.126M ton/year
Molasses 240M ton/year
Livestock Waste 34.421M ton/year

Source: Myanmar Engineering Society.

While it is difficult to obtain accurate data given unreported logging, more than 50 percent
of Myanmar's total land area is reported to be forest. This represents approximately 344,232
square kilometers. Myanmar's potential annual yield of fuel wood could be as high as 23.5
million hoppus tons. According to the data from the Ministry of Environmental Conservation
and Forestry, fuel wood and charcoal represent about 70 percent in 2010 of the country’s primary
energy supply and will have a 58 percent share in 2020. Consumption is directly proportional to

population growth and indirectly proportional to availability of other energy
sources SSSESSSITISIETITI888888

To preserve forests, Myanmar’s government has undertaken initiatives to substitute use of
fuel wood with other biofuels or, in areas near oil and gas fields, LPG. Efforts are also being
made to introduce more efficient stoves and appliances to rural households. These measures are
expected to decrease dependence on fuel wood by 46 percent over a 30-year period.

Per year, Myanmar also has 4.392 million tons of rice husk resources, 1.5 million tons of
lumber waste, 240,000 tons of molasses, 2.126 million tons of bagasse, and 34.421 million tons
of livestock waste. All of these sources can be used for biomass
gasification . As of 2008, 428 biomass gasification plants were operating
in Myanmar. Cost savings makes biomass especially attractive for Myanmar's rural population.
Nevertheless, as one analyst interviewed noted, “Use of in-country biomass is only attractive if it
substitutes for imported oil. It will not replace hydro for base-load generation.”

SSSSISSSSSISRSSII8SSSI8SSS Renewable Energy Sector, Myanmar Ministry of Energy, accessed: June 29, 2012

ASEAN Countries' Presentation on Renewable Energy Projects and Business
Opportunities (Myanmar), Myanmar Engineering Society
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Solar energy also holds promise. Myanmar's Ministry of Electric Power reports available
solar energy is about 51,974 tTWh per year. /TG golar energy is abundantly
available in central Myanmar with a radiation intensity of 5 kWh per square meter per day during
the dry season. At present it is only being used on an individual scale, primarily through
photovoltaic cells. Solar panels have been a source of electricity for certain monasteries and
schools in Myanmar and were provided to villages in Myanmar's Ayeyarwady Delta following
power interruptions due to Cyclone NargisHHHHHHHHEHHEEEEEL | Degpite the savings over
diesel fuel when viewed over a long timeframe, solar electricity has a relatively high start-up

cost.

Myanmar's wind energy potential is 365 terawatt hours per year, according to government
data, and the country has identified 93 geothermal locations.

The potential for tidal electricity generation may also be great due to 1,700+ miles of
coastline and expansive delta areas. Two tidal-powered hydroelectric facilities were completed
in 2005, in Ngapudaw Township, Ayeyarwady Division® $$833388333883335853888888

(3) Structure of electricity industry

Myanmar's electricity system is centralized under government and state-owned enterprises
with some private sector involvement in the generation, distribution, sale and service of
electricity. The industry is regulated by the Electricity Act of 1948 (as amended in 1967), the
Myanmar Electricity Law of 1984 and the Electricity Rules of 1985.

The Ministry of Electric Power, established in 1997, was restructured in 2006 and divided
into two separate ministries: the Ministry of Electric Power 1 (MOEP-1), which was responsible
for the development and maintenance of hydropower and coal-fired power plants; MOEP-1 was
comprised of the Department of Hydropower Planning (DHPP), Department of Hydropower
Implementation (DHPI) and Hydropower Generation Enterprise (HPGE). The Ministry of
Electric Power 2 (MOEP-2) was responsible for the development, operation and maintenance of
gas and combined power plants, transmission and distribution system. MOEP-2 was comprised
of the Department of Electric Power (DEP), Myanmar Electric Power Enterprise (MEPE),
Electricity Supply Enterprise (ESE) and Yangon City Electricity Supply Board (YESB). In
September 2012, these two ministries were reorganized into a single ministry, Ministry of
Electric Power (MOEP).

MEPE, established in 1997, is a state-owned, state-run utility. It operates and maintains
Myanmar's gas turbine power stations and combined cycle power plants, and is charged with
financing, constructing, and operating the country's transmission lines. MEPE also constructs

P Mercedita A. Sombilla, Urooj S. Malik, A.K. Mahfuz Ahmed, and Sarah L. Cueno,
Integrating Biofuel and Rural Renewable Energy Production in Agriculture for Poverty Reduction in the
Greater Mekong Subregion, Asian Development Bank, 2009.

Electricity in Myanmar, op.cit.

SSS55SS55SS5SS558S8888888888S pgjtg Holds Great Potential for Tidal Power Generation, Voice Weekly, February
13, 2006
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distribution lines as well as substations. It is charged with distributing electricity through the
national grid to five of Myanmar's seven states and six of seven divisions.

Distribution of electricity was managed under a state monopoly until 1994, when, to meet
increasing demand for power, the government invited the private sector to invest in Myanmar's
electricity sector . Low returns, coupled with international sanctions
against the country, however, have been a challenge to commercialization.

