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ABSTRACT

Burma's energy resources are large and varied, including
hydropower, oil, natural gas (onshore and offshore), coal, forest
resources, and biomass residues. While the Government has done a
commendable job of developing these resources largely on its own, their
development has nevertheless been comparatively slow. WhiLe this may
have constrained economic growth to date, it also provides a ready basis
for an acceleration in future economic growth and increased exports.
This report analyzes the technical, financial and institutional
requirements for realizing that potential through the turn of the century
in the context of two scenarios -- a Planned Growth scenario which
reflects the official growth targets, and an Economic Growth scenario
under which public finance and balance of payments constraints result in
somewhat slower economic growth.

Under either scenario a major investment program and infusion
of current technology will be needed. The report recommends considerable
technical assistance and studies to help effect this transfer of
technology. Average annual investment requirements in energy development
are estimated at up to $330 million annually over the next decade. To
help finance these requirements, it will be necessary to improve the
financial footing of the public corporations in the sector; this would
entail price increases for many energy products. There is also a need to
strengthen energy planning and inter-ministerial coordination on energy
matters. Although the requirements of this energy development program
are large, in few countries would meeting them pay off as richly as in
Burma.
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CURRENCY EQUIVALENTS

I Kyat = US$0.126
Kyat 7.88 = US$1.00

suMURENENTS

Bbl Barrel of Oil = 0.15899 Cubic Meter; 42 US Gallons;
35 Imperial Gallons

BTU British thermal unit = 0.252 kilocalories
CF cubic foot = 0.02832 Cubic Meter
Callon = 3.7853 Litres
Glwb Gigawatt-hour = 1,000,000 kilowatt-hours (kWh)
k;m Kilometer = 0.62 miles = 1000 meters
kV Kilovolt (kV) 1 },000 Volts
kWh Kilowatt hour = 1,000 Watt Hours
l1Jhr pound/hour
m cubic meter = 6.289 barrels
MCFD thousand cubic feet

per day
MMCF million cubic feet
MVA megavolt ampere = 1,000 kilovolt ampere
MW Megawatt = 1,000 Kilowatts (kW)
MWh megawatt hour = 1,000 kilowatt hours
TOE (toe.) ton of oil equivalent = 1,000 million BTU
ton metric ton = 1,000 kilograms (kg); 2,204.6 Pounds
Tpd tons per day
Tpy tons per year

BURMESE FISCAL YEAR

April 1 - March 31



EVERCY CONVERSION FACTORS

Fuel Million Kcal per Unit Physical Units per TOE

Liquid Fuels (ton)
Crude Oil 10.2 1.00
LPG 10.8 0.94
Kerosene 10.3 0.99
Jet Fuel 10.4 0.98
Gasoline 10.5 0.97
Gasoil 10.2 1.00
Industrial Diesel Oil 10.1 1.01
Fuel Oil 9.8 1.04

Natural Cas (mocf) 286 0.04
Electricity (MWh) 86 x 10 2 4.0
Coal (ton) 5.6 1.57
Fuelwood (ton) 3.5 2.91
Charcoal (tsn) 7.0 1.46
Fuelwood (m ) 2.5 4.10

Memo Items

1 TOE = 10.2 million kcal = 40.5 million BTU = 42.7 GJ
1 kcal = 3.968 BTU 6
1 kcal = 4.19 x 10 GJ
1 MHh = 860,000 kcal = 0.248 TOE at 34% efficiency in thermal (oil)

generation

This report is based on the findings of an energy assessment mission
which visited Burma in June 1984. The mission comprised: B. Decaux
(Chief of Mission), J. Borthwick (Economist), R.S.R. Chari (Coal
Specialist), R. Chin (Refinery Specialist), A. El-Mekkawy (Petroleum
Engineer), T. Fitzgerald (Geologist), D. Hughart (Energy Economist),
D. Laurent (Fuelvood Specialist), and R.L. Luthra (Institutions and
Transportation Specialist). The mission was joined by K. King (Energy
Specialist) from the Asian Development Bank.
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SUtNAnY AND CONCLUSIONS

Backg round

1. This report prepared under rhe World Bank/UNDP Energy Assess-
ment Program with Asia&; Development Bank assistance, in the first attempt
by these organizations to develop and present an overview of the energy
sector in Burma. Both the World Bank and the ADB have had involvement in
the power and forestry sectors, but neither was in a position until
recently to carry out in-depth analysis. The energy assessment mission
overlapped in the field with a World Bank power subsector mission, and
the main findings of that mission are included in this report. The
relatively short lurations of these missions and limited amount of
information available beforehand is reflected in the broad and strategic,
rather than specific, nature of the main recommendations, and the call
for a considerable number of studies. However, the need for these
studies, most of which are of a highly technical nature, also reflects
the relatively sophisticated state of the energy sector in Burma, and the
consequent need for detailed technical support which was beyond the scope
of the missions.

2. Compared to most developing countries, Burma is fortunate to be
endowed with abundant and varied indigenous sources of energy, including
hydropower, natura' gas, crude oil, forest resources, and coal. Burm
thus has greater energy security ard more options for meeting its needs
than most countries. Projections by the mission indicate that comercial
energy needs will, at an absolute minimum, double, and possibly increase
as much as sixfold, by the year 2000, while non-commercial energy needs
will grow by about 40S. Not only does Burma have the capacity to easily
meet those needs at relatively low cost, but at the same time it can
transform the role of the sector into an important source of economic
growth and foreign exchange earnings. The mission estimates that by
1989/90 petroleum exports based on the development of onshore reserves
could increase more than tenfold over the level achieved in 1983/84. The
purpose of this report therefore is to focus on the major issues and
options facing Burma as it seeks to realize the potential provided by its
abundant energy resources through the end of the century.

3. Despite Burma's energy wealth, petroleum production has at best
grown only slowly in recent years, while there have been distribution
difficulties for electric power. Any program aimed at transforming the
role of energy in Burma will have to address these constraints. Three
principal constraints can be identified -- technical, financial, and
institutional. Since nationalization of the energy industries in the
early 1960s, Burma has done a remarkable job of exploiting its energy
resources on its own. That process, however, is becoming increasingly
complex as the easiest energy sources are exhausted. Meanwhile,
industrial technology abroad has continued to improve rapidly, with the
result that there are now significant gaps between current world and
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Burmese technologies in certain sectors. An infusion of modern
technology, especially in tne petroLeum sector, would have a significant
beneficial impact on pxoduction. The financial constraints stem from the
low profitability of the energy corporations, which has forced them to
finance most of their considerable investment through borrowings. These
borrowings have contributed substantially to the growth of the overall
public sector budget deficit, and pressure to contain the deficit has
inevitably constrained some much-needed energy sector investment. At the
same time, foreign exchange shortages have restricted the importation of
critical goods and services from abroad. While Burma must continue to
take step. to contain the public sector deficit, it must also increase
investment in energy if this sector is not to constrain overall
development. This can only be done if the corporations can increase
their own contributions to investment; this would entail price increases
for most energy products. Finally, there is a need to strengthen inter-
ministerial planning and coordination concerning energy supply and
demand, to reorient some asnects of energy planning to recognize the cost
implications of alternative development strategies, and to begin relying
less on administrative mechanisms and more on pricing policies to
allocate energy resources and ensure their efficient use.

4. The mission's recommendations regarding future energy develop-
ment are also heavily influenced by two important qualifications to the
comfortable overall energy picture. First, given the large amount of
presently undeveloped and underdeveloped known reserves of oil, and espe-
cially gas, there is no reason existing reserves cannot be developed more
aggressively. While the Covernment recognizes that the natural gas
potential can easily sustain exports, the mission also considers Burma's
oil reserves more than sufficient to justify their development for export
as well as domestic purposes. In the mission's view, a plan to effect
significant increases in production level, would not entail rapid deple-
tion or undue exploitation of the resources. Such an effort would, among
other benefits, also serve to generate the financial resources needed for
further investment in the sector, given the attractive exploratory poten-
tial existing in the country. Second, while Burma is still fortunate to
be covered with around 70Z forests, recent surveys indicate that this
coverage is declining at an accelerating rate. Extraction ot fuelwood,
the main source of energy in rural are-.s, has been the primary cause. It
will not be easy to reduce dependence on fuelwood in the short term, but
if early efforts are made to address the problem it should be possible to
stabilize the situation so most of the forest cover remains intact.

Energy Development Strategy and Programs

5. Considering the high level of proven but undeveloped crude oil
,eserves, current petroleum product shortages, as well as the export
potential, it is recommended that early steps be taken to increase pro-
duction. At the policy level, this would entail shifting away from the
current emphasis on exploration towards developing known fields. In
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operational terms, the balance between the number of heavy rigs used
mostly for deep exploratory drilling and the number of light rigs and
surface facilities for use in developing production from known fields
would need to be adjusted accordingly. To implement this development
strategy in the most efficient way, a study is recommended which would
examine the potential and characteristics of each known oil and gas
field. This would permit field-by-field development plans to be
developed which would be consistent with the overall production targets
and ensure efficient use of resources and facilities. It would also
result in a framework which would permit a clear policy on future
exploration to be developed. In addition to developing proven but
currently unexploited reserves, the mission believes it should also be
possible to increase production from existing fields by applying modern
extraction techniques. In the process of developing a field-by-field
development program, the above study would also serve to identify those
changes in technology abroad which would be best suited to Burma. The
results of this study would, in turn, also lead to the need to optimize
gathering and storage facilities, and develop vapor recovery and, where
necessary, multi-gas separation systems. In the mission's view, a
concerted effort to increase crude oil production could result in
production growing at a sustained 5-10% per annum, depending upon the
amount of resources invested in the sector (para 16).

6. Although the rapid development of onshore petroleum reserves
could result in an increase in the overall economic growth rate of about
one half of one percentage point, the principal benefits would come in
the form of increased foreign exchange earnings. The mission estimates
that domestic consumption is most likely to increase at about 5% per
annum; if overall petroleum production also grows at 5X annually, it is
estimated that petroleum exports (excluding Martaban but including
onshore LPG and methanol exports) could rise from $11 million in 1983/84
to $100 million by 1990, and according to World Bank staff estimates,
account for almost 10% of total exports. If, however, the Government
implemented a program which resulted in production growing at an average
of 10% per year, exports by 1990 could amount to around $190 million and
account for 15% of total exports. By the year 2000, oil exports alone
could amount to over 18 million barrels equivalent.

7. With the completion of the Mann refinery, the refinery sector
as a whole is operating at only about 40% capacity. Although Burma has
three main refineries the two largest are being operated for logistical
reasons and to meet product mix requirements. This has led to high
refinery fuel losses and consumption; however, these should decline once
crude oil supplies and refinery throughput increase. At that time, the
Government would also have increased options of redistributing production
between refineries, or even closing down certain units in order to
optimize current refinery operations to meet domestic needs, maximize
export earnings, and minimize fuel consumption and losses. This very
comfortable capacity utilization position will also give the Government
great flexibility in choosing between crude oil and product exports once
crude oil production has increased sufficiently to permit crude oil
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exports in addition to surplus products. To address these complex
optimization issues, a study with technical assistance input is
recommended.

8. Burma's enormous natural gas wealth and its role in developing
the economy have become perhaps the central energy policy issue. Already
the Government has begun exploiting onshore reserves through a series of
natural gas-based industries -- including fertilizer, methanol, and LPG
extraction -- and through the conversion to gas, wherever feasible, of
industries currently using oil (e.g., ceramics, tires, cement). In
addition, most recent additions to power generation capacity have been
gas-based. By the year 2000, it is estimated that natural gas could rise
from its present 7% of final commercial energy consumption to as much as
60%. The recent discovery of the huge offshore Martaban reserves
provides even greater opportunities to engage in energy based industry;
already, major export-oriented industries are under consideration. (para
13).

9. While Government policy regarding the use of natu-al gas in
industries is quite clear, in practice its use is confined to a
relatively small number of public sector industries. This is because
while natural gas is abundant and cheap to produce, it is relatively
capital-intensive to distribute and exploit. This tends to confine
initial use to large industrial and commercial users. Over time, it is
desirable to broaden the distribution and use of natural gas; however,
there are a number of important policy issues which should be addressed
beforehand, including gas pricing, extent of flaring, and policy
regarding LPG extraction. The pricing issue is particularly important.
Historically, Burma has been able to meet most, if not all, of its gas
needs from associated gas (i.e., gas produced in conjunction with crude
oil). As crude oil was the more critical product, and governed petroleum
exploration and development activities, it naturally bore the bulk of the
costs. Moreover, the price of gas was kept low to encourage its use.
However, projections show that by the year 2000, non-associated (free)
gas could account for over 80% of production. Under these circumstances,
more realistic gas pricing is required which better reflects the actual
costs of drilling wells for free gas (para 21). The recent doubling of
natural gas prices is an important step in that direction.

10. Secondly, the Government will need to address the issue of gas
flaring. Although it has a commendable policy of conserving energy by
not permitting flaring, this policy is constraining crude oil production
in certain fields where the associated gas cannot be consumed. Given the
wealth of natural gas, the economics of selective flaring for purposes of
increasing crude oil production in the short term should be carefully
examined. As production technology improves, it would be possible to
reinject this gas in the wells for purposes of maintaining well pressure
and conserving energy supplies. Another important policy area involves
LPG extraction, since the LPG and condensate fractions of certain fields
can exceed more than 10% of the gas produced. This is important because
LPG is not only a high value fue. with good export potential, but it is

I



also a suitable fuel for household and light industrial use. As part of
the recommended field-by-field analysis (para 5), a systematic evaluation
of condensate and LPG potential should be conducted.

11. Although natural gas is abundant and relatively cheap to
produce, the need for a pipeline network makes it capital intensive to
exploit on a broad basis. WhiLe most new industries are being situated
with natural gas supplies in mind, the rate at which existing industries
and commercial establishments can be converted depends upon the rate at
which the gas pipeline network can expand. Given Burma's assured long-
term supplies of gas, such a network is likely to be justified; however,
there is a need to develop it in a manner which will meet the most needs
at the least cost. Accordingly, the report recommends the preparation of
a gas transport master plan to develop an optimal network.

12. The natural gas wealth also has important implications for
power generation. Although Burma has abundant hydro, natural gas, oil
and coal resources and hence several options for meeting its power needs,
the Government places top priority on hydropower development because it
is a renewable resource whereas the primary alternatives are not.
Moreover, products based on natural gas -- the main alternative -- are
considered to have good export potential. However, due to the continued
rapid growth in demand, the high cost of hydropower development and the
abundance of natural gas, gas-based power generation will continue to
play an important role in meeting power demand, at least until the major
hydro projects come on steam. This is confirmed by the mission's
analysis which suggests that the most economic means of meeting
additional power needs, at least through the next decade, would be
through gas turbines and that hydropower projects cannot be justified on
the basis of power benefits alone. Studies indicate that the cost of
hydropower averages around 3.9 cents per kWh, as compared to about 2.5
cents per kWh by gas turbine generation, even assuming a substantial
increase in the price of natural gas (para 21). Coal generation, the
analysis indicates, would be even less economic, given the remoteness of
the coal reserves and the relatively small size of the plant being
considered.

13. The recent discovery of natural gas in the Gulf of Martaban has
more than doubled Burma's known reserves. The Government intends to
develop these resources for petrochemical exports. The technical,
financial, and economic viability of alternative options has been
investigated by PetroCanada. Two options are under final consideration -
one which would produce ammonia and urea, and a second, towards which the
Government is leaning, whicb would produce ammonia, urea, and methanol to
be converted into gasoline. Either option would be implemented in two
phases, under which Phase II would replicate the processing f-acilities of
Phase I. Either option is estimated to cost about $880 million.
Although the straight ammonia/urea option has a higher economic rate of
return, the Government views favorably the greater product
diversification of the scheme which involves gasoline production via the
methanol-to-gasoline (MTG) plant. The Government's preferred
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configuration contains both positive and negative economic and risk
elements which must be carefully balanced. Product diversification to
include gasoline in the export mix does reduce dependence on any one
export commodity and avoids the need to export methanol which, though
based on cheap gas feedstock, is unlikely to be economic on its own in
the face of oversupply in the world and the depressed price situation
foreseen in the long term. However, the marketability of gasoline in a
region which generally has a deficit in middle distillates must be
carefully evaluated. Irrespective of the process configuration chosen,
the project carries with it a considerable element of risk due to
fluctuating and erratic international prices, and difficulties in
handling, storing, and trading the products. It would thus be important
to enter into firm marketing arrangements with prospective buyers before
embarking on this project. In addition to market risk, there are a
series of macro-economic risks which are posed by the project by virtue
of its enormous size. The project would place great straii. on the
economy which already has an excessive public sector budget deficit
financed by expansionary borrowings from the banking system. The
domestic financing requirements of this project would therefore
necessarily come at the expense of investment in other sectors if the
deficit is not to grow further. On the positive side though, the foreign
exchange earnings from the project would be a great asset once a positive
cash flow situation has been established. By the early 1990s it is
estimated Phase I of the project could add about US$140 million, or about
10% of total projected exports. Given appropriate loan terms, including
a high degree of concessional financing, it is likely that these
increased export earnings would cover debt service even in the early high
debt service years. But if there were significant volume or price
shortfalls, these could depress earnings below the level of debt service
payments with important overall balance of payments implications, because
of the large size of the project. However, given the low natural gas
cost the project has the potential to contribute very significantly to
the economic development of the country. In this context, no other
single project now being planned would be comparable.

14. Apart from carefully reviewing the gas/hydro composition of new
investment in power generation in the context of a least cost expansion
study, there are two further technical issues in the power sector which
need reviewing -- system losses and the distribution system. System
losses have increased steadily in recent years and now amount to 32% of
total generation, which is excessive by any standard. Reducing these
losses represents a cheap and desirable means of effectively increasing
generation. EPC estimates that about two-thirds of these losses are due
to the antiquated distribution system and metering losses. Compared to
generation and transmission, there has been little investment in the
distribution system over the past 15 years. Not only is the system
therefore very old and inefficient, but with the steady growth in demand,
it has become overloaded and unreliable. EPC therefore needs to place
major emphasis on upgrading and expanding the distribution system. This
will reduce system losses and ensure that consumers can fully benefit
from increased generation.
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15. Although fuelwood consumption has probably not grown as rapidly
as that of commercial energy, it nevertheless accounts for over 80% of
final energy consumption and is the predominant fuel in the household
sector. Pressure on fuelwood has increased in recent years as a result
of the decision to restrict kerosene production, and forest cover is
declining at an accelerating rate, now estimated at a significant 2Z a
year. Although the heaviest consumption occurs in populous central
Burma, recent surveys show that forest resources are now declining
rapidly in some of those areas once considered remote, such as Shan state
and Sagaing division. While there is little than can be done to allevi-
ate this trend in the short term due to the long lead time required for
efforts to show effect in this area, it is important that efforts to slow
deforestation begin now. The Department of Forests intends to more than
double annual fuelwood replanting during the next five years to about
12,000 ha a year, but due to the relatively long cycle for fuelwood
production this is estimated to be only a s.mall fraction of what is
required. Forest Department plantation efforts can, however, be supple-
mented by social (cooperative) forestry programs to establish village
woodlots, by programs designed to make better use of logging wastes, and
programs aimed at making use of agricultural residues, especially paddy
husks. Other important ways to effectively increase fuelwood supplies
include programs to promote use of more efficient wood stoves and
charcoal kilns, and greater use of alternative fuels such as LPG,
electricity, coal briquettes, and kerosene. Institutional support is
also required for research and development of an expanded fuelwood
program, to develop and help design programs to promote improved wood
stoves and charcoal kilns, and to help strengthen management of the large
existing forest resources.