YESB was formed and tasked with approving small businesses to generate and sell power to
consumers in Yangon division. HPGE and MEPE supply power to local consumers, but only
Shweli Hydropower Company (JV Company of HPGE and YUPD) exports electricity to other

countries. Off-grid power is supplied by the Electricity Supply
EnterpriseTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT )

(4) Decision-making structure of Ministry of Electric Power

Independent Power Providers (IPP) still cannot own transmission lines and large plants
remain under government control. What constitutes an IPP in Myanmar is in a state of
flux HHEHEHHHHIHHH!! 1 ryral areas, small-scale hydro and bio-fuel projects generate and
distribute electricity under local or commercial auspices. Commercial captive-power producers

also supply some larger towns and suburban areas.

Industrial parks and other captive-power producers have their own transmission systems.
State utilities are unlikely to allow sale of captive power to independent buyers in other
locations. However, there is insufficient clarity regarding connectivity and power purchase
agreements of [PPs.

On a larger scale, the Myanmar government has signed contracts with commercial interests
on a Build-Operate-Transfer (BOT) basis. Electricity generated under a BOT contract is sold to
MEPE, which then transmits and re-sells the electricity to consumers. The generating facilities
are to be transferred to the government, generally after 20 to 40 years. Myanmar's largest power
plants have been developed under BOT contracts with foreign power companies, including
China's Yunnan Joint Power Development Co. and Thailand's Italian-Thai Industrial Company.
The majority of electricity generated is exported.

State agencies produce electricity for their own use and industrial zones are known to
establish their own electrical substations, transformers, transmission lines and stand-by
generators. Captive-power transmission systems could account for the transmission of up to 66
kV, but more likely are less than 33 kV.

Figure 6-5: Electricity Generation in Myanmar

Burma Eyes Private Power Producer, Nation (Bangkok), February 13, 1996
P Myanmar: Summary of Asian Development Bank’s Initial Sector Assessments,
Asian Development Bank, June 2012
"""""""""""""""""" Electric Industry in Burma/Myanmar, Online Compendium, Burma Library,

accessed: June 28, 2012
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Source: CSO, 2012.

Electrical Capacity: Myanmar produced roughly 10 billion kWh of electricity, consisting of
hydroelectricity, gas, coal, and diesel in 2011-2012585333883335880338838388883888 N\ fyanmar's Central
Statistical Organization (CSO) reports that 6.62 billion kWh of power generation in 2008-09,
6.96 billion kWh in 2009-10, and 7.54 billion kWh for 2010-11 . This

follows an increase in electricity generation from 5.804 billion kWh in 2005 to 6.426 billion
kWh in 2008 Tttt

Despite an average 15 percent annual increase in electricity generation between 2008-2011,
the CSO does not reg(T)TthT?TI}%/T ﬁdditions to installed capacity between 2009 and
""""""""""""""""" If accurate, this suggests the already inadequate power grid is
being worked more intensively, increasing potential generator failure risk and power outages.
Blackouts, already a common occurrence in most parts of Myanmar, became even more frequent

in Yangon and Mandalay in 2012.

It is possible the CSO has not updated its statistics on installed capacity. Asian
Development Bank reports installed capacity in 2011 was 3,361 MW, compared with CSO data
that states installed capacity stood at 2,947 MW in 2010, made up of 94.06 MW off the grid
capacity and 2,852.94 on the grid®333$3333888a38S8RSIS8RISI A ceording to CSO, installed
capacity on the grid is comprised of 2,013.5 MW of hydroelectricity, 120 MW of coal, 550 MW
of gas, 165 MW of steam, and 4.5 MW of diesel. ADB states total installed capacity for 2011

SSSSISSSSIISSSSII0RSSSNNIINSIS payig Dapice, Electricity Demand and Supply in Myanmar, Proximity Designs,
December 2012
Electric Power Generated and Sold by the Myanma Electric Power Enterprise, op.cit.

P Country Analysis Brief: Myanmar (Burma), U.S. Energy Information
Administration

Electric Power Generated and Sold by the Myanma Electric Power Enterprise,
op.cit.

SS5IS356305555555556598888588 The Republic of Union of Myanmar, Country Report, Myanmar Ministry of
Agriculture and Irrigation, presented May 26, 2011-July 6, 2011
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was comprised of 2,520 MW of hydropower capacity, 715 MW of gas-fired capacity, and 120
MW of coal-fired capacity.

Installed capacity may, however, be lower than government statistics suggest. For example,
the EIA reports an installed capacity of 1,840 MW in 2008, up from 1,800 MW the year before
and 692 MW in 1980.

Either way, installed capacity in the 1,800 MW to 3,500 MW range is far too low for a
country of Myanmar’s size. In comparison, Thailand, which has a similar population and is
Myanmar's largest export partner, has an installed capacity of 28,479 MW, according to the
Electricity Generating Authority of Thailand—up to 10 times that of
Myanmar

Myanmar currently has one of the world’s lowest per capita electricity consumption rates.
Myanmar consumed 104 kWh per person in 2009, compared to 131 kWh per person in
Cambodia, 590 kWh per person in Indonesia and 2,045 kWh per person in
Thailand T - Only Nepal, Haiti and a handful of sub-Saharan African
countries consumed less electricity per capita than Myanmar.