Financial and Institutional Issues

16. The preceding paragraphs have outlined what are likely to be
extensive investment pregrams in both commercial and non-commercial
energy to meet energy requirements in the domestic economy by the year
2000. In the petroleum sector, some 4,000-6,000 new wells will be needed
over the next 15 years to maintain currently producing fields as well as
develop new ones. In addition, support facilities and gas and oil
pipeline networks will need expanding. Total investment needs to achieve
and maintain 5% annual production growth are estimated at around $1.5
billion, or around $100 million per year -- more than double the existing
rate of investment. Because much of this investment comprises production
overheads, it is estimated that about $2.0 billion in total investment
would allow growth of around 10% per annum.

17. Capital expenditures in the power sector depend on whether the
Government decides to meet additional generating needs by investing
mostly in gas-fired power stations or to proceed with large hydro schemes
such as Paunglaung and Bilin. Mission estimates indicate that the gas
option would meet generating needs through the mid-1990s at approximately
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half the cost of hydro, resulting in almost $500 million in investment
savings. These findings, and the relative advantage of gas generation
(para 12) are, however, tentative and need to be confirmed by a detailed
least cost expansion system study which would carefully consider all
power development options - hydropower, oil, natural gas, and coal. In
evaluating the hydropower schemes, it will also be necessary to consider
any irrigation benefits. As decisions regarding new power additions need
to be made soon, this study is a high priority. Including transmission
and distribution, overall investment needs in the power sector are
estimated at about $1.2 billion if the gas option is pursued and about
$1.7 billion if Paunglaung and Bilin are chosen. The gas option would,
however, entail somewhat higher investment in the gas sector, including
wells and pipelines.

18. Civen the growing fuelwood problem, there is a strong case to
be made for increasing the budget for fuelwood development. Compared to
other sectors, the estimated investment required, at $37 million, is
relatively low. To ensure their effectiveness, however, it is important
that these funds be accompanied by institutional and organizational
strengthening, including programs to identify and promote suitable
fuelwood species and establish village woodlots. These, mission
estimates indicate, would be a significantly cheaper means of meeting
fuelwood needs than mechanized plantations.

19. It is not realistic to expect the Government to be able to
finance these investments, which total more than $3 billion (Kyat 25
billion), out of the public sector budget. Spread over 15 years, annual
expenditures would amount to 20Z of total public sector investment in
1983/84. As the budget deficit already significantly exceeds prudent
levels and is being covered by borrowings from the banking system,
financing these levels of investment through the budget, whether as
Government equity or as borrowings by the corporations would simply
result in even. greater borrowings. These would further strain the
economy and would be likely to manifest themselves, for instance, in even
greater differences between official and unofficial price levels.
Furthermore, if the investments were financed by borrowings by the
corporations, in the absence of price adjustments to enable them to
service those debts, such borrowings would merely aggravate their already
tenuous financial positions. Already, those corporations with large
investment programs -- MOC, PIC, and EPC -- are in considerable financial
difficulty. Price increases have been few and largely inadequate to meet
cost increases in recent years, especially those associated with debt
service. The corporations are consequently being forced to make new
borrowings for purposes of meeting their debt service needs, with the
result that they are falling ever deeper into debt. Immediate price
increases are required to enable them to meet all their current expenses
internally. PIC is engaging in a program to greatly increase exports
based mainly on onshore gas. The mission estimates that, at present
domestic crude oil and natural gas prices, these export projects, when
they are fully on stream, would generate sufficient profits to offset
domestic losses. However, if natural gas and crude oil prices are
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increased to cover the costs of an expanded production program, increases
in domestic retail prices of up to 60X could be needed.

20. To meet the large investment needs, there appears little
alternative but to put the corporations in a financial position where
they can at least fully cover current and projected debt service needs
without further borrowings. To achieve this objective, prices would need
to be adjusted. Ideally, however, the price increases should be suffi-
cient to enable the corporations to achieve and maintain reasonable
balances between debt and equity in their financial structures. This
would entail price increases which permitted the corporations to meet
part of their investment needs from internal resources as well as cover
their debt service payments. To those prices it would be desirable to
make selective adjustments, reflecting national policy considerations.

21. For petroleum, the direct cost increases associated with the
program to expand production are estimated to result in a doubling of the
existing crude oil price to about $10.70 per barrel and in a sizeable
increase in the natural gas price to about $1.00 per thousand cubic
feet. Final prices would ir.clude a refining margin for PIC, and a
distribution margin for PPSC. It is estimated that these would result in
a doubling of the existing transfer prices from PIC to PPSC and in retail
petroleum product prices. Petroleum prices should also include a royalty
calculated on the basis of remaining reserves that reflects the cost to
the economy of progressively depleting these reserves, as well as a
possible road user tax.

22. In the power sector, a review of the financial prospects for
EPC based on the current investment program (including hydro) has
indicated that sizeable increases in revenue earnings are required. The
first adjustment of the tariff is currently scheduled for 1986. There
is, however, still much uncertainty surrounding the investment program,
and the full amount by which revenue earnings should increase will depend
on a number of factors, including the growth in demand, the gas-hydro
generation balance, the success of the loss reduction program, and the
price of natural gas and petroleum products. In the process of adjusting
the average tariff to reflect overall financial needs, it is also
desirable to adjust individual tariff categories in accordance with
marginal costs, thereby charging individual consumers the actual cost of
producing and delivering power, and encouraging its efficient use.

23. Over the years, the Government has been able to maintain a
comparatively low rate of inflation and it understandably would like to
be able to continue to do so in the future. In deciding on increases in
energy prices, the Government will therefore also be considering the
adverse impact on consumer prices. Burma's energy needs are. however,
crit.cal, and failure to meet them would inevitably result in slow
economic growth. The resources required are enormous and, as discussed
above, financial needs clearly will have to be met through a combination
of domestic and external borrowings and self-financing by the
corporations. All of these point strongly to the need for price
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increases, either for purposes of making direct contributions to invest-
ment, or servicing the debts. While the Government has difficult choices
to make regarding energy price increases, these would appear to provide
the only realistic option for meeting this vital sector's development
needs while at the same time maintaining the financial viability of the
corporations and sound overall economic poLicy. Realistic prices wouLd
also assist the Covernment in taking efficient investment decisions
regarding the choice and development of additional resources, capture for
the Government part of the profits currently being made on unofficial
reaales, and encourage efficient energy use by consumers.

24. In the case of petroleum, an alternative approach which would
include foreign cooperation would appear viable. MOC has on its own done
a commendable job in finding new oil and gas resources in recent years,
and there is no doubt that some production increases can be accomplished
in the future based on current efforts. However, as discussed above,
accomplishing the sizeable production increases which are believed
feasible would inevitably strain available Burmese capital and
manpower. To help achieve the proposed production increases and foreign
exchange earnings quickly, serious consideration should be given to the
infusion of latest foreign technology, practices, and financial
resources. This could be accomplished by inviting consultants and
operators to assist in the various aspects of petroleum operations in the
form of service contracts. Further technical advancement would
necessitate increased financial assistance, foreign and domestic in the
development of hydrocarbon resources.

25. Over time, it will also be necessary for the Government to
strengthen planning and coordination between institutions in the energy
sector to ensure that energy supply and demand are better integrated.
The present institutional arrangements are characterized by a multi-
plicity of ministries and corporations and a lack of effective central
coordination. Within individual ministries, coordination appears
reasonably good, but between ministries it is weak. There is a need for
a body to monitor the energy implications of the plans of individual
corporations and ministries to ensure their consistency with each other
and the national energy policy, as well as to draw up overall energy
development plans and policies. The recently created Ministry of Energy,
which was formed by removing the four energy related corporations -- EPC,
MOC, PIC, and PPSC -- from the Ministry of No. 2 Industry, and the
creation of an Energy Planning Department provide a good basis for
strengthening energy planning and coordination. However, to enable
comprehensive energy sector planning it would also be desirable to
include all energy sources, i.e., forest, other renewables such as coal
resources in addition to petroleum and electricity, in the planning
purview of the Energy Planning Department.

26. In summary, the energy potential of Burma is large and varied,
while its development has been comparatively slow. While this may have
constrained economic growth to date, it also provides a ready basis for
an acceleration in future economic growth and increased exports. To
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realize that potential, however, it will be necessary to undertake a
major investment program, to improve technology through an infusion of
technical assistance, and to place the institutions and programs on a
sound financial footing. It will also be necessary to strengthen
planning and coordination in the sector. While such a program may not
appear easy to implement, in few countries would it pay off as richly as
it would in Burma.



I. IOIERCY AND THE ECONOKY

Recent Macroeconomic Situation and Prospects

1.1 Burma has a land area of 676,581 km2 and a population of 35.7
million in 1983, growing at 2.0% p.a.; 76% of the population is rural
while the remaining 24% is concentrated in towns. Almost half of the
total urban population is located in Rangoon, the capital, and Mandally;
Burma has one of the lowest population densities in Asia (53 per km ).
Thus, pressure on arable land is comparatively low which has enabled
Burma, over the years, to be a major agricultural exporter.

1.2 Agriculture, including forestry and livestock, is the mainstay
of the economy, comprising about 482 of GDP and providing the livelihood
for two-thirds of the population. Agriculture also provides 75% of
exports, with rice accounting for 40% and teak for almost 25%. Industry
accounts for around 16% of GDP, about 602 of which is in the public
sector; the balance (36%) is accounted for by the services sector.

1.3 After a period of slow economic growth of about 2% p.a. through
the mid-1970s, 1/ which hardly kept pace with the population, economic
growth accelerated and has averaged about 6% since then. 2/ This has
largely been due to steady increases in the production of agricultural
crops, especially rice, expansion in forestry and industrial output, and
rapid increases in investment, particularly in the public sector. Al-
though, at US$190, Burma has one of the lowest per capita income levels
in the world, the life expectancy, literacy, infant mortality and nutri-
tion levels attained are considerably better than those of most other
countries with similar per capita income.

1.4 Reforms made since 1972 have had a major policy impact on
economic performance and public financing. At that time, the Burma
Socialist Program Party promulgated the Twenty Year Plan. This Plan is
intended to provide a framework of broad development objectives and
strategies within which more precise four year development plans would be
formulated. Burma is currently implementing its Fourth Four Year Plan.
The Twenty Year Plan has also paved the way for a number of major
economic reforms. In 1975, guidelines were formulated which sought to
put the State Economic Enterprises (SEEs) on a more commercial footing,
and major tax reforms were introduced. In conjunction with a major round
of price increases for SEEs' products, these guidelines significantly
improved the performance of the SEEs and their contributions to revenues
and economic growth. Major institutional reforms were also introduced
which led to rapid growth in paddy production.

1/ 1.8% p.a. from 1970/71 to 1974/75.

2/ 6.2% p.a. from 1974/75 to 1982/83.
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1.5 While CDP gcowth accelerated in recent years, the balance of
payments deteriorated markedly. Burma's external payments balance has
always been a fragile one because of the country's heavy reliance on rice
and teak exports. When international rice prices began to decline
steadily after July 1981, Burma's exports began to suffer. At the same
time, the country's low level of small crude oil exports came to a halt
in 1980/81. In spite of this, the Government allowed imports to continue
to increase. As a result, Burma's overall balance of payments deterior-
ated from a surplus of US$33 million in 1980/81 to a deficit of US$103
million in 1982/83. By the end of 1983/84, gross international reserves
had dwindled to US$100 milLion, or only about one month of import cover-
age.

1.6 The country's deteriorating terms of trade has also had adverse
repercussions on public sector finances. In 1982/83, a sharp drop
occurred in revenue from taxes on international trade and transactions
and in export revenues from rice. At the same time, public investment
expenditures continued at a high pace. As a result, the overall deficit
of the consolidated public sector budget widened from 9Z of CDP in
1980/81 to 12Z in 1982/83.

1.7 In response to this deteriorating balance of payments and the
budgetary situation, the Government started in 1983/84 to curtail capital
expenditures by rephasing and consolidating the public sector investment
program. Public capital expenditures declined in 1983/84 for the first
time in ten years. The resultant cutback in capital goods imports,
combined with a decrease in intermediate imports helped lessen the
pressure on external payments. However, due to insufficient new revenue
measures, the deficit in the consolidated public sector has widened
further to around 13X of CDP.

1.8 The Government's target is to achieve a CDP growth rate of 5.9%
per annum through 1993/94. However, such "Planned Growth" may be
affected in the future if the following issues are not addressed:

(a) insufficient diversification of agriculture exports (rice and
teak) and relatively unfavorable price prospects over the short
and medium term for rice;

(b) slow revenue growth, due to decreasing export earnings and
falling profitability of SEEs;

(c) poor financial performance of SEEs; and

(d) rising debt service payments which will hinder the country's
ability to finance severely needed capital and intermediate
good imports over the next few years.
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1.9 If the above factors do nor arise, the Government's target of
5.9% may be achieved. Otherwise, Bank staff have estimated that these
factors could cause CDP to grow at a somewhat slower rate, i.e. 4.4%
annually 3. This 4.4% growth rate is based on average annual sectoral
growth rates of 5.5% for agriculture, 3.1% for industry, and 4.0% for
services.

The Energy Sector

1.10 In 1982/83, Burma'- final energy consumption totalled about 8.4
million tons of oil equivalent (toe), 86% of which was in the form of
fuelwood, charcoal and biomass residues 4/, and the balance (14x) was
provided by hydroelectric power, coal, natural gas and petroleum products
refined from domestically produced crude oil (Table 1.1). The largest
consuming subsector was households (86.5%), followed by transport (7.5Z),
and industry (6%). The overall per capita consumption was estimated to
be about 236 Kgoe, comparable to other developing countries at similar
levels of per capita income. 5/

Table 1.1: FINAL ENERGY CONSUMPTION. 1982/83

('000 toe)

Bimeass Fuel- Char- Cool Elec- Petro- Natural Total Shar-

wood coal tricity leum Gas S

Industry - - - 15 62 265 158 500 6.0

Transport - - - 7 - 623 - 630 7.6

Households/

rural 260 6,283 594 - 27 26 - 7.190 86.4

Total 260 6,283 a/ 594 22 89 914 158 8,320 100.0

Share % 3.1 75.5 7.1 0.3 1.1 11.0 1,9 100.0

a/ Includes some consumption by industry for which separate data arm not
available.

3/ Annex 2.

41 Fuelwood, charcoal and biomass residues are classified as non-
commercial energy sources.

5/ For example, India, 200 Kgoe (1982); Sri Lanka, 120 Kgoe (1982).
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1.11 The gross upply of primary energy in 1982/83 amounted to about
10.26 million toe, made up as follows (in thousands of toe): fuelvood,
8,262 (80.5%); biomahs residues, 260 (2.6%); hydro-electricity, 238
(2.3%); crude oil, 1,073 (10.5%); natural gas. 401 (3.9%); and coal, 23,
(0.2%). The difference between gross supply and final consumption was
mostly caused by the substantial looses involved in charcoal production
(3.4 toe of dry fuelwood to produce 1 Loe of charcoal). Fuel consumption
and losses in the petroleum refineries were also significant: more than
9X as compared to worldwide refinery industry averages of 3.5 - 4%. The
energy balance in Annex 1 gives the gross supply, stock changes., conver-
sion losses and net domestic consumption of energy in 1982/83.

1.12 Although Burma meets virtually all its energy consumption re-
quirements from domestic sources. value added in the sector is compara-
tively low. Furthermore, as Table 1.2 shows, iLs contribution to the
total CDP has been steadily declining over the past six years. This
decline occurred primarily in the petroleum sector; the main factors
being the slow growth in petroleum production as compared to other sec-
tors of the economy and the erosion of financial margins as a result of
steadily increasing production costs coupled with largely unchanged
retail prices.

Table 1.2: VALUE ADOED BY THE ENERGY SECTOR, 1978/79 - 1982/83 a/

(as percent of GDP at current market prices)

1978/89 1979/80 1980/8l 1981/a2 1982/83

Wood 0.4 0.4 0.4 0.4 0.J

Petroleum 2.2 2.3 I1. 1.4 1.0

Electricity 0.3 0.4 0.3 0.4 0.4

Total 2.9 3.1 2.5 2.2 1.8

a/ Contribution of coal amounted to less than 0.051 every year. Above

data are based on submissions by MOC. PIC. Ministry of Finance as

well as the Planning Report to Parliament, 1984/85.

Commercial Energy Sources

General

1.13 In 1982/8', total consumption of commercial energy (14% of
total energy consumption) was about 1.2 million toe or 34 Kgoe per
capita. Per capita consumption was comparable to that of Bangladesh (33
Kgoe in 1980) but substantially lower than that of Sri Lanka (138 Kgoe)
and India (144 Kgoe). Commercial energy is produced almost entirely from
domestic resources at the local level, with a very small contribution
from coal imports. The largest consumer of commercial energy was
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transport (53%); followed by industry (42%) and households (5%). The
minor share of consumption by households is a reflection of limited
access to electricity (para. 1.20) and suppressed demand for cooking
kerosene (para. 1.15).

Petroleum Products

1.14 Between 1979 and 1983, consumption of petroleum products 6/
declined at an average rate of 1.8% p.a. (Table 1.3) as compared to CDP
growth of 6.62 per annum in real terms over the same period. This
decline was due primarily to the fact that crude oil production began to
fall in 1980/81. Faced with such a decline, the Burmese authorities
decided to restrict kerosene consumed for cooking purposes. This
resulted from a strategy to maximize middle distillates availability for
higher priority requirements such as industry. Fuel oil consumption also
declined since 1980/81, as part of a program to progressively replace it
in industrial applications with natural gas. Except for kerosene and,
since 1980/81, fuel oil, petroleum product consumption has slightly
increased since 1978/79. including the last three years. In 1982183, the
transport sector accounted for 74% of pet-oleum consumption; industry,
23%; and households/rural. 3%. 7/

Table 1.3: CONSUWTION OF PETROLEUM PRODUCTS - I978/79-1983/84
(D000 tons)

Product 1978/79 1979/50 1980/81 1981i82 1982/a3 1983/84 al

Gasoline 252 253 283 276 254 295
Kerosene 91 81 46 17 22 21

Jet 28 28 27 26 22 22
Diesel Oil 318 355 343 336 370 348
Fuel oil 146 153 182 177 164 157

Other 83 160 110 109 59 16

Total 915 1060 991 941 921 85Q

a/ Provisional.