Estimates place Myanmar's present electricity supply at only about half of future
demand*HHHHHHEEEEEEEEEEED © ADB, citing the Ministry of Electric Power, estimates
individual power consumption will grow from 203.9 kWh in 2012-2013 to 550.13 kWh in 2021-
2022 3388333S8IAISTRIISINNSINNIN - Generally speaking, electricity demand grows at the same rate
as GDP, but that assumes those already connected to the grid have adequate power supply.
Electricity demand in Myanmar is estimated to be growing at an annual rate of between 10-15
percent . This is twice as fast as GDP growth, which the International
Monetary Fund estimates at 5.5 percent in FY 2011-12 and 6.25 percent for FY 2012-
|3 - Given the state of Myanmar's power system, the growth rate of

[ . : : 0000 0000 0 00 00
electricity demand could be 2.5 times international normsg*+#++# =+ttt ittt .

International Energy Statistics, U.S. Energy Information Agency

P Electric Power Consumption (kWh per capita), The World Bank Group,
accessed: June 29, 2012

Dapice, Electricity in Myanmar: The Missing Prerequisite to Development,

op.cit.

SHSIS5555I555539555639588659888 Agjan Development Bank, Myanmar Energy Sector Assessment, op.cit.
Dapice, Electricity in Myanmar: The Missing Prerequisite to Development, op.cit.

P Myanmar Set for Economic Takeoff With Right Policies, IMF Growth Survey,
May 7, 2012

By contrast, according to a Harvard University study authored by David
Dapice, the government's planned investments over the next five years will add only 617 MW of capacity,
representing less than 5% annual growth Wi Dapice estimates electricity
consumption for 2012 will be roughly 160 kWh per capita. ™ According to report,
annual growth averaged 3.8% over a two-decade period, and electricity consumption rose from 45 kWh
per capita in 1987 to 99 kWh per capita in 2008.
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Myanmar's Forest Department reports industry accounts for roughly 10 percent of final
energy consumption, transportation for just over 6 percent and other users, which likely includes
residential users, for 83 percent S3388333883AISSRIISIINISININ - Ope consulting firm states
households account for 70 percent of Myanmar's electricity
consumption . An October 2012 ADB report cites 5.4 percent annual
growth in energy consumption in Myanmar's commercial sector between 2000 and 2009, 4.8
percent annual growth in the industrial sector, and negative annual growth of 1.9 percent in the
transport sector. The residential sector, although it is the largest consumer of energy,
experienced only 1.3 percent annual growth between 2000 and 20091

As mentioned, the government is increasingly looking toward hydroelectricity to address its
capacity problem. According to feasibility studies, this can add about 46,300 MW of generating
capacity 000 A May 2012 article in The Myanmar Times states
Myanmar's hydropower plants have maximum generation capacity of 1,270 MW, which
fluctuates in a monsoon climate. During Myanmar's dry season, hydro capacity drops to 1,000
MW due to lower water levels. Citing Ministry figures, The Myanmar Times reported peak

electricity usage during rainy season averages 1,450 MW, rising to 1,850 MW during dry season.

Hydropower can be supplemented by gas during the dry season. However, U Aung Than
Oo, former Deputy Minister for MOEP-2 and current Deputy Minister for the MOEP, noted
combined hydro and gas capacity was at least 500 MW below electricity demand. Speaking at a
May 2012 press conference, the Deputy Minister emphasized demand was expected to grow by
15 percent in 2012.

Up to 90 percent of electricity produced by certain joint venture operations, such as the
China-funded Myitsone Hydroelectric Power project, are earmarked for export. This makes
citizens skeptical of foreign investments in the sector. Riots broke out in 2012, and Myanmar
citizens accused the government of diverting needed electricity to China. Several Chinese- and

Thai-backed investments, including the Myitsone project, were interrupted due to citizen
backlash SSSI588588858G85588885885888588¢

In response, the government agreed to dedicate future natural gas finds to domestic use.
While an expedient political move, this is problematic as capacity expansion is capital intensive
and substantial investment will be required. A pipeline in the Southeast that brings gas from
offshore fields to Yangon is reported to have corrosion problems that substantially decrease its

S55555555355356395556595556555555 Myanmar Forest Department, presented at Stakeholders Meeting on March
25,2012

Electricity in Myanmar, Thura Swiss Research, April 12, 2012

P Asian Development Bank, Myanmar Energy Sector Assessment, op.cit.

January 1, 2001

SSSSISSSSSISSSSSI0RSSSNINSNSI Byrma to Halt Myitsone Dam Project: Media Reports, Mizzima News,
September 30, 2011

Myanmar Scraps Coal-fired Power Plant at Dawei, Reuters, January 10, 2012

Myanmar's Electric Power Generating Capacity Reaches 2,256 mw, Xinhua,
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capacity! T - Other pipelines that bring gas to Yangon are already
operating at capacity and would need to be upgraded. Without the hard currency revenues that
can be generated through export sales, Myanmar may become overly dependent on debt and
donor financing. It will also place the government under great pressure to subsidize domestic
pricing. Another option is to install a modern combined cycle generator, which, according to
David Dapice of Harvard University, would triple the amount of electricity produced using an
equal amount of gas as the generators currently used in Myanmar.

Electricity Grid: Myanmar's national grid system connects major electric power stations—
consisting of 20 hydropower plants, one coal-fired plant and ten gas-powered plants—to
substations and end users using eight types of transmission and distribution

gt . The country has 4,793.24 miles of transmission lines,
comprised of 39 230 kV, 37 132 kV and 117 66 kV lines. 3$8393883335850388083883038889988 There are
2723 kV, 24 132 kV, and 108 66 kV substations with a total transformation capacity of 5,875.4
megavolt amperes. Transmission losses are high in Myanmar, estimated at 27 percent as of 2011,
due to relatively low voltage and antiquated equipment . This is
down from about 30 percent between 2003-2009.