1.15 Although the average annual growth in gasoline consumption
(3.2Z) contrasts with the overall decline in the output of petroleum pro-
ducts, there is suppressed demand, especially for kerosene. due to the
Government's rationing policy. Similarly, gas oil is in short supply in
the transport sector, even though consumption increased since 1978/79.
Kerosene consumption has decreased by 80% in the last six years. This

6/ Excluding fuel oil used for power generation.

7/ Power generation accounted for one percent but is not included in
the final consumption figures.



Kerosene consumption has decreased by 80% in the last six years. This
gives a clear indication of the almost complete unavailability of kezo-
sene. As far as the suppressed demand for some petroleum products is
concerned, this is clearly due to insufficient crude oil supplies and the
Government's policy not to import crude oil and products to compensate
for the stagnant domestic crude supplies during the last few years.

1.16 As it is Government policy not to import petroleum, available
supplies are administratively allocated according to priority needs.
This has affected economic growth and development in some sectors. This
has also prevented Burma from engaging more extensively in petroleum
exporting, despite its plentiful reserves. Exports are confined to
surplus products (aviation turbine fuel, paraffin wax, petroleum coke
and, more recently, reformed naphtha) and currently amount to only 32 of
total exports.

1.17 Given the pervasive foreign exchange and domestic savings con-
straints, development of petroleum production would yield a great benefit
to the economy. Given Burma's rich endowment in petroleum resources,
exploitation of this resource for export should be an important element
of Burma's development strategy. However, in pursuing a strategy to
increase Burma's foreign exchange earnings from petroleum, it is also
essential that domestic energy requirements be considered in the process.
In this context, greater availability of crude oil in future years
(according to Myanma Oil Corporation (MOC), production would grow from 5
to 10% per annum until the end of the next decade) should result in the
elimination of existing domestic shortages and in the increased consump-
tion of petroleum products, especially for transport and household uses.

Natural Gas

1.18 Domestic consumption rose from 4.9 BCF in 1974/75 to 8.8 in
1978/79 and 16.8 in 1983/84. This rapid growth has been due to increased
gas use in three sectors: power generation, oil refining and industry.
Power generation absorbs more than half of all gas consumed (its share
was only one-third in 1978/79) and 53Z of firm capacity of the Electric
Power Corporation (EPC) interconnected systems consisted of gas turbines
in 1982/83. A relatively small subsector, oil refining, uses gas as a
refinery fuel. About 8Z to 9% of the gas supply is utilized annually by
the Petrochemical Industries Corporation (PIC) refineries. The remaining
40% is used by the industrial sector. There are four main end-users; two
fertilizer factories (Saie and Kyun Chaung) and two cement mills (Thayet
and Kyagin), each plant using around 1.5 BCF annually (40,000 toe or
about 10% of total gas use). Due to the rapid growth in gas consumption
for power generation and the fact that no major new industrial consumers
came on stream during the early 1980s, industry's share of gas
consumption declined from 57% in 1978/79 to 38% in 1983/84.

1.19 Natural gas consumption, at about 158,000 toe, represented only
13% of total commercial secondary energy consumption in 1982/83; all of
this was consumed by the industrial sector. However, there are ample gas



-7 -

reserves in Burma so that supply should not be a serious constraint to
°as development. In the future, requiremert: for natural gas will in
fact be largely determined by new factories and through fuel substitution
in existing factories. In any case, increases in future consumption will
be dominated by a small number of users: glass factories, paper mills,
fertilizer factories, methanol plants, and the conversion of power
stations from fuel oil to gas. These will easily double the requirements
for gas supply.

Table 1.4: CONSUMPTION OF NATURAL GAS
(million cubic feet)

1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 a/

Electric Power 2,874 4,077 6,272 6,113 7,625 8,852
Oil Refining 775 868 906 1,027 1,082 1,557
Fertilizers b/ 3,208 3,411 3,365 3,251 2,807 3,359
Cement b/ 1,931 2,494 3,369 2,498 2,736 2,851
Other b/ - - 12 78 86 135

Subtotal
Industry 5,139 5,905 6,746 5,a27 5,629 6,345

Total 8,788 10,850 13,924 12,967 14,336 16,754

a/ Preliminary.

b/ Classified as secondary use in energy balance.

Electricity

1.20 Electric power consumption in 1983/84 amounted to 1,122 GWh (or
about 8% of total commercial energy), as shown in Table 1.5. Per capita
consumption (31 kWh) is rather low. 8/ This reflects progressive supply
restrictions involving power cuts, voltage reduction, and deferment of
new connections. Additionally, there is limited access to electricity
(about 7% of the population).

1.21 Between 1978 and 1983 electricity consumption and generation by
the grid system grew at a rapid rate of about 11.5% per annum
(Table 1.5). During the same period, maximum demand grew at an average
annual rate of 8%. The lower growth of maximum demand than energy
generated reflects the improvement in load factor from 61% to 71%. In
the early years, this was partly attributed to the changing mix of
consumption. Thereafter, however, load shedding was responsible for some
suppression of the peak and hence ostensible improvement in load factor.

8/ Comparable figures: 113 kWh for Sri Lanka (1980); 170 kWh for India
(1980); and 29.6 kWh for Bangladesh (1980).
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Table 1.5: EPC'S ELECTRICITY GENERATION AND SALES, 1978/79-1983/84 a/

Average Annual
Growth rate (S)
1978/79 1981/82

1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1981/82 1983/84

Generation (GWh)
Interconnected systems 916 1,024 1,158 1,268 1,477 1,571 11.4 11.3

(grids)

Isolated Stations 60 57 70 77 75 81 8.7 2.6

Total 976 1,081 1,228 1,345 1,552 1,652 11.3 10.8

Sales (GWh) 690 763 854 950 1,050 1,122 11.2 8.7

Maximum Demand (MW)
Interconnected Systems 172 185 208 224 242 253 9.2 6.3

Apparent Losses (S) 23.9 29.4 30.5 31.9 32.3 32.1 - -

Load Factor (%) 60.8 63.4 63.5 67.1 69.5 71.0

a/ The Electric Power Corporation (EPC) is the prime source of data on electricity generation
and consumption. While some information exists on the installed capacity of captive plants,
there are no comprehensive data on their generation. Consequently, unless otherwise noted,
data in this report refer to the EPC System.

1.22 Sectoral shares of consumption have not changed significantly

in recent years due to rapid growth in all sectors. Industry is the

largest consumer, accounting for 52% of consumption in 1983/84. The

household sector accounted for 30% of consumption, while electricity

consumed by commercial users and public lighting amounted to about 14%

and 4% respectively.

1.23 Coal. Burma currently has two coal mines in operation; both

are located in remote areas. In 1983/84, domestic coal sales amounted to

about 46,000 tons (Table 1.6), less than 2.0% of total commercial energy

consumption, indicating its relatively minor role. Domestic coal is

friable (i.e., it crumbles easily) and has to compete with higher quality

imported coal. The decline in coal consumption (domestic production and

imports amounted to more than 100,000 tons in 1974/75) is partly due to

the introduction of diesel locomotives, but is also a consequence of

industry's switch to natural gas.

1.24 Direct reduction of iron ore in the sponge iron plant 9/ has

accounted for most of the increase in coal consumption. In the year

9/ Located near the Namma mine, close to Lashio.



2000, demand by the sponge iron plant is expected to reach 60,000 tons
annually, which will necessitate an increase in the Namma mine capacity.

Table 1.6: COAL CONSUMPTION a/
(tons)

1981/82 1982/83 1983/84

Railways 10,370 12,092 13,936
Sponge Iron 10,500 15,500 21,143
Non-ferrous Smelters 2,400 4,100 5,505
Brick making 780 800 2,286
Other Industry 7,020 3,800 1,059
Hospitals, misc. 2,200 2,500 1,709

Total 33,270 38,792 45,638

a/ Excluding use of power generation.

Noncommercial and Other Energy Resources

1.25 Forestry resources supply most of the total final energy con-
sumption. Fuelwood accounted for 882 of non-commercial energy, charcoal
8%, while the balance (4%) was provided by biomass residues. Bank staff
estimate total fuelwood use 10/ of 31.8 million m in 1982/83 which was
equivalent to a per capita consumption of 234 Kgoe (0.9 m3). This is
consistent with consumption in other South Asian countries, althoug3h the
Forest Department estimates per capita consumption at 0.46 m per
capita. (Per capita consumption was 210 Kgoe in India in 1981 and 136
Kgoe in Sri Lanka in 1980.) The household sector accounted for most of
noncommercial energy. Rural areas (76Z of the total population) depend
almost exclusively on woodfuel for cooking and heating. However, almost
half of the fuelwood and charcoal consumption is concentrated in urban or
heavily populated regions (Mandalay, Rangoon, Magwe, Pegu). 11/ There
are no specific data available concerning the rural and small urban
industries, which consume the remaining share of fuelwood.

1.26 Despite its relatively low population density (about one tenth
that of neighboring Bangladesh), Burma suffers annually the loss of about
600,000 hectares of forest from fuelwood collection and the effects of
shifting agriculture. This effect is the result of a regional pattern in
the distribution of forest resources and population. Overall, with 3
million inhabitants, Burma consumes, as noted above, about 32 million m
of wood annually which represents about 55Z of the sustainable yield of

10/ Including wood used directly and in the form of charcoal.

11/ 44% of the Burmese population live in these four regions.
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productive forests and fillows, i.e, forests affected by shifting culti-
vation (57.5 million m ). However, even if forest resources were
perfectly distributed among the population and the growth in fuelwood
consumption could be kept at the same rate as the population growth
(2% p.a.), total requirements would reach the level of sustainable yield
in less than a quarter of a century.

1.27 Fuelwood is also consumed in producing the charcoal which is
used to a great extent in towns and villages. Charcoal, which is made
and distributed by cooperativ-s and private manufacturers, is produced
with an energy conversion efficiency rate of about 20Z in simple earth
kilns and at least 35% in more controlled conditions. Partial substi-
tution by other energy supplies might be undertaken in cities and towns,
but a major impact would require a natural gas distribution network,
since the amount of charcoal required would be (in tons of oil equi-
valent) four times that of the LPC available from current oil and gas
production and refining, or fifteen times the current kerosene
production. 12/

1.28 The two principal biomass sources available as fuel supply
are: wood wastes from sawmilling, and residues from cropping. Wood
wastes are generated from the processing of teak and hardwood at both
state-owned and private mills. At present, the recovery rate is about
42% (Hoppus basis 13/), meaning about 58Z of the input voluwia ends up as
waste. Only a small percentage of this waste is used by the sawmills for
heat and steam generation; most of the remainder is sold as fuelwood.
The supply of waste for domestic fuelwood use is .ncluded in the overall
per capita fuelwood consumption estimates of 0.9 m per capita. However,
the resources from wood waste use for industrial users (sawmills) are
considered an additional energy source, and 60,000 toe is included as
"biomass residue" in the energy balance. Over time, this source of
fuelwood may not grow and could in fact decline with improved recovery at
the sawmills. Already, the newest sawmills being installed have a
recovery rate of 47%. 14/

1.29 Finally, the three major crops (paddy, groundnuts, and sugar
cane) create crop residues with a high recovery potential (over 600,000

12/ These calculations take into account the fact that cooking
appliances which use fuels like LPG and kerosene are likely to be at
least twice as efficient as the charcoal burners currently in use.
One toe of substitute energy is able to displace about two toe of
charcoal and thus, effectively, between Live and ten toe of
fuelwood.

13/ Or 38-39% on a "true" basis.

14/ Log quality could, however, decline, which would tend to increase
waste.
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toe) for sugar mills, as feed for gasifiers, or as briquettes. Little is
known of the extent to which crop residues are used, but it would be much
less than the available supply, perhaps around the 200,000 toe per year
estimated for the energy balance. Biomass is used as an energy source in
sugar mills and some is also sold to local residents. The Cottage
Industries Department is planning to use paddy husk char to manufacture
briquettes.
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II. ENERGY RESOURCES

Introduction

2.1 Burma's indigenous energy resources are large and diverse and
the Government has, with great determination and notable success, con-
tinued the process of exploring, developing, and exploiting them since
the end of the last century. As a result, Burma is one of the few de-
veloping countries potentially self-sufficient in energy. Commercial
energy resources include substantial oil and gas, abundant hydroelectric
potential, and some coal deposits. Taking into account the pervasive
foreign exchange and domestic savings constraints, those energy
development projects which would yield the greatest benefit to the
economy are those that will result in significant net increase in foreign
exchange earnings. In particular, given Burma's rich endowment of
petroleum resources, exploitation of these resources for export is an
obvious development strategy.

2.2 Burma also has an excellent forestry potential which must be
carefully husbanded if it is to continue its important role in the non-
commercial energy sector. Fuelwood resources will continue to be the
most important household energy source and additional efforts should be
devoted to its fuelwood production. As regards other nonconventional
energy resources such as agricultural residues, they could be exploited
to make a greater contribution to energy supplies, particularly in
helping reduce pressure on fuelwood resources.

Petroleum and Gas

Exploration Activities

2.3 Burma is rich in hydrocarbons, especially when the reserves of
oil and gas are compared to the present production rates. Total reserves
(i.e., including discovered reserves and undiscovered potential) are
estimated to be within 3 to 5 billion barrels of oil and about 22
trillion cubic feet of gas. Hydrocarbon production for 1983/84 was 10.2
million barrels of oil and 18.2 billion cu. ft (BCF) of gas. All the
current production occurs in onshore fields situated along the Irrawaddy
river, with five oil fields in- the central Burma basin (see map), some
500 kilometers north of Rangoon, accounting for about 90X of the oil
production (see Table 2.1). Reserve additior.s have picked up consider-
ably during the last four years and the Myanma Oil Corporation (MOC) has
done a commendable job in this respect. Large gas reserves were recently
discovered offshore, which have about trebled Burma's natural gas
potential.
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2.4 Hydrocarbons have been known to exist in Burma through surface
seepages since antiquity. "Modern" exploitation started with the
discovery made by Burma Oil Company (BOC) in 1887 at Yenangyaung in the
central Burma basin. BOC followed this discovery on trends to the north,
finding Yenangyat/Ayadaw in 1890 and Chauk Lanywa in 1902. The last
major discovery by BOC was Mimbu in 1916. Many of these discoveries were
not fully evaluated at the time and they led later to sizeable extensions
(the Mann field) through the work of MOC in the 1970s. Other major finds
include Htaukshabin, Pagan/Tuyingtaung/Tetma/Payagyigon (PTTP) and
Htantabin. Spurred by this, HOC moved actively to the south in the lower
delta basin and registered gas and condensate discoveries in the Payagon
area south of Rangoon and sizeable gas accumulations offshore.

Table 2.1: CRUDE OIL PRODUCTION BY REGION
('000 barrels)

1974/75 1978/89 1979/80 1980/81 1981/82 1982/83 1983/84

North Burma - - 1.06 0.85 0.58 0.40 0.40

Central Burma 5,526.74 8,951.09 9,954.34 9,292.06 9,632.62 8,935.79 9,468.00 a/

Lower Delta 1,247.26 1,047.91 1,064.60 817.09 813.80 852.81 698.45

Total 6,774.00 9,999.00 11,020.00 10,110.00 10,447.00 9,789.00 10,166.85

a/ Three fields account for 90% of Burma's total production i.e., Yenangyaung (13%), Mann

(64%), and Htaukshabin (13%).

2.5 Developed oil and gas reservoirs in Burma lie at very shallow
to medium depths which range from 450 to 9,800 ft. However, most of the
major pools are between 1,000 and 6,000 ft. The hydrocarbon occurrence
is characterized by the multiplicity of the producing horizons (reaching
as much as 25 separate sand bodies in one field). Initial well produc-
tion is low on an average basis (less than 200 bbl/day of oil and less
than 0.5 MMCFD for associated gas). The oil is normally saturated at the
reservoir conditions and it is of the light paraffinic type (35-42' API
gravity). Free gas produced from land fields and tested offshore is
mostly methane, has negligible heavier hydrocarbons (C +) and is free of
sulphur. Associated gas, however, usually has about 74+of its volume in
propane and heavier components.

2.6 MOC currently drills about 270 wells annually, of which 30 are
exploratory and 240 development. As the wells are unusually shallow (200
wells less than 3,000 ft and 45 less than 6,500 ft), this implies a
relatively low number of wells per rig (MOC owns and operates 45 drilling
rigs in addition to one offshore jack-up drilling unit; about 50% of the
land rigs have rated capacity less than 5,000 ft, 40X from 5,000 to
10,000 ft and 10% from 12,000 to 18,000 ft). A program of in-fill and
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delineation drilling, utilizing about 30 rigs is in progress and several
seismic crews and six drilling rigs are engaged in onshore exploration.
Since the development drilling activity is not sufficient either to
maintain production or to exploit the sizeable undeveloped proved
reserves, a substantial increase is necessary or the production rate per
new well must be improved.

2.7 For its offshore areas, Burma initiated a seismic survey in
1965. Between 1972-74, MOC drilled 12 wells in the offshore area without
making a commercial find. Thereafter, Burma entered into a production-
sharing agreement with four foreign oil companies. These companies
cumulatively drilled 17 wells, of which only one tested gas. Conseq-
uently, all these companies relinquished their concessions in Burma. In
1980, Burma undertook further exploration with biLateral assistance
secured from Japan, France and Germany. In 1980, a consortium of
Japanese interests formed the Burma Development Oil Corporation and
financed MOC's exploration in two structures (3C and 3D) in the offshore
Martaban basin, about 90 kilometers south of the Irrawaddy delta (see
map).

2.8 This exploratory effort resulted in natural gas discoveries in
both of these struccures. Two wells drilled into the 3 DA structure,
where water depth is about 140 ft, tested gas at the rate of 40-90 MMCFD.
MOC estimates that 3 DA reserves could vary between 5-9 trillion cu. ft
(TCF). Two wells were also drilled in the 3 CA structure and tested gas
and condensates; however, the production was marginal so this field can-
not be considered for commercial exploitation on the basis of existing
data. A third prospective structure, 3 CD, which is about 40 kilometers
from shore in a water depth of 20 feet, may also be drilled by MOC.

Oil and Gas Potential

2.9 Oil production registered a peak of 11.0 million barrels in
1979/80 and declined to 9.8 million barrels in 1982/83. In 1983/84,
production recovered somewhat to 10.2 million barrels. On the other
hand, there have been consistent additions to oil reserves since 1977
with a cumulative increment close to 2 billion barreLs. The total
proved, probable and possible future recoverable oil reserves, as
reported by MOC in mid-1984, amounted to 2,135 million barrels. Seventy-
five percent of these reserves are proven reserves. About half (Pagan/
Tuyintaung/Tetma/Payagyigon-PTTP-and Kyontani fields) have not been
developed. The Htaukshabin field, with reserves representing 15% of the
total, is now under development (its current annual production is less
than 0.3% of its proven reserves). Further, abort 75Z of the total
reported reserves are, in the judgment of MOC, proved reserves. Reported
gas discovered and possible reserves (associated and non-associated) are
about 4 TCF for onshore fields and 7 TCF (mostly non-associated) for the
offshore fields.
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2.10 The potential for future oil and gas discoveries in Burma
remains substantial. To analyze future prospects, an estimate was made
by the mission of the hydrocarbon potential based on the state of explor-
ation maturity, i.e., a judgment on the proportion of the total resource
base, which has been discovered to date. Taking into account that total
discovered reserves (oil cumulative production to date plus future
recoverable reserves) amount to 2.6 billion barrels and 11.3 TCF of
natural gas, an assumption could be made on the percentage of exploration
maturity for the various plays in the different basins. An exercise of
this nature leads to a total potential (resource base) for Burma of about
7.9 billion barrels of oil equivalent with a lower and upper range of
5.75 and 9.8 billion barrels oil equivalent. 15/ These reserves figures,
though very rough, provide an added assurance of Burma's hydrocarbon
potential.

2.11 Based on above reserve figures, increased crude oil production
can easily be sustained in future years. Production can, to a
substantial extent, be evaluaLed in isolation from domestic energy
requirements on technical and economic grounds once a commitment is made
to export. If such a commitment is made, the only major policy question
centers on the downstream operation, i.e. whether the amount of increased
production that is earmarked for export will be exported as crude oil, or
a mixture of products locally refined, or both.

2.12 In contrast, future trends in natural gas production are not
easy to predict as they invoLve technical and policy questions in a
number of areas, such as industrial and regional development, power
development strategies, and oil production schedules. Future natural gas
development options are also complicated by the production of associated
gas. 16/ Increased oil production will provide increased amounts of
associated gas which can be utilized directly by local industry or
transmitted by pipeline to other locations depending on the government's
planned industrialization pattern. An alternative to transmitting the
energy via gas pipeline is to convert the gas to power through small gas
turbines built at the fields and transmit energy through the power grid
instead. The remaining options are reinjection and flaring, the latter
being one which the Government would understandably like to avoid. In
the short term, however, selective flaring should be viewed as one of the
options open to MOC to increase presently constrained supplies of crude
oil. In addition, in evaluating natural gas production and utilization
options, one needs to take into account the field-specific factors (such
as gas composition and well structure) because they could have a marked
effect on the economics of these alternatives.

15/ Natural gas would represent 46% of the total.

16/ Associated gas amounted to 45% of the total natural gas produced in
1978/79, 50% in 1980/81, and 66X in 1982/83.



Table 2.2: OIL AND GAS RESOURCES a/

Discovered to Date Undiscovered Potential Total

Basin-Play Oil Gas Oil Equiv, S Mature Oil Gas Oil Equlv. Oil Gas Ol Equlv. I Gas

(Mmbb I (Bct) (Mmbbi) (Mmbbl) (Bcf) (Mmbbl) (Mhbbi) (Bcf) (Mmbbl)

Central Burma
Diapir !,075 1,800 1,375 90S 120 180 150 1,195 1,980 1,525 221

Thrust 790 400 855 70% 335 180 365 1,125 580 1,220 8S

Stratigraphic 8 15 40 10% 70 120 90 78 135 100 22$

Upper Delta
Thrust 140 1,125 330 70% 70 420 140 210 1,545 470 55%

Stratigraphic - - - 0% 70 120 90 70 120 90 22%

Lower Delta 0'
Reef - 4,000 670 30% 660 5,400 1,560 660 9,400 2,230 70% 1

Drape 2 1,850 310 30S 220 3,000 720 222 4,850 1,030 78%

Stratigraphic - 1,200 200 40% - 1,800 300 - 3,000 500 100%

Northern Basins
Structure 140 125 140 20% 460 600 560 580 725 700 17%

Arakan FB and Other
All - 30 5 10% 20 150 45 20 180 50 60S

Total 2,155 10,545 3,895 49% 2,025 11,970 4,020 4160 22,515 7,915 47S

Range: Oil 1,900-2,000 1,200-3,000 3,100-5,200

Gas 8,000-10,550 8,000-17,000 16,000-27,550

Oil Equiv. 3,250-3,950 2,500-5,850 5,740-9,800

a/ 6 mcf 2 about I bbl.
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2.13 The development of offshore gas for major petrochemical export
schemes would also raise new options and technical and policy issues
concerning the overall energy balance. Although it is clear that natural
gas will play a major and increasing role in the overall energy balance
(fueling power generation, fertilizer production and industrial
activity), future gas development urgently requires a gas study to
evaluate all the options in detail.

Hydroelectric Power

Potential

2.14 Burma has an abundance of potential hydropower resources in its
river systems which drain the four main basins of Irrawadday, Chindwin,
Salween, and Sittang (see IBRD Map No. 18596). The theoretical hydro po-
tential of the Salween River is about 3,500 MW. The hydro power
potential of the whole country is estimated by EPC to be more than
100,000 MW on an installed capacity basis. This potential compares to
Burma's hydro development of only 280 MW of installed capacity, including
112 MW under construction, less than one-half of one percent of the
country's theoretical potential.

2.15 The harnessed hydropower potential is concentrated on the
Baluchang tributary of the Salween River at the 168 MW Lawpita hydropower
station: three plants are under construction at Baluchang I (near
Lawpita) (28 MW), Sedawagyi (25 MW) and Kinda (56 MW), the latter two on
the Irrawaddy River. In addition, there are seven mini-hydropower
stations under construction with a total capacity of 10,450 kW.

2.16 Although the vast potential hydro resource is spread widely
throughout the country, the existing installations (Lawpita) and those
under construction are close to the main load centers and the power grids
of the central region. Many other sites off the grid have now been
identified and include large hydro and mini-hydro; they are found in both
the centraL and the outlying regions.

2.17 The river basins with major sites potentially suitable for
hydropower plants are shown in Annex 3. So far, 25 sites have been iden-
tified, with total potential capacity of 9,940 MW. In addition, Burma
has a number of sites suitable for mini-hydro power plants. Several
international aid agencies are actively investigating 16 such sites with
a total capacity of 14 .MW for possible development. This is being done
because the supply of diesel fuel to these areas is costly. The
possibility of using biomass for generation in these outlying areas also
deserves study.
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2.18 An important project is the proposed Paunglaung I hydroelectric
dam which has been the subject of detailed engineering and design
studies. The project would have a significant irrigation component
(21,520 ha) in addition to an installed power capacity of 280 MW (4 x 70
NW). Energy output would be 911 CWh, of which 342 CWh represents firm
energy. The cost of the project is estimated at about US$445 million,
excluding the irrigation component. The average cost of generation for
Paunglaung was estimated at 1981 prices to be 4.6 cents/kWh. If the
irrigation benefits are included, the average cost would be reduced to
3.5 cents/kWh. Since completion of the design studies, a number of
questions have been raised. First, as regards irrigation aspects, it is
not clear that a proper optimization has been carried out in arriving at
the recommended scheme. The second question relates to the reservoir
capacity and operating regime - the dry season operacing regime for the
recommended Paunglaung scheme provides peaking power of 197 MW for a
duration of only 1.5 hours per day, which is not adequate for the daily
load pattern presently experienced. Third, there is some question over
the geology at Paunglaung and the way it could affect the costs of
constructing a higher dam which incorporated recommended design
changes. After discussion with Bank staff it has been concluded that
further study of the irrigation component is warranted to see if the
proposed area of 21,520 ha cannot be further increased. Regarding the
reservoir capacity and operating regime of Paunglaung and the geology of
the site, an independent consultant will study the possibility of
adopting a steeper slope for dam height optimization. If the higher dam
is fzasible, the dry season peaking power and dkuration will be higher
than in the currently proposed scheme. As an alternative the consultant
will need to study the possibility of increasing the high water level of
the dam without altering its total height to gain additional storage. 17/

2.19 A 240 MW scheme on the Bilin River appears to be one of the
best prospects for relatively early development. The estimated
construction cost for Bilin is $227 million (1981 prices) which is lower
than for Paunglaung, primarily due to the smaller dam size. Firm power
would be more owing to the much larger water storage at Bilin, and mean
annual energy production is estimated at 880 CWh. However, the multi-
purpose nature of the project, which is only at the preliminary study
stage, raises substantial uncertainties as to the relative economics of
Paunglaung and Bilin. The project status of Bilin should be upgraded to
the same level as that of Paunglaung to allow comparison of the economics
of the two projects.

Future Studies

2.20 A preliminary assessment of possible hydro development has
already been carried out and has identified 25 possible sites which could
help meet future energy and power demands (Annex 3). Detailed

17/ To 2 meters from the top of the dam instead of 3.5.
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engineering, pre-design, feasibility or preliminary reports of Paunglaung
and Bilin schemes and some other hydro projects are available to EPC. In
respect to hydro options, a study should focus on four or five most
likely projects having regard to cost of construction, accessibility and
reservoir capacity. Most important, for multi-purpose projects, irriga-
tion and other benefits should be evaluated. As a result a small
inventory should be established with individual hydro power schemes
ranked by merit taking full account of transmission costs to load
centers, in such a way that the inventory could be rapidly verified
and/or modified when new information from subsequent studies becomes
available. In this context, as mentioned above, an updating comparison
between Paunglaung and Bilin should prove important particularly since
under EPC demand forecast new plant would be required by 1991/92 and
since several years are needed to carry out a hydro power scheme. 18/

Coal

Resources

2.21 The estimates of coal reserves of Burma vary. The country is
known to have numerous coal deposits and occurrences. Ceologists have
indicated the existence of several of them along the Irrawaddy and
Chindwin River basins as well as in the southern part of the country, but
these h&ve been poorly studied. According to some estimates, the total
coal retources may amount to 200 million tons, largely of sub-bituminous
rank. 19/

2.22 Kalaw, south of Mandalay with easy access to the railroad, is
known to have coking coal; but the deposits are in small lense and the
structure rather complex, with multiple folding. Efforts to produce even
mincr quantities through small scale mining had to be given up. Another
possible occurrence of coking coal is at Dathwekyank, some 200 km up-
stream of Kalewa along the Chindwin River. The resources are estimated
at 32 million tons of 3.2Z ash, low sulphur coking coal. Its elative
inaccessiblility and unassessed market potential have stood in the way of
detailed exploration work being taken up. Consequently, little known
sbout the structure of the deposit nor of the techniques of mining that
can possibly be adopted for extraction of reserves.

2.23 The largest and most intensively studied sub-bituminous coal
deposit is at Kalewa, 200 km to the north-west of Mandalay, alongside the

18/ Assuming that such hydro project would be economically justified
compared to gas turbines (para. 5.12).

19/ However, proved, probable and possible reserves by field amount to
123.3 millions tons (see Table 2.3).
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Myitha River, a tributary of the Chindwin River. The area explored in
some detail is a stretch of 16 km in the North-South direction along the
Waye Chaung Creek, and is only a quarter of the area over which coal is
known to occur. The present estimates range from 83 to 128 million tons
of proved, probable, possible, and inferred reserves.

2.24 The main Kalewa seam is fairly regular, having a thickness of 2
to 3 metres, with low ash and 0.7% sulphur, 9% moisture and more than
6,500 Kcal/Kg. Seams have not been traced over the entire length of the
formations. Presently, only a lower seam is being worked; that coal is
stated to have 9% moisture, 13% ash, 1% sulphur and a calorific value of
5,700 Kcal/Kg. Obviously, this cannot be taken as representing the
average quality of Kalewa coal. However, unless there are firm
indications that demand for Kalewa coal would be considerably expanded
(for instance for a coal fired power station), there does not appear to
be any justification to undertake further detailed exploration work on
the entire stretch of the coalfield, as the reserves already proved are
adequate.

2.25 The Namma lignite deposit stretches over a distance of 160 km
in a SW-NE direction to a point 40 km beyond Lashio. This deposit is
amenable to exploration by opencast mining. The lignite seams in Samlau
(near Namma) were being worked for a very short period; however, as the
high sulphur content (4.5 to 6.5%) was not acceptable to the consumers,
operations had to be suspended. This lignite has been found to have
rather widely fluctuating quality characteristics - 9.6 to 19% moisture,
6.5 to 27.5% ash, and 4,150 to 6,050 Kcal/kg calorific value. Further
exploration work in the belt may be necessary to determine if the high
sulphur in the coal is localized and also if there are prospects for
working better quality coal through opencast mines in the area, which is
well served by the railway link.

2.26 Theindaw/Heinla in the Tenasserim area in the South is another
deposit of sub-bituminous coal which presumably has a calorific value of
6,900 cal/Kg as compared to 5,700 cal/Kg in the Kalewa coal that is now
being produced, and much lower ash content. The geological reserves are
of the same order as in Namma and Samlau combined i.e., 3 million tons.
These reserves are expected to be available for opencast mining, although
this can be confirmed only after detailed exploration work is undertaken.
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Table 2.3: COAL RESOURCES
(million tons)

Field Type Total

Kalaw Sub-bituminous 0.1
Dathwekyank Sub-bituminous 32.0
Kalewa Sub-bituminous 82.8
Namma Lignite 2.8
Samlau Lignite 1.6
Theindaw/Heinla Sub-bituminous/

lignite 0.5
Kyaukadaga Sub-bituminous 0.5
Myeni Sub-bituminous 0.3
Kyobin Sub-bituminous 0.1
Thinbaung Lignite 0.1

2.27 In addition to the above, there are also known sub-bituminous
coal deposits in Kyaukadaga, Myeni and Kyobin and a lignite deposit in
Thinbaung. They do not come under the proved category and the reserves
are not expected to be larger. However, some of them can support small-
scale mining operations and can be of considerable local significance,
offering employment potential, and providing an energy resource where
there is none easily available.

Production

2.28 Present coal production is limited to two mines, Kalewa and
Namma. Production started in 1953 at the Kalewa mine, which is said to
have rated production capacity of 18,000 tons a year. Production was
13,652 tons in 1983/84. Coal is extracted through adits driven almost
horizontally from the hill slopes. Mining is simple and totally manual,
with only the use of pick hammers. The quality of coal, including its
ash content, depends on the particular section of seams under development
and extraction. It could be a very good quality if the main seam is
under exploitation (para. 2.25); otherwise, it would have high- ash and
low heat value.

2.29 The Namma mine is presently being worked by opencast methods
deploying bulldozers, front-end loaders, and trucks. It has a rated pro-
duction capacity of 40,000 tons a year. However, since it opened in
1975, the maximum output attained was only 21,750 tons in 1983/84. 20/
The coal has been well received by the consumers. With suspension of

20/ As against 5,927 tons in 1978/79, 2,966 in 1980/81, 8,086 in 1981/82
and 18,289 tons in 1982/83.
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operations in the recently opened Samlau opencast mine, Namma has been
called upon to make up the shortfall.

Development Prospects

2.30 The development of laz.ge production capacity at Kalewa would
depend on a decision by EPC to generate electricity at the mine site.
Power generation could require 250,000 tons by 1990 and 700,000 tons by
2000. If this does not come about, coal output at K zawa need not exceed
50,000 to 60,000 tons a year. This level of production, supplemented by
40,000 to 60,000 tons from the Namma opencast mine should be adequate to
meet local demand up to the year 2000.

2.31 A major obstacle to Kalewa coal development is the friability
of the coal, which results in a high percentage of coal fines. This is
compounded by transport difficulties. The only practical means of
transporting coal out of the Kalewa area is by river; however, the Myitha
and Chindwin rivers are navigable only six months a year due to low water
levels. At Monywa it is necessary to transship the coal to rail
transport either to central Burma, the main market for domestic coal, or
Rangoon. This results in even higher percentages of fines. Although it
would be possible to transport coal by river directly to Rangoon six
months a year, MC3 prefers to ship by rail from Honywa due to the
relatively small size of the Rangoon market and the lack of suitable
boats.

2.32 For the lowtr level of output envisaged for Kalewa (50,000 to
60,000 tons) the technique of mining presently being adopted in the mine
can continue, although some of the operations could justifiably be partly
mechanized. As Burma would have to adopt, sooner or later, mining
methods that would need a higher degree of skills than today, it might be
advantageous to start training courses to get workmen and supervisory
staff acquainted with new technologies. It would be also useful for
senior personnel to get exposed to mining practices in India (Assam),
Japan (Sunagawa, Hokkaido) and France (Lorraine) where steeply inclined
seams are being worked. The above mentioned technical assistance program
could make provision for such training needs. As regards the Namma mine,
raising the present production level to the rated capacity of 40,000 tons
would itself necessitate some higher degree of mechanization. The
existing fleet of equipment might need to be augmented and some other
items of machinery added. Finally, it would be of interest to determine
the prospects of opening opencast mines identified in various parts of
the country to produce low sulphur coal as in Namma and also to confirm
if the high sulphur content in Samlau is localized or persists over the
entire deposit. Drilling operations may also be undertaken in Theindaw/
Heinla as also in Dathwekyank to ascertain the structure and the type of
mining that the deposit may require. As Dathwekyank is reported to have
reserves of coking coal, it could help save the country foreign exchange
by avoiding imports of hard coke.
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2.33 Table 2.4 sumarizes the production capacity which could be
developed in Burma up to the year 2000. Production cost for the Kalewa
mine is expected to be around US$30 per ton of prepared coal. 21/ No
information is available about expected production costs at the open cast
mine of Namma. However, as indicated by data on costs since 1978/79,
these costs are likely to be in a lower range than those in Kalewa, since
open cast mines are usualLy less expensive than mechanized or semi
mechanized underground mines.

Table 2.4: COAL POTENTIAL PRODUCTION CAPACITY a/
('000 tons)

1983 1990 2000

Kalewa 18 30 40
Namma 40 50 65

Total 58 80 105

a/ Assuming no large power station at Kalewa mine
site and that coal imports are substituted by
local production.

Fuelwood

Resources

2.34 Burma has approximately 476,000 km2 of foreltry resources (70%
of its total area). They are composed of 286,000 km of closed natural
forest 22/ and 190,000 kIn of forest fallows comprising closed and de-
graded forest affected by shifting cultivation. These figures are based
on photographs taken from satellites in 1980. Comparison with similar
estimates for 1975 indicates that defore2station of closed natural forests
is taking place at the rate of 5,000 km per year. The ongoing National
Forest Inventory Project should give more precise information by 1986.

2.35 In addition, there are plantations and woodlots. Small planta-
tions have been established by the F 2rest Department since the mid-1960s
and from 1974 to 1983, only 252 km were planted. More recently, in
1983, a new policy aiming at involving the local population in the devel-

21/ Assuming some mechanization of the mine (1984 prices).

22/ Including about 20% of degraded forest.
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opment of their own plantations to ensure their future supply of fuelwood
has been encouraged by the Government. Seedlings are provided free of
charge to villagers and some training is organized by local forest
officers for the villagers to help them plant and grow trees. However,
most of the work on woodlots is undertaken by the villagers themselves.
The latter have so far reacted favorably to this new program, although no
substantial information is available on the area of woodlots planted.