Adding to the problem, users sometimes use transmission line voltage regulators, or step-up
transformers, which can create supply imbalances and blackouts. Beyond being uncompensated,
this creates safety issues. More than one third of fires that broke out in Yangon in 2011 were
reportedly caused by improper use of electrical appliances. Transformers are seen as a leading
cause. This makes upgrading Myanmar's distribution system imperative.

Expanding the grid system can be the least expensive means to increase connectivity, which
in Myanmar is at maximum 26 percent 11111 T The government plans to
build 36 additional substations with 5,675 MV A and 6,444 miles of transmission lines using four
500 kV, 41 230kV, 8 132 kV, and 20 66 kV lines. It is likely most new transmission lines will
bring power from northern hydropower and southern gas-fired power plants at 230 kV and 132
kV. One analyst estimated the capital cost could be between USD 13 billion to USD 18 billion.

In terms of rural electrification, simply extending distribution lines will not provide a short-
to medium-term solution due to inadequate generation capacity. A 2003 report by Japan
International Cooperation Agency estimates if rural electrification were improved 2 percent

P it David  Dapice, Electricity Demand and Supply in Myanmar, Proximity
Designs, December 2012

Kan Zaw, Challenges, Prospects and Strategies for CLMV Development:
The Case of Myanmar in ERIA Research Project Research 2007 No.4: Development Strategy for CLMV
in the Age of Economic integration (Tokyo: IDE-JETRO, 2008)

SS5IS3553955655555553955865588888 The Republic of Union of Myanmar: Country Report, op.cit.
Asian Development Bank, Myanmar Energy Sector Assessment, op.cit.

P Addressing the Electricity Access Gap, Background Paper for the World
Bank Group Energy Sector Strategy, The World Bank Group, June 2010
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annually, an optimistic assumption, it would take more than 40 years for networks to reach the

. . . 00000 00 00 0 0 01 0 1 0 0 1
majority of Myanmar's towns and villages*++#+#+##iissititiitaiiitiitiiy .

(5) Distribution of electrification rate

According to MOEP data, electricity is distributed to 2,323,467 out of 8,905,674 families, or
26 percent. The electricity covers 220 out of 396 towns and approximately 1,600 of 6,774

villages in the current distribution network. Myanmar has a total 64,346
Villages§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§,

World Bank data, however, from 2009 states only 13 percent of Myanmar's population had
access to electricity. Based on that rate, a 2012 presentation by the National Energy Institute at
the National University of Singapore, says 19 percent of urban and 10 percent of rural
populations are connected to the grid . The Integrated Household
Living Conditions Survey 2009-10, however, carried out jointly by UNDP and the Myanmar
Ministry of National Planning and Economic Development, states overall access to electricity
increased from 38 percent to 48 percent in 2005-2010. As emphasized in a strategy paper on
Rural Development and Poverty Reduction in Myanmar, large differences exist between the
poor, with a 28 percent access rate — up from 20 percent in 2005 — and the non-poor, with 55
percent [T The figures stand at 34 percent for rural and 89 percent
for urban dwellers.

The discrepancy in data may result from World Bank statistics measuring access to national
grid, with UNDP measuring availability from all sources, including generators and independent
projects. Typically households in Myanmar derive electricity from car batteries, chargers, and
inverters—commonly used to convert direct to alternating current—or purchase power from
independent generators.

Small independent producers play a key but difficult to measure role in rural environments.
For example, a Reuters article described an individual in Kya-oh, who provides energy to
households using a private generator. The individual charges 3,000 kyat a month per household
for 2.5 hours of electricity a night, and an extra 1,500 kyat for a television — nearly a week's

. . 00005 0 00 00 00 01 00 1 0 1 0 0 0 A
income for some villagers**+#+ -+ itrtritriiitiititiit ity .

The Study on Introduction of Renewable Energy Sources in Myanmar,
Japan International Cooperation Agency, September 2003

S595353595SIIITITIIITIIIIIIY E o ctricity Prices to Be Doubled, op.cit.

S.K. Chou, Overview of ASEAN’s Energy Needs and Challenges, Presented at
Energy Policy Roundtable 2012, Todai Policy Alternatives Research Institute, The University of Tokyo,
April 20, 2012

PITTTTTTTTTITTTTTTTTTTTTTTTTTTTT e Dolly Kyaw, Proposal for Rural Development and Poverty Reduction in
Myanmar

Myanmar's Power Struggle Endangers Economic Boom, Reuters, April 16,
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Rakhine State fared among the worst in a UNDP study concerning electricity and household,
water, and sanitation conditions. Access to electricity stood at 26 percent in Rakhine, 30 percent
in Ayeyarwaddy, 31 percent in Magwe and 32 percent in Bago® $8393385333883535830358503388359888
Rakhine State is plagued by ongoing violence and was the site of an uprising that led Myanmar
to declare a state of emergency in 2012. Although urban electrification is relatively easier, the
government, in its attempt to build a more representative democracy, is becoming more
dependent on political buy-in from traditionally marginalized and remote populations. Rural
electrification, in addition to helping the country develop and industrialize, is one means of
building broader support.