2.36 Theoretically, the potential annual fuelwood production of
these forestry resources is in the order of 74 million m 3; however, the
actual fuelwood supply is a much lower at 57 million m3 (Table 2.5).
There are three principal reasons. First, many of the forests are
relatively remote from populated areas and only 75% of the closed forests
are accessible for fuelwood collection. Secondly, logging residues
remain unused since logging operations are usually carried out in remote
areas away from potential consumers. Recovery of wood wastes generated
from the processing of teak and hardwood in sawmills is also limited.
Thirdly, the village woodlots program started only in 1983. Individual
woodlots seem to have attracted considerable interest from villagers.
However, since most of the trees require five to seven years to reach
maturity, their impact on the rural fuelwood supply cannot yet be felt.

The Deforestation Problem

2.37 Annex 5 shows the annual sustainable amount of woodfuel supply
compared to actual consumption in 1983 on a regional basis, i.e., Central
Burma (including the Dry Zone, Rangoon, and two southern states) and
other outlying states/divisions. The Central Region requires twice the
amount of fuelwood that can be supplied within the region. Since long
distance transportion of fuelwood is uneconomic, the excess requirement
is probably met by felling beyond local replacement levels. In contrast,
the remaining outlying regions are relatively better provided with forest
resources, but only one third of Burma's population lives in these
regions. Latest surveys show, however, that even in these areas forest
cover is beginning to decline sharply, partly to meet fuelwood needs in
Central Burma.

2.38 Table 2.5 shows that, overall, the country is still cutting
less fuelwood than the forest can supply on a sustainable yield basis.
However, the problem lies with the inaccessability of much of the forest,
and the subst ntial deficit occurring in Central Burma. There, more than
10 million m are taken every year from the forest stock with severe
consequences for further fuelwood supply. Despite its relatively low
population (a density about one tenth of neighboring Bangladesh), Burma
suffers the loss of about 600,000 hectares of forest annually from fuel-
wood collection and. the effects of shifting agriculture. Burma consumes
about 32 million m of wood per annum, about 55% of the amount that can
be supplied from closed forests and forest fallows. Even if forest
resources were perfectly distributed among the population and even if the
growth in fuelwood consumption could be kept at the rate of population
growth (2% per annum), the total requirement would reach the level of the
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sustainable yield around 2010. The Government is aware of the problem
and has already introduced some measures (para. 2.36). However, given
the urgency in the Dry Zone and near urban areas, further steps must be
taken immediately to slow down and ultimately halt deforestation.

Table 2.5: ANNUAL SUSTAINABLE FUELWOOO SUPPLY,

CONSUMPTION AND SURPLUS, 1980

('000)

Productive a/

Forest Forest Fallows Total Supply Consumption Surplus

(km )(103 /yr) (Km2) (103 3 /yr) (10 m /yr) (10 m /yr) (103 M3/yr)

213.3 42.7 b/ 189.8 14.2 c/ 56.9 31.8 24.9

a/ Forest production is based on 74.5% accessibility; does not include wood

production of plantations and woodlots.

b/ MAI (Mean Annual Increment) for natural forests = 2.0 3/ha.

c/ MAI for forest fal lows = 0.75 m /ha.

Nonconventional Energy

Resources

2.39 Aside from fuelwood, Burma has substantial biomass resources in
the form of logging residues, wood processing wastes, and agricultural
residues. To a varying extent, possibilities exist for the economic
conversion of these resources to energy for domestic and industrial
purposes. Solar and wind energy may also offer some long-term potential,
but in the near-to-medium term their applications are much more limited
than biomass.

Forest and Wood Residues

2.40 There are two categories of residues: residues from logging
operations and residues from sawnilling operations. Logging residues,
while substantial, are for the most part concentrated at the extraction
sites. As most of these sites are quite isolated, recovery of this waste
is usually uneconomic. Thus, except perhaps to meet isolated local
needs, this unfortunately cannot be considered a significant potential
source.

2.41 Woodwastes are generated from the processing of logs at both
state-owned and private sawmills. However, as discussed in para. 1.28,
most of these wastes are already accounted for, and given that input
volumes are unlikely to grow at a rapid rate, this cannot be regarded as
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a significant potential future fuelwood source. Furthermore, with
improved recovery the percentage of waste is likely to decline in future,
unless there is a decline in log quality. All in all, therefore,
fuelwood cannot and should not be expected to be able to bear a growing
proportion of Burma's energy needs.

Agricultural Residues

2.42 Rice husks are probably the most significant agricultural
residue in terms of potential energy. Production of paddy rice grew from
10.4 million tons in 1978/79 to about 14.5 million tons in 1982/83.
The production of paddy results in approximately 17X (by weight) of rice
husks. This indicates an immediate potential for husks of 2.5 million
tons (600,000 toe). Husks could be used directly or used as fuel in
gasifiers. The Cottage Industries Department is planning to use paddy
husk char to manufacture briquettes. Groundnuts yield large quantities
of shells and husks which are potential fuels. The production of
groundnuts has risen from 384,000 tons in 1978/79 to 659,000 tons in
1982/83. Bagasse produced from Burma's sugar mills during the grinding
season provides the main fuel for the mill boilers. It would be worth-
while to study whether there is potentially excess bagasse to generate
additional electricity which could be used by the mills or sold to out-
side consumers. Wet residues such as water hyacinth are available in
large quantities in irrigation canals of lower Burma and at lake exits.
These plants might be collected by farmers to produce biogas through
medium-scale digesters. Some experiments seem to have been carried out,
but technical and economic results are not yet available.

Solar and Wind Energy

2.43 Limited solar insolation data indicate a modest potential for
direct solar radiation. 23/ The use of parabolic concentrators seems
precluded but a few photovoltaic panels could be installed to generate
electricity. Water heating is another possibility provided flat plate
solar water heaters can be competitive with other energy sources (elec-
tricity, oil and gas). A typical pay-back (not discounted) period for
solar heaters implies a replacement of oil and gas products in five years
and of electricity in two years. Until now, solar equipment (cookers,
ovens, driers, solar still, water heaters) have been used only for
research purposes by the Central Research Organization (CRO) of the
Ministry of No. 2 Industry.

2.44 Average wind velocity is only 4 miles per hour, except for
Cocoa Islands where it reaches 7 miles. Under these conditions, wind is
more suitable for waterpumping than for electricity production. Wind
powered pumps would be attractive given the non-availability of diesel in

23/ Sunshine hours average 2,200 to 2,700 per year and global solar
radiation on a horizontal surface averages 1,500 BTU/sq. ft per day.
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particular localities, the high maintenance cost of diesel engines and
lack of technical skills for such maintenance. Even once the diesel
situation improves, wind-powered irrigation could prove practical in
parts of the Dry Zone or other remote places. Here again, research work
has been carried by CRO although there are plans to use wind mills in the
Dry Zone where wind speeds are reported to be relatively favorable.

Recommendations

2.45 Recommendations made above can be summarized as follows.

(a) A natural gas study should be made of all the options available
regarding supplying gas from offshore or onshore sources to
meet domestic gas requirements (para. 2.13).

(b) A comparison should be made between minihydro power development
and the provision of diesel powered stations or the use of
biomass for power generation in isolated areas (para. 2.17).

(c) A small inventory should be established with individual hydro-
power schemes ranked by merit in such a way that the inventory
could be rapidly modified when new information becomes avail-
able (para. 2.21).

(d) Training courses should be started to get coal miners and
supervising staff acquainted with new technologies (para.
2.33).

(e) Several studies should be undertaken in the coal sector: pros-
pects of opening low sulphur coal in open cast mines and study
of the sulphur content in Samlau coal; identify amount of
reserves in Theindaw/Heinla and in Dathwekyank (para. 2.33).

(f) It would be worthwhile to study the potential for using excess
bagasse to generate additional electricity which could be used
by sugar mills or sold to outside consumers (para. 2.43).
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III. DE4MAD FORECAST SCEMARIOS

Introduction

3.1 A set of energy forecasts, covering the period 1984/85 to
1999/2000 at five year intervals, has been produced, proceeding from the
energy balance discussed in Chapter 1. Total commercial energy demand
was projected on the basis of energy requirements of the major subsectors
(industry, transport, households), such requirements being to a large
extent dependent on the Government's target of 5.9% annual growth in GDP
up to 1999/2000. However, Burma's real GDP growth in future years will
depend crucially on developments in agriculture because of that sector's
large share in GDP. Also in industries and services, growth will depend
critically on continued improvements in capacity utilization; but here,
progress is likely to be constrained by slow imports growth in response
to depressed export prices, which leads to greatly reduced growth rate
projections for the industrial sector. In view of these uncertainties,
the forecasts of commercial energy demand have been made for two very
different scenarios related to the underlying growth of the economy.
These two scenarios would represent upper and lower limits of econonic
growth and resulting energy demand.

3.2 Non-commercial energy demand currently consists almost entirely
of fuelwood and charcoal. Wood logging residues and most wood wastes
have not been effectively used by the population at large and conse-
quently were not incorporated in the 1982/83 energy balance. 24/ Agri-
cultural residues represent only a small amount of non-commercial energy
consumption (i.e., about 4%). Given the prepoLderance of household
consumption in the total, the mission postulated that the dpmand for
fuelwood is mainly a function of population; the principal component of
non-commercial energy was then obtained from estimates of population
growth, assuming a continuation of the present levels of per capita
consumption.

Commercial Energy

3.3 The two scenarios defined for the development of Burma's
commercial energy sector in order to provide a framework for the
consideration of proposed policies and investment programs are the
"Planned Growth" and "Economic Growth" scenarios. The "Planned Growth"
scenario is based on the Government's development plans and implies an
average growtl rate of GDP of 5.9% from 1984/85 to 1999/2000. Energy

24/ Except a small amount of estimated consumption of wood waste by
sawmills.
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requirements are projected on the basis of the Government's current
plans, while energy supply is projected from a project portfolio selected
from the current investment program. The "Economic Growth" scenario is a
Bank energy forecast based on the Bank's macro-economic projections. The
most notable difference, apart from the Lower overall growth rate of
4.4Z, is the forecast growth in industry, which is about one-third that
projected by the Government. As indicated above, these projections
assume that serious balance of payments constraints will continue, which
will especially affect the industrial sector. Not only will imports of
intermediate goods, raw materials, and spare parts be constrained, but
also imports of new capital goods essential for an acceleration in future
industrial growth. The latter will result in slippages in the
comissioning of planned energy consuming as well as producing projects.

3.4 The "Planned Growth" scenario is a technical one in the sense
that energy flows are calculated and balanced in technical terms.
However, in Burma, the data base does not permit an accurate determina-
tion of a forecast based on economic considerations. Data are scarce on
price elasticities, and time series data available are too uncertain and
too short to permit the construction of coefficients for reasonably
estimating demand on an econometric basis. In any case, as the economy
is centrally planned and largely government-operated, and as non-price
allocation is used for many comnodities, including energy, this technical
approach is a closer reflection of actual decision-making and the opera-
ting procedures in use. Also, because energy consumption is dominated by
only a few energy-intensive projects, energy consumption is a very
"lumpy" function of time, i.e., dependent on a limited, explicit number
of investment decisions by the Government. For consistency between the
scenarios, therefore, the "Economic Growth" projections were based on the
target growth rates for energy and value added. This was done by using
the sectoral fuel consumption elasticities (implied in the "Planned
Growth" figures) with the lower sectoral growth rates projected by the
Bank (see Table 3.1) to yield the "Economic Growth" energy forecasts.
Because industrial growth is expected to be very much lower in the
"Economic Growth" scenario than in the "Planned Growth" scenario, a major
difference between the scenarios is the rate of growth in natural gas
requirements which had been targeted for major expansion.

3.5 One of the most significant differences between the two
scenarios is the much lower growth rate anticipated for industry in the
"Economic Growth" scenario. This has obvious implications for commercial
energy consumption in that sector. In the recent past, energy growth has
been approximately proportional to economic growth. From 1969/70 to
1981/82, when GDP grew by an average of 4.5X per annum, primary energy
consumption grew by 4.1% per annum and secondary energy consumption by 4%
per annum. This implies historical energy elasticity close to 0.9.
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Table 3.1: ANNUAL GDP AND SECTORAL GROWTH RATES

Planned Economic
Crowth a/ Crowth b/

Agriculture 4.8 5.5
Industry 9.4 3.1
Services 5.7 4.0

Overall CDP 5.9 4.4

a/ Twenty Year Plan (1974/75 - 1993/94).
b/ Bank staff estimates.

3.6 "Economic Growth" projections are based on the "Planned Growth"
projections because it is difficult to link energy growth reliably to
projected macroeconomic indicators via historically derived coefficients
for a number of reasons. One is that available time series data are gen-
erally too short to construct econometric coefficients with any reason-
able statisticaL significance. A second reason is that past energy data,
particularly in relation to coal imports and to some extent in relation
to crude oil production, are not very reliable. Third, the economy has
been undergoing rapid structural change, particularly in the energy-using
sectors, because of the rapidly expanding availability of natural
gas. 25/ And lastly, recent economic growth has been driven largely by
developments in the agricultural sector, which has relatively minor and
indirect interactions with the comercial energy sector.

3.7 The preferred starting point for commercial energy consumption
has thus been the investment plans of the industrial and transport
sectors (and assumptions on household and rural energy use). 26/ The
resulting projected energy growth in the Planned Growth scenario is given
in Table 3.2. This shows an average annual growth cf 10.8% expected for
the consumption of secondary energy up to 1999/2000. In turn, this
implies an energy elasticity of 1.8, greater than the historical elasti-
city, but consistent with the fact that the economy is now presumed to
enter very rapidly into an energy-intensive growth phase and that commer-
cial energy supply constraints which have affected consumption patterns
in the past are expected to ease. Industries will be developing to take
advantage of locally available natural gas, and so energy will play a
much bigger role as a source of growth, traditionally the role of the
agricultural sector.

25/ This structural change invalidates assumptions concerning the
applicability of historical energy-economy coefficients to the
future.

26/ See Annexes 9 to 13 for energy forecast by main user.
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3.8 The slower growth in the Economic Scenario (4.4X annual CDP
growth) is based on a different sub-sectoral mix in the economy. The
resulting overall elasticity for secondary connercial energy to CDP
growth is 1.1. This reflects the dominance of agriculture in the lower
growth scenario, and in fact this elasticity is comparable to the
historical one. This scenario assumes, therefore, slower rate of
structural change in the economy and in energy consumption patterns.

Table 3.2: GROWTH IN COMMERCIAL ENERGY USE AND GDP

1982/83 1984/85 1989/90 1994/95 1999/00

Planned Growth Scenario

- requirements (103 toe) 1,183 1,766 3,341 4,788 6,955

- average annual growth rate (%)

for each five year period - 22.2 a/ 13.6 7.5 7.8

- GDP annual growth (X) - 5.9 5.9 5.9 5.9

Economic Scenario

- requirements (103 toe) 1,183 1,416 1,771 2,198 2,673

- average annual growth rate (S)
for each five year period - 9.4 a/ 4.6 4.4 4.0

- GDP annual growth (M) - 4.4 4.4 4-4 4-4

a/ Annual growth In two year period.

Electricitv

3.9 The two scenarios also differ in respect to electricity. The
Planned Growth Scenario for electricity (see Table 3.3) follows the
projections of the Electric Power Corporation (EPC) which show a sudden
jump from historical trends. The methodology employed by EPC for fore-
casting all categories of consumption except industrial is based on an
extrapolation of previous growth trends, modified judgementally to
reflect the pattern of development anticipated by the Covernment. While
projections of this nature may not be a priori unreasonable, analysis of
past consumption appears to have been limited to an estimate-of the power
growth rate and no substantive analysis has been carried out to ascertain
causal relationships explaining growth. Consequently, this method of
projection is unlikely to anticipate deviations from past trends.
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3.10 A similar approach is taken to forecasting industrial consump-
tion in the longer term, but the short term forecast is radically
different. This comprises a detailed aggregation of the loads of all the
projects included in the Fourth Four-Year Plan. Typically, this leads to
an optimistic short-term forecast, primarily because the plan normally
represents an ambitious target. In addition, the electrical loads of
prujects are frequently overestimated. For example, the anticipated
maximum demands of new factories are often quoted by EPC as the sum of
connected loads without allowance for diversity, and energy requirements
often assume unrealistically high capacity utilization. A forecast of
industrial load prepared on this project-by-project basis in 1981, for
instance, indicated that new industrial load would add 530 CWh to
consumption by 1982/83. In fact, total industrial demand grew by less
than 100 CWh during that period.

3.11 Forecasts should Lake account of such factors as the effect of
power cuts/voltage reductions on present demand data, anticipated tariff
changes, and the increase in recorded consumption, which should arise
from more accurate metering as part of the loss-reduction program now
being prepared. Explicit quantification of these factors is difficult
because of insufficient data. Several improvements should be possible in
the short term and others should follow once an adequate data base has
been built up.

3.12 Over the period 1983/84 - 1993/94, EPC estimates growth averag-
ing 11.4% per annum for total sales and 9.42 for generation
(Table 3.3). The difference is explained by EPC's expectations concern-
ing system losses which are projected to fall from 32% in the recent past
to 18.5% by 1993/94. From 1986/87 onwards, constant growth rates are
assumed for each class of consumption (domestic - 8%, industrial - 9%,
bulk and commercial - 6%. and other - 2%). Total consumption is pro-
jected at 8.3% per annum up to 1999/00. The most striking feature of the
forecast is the very high short-term rate of growth assumed for indus-
trial consumption during the Plan. The most recent consumption figures
indicate that the 19% growth expected in 1982/83 failed to materialize
and actual growth was 10.6%. Expectations for the three following years
are derived from projects included in the Plan, but it appears that only
a limited part of this load is likely to materiaLize. Projects outside
the present Plan do not have the same status and EPC is therefore able to
make a more objective assessment. After 1985/86, EPC has projected that
industrial consumption growth will immediately revert to the more
reasonable rate of 9% per annum (see Table 3.3).

3.13 A lower power consumption forecast has been prepared by the
mission in accord with the lower economic forecast. This "Economic
Crowth" scenario is based on the Bank economic growth forecast for Burma
but also on assumptions of a technical nature, and economic coefficients
estimated from historical data. Three categories of consumption have
been analysed: (a) domestic, (b) industrial, (c) other (comprising
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principally bulk and commercial but including all remaining categories of
consumption such as temporary connections and street lighting). 27/
Finally, analyses have been made regarding system losses (to be reduced)
and load factors. A summary of the Economic Crowth scenario for power is
presented in Table 3.4.

3.14 The two scenarios show close agreement for domestic and "other"
consumption. However, there is a very marked difference in the
industrial sector caused primarily by differenc expectations of the
degree to which a number of industrial projects will be implemented. The
two scenarios projected industrial consumption growth raLes differ by
more than a factor of two during the period 1983/84-1989/90 (17.8% and
7.9% p.a. respectively). Overall, the Economic Scenario suRgests that in
1999/2000 total consumption will be 33% less and generation 24h less than
EPC has forecast (Planned Growth Scenario).

rTble 3,3: EPC CONSUMPT;ON AND GENERATION FORECAST (GWh)

PLANNED GROWTH SCENARIO

Generation Consumption c/
Interconnected Commercial
S-ytems Isolated Total Domestic Industry Bulk Others Total d/

1982/83 (actual) 1,477 75 1,552 316 552 145 37 1.050
1983/84 (actual) 1,571 81 1.652 341 585 1S8 38 1,122
1984/85 1,849 141 a/ 1,990 370 886 166 42 1,473
1985/86 2,151 143 2.294 415 1,167 178 44 1,744
1986/87 b/ 2,274 147 2,421 448 1,207 188 45 1,888
1987/88 2.456 149 2,605 484 1,316 200 46 2,046
198i89 2,651 152 2.803 523 1,440 212 47 2,222
1989/90 2,863 155 3,018 565 1,563 224 48 2,400
1990/91 3,091 158 3,249 610 1,704 238 49 2,601

1991/92 3,337 162 3,499 658 1,857 252 49 2.816
1992/93 3,604 165 3,764 711 2,024 267 50 3,052
1993/94 3.892 168 4,060 768 2,206 283 51 3.308
1994/95 4,203 171 4,374 829 2,405 300 55 3,587
1999/00 6,175 190 6,365 1.219 3,700 401 58 5,378

Growth Rates
1983/84-1993/94 9.5 7.6 9.4 9.5 14.2 6.0 3.0 11.4
1983/84-1985/86 17.0 32.9 17.8 10.3 41.2 6.1 7.6 -4.7
1986/87-1999/00 8.0 2.0 7.7 8.0 9.0 6.0 2.0 8.3

a/ The sudden increase is due to commissioning of thermal unit in Thaton (Mon State).
b/ From 1986/87 onwards, constant growth has been assumed.
c/ 44istorical consumption and the disaggregation of projected requirements down to corporation

and sector level are given in Annewes 9 to 13 for the years 1978/79 to 1985/86.
d/ The difference between consumption and generation is due to system losses.

27/ See Appendix 3 for analysis of consumption and future power

requirements by subsector.
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Table 3.4: ECONOMIC GROWTH SCENARIO FOR POWER a/

Consumption (GWh) Growth Rates (1 p.a.)
1983/84- 1989/90- 1983/84-

1983/84 1989/90 1993/94 1994/95 1999/2000 1989/90 1999/00 1999/00

Domestic 341 551 763 832 1,280 8.3 8.8 8.6
Industrial 585 922 1,208 1,292 1,810 7.9 7.0 7.3

Other 196 282 361 384 521 6.3 6.3 6.3

Total 1,122 1,755 2,332 2,508 3,611 7.7 7.5 7.6

Generation (GWh)

Total 1,652 2,436 3,068 3,257 4,689 6.7 6.7 6.7

a/ See Annex Table 11 for detailed data.

Fuelvood and Biomass Residues

3.15 Total fuelwood consumption for Burma in 1982/83 was 31.8 mil-
lion m ; Table 3.5 distinguishes between firewood and charcoal consump-
tion but does not show consumption by main use due So lack of data. It
cn be seen that out of the total of 31.8 million m , some 24.2 million
in were used directly as firewood, and the remainder represented fuelwood
used to meet charcoal requirements, including fuelwood lost in the char-
coal conversion process. In addition to fuelwood, small quantities of
waste wood from sawmills are consumed for heating purposes as well as
some biomass residues such as paddy husks.

3.16 Consumption forecasts for renewable energy are based on current
population trends. This is because the household sector accounts for
most of total fuelwood use. For this reason, the demand for firewood and
charcoal has been projected to the year 1999/2000 mainly on the basis of
anticipated population growth, assuming a continuation of the present
levels of per capita consumption. It is to be noted that population
statistics do not show a marked movement towards increasing urbanization,
and so one would not expect, on this basis alone, to see a marked shift
towards charcoal away from fuelwood. This overall trend is used in both
the Planned Growth and Economic Growth scenarios since non-commercial
fuels use will be both the same.
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Table 3.5: ESTIMATED CONSUMPTION AND FORECAST REQUIREMENTS
FOR FUELWOOD, CHARCOAL, ANO BIOMASS RESIDUES

Plan Population Biomass
Period Year Rural Urban Fuelwood a/ Charcoal b/ Residue cl

('000) ('000) ('000 toe)

Actuals d/ Estimated Historical

il 1978/79 24,776 7,768 5,798 546 240

1979/80 25,279 7,934 5,915 557 245

1980/81 25,792 8,104 6,035 569 250

1981/82 26,316 8,278 6,158 582 255

IV 1982/83 26,850 8,456 6,283 594 260
1983/84 27,385 8,633 6,408 606 265

Planned Growth/Economic Growth e/

1984/85 27,930 8,815 6,536 619 270

1989/90 30,822 9,780 7,212 686 298

1994/95 34,013 10,851 7,959 762 329

1999/00 37,534 12,039 8,783 845 363

Average Annual Growth Rate

1984/85 to 1999/00 1.99% 2.10S 1.99% 2.10% 1.99%

a/ Fuelwood estimated on the basis of Bank staff estimate of 0.9 m3 per head of

rural population, rather than 0.46 per head of total population which the

Forest Department uses. This is consistent with Bank experience In

consumption patterns in neighoring countries.

b/ Charcoal estimated on the basis of 0.9 m3 of wood equivalent per head of
urban population. Wood to charcoal conversion rate of 30% assumed.

c/ Biomass residue use Is projected according to rural population and the
1982/83 estimate, but actual consumption is not known accurately.

d/ 1983 census.
of Both scenarios are the same for present purposes.

Conclusions

3.17 The projected growth of commercial energy demand shown in Table
3.6, which consists mostly of petroleum products and natural gas, is par-
ticularly significant. This energy would grow almost six-fold under the
Planned Growth Scenario by the year 2000. Under the Economic Scenario,
co ercial energy demand would more than double. The difference between
the two scenarios is mostly accounted for by natural gas consumption.
Two-thirds of the projected growth in final commercial energy consumption
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under the Planned Growth scenario would be generated by increased natural
gas use, primarily in industry, as compared to one-third under the
Economic Growth scenario. Not only are some industries projected to
convert from fuel oil to gas, but also a number of large industrial
projects can be expected to come into production in the next few years,
mainly around Rangoon and be connected by pipeline to natural gas. These
projects include mainly fertilizer plants, methanol, cement, glass, and
paper plants. The remaining growth in commercial energy consumption will
result essentially from increased use of gasoline and diesel as a result
of the expected greater availability of these products currently in
limited supply. In order to meet rapidly growing energy requirements,
domestic supplies of energy will have to be increased significantly.
This is because it is Government policy not to import energy, but rather
allocate available supplies by administrative means according to the
priority of individual users.

3.18 Electricity demand will increase almost fourfold by the year
2000 (Economic Scenr-io). Although Burma has abundant hydro, natural
gas, oil, and coal resources and hence several options for meeting these
needs, the Government places top priority on hydropower development.
This is because hydropower is a renewable resource, whereas the
alternatives are non-renewable. Moreover, products based on natural gas,
the principle alternative, are considered to have good export
potential. However, due to the continued rapid growth in demand, the
high cost of hydropower development, the abundance of Burma's natural gas
resources, gas-based power generation will continue to play an important
role in meeting power demand before the major hydropower projects come on
stream, or at least through the next decade. The respective roles of
hydro and gas, as well as other alternatives such as coal and oil, would
therefore be carefully examined in preparing the proposed Least Cost
Expansion Plan. These issues are discussed in detail in Chapter VI.

3.19 The demand for non-commercial energy is assumed to depend
mainly on population growth, so that Tables 3.6 and 3.7 project the same
overall increase in non-commercial energy demand by 2000, on the order of
40%, under both macroeconomic scenarios. Of course, demand will exhibit
some sensitivity to the macroeconomic environment, relative energy
prices, and the lower per capita incomes implied by the Economic Scenario
would have an impact on non-commercial energy demand. However, the
potential impact on demand of improved cooking stoves is judged to be
more significant, as is the extent to which an imbalance between supply
and demand will force consumers to travel greater distances to collect
firewood. For these reasons, the forecasts of non-commercial energy
demand in Table 3.6 are considered a satisfactory basis for the analysis
of the issues and options in the non-commercial energy sector conducted
in the following chapters.
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Table 3.6: SECONDARY ENERGY CONSUMPTION, GDP AND POPULATION
1982/83-1999/00 (Actual and Forecast)

Actual Planned Growth Scenario Economic Growth Scenario
1982/83 1984/85 1989/90 1994/95 1999/00 1984/85 1989/90 1994/95 1999/00

Consumption ('000 toe)

Electricity 89 126 202 302 453 103 148 217 304

Other commercial energy 1,094 1,640 3.139 4.486 6,501 1,313 1.623 1,981 2,369

Total Counercial Energy 1,183 1,766 3,341 4,788 6,954 1,416 1,771 2,198 2,673

Firewood 6.283 6,536 7,212 7,959 8,783 6,536 7,212 7,959 8,783

Charcoal 594 619 686 762 845 619 686 762 845

Biomass 260 270 298 329 363 270 298 329 363

Total Noncommercial

Energy 7,137 7,425 8,196 9,050 9,991 7,425 8,196 9,050 9,991

Total (all Energy) a/ 8,320 9,191 11,537 13,838 16,945 8,841 9,967 11,248 12,664

Per Capita Consumption

(Kgoe)

Electricity 3 3 5 7 9 3 4 5 6

Other Conmercial energy 31 45 77 100 131 36 40 44 48

Total Commercial Energy 34 48 82 107 140 39 44 49 54

Firewood 178 178 178 178 178 178 178 178 178

Charcoal 17 17 17 17 17 17 17 17 17

Biomass 7 7 7 7 7 7 7 7 7

Total Non-commercial

Energy 202 202 202 202 202 202 202 202 202

Total (all energy) 236 250 284 309 342 241 246 251 250

GDP at Factor Cost (1970 prices)

Total (Kyats million) 17,905 20,080 26,745 35,622 47,446 19,403 23,943 29,695 36,829

Per capita (Kyats) 507 546 659 794 957 528 590 662 743

Population ('000) 35,306 36,745 40,602 44,864 49,573 36,745 40,602 44,862 49,573

a/ Includes secondary energy consumed by end use sectors plus secondary petroleum products consumed by

power sector.
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TABLE 3.7: GROWTH RATES IN SECONDARY ENERGY CONSUMPTION, GOP
AND POPULATION, 1982/83-1999/00 (ACTUAL AND FORECAST)

(S p.a. for each five-year period) a/

Planned Growth Scenario Economic Growth Scenario
1982/83- 1989/90- 1994/95- 1982/83- 1989/90- 1994/95-

Demand 1989/90 1994/95 1999/00 1989/90 1994/95 1999/00

Electricity 12.4 8.4 8.5 7.5 7.4 7.6
Other Commercial Energy 16,2 7.4 7.7 5.8 4.1 3.6
Total (Commercial Energy) 16.0 7.5 7.8 5.9 4.4 4.0

Firewood 2.0 2.0 2.0 2.0 2.0 2.0
Charcoal 2.1 2.1 2.1 2.1 2.1 2.1
Total (Non-comiercial
energy) b/ 2.0 2.0 2.0 2.0 2.0 2.0

Total (all energy) 4.8 3.6 4.1 2.5 2.4 2.4

GDP at Factor Cost (1979 prices)
Total 5.9 5.9 5.9 4.3 4.4 4.4

Per Capita 3.9 3.9 3.9 2.3 2.4 2.4

Population 2.0 2.0 2.0 2.0 2.0 2.0

a/ Except for 1982/83-1989/90 period since for the Planned Growth Scenario thb base year
is officially 1984/85. However, for comparison purposes with Economic Scenirio, the
reference year is 1982/83.

b/ Including biomass residues (estimates).
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IV. PETROLEUK

Crude Oil

4.1 Developing crude oil production at the fastest possible rate
would help increase foreign exchange earnings through crude oil exports
and production of refined products for the domestic market and for
export. For domestic energy planning purposes, the Planned Crowth
scenario assumes a 10% crude oil supply annual growth (as of 1984/85),
exports of surplus products, and also the export of surplus crude that
cannot be processed locally. Such a commitment to export will generate
foreign exchange and thus stimulate economic growth, and so it is
consistent with the high growth of domestic fuel requirements expected in
the corresponding Planned Growth Scenario. The Economic Growth Scenario
assumes 5% crude oil supply growth, with maximum commitment of crude oil
to the refineries. This lower crude oil growth is sufficient to cover
local demand, but with lower export revenues. Maximum export earnings
would occur if the Government chose to implement a high production growth
scenario (10%), while domestic demand. grew more slowly (less than SZ
annually), as under the "Economic Growth" scenario.

4.2 Oil reserves could sustain the production level of the high
(Planned) scenario (rable 4.1). The cumulative oil production from the
present till the year 2000 in the high scenario case would only be equi-
valent to about 15% of the currently known and discovered oil reserves.
Burma clearly has the potential to dramatically increase the oil produc-
tion well beyond the present level; however, to achieve these targets,
existing financial, technical, and logistical constraints will have to be
solved. If these are not faced and resolved in time, they could easily
prevent the attainment of economic growth and exports targets, even under
the slower growth Economic Scenario.

Table 4.1: CRUDE PROOUiCTION SCENARIOS
(million barrels)

1982/83 1984/85 1989/90 1994/95 1999/00
(actual)

Planned Growth 7.8 a/ 8.2 13.2 21.3 34.2

Economic Growth 7.8 7.8 10.0 12.7 16.2

a/ Crude output reported by MOC is 9.8 million barrels. However,
deliveries to PIC have been taken into account since there is a 20%
difference with MOC. This difference appears to reflect different
measuring methods currently adopted by MOC and PIC. The actual
crude production is probably similar to the amount committed to
refining which corresponds fairly well to the product outturn at the
refineries; and this lower figure (7.8 million) has been used as a
basis for the projections.
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4.3 Large financial outlays are needed to maintain the currently
producing fields and delineate and exploit under- and undeveloped
fields. Considering the geologic complexity of many of the fields, the
multiplicity of the oil and gas reservoirs, the low productivity of
individual wells, and the present state of some oil fields, thousands of
wells will have to be drilled. Some additional 4,000 to 6,000 wells may
be needed over the next 15 years for the replacement of old wells, infill
drilling of oil fields, and exploitation of undeveloped reserves. A
capital outlay of some US$1.5 billion would be ne_dod. Added to this,
there will be the cost of surface production fa_ilities, an oil and gas
pipeline network, logistic support, and services required for the opera-
tion. In total, the investment needed for the high growth scenario will
be about US$2 billion over the next 15 years or ,-r an annual average of
US$165 million. 28/ Even if the lower growth scerarit, is considered, the
size of the investment (US$1.5 billion or US$10C million per annum) is
substantially higher than the current MOC expenditures (less than US$40
million in 1982/83).

4.4 Present production costs are about US$3/bbl of crude, US$0.70/
MCF for free gas and US$0.10/MCF for associated gas, but these will
increase in the future in view of a (a) the geologic complexity of the
fields and the multiplicity of the reservoirs which call for narrower
well spacing and the drilling of separate set of wells to drain separate
reservoirs; (b) the aging of the fields and the need for more frequent
workovers and repairs; (c) the decline in well productivity as the fields
age; (d) the possible application of the standard secondary recovery or
the sophisticated enhanced recovery techniques, and (e) the development
and exploitation of deeper reservoirs in Mann, PTTP, and Payagon fields
(para. 2.4). While all the above may not apply to gas, it can be
expected (para 5.19) that the percentage of free gas to the total gas
sales will increase. The future cost of crude production is estimated to
double to around US$7/bbl (on a net basis -- see para. 9.3), and the cost
of producing and delivering gas (free and associated) will be US$1/MCF
(see also para. 9.9). For comparison, the estimated cost of offshore gas
from Martaban produced from very prolific structures and extremely high
rate wells is likely to be around US$0.80/MCF.

4.5 Although MOC is already using water and gas injection in
certain fields, it should be possible to increase production from
existing fields if these practices and certain other technological
improvements are more widely adopted. To help identify what changes are
best suited to Burma, a comprehensive study is recommended which
addresses oil and gas field development plans and exploitation policy.
Such a study would address issues such as development modes of various
reservoirs within the same field, well spacing, pressure maintenance,
feasibility of secondary recovery, and enhanced recovery methods. Also,

28/ Most of the investment would be committed during the next 10 to 12
years.
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surface facilities design would be reviewed with a view to modifying them
to accommodate the higher production rates foreseen, the large volumes of
oil and gas to be treated, and the water to be injected and produced. In
this connection, due consideration would also be given to the
optimization of gathering and storage stations, the production of multi-
gas separation wherever needed, and vapor recovery systems.

4.6 Considering the high level of proved but undeveloped reserves,
more emphasis can be placed on development rather than on exploration.
This implies that the number of heavy drilling rigs would not increase
while the number of medium light rigs used for development work would
increase. The Government should seriously reconsider the present rate of
deep drilling. It is a relatively inefficient use of resources to
continue exploration and very deep drilling while large oil and gas
reserves are currently left undeveloped or not fully exploited. 29/ At
present, exploration drilling appears to be overemphasized at the expense
of development and the optimization of production. The proposed
development program would optimize maintenance of old fields and
exploitation of the sizeable undeveloped reserves, balanced with capital
and manpower expenditure restraiats, better refinery utilization, and a
revised export policy. Despite competent top management, MOC
organization needs to be strengthened in order to achieve ambitious
production targets (paras. 10.3-10.5).

4.7 It is the mission's view that the potential for increasing
hydrocarbon production is very substantial. Given the considerable
amount of presently undeveloped and under-developed known reserves of
both oil and gas, a plan to effect significant increases in production
levels, including export, would not entail rapid depletion or undue
exploitation of these resources. Further such an effort would, among
other options, serve to generate the financial resources needed for
further investment in the sector, given the attractive exploratory
potential remaining in the country. The Myanma Oil Corporation (MOC) has
done a commendable job in finding new oil and gas resources in recent
years and there is no doubt that some production increases can be
achieved in the future based on current efforts. HOC believes that,
given its existing manpower and technical resources and its policy of
self-reliance which calls for using foreign services only on a case by
case basis to meeL specific technical needs, it would be able to
substantially increase production provided the necessary financial
resources are available. The mission believes, however, that early
realization of Burma's production potential would excessively strain
Burma's available capital and manpower resources. To help achieve the
proposed production increases and increase foreign exchange earnings
quickly, serious consideration thus should be given to the infusion of
latest technology and practices, as well as financial resources. This
could be accomplished by inviting consultants and operators to assist in

29/ See Table 2.2.
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various aspects of petroleum operation in the form of service
contracts. Further technical advancement would necessitate increased
financial assistance, foreign and domestic, in the development of
hydrocarbon resourres.