In pursuing rural electrification, the government must balance between connecting rural
populations to the national grid and satisfying increased urban and industrial demand. Villagers,
understanding the difficulties of relying on government projects, have begun implementing
schemes on a self-help basis. In some cases this is done with support of NGOs, donors and
SMEs, in parallel with government initiatives. Proximity Designs, for example, a Yangon-based
social enterprise, introduced a solar-powered lantern that sells for about USD 11, compared to a
USD 60 Chinese model. A Thai solar power company, SPCG, is
also planning to enter Myanmar, with initial plans to establish 2 MW of solar power
CapacityTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT )

Although admirable in providing a short-term solution, the sustainability of reliable
decentralized power is questionable. Isolated power systems tend to use small-scale renewable
sources, including hydroelectricity, as well as biofuel, solar and wind. Isolated systems are
suitable options where demand density is low. They do not require large-scale investment or
hard currency. While operating and maintenance costs are also low compared to projects
involving the national grid, administrative and management costs by donors and other
institutions seeking to develop numerous sites can be onerous. That is because individual small
projects lack the scale that allows effective amortization in comparison with larger ones.

SME:s that try to deliver to rural areas also face many difficulties, including customers
unable or unwilling to purchase or install electrification capacity. Marketing to the rural poor is
also a challenge N Myanmar's SMEs face numerous additional
problems, including a scarcity of capital, obsolete equipment and machinery, a shortage of
adequate physical and human resources, an absence of current information on technical, market
and legal issues, and a lack of support from the state, especially in technology transfer, credit
guarantees and loans. This is an area in which donor assistance or public-private partnerships

could prove vital.

S33333333335355585333535333388835%%  |ntegrated Household Living Conditions Survey in Myanmar 2009-2010,
Poverty Profile Report, UNDP Myanmar, June 2011

Winn, op.cit.

Pt Mridul Chadha, Off-Grid Solar Power Projects For Myanmar, Clean
Technica, January 13, 2013

Entrepreneurship Development in Solar Energy Sector for Rural Area in
Myanmar, ARTES/SESAM Alumni Regional Level Workshop, May 2008
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Electricity Cost: The need for outside financing is especially apparent when one considers
the losses sustained by government through subsidies. Myanmar's electricity prices are the
cheapest among 15 countries in the region, according to Deputy Minister U Aung Than Oo, but
vary widely. Costs for electricity from the national grid range from 35 kyat per kWh in

Myanmar’s capital to 12 times that in Sittwe, the capital of Rakhine
StatedSIIISIIISITTISIISIITISIEIST88588S

In 2012, MOEP-2 was buying hydroelectricity from MOEP-1 at a rate of 20 kyat per kWh
and spending 127 kyat per kWh to generate electricity with gas
turbines . The deputy minister said the ministry was spending
more than 60 kyat to distribute one kWh of electricity, but charging 37.40 kyat per kWh, losing
over 20 kyat for every unit sold.

The cost of distributing electricity at a loss will total 249.8 billion kyat (roughly USD285.3
million) in 2013. This creates a quandary when attempting to balance the critical upgrades
required to accumulate more users and expand the infrastructure needed to promote development
and industrialization, with the need to generate hard currency and raise prices to market rates.
This problem is likely to be further compounded by government pledges to reserve future natural
gas finds for domestic use. It will be difficult to finance new development, processing, and
distribution if the output is then subsidized and sold at a loss.

Overcoming this constraint will not be easy. Since revenues gained from resource extraction
were used in the past to enrich a narrow group of elites and select institutions, the public is now
pushing for Myanmar’s energy to be used for the public good, while market pricing and
mechanisms, as well as the insidious role of subsidies—are not well understood. In particular,
gradual subsidy removal to ensure sustainability of socio-political and national economic growth
will be paramount.

One analyst interviewed noted he had been told industrial users and foreigners in Yangon are
presently being charged for electricity in dollars, rather than kyats. Asking export-oriented
consumers of electricity to make payments in foreign currency is a model that could enable both
generation of foreign exchange and industrial development. It could fund industrial park
development and other facilities where output is export-oriented. This would allow hard
currency funding as well as partial subsidization of distribution, deemed a necessary public good.

The government increased electricity rates in 2012—from 25 to 35 kyat per unit for home
use and 50 to 75 kyat per unit for industrial use—with the long-term hope of equalizing costs and
revenues. This will enable the country to focus on regularizing electricity supply, maintenance
and expansion of new cable lines. According to Harvard's Dapice, cited above, the cost of
electricity should be closer to 90 to 100 kyat per kWh, with subsidies covering only the very
poor, most of which do not currently have access to electricity! T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTEeee

S5S5555555T555555555559555558558558858 Myanmar's Power Struggle Endangers Economic Boom, op.cit.

Electricity Prices to Be Doubled, op.cit.

Pt David Dapice, Electricity Demand and Supply in Myanmar, op.cit.
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(6) Major energy policies

To meet its goal of tripling per capita GDP in five years and expand national electrification
to satisfy growing demand, Myanmar has adopted a diversification strategy to meet both
domestic needs and export requirements.

On a political and regulatory level, substantial work must be done to transform resource
extraction from an industry that lacks transparency and which enriches only a small elite, to one
that addresses a full range of environmental and social concerns and which has all the nation's
citizens' best interests in mind.

Institutions of Policy: The Ministry of Energy and Ministry of Electric Power are the two
main entities tasked with oversight. Oil and gas management falls under Ministry of Energy and
MOGE; coal business under the Ministry of Mines; biofuels and micro-hydro (for irrigation use)
under Ministry of Agriculture and Irrigation; fuelwood, climate change and environmental
safeguards under Ministry of Environmental Conservation and Forestry; renewable energy under
Ministry of Science and Technology; and energy efficiency under Ministry of Industry.

To fulfill the people’s need to systematically manage the linkage of Energy and Electrical
Sectors , National Energy Management Committee (NEMC) and Energy Development
Committee (EDC) was formed according to the Notification No.(12/2013) dated 9™ January ,
2013 issued by the President Office. For the time being 1% Draft of Energy Policy has already
drawn up for short-term and long-term plans.

The Ministry of Education, responsible for vocational and technical training, and the
Ministry of Co-operatives, which also has a hand in vocational skills training as well as
developing mineral production and electrical goods production under the cooperative sector, also
play a role in Myanmar's energy policy.

Basic Policy: The Ministry of Energy's current policy priorities are: To fulfill Domestic
Energy Requirement as Priority; To Implement the Status of Sustainable Energy Development;
To promote Wider Use of New and Renewable Sources of Energy; To promote Energy
Efficiency and Conservation; To promote Use of Alternative Fuels in Household; To Implement
Effective Utilization of Discovered Crude Oil and Natural Gas Resources in the Interest of the
Entire Nation including the Regions where the Discovery was made; and to promote more
Private Participation in Energy Sector. Given Myanmar's power sector is starting from such an
underdeveloped state, the country has a great opportunity to create and adopt efficient and
sustainable energy policies. With its current energy mix, Myanmar produces 0.04 percent of
global greenhouse gas emissions, compared to 0.9 percent in Thailand and 25.55 percent in

.....................................

Carbon dioxide emissions for each kW of electricity produced from coal and oil are twice
that from natural gas, according to British Nuclear Industries Forum. Although hydropower
schemes emit very little carbon dioxide, methane emissions do rise from rotting vegetation in
reservoirs. Hydropower is said to contribute only 4 percent to global

""""""""""""""""""""""" Carbon Dioxide Emissions (CO2), Thousand Metric Tons of CO2,
Millennium Development Goals Indicators, United Nations
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warming S IIISSRAIITIAIISIINISIINISINIIN Black carbon emissions from burning biomass in
open fields are the third largest contributor to global warming

In 1997, the government adopted the Myanmar Agenda 21 to integrate sustainability into
everyday considerations of individuals, households, communities, corporations and government.
It seeks to increase efficiency, reduce waste and promote recycling, encourage new and
renewable sources of energy, utilize environmentally sound technologies for sustainable
production, decrease wasteful consumption, and raise awareness of sustainability measures.

While Myanmar plans to increase its reliance on hydropower, hydropower production is
centered in more remote and mountainous areas such as Kachin and Karen States. These areas
have historically been troubled by ethnic tensions and are located far from population centers
where demand is focused. This presents a challenge of efficiently transporting the electricity
generated.

Myanmar's Ministry of Energy also has plans to address its energy pricing system, which
presently operates with subsidies. The Ministry intends to introduce a pricing mechanism to not
only enhance competitiveness of certain resources, such as coal, but also to increase awareness
of energy use with an eye toward promoting efficiency and conservation.

The GOM, in partnership with Japan, has also launched feasibility studies for energy
conservation. TG - The oovernment enacted a conservation initiative
for government entities, under which government buildings must use daylight for illumination
during office hours as much as possible and government vehicles, except those on duty and
emergency vehicles, were reciuired to observe two dry days a month. Compliance was monitored

: : 000 000000000 0 00000
by an 1nspect10n team, FHerrraRp s R

The government also engages in partnerships with the private sector, foreign countries and
regional agencies, as well as universities. Recent partners include Thailand's Chiang Mai
University, which supported a rural electrification project in 2008, and Japan's New Energy and
Industrial Technology Development Organization (NEDO), with which the Myanmar

government recently signed an agreement on renewable energy and conservation
technologies, $SS S8 SSSSTRESTSRTTATIISIISIS00888

SSS55555588539558555885995588888888888 Greenhouse Gas Emissions from Dams FAQ, International Rivers, May
1, 2007

For more information on the carbon footprint of electricity generation, see:
http://www.parliament.uk/documents/post/postpn268.pdf

P i ittt Burma Infrastructure > Energy, Asia Trade Hub, accessed: June 29,
2012

ASEAN Countries' Presentation on Renewable Energy Projects and
Business Opportunities (Myanmar), op.cit.

SSSSISSSSSISSSSI0RSSSN0SSSN0SNSIIS Than Htike Oo, Villages Near Twante See the Light, The Myanmar
Times, January 14-20, 2008

"NEDO and the Government of Myanmar Conclude Letter of Intent for Introduction of Renewable Energy
and Energy Conservation Technologies in Myanmar, New Energy and Industrial Technology
Development Organization, January 17, 2012
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Additional Policy Concerns: Myanmar needs to carefully consider its options as it
determines future policies and plans to plug the "electricity deficit" while balancing a mix of
reliable and sustainable energy sources. It must also address the perceived inequity of many
energy transactions, as well as environmental consequences beyond carbon emissions. All of
this is compounded by the newfound ability of citizen’s in Myanmar to exercise their democratic
right of protest. Two large-scale power projects—the Myitsone dam and Dawei coal-fired plant
—have been interrupted since the fall of 2011.