Petroleum Refining

4.8 Burma has three main refineries, as well as two very small
ones. Refineries have a combined rated crude processing capacity of
56,000 barrels per day (BID) or about 2.6 million toe. The Syriam
refinery near Rangoon after being heavily damaged in World War II, was
rebuilt and recommissioned in 1955 and with subsequent expansion now
has a capacity of 26,000 B/D. The Mann refinery (total capacity 25,000
B/D) was commissioned in 1982 and has a naphtha reforming unit (2,800
B/D), a smoke point improver (3,800 B/D), and a coker producing anode
grade coke. 30/ The Chauk refinery was built in 1952 and is in
relatively poor condition. Since 1979/80, vacuum residue has been
reclaimed from open pit storage where it has been accumulated since
start-up and sold as heavy petroleum oil. Paraffin wax is produced using
a chill process but the sharp decline in production since 1982/83 points
to difficulties in repairing the wax plant. The Malun refinery (1,500
B/D) was erected to provide fuel during the construction of the Mann
refinery, but with the completion of the Mann refinery, it has been
closed. The Le Daung refinery is located on Ramree island, off the west
coast. It is operated intermittently (200 B/D) to tap a small quantity
of crude oil produced in the area.

4.9 Refinery output has declined from 1.27 million toe in 1979/80
to 1.13 million toe in 1982/83 and 1.09 million toe in 1983/84. This was
the result of decreasing availability of domestic crude, since no imports
were made as a matter of Government policy. This has resulted in a low
average 36Z capacity utilization rate. As a result, there is surplus
refining capacity available to process crude oil into products for
domestic use or for export if crude output increases. Over this period,
there were significant changes in the production pattern. Kerosene
production, in particular, declined as the result of a conscious policv
decision to maximize diesel production for use in transport .

industry. At the same time, the gasoline share in total output increasq_
because of the new coker at the Mann refinery.

4.10 Export sales of refined products have also declined from a high
of 205,040 tons in 1979/80 to 79,790 tons in 1983/84. This is explained
by the depletion of residual inventories of "heavy petroleum oil" sold
abroad until 1982. Other exports are aviation turbo fuel, petroleum,
coke, and since 1983, reformed naphtha.

30/ The coking of residues (use of the coker) at Mann increased gasoline
supply (by 3.9% in 1982/83) despite a reduction in crude run (by
4.6%). Diesel distillate products also increased.
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4.11 It is significant that refinery fuel and loss by weight has
increased from 4.7% in 1979/80 to 7.9Z in 1982/83. In fact, when
expressed in volume, figures were 5.9% in 1979/80, 9.4% in 1982/83,
increasing to an exceptionally high 10.1% in 1983/84. 31/ The high
energy consumption in refining appears to be the result of a large base
energy load associated with Burma's refineries, especially at the grass-
root Mann refinery, aggravated by low capacity utilization. Furthermore,
the major refineries also provide significant amounts of non-refinery
related power, water, etc., to the surrounding communities. Regional and
product demand patterns as well as transport constraints require that PIC
run at least two refineries (Mann and Syriam) on a full-time basis. The
Chauk refinery is only operated to the extent necessary to meet wax
needs. Although the percentage of losses and refinery fuel are likely to
decline as capacity utilization increases, the mission feels a detailed
study should be undertaken to identify, measure, and separate the
different end uses of energy in refining to enable total energy
consumption to be analyzed and efforts to be directed at further
improving efficiency.

4.12 Priority issues concerning the refineries' present operations
are the need to: (a) improve operating efficiency, in particular by
reducing internal fuel consumption and losses; (b) optimize utilization
by trading stocks between refineries; (c) debottleneck the process to
increase the output of light and middle distillates which are in high
demand and thus increase capacity utilization through higher local crude
processing and (d) evaluate the need for increased refining capacity or
for closing some of the refining units.

4.13 Areas for repairing insulation and heat exchanger re-design and
replacement have been found in the Syriam and Mann refineries. Better
heat integration of these plants could lead to improved thermal
efficiency. Similarly, intermediate products are stored before blending
into finished ;roducts. Continuous blending of intermediate into
finished products as they are produced would reduce fuel consumption and
loss. Electricity generation at Mann refinery (today electricity is
purchased from EPC although a standby diesel generator exists to run the
crude still and coker), would provide opportunities for waste heat
recovery and improved thermal efficiency in the co-generation of process
steam.

311 Refinery fuel gas consumption is somewhat inflated by the fact that
it is allocated for 50% to the generation of electricity for the
surrounding community in Syriam. In addition, Syriam operates
several factories. At Mann, the refinery supplies potable water to
the adjoining community. Energy consumed in these operations has
not been rigorously separated from the rest of refinery process
fuel. Also frequent power interruptions would lead to high fuel
consumption but together with water treating these do not account
for the dramatic increase in fuel consumption observed since 1981/82
and the start-up of the Manr. refinery.
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4.14 The start-up of the Mann refinery in 1982 provided a naphtha
reformer to produce aromatics, kerosene hydrotreating facilities for
smoke point improvement, a coker to convert heavy fuel oil into gasoline
and diesel distillate products, and LCP recovery facilities. The substi-
tution of natural gas for heavy fuel oil provided a final link in the
matrix for maximization of export of reformed naphtha, aviation turbine
fuel, petroleum coke, and LPG. However, Syriam is not yet supplied with
natural gas. The recently constructed 47-mile natural gas pipeline from
Payagon to Rangoon will allow gas substitution for 1,500 B/D of fuel oil
presently consumed in power generation. Extension of this line 22 miles
to Syriam would provide further gas substitution for an additional 1,000
B/D fuel oil consumed as refinery fuel. This illustrates the trend in
substituting natural gas for fuel oil so as to provide additional feed
stock for coking. The supply of coke and distillate products is
therefore expected to increase at the expense of fuel oil with the start-
up of the coker at Syriam in 1985. Increased coker gasoline supply
resulting from increased crude run and from start-up of the coker will
also displace reformed naphtha from motor gasoline. The displaced
reformate will be exported as a feedstock for aromatics production.

Table 4.2: PRODUCTION OF REFINED PRODUCTS

Thousand Tons Percent Distribution
1979/80 1982/83 1979/80 1982/83

Liquified Petroleum Gas (LPG) - 3.0 - 0.3
Gasoline 255.7 259.2 20.1 23.0
Kerosene 76.2 22.3 6.0 2.0
Aviation Turbine Fuel 28.2 38.9 2.2 3.4
Diesel Oil 385.3 393.3 30.3 34.9
Fuel Oil/Heavy Pet. Oil 432.8 275.3 34.0 24.4
Others 34.1 46.9 2.7 4.1
Refinery Fuel and Loss 59.2 89.5 4.7 7.9

Total 1,271.5 1,128.4 100.0 100.0

4.15 Production of LPG by the refineries has been impeded by lack of
sales. Increased use of LPG for cooking has failed to materialize after
two years of use by Mann refinery employees and demonstration installa-
tions at PIC headquarters and TSC in Rangoon. Present domestic
consumption of LPG is only about 8,000 tons, mostly in industry, and is
not expected to increase significantly. LPC recovered at Mann has filled
storage facilities and without facilities to export (expected in 1986)
LPG must be burned as refinery fuel. LPG recovery and exporting
facilities are being installed in Syriam. PIC forecasts LPG export sales
starting in 1985/86 at 7,000 tons to grow to 106,000 tons in 1989/90.
However, in view of the fact that there is also a potential domestic
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market for LPG (especially as a substitute for charcoal) the mission
recommends that officials from PIC and PPSC carry out a full survey of
the LPC market (existing and potential, domestic and for export); the
recommendations of the survey should be sufficiently detailed and
feasible for early implementation. An particular, the study should
examine the factors behind the slow domestic adoption of LPG.

4.16 To improve refinery utilization, the possibility of sending
kerosene from Syriam to Mann refinery for smoke point improvement should
be examined. Mann kerosene and jet fuel (ATF) both make 24 mm smoke
point (SP) while Syriam makes 17 mm SP kerosene and 20 mm SP ATF. A
blend of 45% Mann ATF (24mm) and 55% Syriam kerosene (17 mm) should
produce 20 mm SP ATF. By blending Mann ATF with Syriam kerosene, ATF
production could be obtained from additional crude run at both Mann and
Syriam without additional investment in smoke point improvement capacity.

4.17 Based on projected Bank ratios of product prices to crude oil
price (Table 4.3), economics favor coking locally produced fuel oil and
importing fuel oil to meet local requirements. Assuming a long term
crude price is US$35 per barrel, the revenues from distillate product
exports exceed the cost of fuel oil imports by US$17-20 million.

Table 4.3: FORECAST PRICE RATIOS FOR PETROLEUM PRODUCTS

Light a/ Middle b/
Year Crude Oil Distillates Distillates Fuel Oil

1985 1.00 1.44 1.36 0.71
1990 1.00 1.42 1.35 0.72
1995 1.00 1.36 1.30 0.80
2000 1.00 1.36 1.30 0.80

a/ Gasoline, reformate.
b/ Kerosene, jet fuel, diesel.

4.18 In both scenarios (Planned Growth and Economic) it is assumed
that debottlenecking will be achieved via the use of cokers both at Mann
and Syriam. These cokers will be run at the maximum capacity that the
availability of local crude oil will permit, thus producing gasoline,
medium distillates, and petroleum coke at the expense of fuel oil.
However, beyond this point the netback from crude exports is expected to
be greater than surplus product, including fuel oil, which cannot be run
through the cokers. Therefore, crude oil produced in excess of the
refinery feedstock required to run the cokers at full capacity is assumed
to be exported. The resulting product yields in this manner of operation
are shown in Table 4.4.
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4.19 Since there is a strong economic incentive to coke or convert
residual products into distillate products, it might be tempting to
simply expand coking capacity by constructing additional units. A study
should however be done to determine whether the existing cokers can be
optimized by reducing recycle rates and/or conversion from atmospheric
residue charge to vacuum residue charge. This would make available a
vacuum distilLate out for dewaxing, hydro-treating, and potential lube
stock or catalytic cracker feed stock. This last option would probably
include an expansion in crude topping capacity. At any rate, these
tentative operating assumptions (Table 4.4) need to be reviewed and a
study on optimal refinery configuration and operation is recommended.

Table 4.4: OIL REFINERY OPERATIONAL PARAMElERS
Product Yields (% of Input Volume)

Effective L0o.e.
Input Coke and

Capacity Fuel and Refinery Gas Used

Refinery Years (bpd) LPG Light Middle Oil Other Fuel as fuel

Syriam 1984/85 25,000 - 32.0 53.7 4.7 3.4 6.3 -

1989/90- 25,000 4.6 33.2 58.5 - 4,1 7'4 7.H
1999/00

Mann 1984/85- 25,000 6.5 30.5 58.5 - 4.1 6.4 5.6

1999/00

Chauk 1984/85- 6.000 - 24.0 48.5 20.5 6.0 8.0 7.0

1999/00

4.20 On this basis, two scenarios have been defined by the mission
for petroleum products. One assumes 10% *rude oil supply growth with
maximum commitment to the refineries untii these coking capacities are
fully utilized. This is the Planned Growtlh scenario which assumes export
of surplus products and also export of surplus crude that cannot be
proceesed. Such a commitment to export will generate foreign exchange
and thus stimulate economic growth, and so 1. is consistent with the high
growth of domestic fuel requirements expected in the corresponding
Planned Crowth scenario for consu-mption (see Appendix 4 for an analysis
of assumptions used in forecasting petroleum products consumption). The
Economic Growth scenario assumes only 5% crude oil supply growth, again
with maximum commitment of crude oil to the refineries until coking
capacity is fully used. This lower crude oil growth is sufficient to
cover local demand, and the lower export revenues will be consistent with
the investment constrained growth in Burma's fuel requirements which are
expected in the corresponding Economic Growth scenario for consumption
(see also Appendix 4). The supply of product and crude and the resulting
exports are shown in Table 4.5 fer both scenarios.
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4.21 The increased coker gasoline supply resulting from increased
crude run and start-up of the Syriam coker will displace reformed naphEha
from motor gasoline. The displaced reformate will be exported as a
feedstock for aromatics production, and is shown as light distillate
export in Table 4.6. As an aromatic feedstock it is not subjected to the
price competition or trade restrictions applying to motor gasoline.
Moreover, the export of middle distillates shown in Table 4.6 will be
feasible if surplus diesel (likely to meet strong competition in the
current long supply world market) is minimized through appropriate
blending adjustment. Jet fuel production should be maximized (by
blending SPI treated kerosene with straight run) at the expense of
diesel. Finally, coke exports should increase because of the increased
use of the cokers to minimize fuel oil production. Under the Planned
Growth scenario, utilization of the refinery capacity rises rapidly from
the current 36Z to 64% by 1989/90 and to 76% (i.e. at full coking
capacity) by 1995; whereas under the slower growth assumptions of the
Economic Growth Scenario the utilization rises to 49X by 1989/90 and to
full coking capacity only by the year 2000.

4.22 An investment decision on new refinery capacity is needed in
two to three years if the high rate of growth for crude oil production
occurs because, by the mid-1990's, the coking capacity of both ref'ineries
would be fully utilized. In the absence of additional coking capacity,
the incremental production would need to be exported as crude oil (raLher
than as product) or run through the refineries (excluding the cokers) to
produce a variety of products including low value fuel oil. Even then.
the refineries as a whole would be at full capacity two years later. A
decision to invest in new capacity would not depend on growth in domestic
demand for petroleum products, but only on growth in crude oil produc-
tion, assuming that it proves economically attractive to refine this
crude for export as product rather than to export crude oil directly.
Clearly a study on optimal refinery configuration and operation is needed
if this investment planning is to be put on a sound basis.

4.23 Each of the three refineries is of rather modest size by inter-
national standards. Also, capacity utilization is extremely low, thus
leading to high processing cost in existing units. At the same time,
however, this low capacity utilization gives the Government the option of
redistributing production between refineries, or even shutting down
certdin inefficient units to optimize production. As discussed in para.
4.11, PIC has to some extent already done this. It would be worthwhile
to include in the above mentioned study a review of costs of production
of domestically refined products, how such costs would evolve when
refineries are more fully utilized and how they would compare with
international petroleum product prices. This would provide useful and
realistic indications to PIC management on true production costs.

4.24 Once production increases, the proposed refinery optimization
study is all the more necessary, since the number of alternative choices
in operating parameters will have dramatically increased, necessitating
the use of a computer. A new tool in the form of a linear programming
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model would be needed to quickly examine the many alternatives in a
changing market and to maximize the economic return on this major
investment and evaluate the addition of new processes or retirement of
some units.

Table 4.5: CRUDE AND PROoUCTS SUPPLY AND CONSUMPTION a/
('000 toe)

1989/90 1994/95 1999/00

Planned Economic Planned Economic Planned Economic

Growth Growth Growth Growth Growth Growth

Crude Oil
Output 1,699 1,286 2,737 1,652 4,408 2,094

Supply to refineries 1,699 1,286 2,007 1,652 2,007 2,001
Export - - 730 - 2,401 93

Exports as % of output - - 26.7 - 54.5 4.4

Petroleum Products b/

Output c/ 1,697 1,285 2,004 1,640 2,004 2,004

Local consumption ;,429 1,225 1,872 1,468 2,499 1,785

Export 268 60 132 172 (495) 219

Exports as % of output 15.8 4.7 6.6 10.5 -2.5 10.9

Refinery Capacity 2,650 2,650 2,650 2,650 2,650 2,650

% Utilized 64 49 76 62 76 76

a/ See Annex Tables 16 and 17 for detailed data.

b/ Includes fuel for power generation as well as end uses.

c/ Differs from crude oil supply to refineries because of conversion losses and additional

inputs (i.e., gas).

Distribution and Transport

4.25 The Petroleum Products Service Corporation (PPSC) has the
exclusive responsibility for distribution and marketing of all locally
refined products (including LPG) but not for imports and exports which
are handled only by PIC. PPSC owns a fleet of 200 to 250 trucks for dis-
tribution of petroleum products from the refineries to the supply sta-
tions/shops. A major new activity to be taken up by PPSC is distribution
and supply of LPG and it will need to train its staff in marketing and
distribution of LPG. Arrangements are being made with a Japanese
company. However, PPSC should be very much involved in the LPG market
study recommended above (para. 4.15). PPSC envisages no difficulty in
planning or implementation of its plans. However, as the operations of
PPSC are expanding and the case for price adjustments is becoming more
pressing, development of expertise for systematic cost analysis and
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management efficiency will be useful tools in maintaining PPSC's finan-
cial viability. PPSC, therefore, needs to begin increasing the attention
given to this aspect of its operations. PPSC should also obviously
participate in the natural gas transport Master Plan mentioned in para.
5.18 below.

4.26 The Mann refinery is located on the Irrawaddy River, 330 miles
north of Rangoon. All products from Mann refinery which are destined for
export by tanker must first be sent by 500 ton barges to the Syriam
refinery close to Rangoon to be transshiped into 12,000 ton tankers. The
actual cost of transporting products from Mann to Rangoon by barge is not
known. However, barge freight rates for Mann-Rangoon amount to K
80.48/MT for gasoline and K 57.55/MT for other products. This is equiv-
alent for gasoline to 15% of the ex-refinery fuel oil price. For jet
fuel, this is equivalent to 11% of the fuel oil price. Depending on the
actual cost of barge transportation, this indicates there is some poten-
tial for savings in barge transportation cost by injecting jet fuel into
the crude oil pipeline for transportation from Mann to Syriam.

4.27 There are plans to build a natural gas pipeline to Rangoon with
a spur to Syriam to substitute natural gas for fuel oil so as to provide
additional feedstock for coking. However, justification for such a pipe-
line would start to decline and even cease by the mid-nineties as the
cokers become fully utilized and no more residual feedstock can be accom-
modated.

Allocation Policy

4.28 Petroleum product allocations are administered by a committee
internal to the Ministry of No. 2 Industry and chaired by the Director of
Planning of the Technical Service Corporation (TSC), which functions as
the ministry's planning unit. Its principal function is to scrutinize
requests for annual allocation of petroleum fuel. In doing this, it
examines both the reasonableness of the quantities requested and possibi-
lities for use of alternative energy sources and checks to see that fuels
are not being requested through more than one channel for the same pur-
pose. Requests for petroleum fuels are of two kinds. Requests for fuel
for the private and cooperative sectors originate with State and Division
Councils, while requests for fuel for government use and for SEEs are
submitted by the ministries concerned.

4.29 A great deal of documentation is required in support of re-
quests for fuel, including lists of all the vehicles involved, the proj-
ects for which the fuels are Lo be used, and, for example, lists of the
bulldozers to be used on each project site by the Construction Corpora-
tion and details of the mileage and frequency of service planned by the
Road Transport Corporation. The allocation Committee does cross checks
with these numbers and compares requests with consumption in previous
years in an attempt to identify inflated requests and double counting,
which can occur when both an implementing SEE and a local jurisdiction
request fuel for an investment project.
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4.30 The norms applied in allocating fuel to highway vehicles seem
to favor automobiles. A compact car is allocated 90 imperial gallons
(IC), i.e. 410 liters monthly, while "heavy" (typically 6.5 ton) trucks
are allocated 150 IG (680 liters) and the long-haul trucks used by the
Road Transport Corporation are expected to get by on 180 IC (820 liters)
per month.