A survey published on MyanmarAffairs.com found that 90 percent of 1,059 people
interviewed opposed the Myitsone dam for environmental, socioeconomic and cultural reasons.
Importantly, the vast majority—up to 90 percent according to some reports—of electricity
generated by the project was slated for export to China. The project had initially been given the
go ahead without public consultation, despite estimates that 15,000 locals would be displaced.

"

Hydropower on a large-scale can also threaten ecosystems and local livelihoods, including
farming and fishing. Due to a lack of resources, the government has not adequately surveyed
dam sites for biodiversity or formalized regulations requiring environmental impact assessments
of energy projects. In the case of Myitsone dam, a USD 1.25 million environmental impact
assessment that was carried was a source of controversy*.

As coal is the most carbon-rich fossil fuel, villagers near coal sites suffer from pollution as
well as noise hazards. For example, an estimated 12,000 people living within a five-mile radius
of Myanmar's largest coal mine, Tigyit, are said to be affected with health problems and
breathing difficulties as a result of the mine.® Water contamination also threatens agriculture and
ecosystems, while waste can encroach on villages, causing massive mudslides.

Though it burns cleaner than coal, natural gas production and transport carry risks of leakage
and gas blowouts. Pipeline routes in Myanmar are highly protected due to so-called "pipeline
security operations," with 8,500 soldiers said to be stationed along the Yetagun and Yadana
pipeline route. Petroleum Operations in both Onshore and Offshore areas, after signing of
Production Sharing Contract and / or Improved Petroleum Recovery , the Contractor have to
conduct Environmental Impact Assessment (EIA) , Social Impact Assessment (SIA) and
Environmental Management Plan (EMP) reports for MIC’s approval during the Preparation
Period .

Biomass and other renewable sources bring their own problems, including soil erosion, loss
of biodiversity, and deforestation. When burned indoors using certain stoves, biofuels contribute
to indoor air pollution and respiratory disease. Production can also divert land from agricultural
use, impacting food security.

T Opinion Poll on Ayeyawady Myitsone Hydropower Project, MyanmarAffairs.com, accessed June 28,
2012

* TheMyitsone Dam on the Irrawaddy River: A Briefing, International Rivers, September 28,
2011

% Poison Clouds, op.cit.



KWR International (Asia) Pte. Ltd. 240

There are minimal laws regulating energy projects in Myanmar and provisions of
international treaties, such as the Convention on Biological Diversity, to which Myanmar is a
party, have yet to be codified into domestic legislation.

The government, however, has already taken steps to join the Extractives Industries
Transparency Initiative (EITI) through a group created under direction of Myanmar’s president
to oversee implementation in December 2012. Myanmar’s government is expected to submit an
application by the end of 2013.”

Accomplishing its new energy policy objectives will also require a repositioning of
Myanmar's human resource capacity and expertise, and a clarification of the roles of ministries
involved in energy policy implementation. The country is fortunate to have significant resources
and several options, as outlined in Table 6-8.

Table 6-8: Energy Development Strategy for Myanmar

Short-term: * Subject to cost, maintain power plants and distribution system that are
already installed

¢ Subsidize diesel for high-speed diesel captive-power in exchange for
a percentage of supply to the grid / or consumers

* Renegotiate Chinese, Thai and other electricity export contracts to
divert higher percentage for national supply

* Rent gas (CNG) or marine fuel-oil (MFO) fired reciprocating engines
for decentralized power (note these have higher efficiency than gas
turbines (GT) and require less infrastructure)

* Where gas is available, rent trailer-mounted aero-gas (GT) turbines

* Promote energy conservation (e.g. compact fluorescent light bulbs)

Medium-term: * Install open-cycle GTs

¢ Install mini-hydro in rural areas

* Install high-voltage transmission to urban and industrial centers

* Encourage industry to invest in efficient / reciprocating captive-power
plant with a percentage for domestic consumers

Long-term: * Maximize hydropower and coal reserves for base-load

* Develop gas pipelines

* Optimize use of natural gas resources, primarily for peak-lopping
during maximum demand

* Minimize imported oil and coal

¢ Evaluate the geothermal opportunity

* Promote biofuels and other cost-effective renewables

Source: ERIA.

There are a number of drivers that will influence the way forward. These include availability
of project finance, project lead-time, expectations, economic growth requirements,
environmental and sociopolitical impact, reliability and supply.

"~ US official sees ‘real commitment’ in Myanmar’s EITI efforts, Myanmar Times, March 4, 2013
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It is important that Myanmar overcome critical short-term demands and plan for the future
using medium- and long-term solutions.

2.2.Policy Implications
(1) Directions for future energy policy developments

In the course of our research and discussions, we have generally agreed on several important
energy policy concerns and issues that should be tackled in the future. These include:

* Recognizing essential importance of formulating an Integrated Energy Policy. Establishment
of Energy Management Committee chaired by the Vice President marks definitive progress;

* Initiating comprehensive medium/long-term energy policy planning;

* Enhancing coordination between ministries. For example, optimizing natural gas allocation
and development of power generation at political and ministerial level;

* Maximizing human resource development. Capacity building and training also needed.

* Evaluating and optimizing energy prices, tariffs and use of subsidies;

* Developing a framework for public-private partnerships in the electricity sector

* Developing more comprehensive energy statistics immediately. Rectifying inconsistencies in
statistical data among the ministries;

* Integrating parallel focus on off-grid areas into policy dialogue and development efforts;

* Introducing additional transparency into policymaking procedures and process;

* Improving potential for expansion and rehabilitation of transmission lines through measures
that can better attract necessary investment; and

* Recognizing continuing importance of forestry in energy mix as traditional biofuels remain
essential primary energy source.

(2) Three Policy Themes

Better energy access helps to provide the underlying fundamentals that lead to poverty
eradication, economic development and political stability. As emphasized throughout this
project to facilitate development of an Integrated Energy Strategy in Myanmar, huge additional
investments of time, capital and other resources are necessary to suggest mechanisms to
improve, rehabilitate and expand Myanmar’s existing energy infrastructure and electricity in
particular. This is necessary to provide better access to power in backbone areas including
Yangon, Mandalay and Nay Pyi Taw. In addition, as emphasized throughout our first
stakeholder’s meeting, many other initiatives are needed to address power access in areas that
extend beyond the grid, both in the short run until 2015 and longer term. Therefore, while
current policy discussion is largely focused on strengthening the main grid to increase power
generation, these measures alone cannot achieve broader access. Even if the grid infrastructure
were totally renovated and upgraded there would still be a serious lack of transmission and
distribution to major portions of the country. For this reason, the following three policy themes
have been highlighted as mechanisms that can facilitate broader access to power in Myanmar.

Grid Extension
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The first theme is strengthening, extending and expanding the main grid. This strategy is the
most efficient on both an economic and technical basis. With economies of scale, the generation
cost per unit can be reduced within a larger energy system that has an ability to draw, and
integrate distribution, from a range of energy sources. At the same time, this strategy will
require massive investment if it is to fulfill the requirements of the nation as a whole. Examined
purely on an economic basis, investors are 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. This is, however, not likely to improve access in peripheral regions, at least,
at the present time. Additionally, from the standpoint of energy security, a centralized energy
system could prove problematic in Myanmar, given many energy and natural resources are
located in rural areas with long histories of ethnic strife and conflict. This necessitates the
introduction of safeguards against possible disruptions that could potentially hamper energy
transmission, adversely impacting the entire energy system.

Regional Integration and International Cooperation

The second theme is enhanced cooperation with bordering nations as well as countries
around the world that can provide essential capital, technology and other goods and services.
Luckily, Myanmar has substantial energy resources including thermal, hydro, oil, gas and
biofuel. This provides the potential to transform the nation into both a valued supplier as well as
a consumer of energy products in the region. For example, along the Chinese border, vast
potential exists for hydroelectric power, which can flow in both directions. Additionally, along
its border with India, there are a number of mining sites including coal. There is also biofuel
potential in Myanmar’s agricultural heartland and substantial potential for offshore oil and gas
development in coastal areas. If these resources are developed for generation and supply, both
domestically and for export, this cross-border energy flow is beneficial for Myanmar's
neighboring countries and the region. Further, electricity from Myanmar's neighbors is available
in certain border towns, but strict regulations hinder its use on the Myanmar side. As noted in
the strategic paper, "Border Area Development Strategy," making this electricity available
legally and regularly will attract foreign factories to the Myanmar side of the border where
international firms can take advantage of Myanmar's competitive wages. The country can also
take advantage of capital, technologies and other inputs from its more advanced neighbors'". In
this regard, special attention will be paid to border cities — such as Muse and Myawaddy — which
have the potential to serve as major conduits to enhance regional integration and Myanmar’s
trade and economic relations with ASEAN and other neighbors as well as the world at large.

Rural Energy Access

The third theme is driven by the realization it will not be possible to electrify Myanmar as a
whole on an economic basis. Some areas, particularly in remote regions will lag behind, and by
necessity will have to rely largely on self-help approaches and stand-alone systems if they are to
gain access to electricity and power over the short- and possibly intermediate-term. For these
areas, we will examine the potential for alternative energy systems such as oil products like LPG,

™ Kitti Limskul, Toshihiro Kudo, and Hiroyuki Taguchi, Border Area Development Strategy, Myanmar
Comprehensive Development Vision Strategy Paper presented March 25, 2013
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traditional biomass, and mini/pico hydropower systems on an off-grid and/or mini-grid basis. 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 drawing resources away, and detracting from priority projects
and initiatives. By minimizing any potential for diversion, this will also serve to provide more
adequate supply and capacity to the urban and industrial areas that will drive Myanmar’s
economic development. It will also allow demonstrable progress in more remote areas, which
can ultimately enhance long-term development in these regions.

These three core themes will be examined through fieldwork, simulation and comparative
research in Myanmar and from the viewpoint of neighboring countries and the overall global
energy environment. The examinations will lead to the development of actionable strategies and
policy recommendations, which will then be fine-tuned through additional stakeholders meetings
and an ongoing dialogue with the GOM. This will lead to the formulation of scenarios and
policy recommendations and options for the GOM that will provide support for development of a
comprehensive integrated energy strategy beyond 2015.
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