4.31 The allocation Committee considers substitution possibilities
as well as the quantities requested. In line with the general guidelines
established by the Fuel and Energy Committee (of the Research Policy
Direction Board), it has, for example, required natural gas to be sub-
situted for fuel oil and withheld diesel intended for captive power
generation where it was considered feasible for EPC to provide service.

4.32 Only in the Rangoon area is there a formal mechanism for con-
trolling purchases by private and cooperative sector vehicle owners. A
record book kept in each car in the capital area is used to keep a run-
ning total of purchases, and owners who go over the quota volumes are
asked for explanations. As a further control, each vehicle (including
public sector vehicles) is assigned to a specific filling station. The
relatively generous monthly fuel allocations appear inconsistent with
indicators such as stagnant or declining crude oil production and the
growth in the vehicle fleet. Moreover, there is significant resale of
petroleum products in the unofficial market at prices far higher than the
official price.

4.33 The allocation system appears to work reasonably well within
its limits. However, it is inevitably subject to increasing rigidities
over time, inequities regarding the three oil sector corporations (PPSC,
PIC, MOC) deprived of much needed income because of unofficial marketing
of petroleum products. To improve the efficiency of distributing
petroleum products, it is highly desirable that greater emphasis be given
to pricing policy in allocating the scarce supplies of petroleum products
(see also para. 9.38). For kerosene, which has a particular social
significance in cooking, a carefully formulated and controlled physical
allocation could be warranted as long as this product remains in short
supply. At any rate, with the possibility of increased oil production,
the allocation system in Burma could become easier to operate since
recent constraints should progressively disappear.

Recommendations

4.34 Recommendations made above can be summarized as follows:

(a) Considering the high level of proved but undeveloped reserves,
more emphasis should be placed on development rather than on
exploration. The number of shallow and deep rigs should be
balanced accordingly (para. 4.6).

(b) MOC should seriously consider reducing the rate of deep
drilling (para. 4.6).
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(c) A comprehensive study is recommended which addresses oil and
gas field development plans and exploitation policy (para.
4.5).

(d) Ways to mobilize financial resources (domestic and external)
should be sought in order to reach projected hydrocarbon
targets (para. 4.7).

(e) Although current high refinery fuel use and losses are due in
part to the present low rate of capacity utilization stemming
from slow growth in crude oil production, a study is
recommended to analyze energy consumption patterns in the
refineries to identify all possible means of increasing
efficiency (para. 4.19).

(f) Officials from PIC and PPSC should carry out a survey of the
existing and potential LPC markets (para. 4.15).

(g) To improve refinery utilization, a possibility would be to send
kerosene from Syriam to Mann refinery (para. 4.16).

(h) A study is recommended to determine whether the existing cokers
can be optimized (para. 4.19).

(i) A study on optimal refinery configuration and operation is
recommended (para. 4.22).

(j) Once production increases and gives PIC more scope to adjust
production patterns, a linear programming model will be needed
to examine the many alternatives for refinery production
pattern in a changing market and maximize economic return on
investment (para. 4.24).
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V. NATURAL CAS

Gas Supply and Consumption

5.1 Burma's reserves of natural gas (both associated and non-
associated and including possible reserves) are about 4 TCF for onshore
fields and 7 TCF (mostly non-associated) for the offshore fields in the
Martaban area. The undiscovered potential amounts to about 12 TCF of
which more than 10 TCF are likely to be offshore (Lower Delta). These
very substantial reserves are to be compared with a gas production which
rose from 5.7 billion cu. ft in 1974/75 to 18.2 billion in 1983/84 i.e.
equivalent to about one-third of crude oil output. MOC production
forecast for 1989/90 is 131 billion cu. ft implying that gas consumption
would increase almost twenty fold over a six-year period. This forecast
appears overly optimistic, especially compared to EPC forecasts of gas
usage in power generation. 32/ However, even accepting such a high
forecast, and assuming also that gas demand would decline to a 5Z annual
growth from 1989/90 to the year 2000 (i.e. 213 billion cu. ft) the
cumulative production of gas from the present until the year 2000 would
be about 2.2 trillion cu. ft of gas. This would be equivalent to about
one-fifth of the discovered gas reserves (or one half of the onshore gas
reserves). On the other hand, the remaining reserves, assuming no
reserve additions whatsoever between now and the year 2000 would suffice
at the production level of the year 2000 for 40 years' supply of gas. It
is obvious, therefore, that Burma has the potential to substantially
increase the gas production well beyond the present levels. Natural gas
is therefore likely to play a dominant role in satisfying the needs of
the domestic market and might also be exported to neighboring
countries. The gas share of the total hydrocarbon production would
increase using the high MOC growth rate (implying 10% crude oil produc-
tion) from 27% in 1982/83 to 58% by the year 2000. Should gas consump-
tion increase at a less rapid pace, gas would still play a dominant role
in Burma's energy balance, as it has already become the fuel of choice in
most industries.

5.2 With gas commanding an important role in the energy supply
there is a need to initiate and develop a natural gas policy dealing with
gas pricing structure, priority of various consumers, transport and
safety codes, LPG extraction, guidelines on flaring, etc. In addition,
evolving a natural gas transport master plan at an early stage would help
optimize the investment in a gas network and ensure the continuity of
supply to consumers. The Government recently undertook a study to
determine the cost of delivering gas to Syriam for petrochemical projects
from the recently discovered Payagon onshore field. The Government

32/ 1985 HOC projections indicate that this figure may now be a
conservative estimate.



- 53 -

should continue to undertake such studies in considering various gas-
based projects in future.

5.3 MOG and PIC have taken steps to extract LPG from some gas
fields. 33/ There should be a policy stipulating the recovery of LPG,
whenever it is economically feasible from the gas produced. LPG and con-
densate fractions in some well streams, particularly the associated gas
could be as high as 11.6% (Payagon field). LPG recovery and transport
systems should be designed and tailored to suit field conditions and
expected gas volumes.

5.4 Given the large existing gas reserves, a distinction of
convenience can be made between domestic consumers, on the one hand, and
the utilization of offshore gas, i.e. Martaban gas, for processing for
export in the form of fertilizers or methanol, on the other hand. 34/
Natural gas is at present supplied by pipeline to the main consuming
centers of Chauk, Sale, Mann, Htaukshabin, Kyagin, Myanaung and,
following the 1985 completion of a 47 miLe pipeline from Payagon gas
field, Rangoon. This Payagon gas is currently being used to substitute
for fuel oil consumption (1,500 b/d) in power generation at Ywama. There
are plans to extend the gas pipeline to Syriam, where it would substitute
for an additional 1,000 b/d, and to other heavy industries at Thilawa,
Thaton, Myaingale, and Sittang.

5.5 The implications of using Martaban offshore gas were also con-
sidered. This gas is being considered for the production of methanol,
ammonia, and urea fertilizers for export. This exceptionally large
export-oriented project is not explicitly included in the assessment of
Burma's domestic energy situation (see also paras. 5.21-5.26).

331 About half of the gas produced is associated gas containing a
sizeable percentage of heavier hydrocarbons Lending it amendable to
LPG recovery. To that effect, a small LPG recovery plant has
already been completed (at Mann refinery). A larger scheme is under
construction, while a third major unit is under consideration (para.
5.18). With prospective increase in oil production and its
associated gas more LPG units could be installed in the various
production centers.

34/ Natural gas to be eventualLy used by the Martaban export-oriented
project has not been included in the domestic gas use forecast, nor
has any possibility of natural gas exports to neighboring countries.
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Table 5.1: PROPOSED NATURAL GAS PIPELINES

Length Capacity Completion
Route Diameter (miles) (MMCFD) Date

Payagon-Ywama a/ 10" 47 30 1985
Payagon-Thilawa 18" 52 100 1987
Thilawa-Ywama 14" 24 50 1987
Thilawa-Syriam 8" 8 10 1987
Thilawa-Sittang 14" 85 40 1988
Sittang-Thaton 12" 55 30 1989
Thaton-Myaingale 8" 22 10 1989

a/ Already completed.

Industrial Markets

5.6 The industrial sector consumed 158,000 toe of gas in 1982/83
compared with 134,000 tons of fueL oil and 75,000 tons of diesel.
Natural gas consumption in industry was about equally divided between two
fertilizer plants and two cement plants. Gas consumption has been
declining since 1980 as a result of falling production of fertilizers and
cement. Future requirements will be largely determined by new factories
and by conversion of existing factories from fuel oil. Again, future
consumption increases will be dominated by a small number of big users:
a new glass factory at Chauk (2 BCF per annum), the conversion of the
Sittang paper factory to use natural gas (2 BCF), a new fertilizer
factory at Kyaw Zwa (5.5 BCF), a methanol plant at Seiktha (5.5 BCF),
and the conversion to gas of the Ywama power station (1.5 BCF). These
will increase the annual requirement for gas supply from 5.6 BCF in
1982/83 to 59.5 BCF in 1989/90 (see Annex 9 for a plant by plant
projection of natural gas demand) i.e. from 158 thousand toe to 1,666
thousand toe.

5.7 More than half of the current fuel oil consumption would be
substituted by natural gas by 1989/90, but other large fuel users such as
those in Mandalay would remain fuel users, because there are no plans to
supply Mandalay with natural gas. Other small and medium fuel oil users
would also continue to use fuel oil, their consumption growing from
42,500 tons in 1983/84 to an estimated 89,000 tons in 1989/90.
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Table 5.2: NATURAL GAS SUBSTITUTION FOR FUEL OIL

Fuel Oil Displaced a/

(toe)

Industry Total Power b/

PCIC CIC HIC CIC EPC EPC

Sittang Syriam Thaton Myangale Ywama Thaton

(paper) (cement) (machinery) (cement)

1985/86 - - - - - 37,300 -

1986/87 - -- - 37,300 -

1987/88 - 7,300 - - 7,300 37,300 -

1988/89 49,600 7,300 1,300 - 58,200 37,300 -

1989/90 49,600 7,300 1,300 12,700 70,900 37,300 9400

a/ Calculated from the 1984/85 estimated fuel oil requirements. The energy equivalent of

natural gas is assumed to replace this fuel oil in the years indicated.

bl Shown for information only. Actual gas requirements for power generation are

calculated, not estimated as part of the scenario.

5.8 By 1989/90, most conversions of existing factories would have

been completed and consequently, further growth in gas use would be the

result of expansion of existing industries or creation of new industries.

The government's long-term plan forecast for industry is 9Z per annum.

The elasticity of gas requirements to value added is not known exactly

but probably close to 1.0 for the industrial sector. This scenario is

similar to that proposed by MOC with the result that natural gas consump-

tion in industry would be about 2.6 million tons in 1994/95 and 3.9 mil-

lion tons in 1999/00. The Planned Growth scenario is characterized by

very rapid penetration of gas into the industrial sector, and is predi-

cated on the assumption that not only will the energy intensive indus-

tries be developed but also that gas transmission lines will be laid

according to schedule to service these requirements.

5.9 Under the Economic Scenario, value added in industry grovs at

only 3.12 per annum, compared to the Planned Crowth industrial growth

rate of 9.0%. As expected, the result would be a much reduced use of gas

in industry. Industry gas use would be around 370 thousand toe in

1989/90 compared to about 1.6 million toe under Planned Growth. This

would imply that, by 1989/90, natural gas would be sufficient for the

three fertilizer factories, the two cement factories, and limited other

users including some industrial users in Rangoon.
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Table 5.3: HISTORICAL CONSUMPTION AND FORECAST

REQU IREMENTS FOR NATURAL GAS AS AN -ND USE

Fertilizer/ Total Total

Plan Industry Petrochemical End Use a/

Period Year (MMCFD)

----- (MMCFD)----------------- ('000 toe)

Ill 1978/79 5.3 8.8 14.1 144.1

1979/80 6.8 9.4 16.2 165.6

1980/81 9.2 9.2 18.4 188.0

1981/82 6.8 8.9 15.7 160.5

IV 1982/83 7.5 7.7 15.2 155.3

1983/84 7.8 9.2 17.0 173.7

Planned Growth b/ and (Economic Growth)

1984/85 18 29 47 480.3

(242.7)

1989/90 81 82 163 1,665.9

(372.4)
1994/95 124 126 250 2.563.2

(421.6)

1999/00 192 194 386 3,943.8
(483.7)

a/ Only end uses are projected. Gas required for power generation and petroleum refining

are calculated on the basis of power and petroleum products forecasts.
b/ HOC, June 1984: Data and Planned Growth to 1989/90. See Annex 9. Projected at 9 per

cent per annum after 1989/90.

Power Generation Market

5.10 The future demand for electricity in the interconnected system
has been projected for the Planned Growth Scenario and the Economic
Scenario. Table 5.4 summarizes these two demand scenarios for the period
1989/90 to 1999/00 and shows the point at which electricity generation
from existing facilities 35/ should be supplemented. Additional gen-
eration capacity would be required by 1994/95 under the Economic Scenario
and by 1995196 under the Planned Growth Scenario. The Economic Growth
Scenario implies not only a slower growth, but also that hydro capacity
will remain constant after 1990/91 with the result that additional capa-
city will needed earlier, i.e., by 1994/95.

35/ Including the scheduled Kinda, Sedawgyi and Baluchang hydro
stations.
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5.11 Projections under both demand scenarios are tentative only and
would be reviewed in detail by the study of the least-cost development of
Burma's power system provided under the IDA financed Power Project. The
study will also analyze further the relative roles of hydro, gas and coal
in meeting the projected demand. However, it is possible given present
information to do tentative comparisons of the economic costs of gas
turbine generation with hydro or coal alternatives. The economic costs
of supplying gas for power generation are estimated to be in a range
between US$1 and US$5.30/MCF, the former figure representing the cost of
extraction and the latter, fuel oil parity. Given the relatively large
reserves and a discount rate well in excess of any anticipated rate of
increase in real fuel prices, it seems very likely that the cost of gas
would lie in the lower half of the range quoted, say, US$1.00-US$3.00/
million BTU. Paras. 6.6-6.9 compare these costs with those of hydro and
coal. At the highest projected gas supply cost, gas-fired turbines could
provide electricity at an average cost of USc 4.9 per kWh and combined
cycle plants at a cost of USC4.3 per kWh, i.e., higher than the estimated
cost of the next best alternative (USC 3.9 kWh). At lower gas costs,
average cost of electricity generated by gas turbine plants may be as low
as USC 2.5/kWh. As indicated below (para 6.9) the balance of probability
lies with low capacity cost plant (i.e., gas turbines) being most
economic as the next addition to capacity, although Government policy
calls for hydropower development (para. 3.18).

5.12 Gas and hydro are possible components of a least-cost develop-
ment plan. As capacity appears to be needed before energy and new plant
cannot realize major fuel cost savings by displacing generation on exist-
ing plant, the balance of probability lies with low capacity cost plant
(i.e., gas turbines) being most economic as the next addition to capa-
city. Two other factors lend support to this. First, the shorter lead
time required for gas-turbines, as opposed to hydro, makes it much easier
to respond to very uncertain load growth. Secondly, given a suitable
choice of gas-turbines there would be flexibility to convert to combined
cycle by retrofitting waste heat recovery boilers and steam turbines,
should the load factor or opportunity cost of gas be such as to warrant
this.

5.13 Natural gas required for power generation is higher under the
Economic Scenario since hydro generation would remain constant after
1994/95. This factor would more than compensate for the lower growth
rate of power generation (para. 6.11). As a result, natural gas c nsump-
tion would reach 578,000 toe in 1999/2000 in the Economic Scenario com-
pared to 532,000 toe in the Planned Growth Scenario.
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Table 5.4 PiDJECTED ELECTRICITY DEMAND AND SUPPLY
IN THE INTERCONNECTED SYSTEMS a/

(GWh)

Planned Growth Scenario Economic Growth Scenario
Supply from Supply from

Projected Existing Energy Projected Existing Energy
Demand Facilities Shortfall Deand Facilities Shortfall

1989/9o 2,863 2,863 0 2,281 2,281 0
1990/91 3,091 3,091 0 2,423 2,423 0

1991/92 3,337 3,337 0 2,558 2,558 0
1992/93 3,604 3,604 0 2,729 2,729 0

1993/94 3,892 3,892 0 2,900 2,900 b/ 0
1994/95 4,203 4,203 0 3,065 2,900 185
1995/96 4,538 4,203 335 3,326 2,900 426
1996/97 4,901 4,203 698 3,585 2,900 685
1997/98 5,293 4.203 1,090 3.865 2,900 965
1996/99 5,716 4,203 1.513 4,166 2,900 1,266

1999/00 6,186 4,203 1,963 4,500 2,900 1,600

a/ Demand, supply and shortfall under the Planned Growth Scenario are from Table
6.1; the Economic Scenario Is described In Annex 11. Existing facilitles in-
clude three new hydro dams under construction and, In case of Planned Growth,

two new hydro dams to be constructed (Paunglaung and Bilin).

b/ Of which hydro 2,800 and gas turbines 800.

Oil Refining

5.14 Natural gas is used as fuel in the Mann and Chauk refineries

but not in Syriam which is not yet connected to a gas pipeline.

Associated gas which represented 252 of refinery fuel and losses in
1978/79 amounted to 35% in 1983/84 equivalent to 41 thousand toe. Based

on PIC data, gas used as fuel would amount to 6.5Z of crude oil processed
of which 5.6% for Mann, 7.0% for Chauk, and 7Z for Syriam after it has
been connected with the gas network. As a result gas consumption would

be about 117 thousand toe in 1989/90 and 140 thousand toe in 1994/95,
while it would amount to 84 thousand toe and 110 thousand toe under the
Economic Growth Scenario.

Supply Forecast and Domestic Requirements

5.15 The supply forecast for natural gas has two elements. Asso-
ciated natural gas is produced in quantities which are fixed by the
assumed crude oil production of Table 4.1 and by the technical coeffic-
ients which relate gas production to oil production. Estimates of the
latter will be field specific and will vary over time, generally showing
an increased ratio of gas to oil production after the field has been more
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fully produced. As an indication, a typical ratio of 1.0 MCF per barrel
has been chosen and the resulting forecast for associated gas is given in
Table 5.5.

Table 5.5: SUPPLY AND CONSUMPTION OF NATURAL GAS
FOR PLANNED GROWTH AND (ECONOMIC GROWTH)

('000 too)

Consumption Supply
Power

Year End-use a/ Generation b/ Refining c/ Total Associated d/ Free e1 Total f/

1984/85 480.3 328 44.5 853 229 719 948
(242.7) (240) (39.8) (523) (219) (362) (581)

1989/90 1,665.9 398 117 2,181 369 2,054 2,423
(372.4) (198) (89) (659) (279) (453) (732)

1994/95 2,563.2 173 140 2,876 594 2,602 3,196
(421.6) (237) (110) (769) (356) (498) (854)

1999/00 3,943.8 532 140 4,616 957 4,172 5,129
(483.7) (578) (140) (1,202) (454) (882) (1,336)

a/ Forecast from Table 5.3
b/ Requirement for power generation given in Table 6.4
c/ Refinery fuel requirement calculated from refinery operational parameters in Table

4.4.
d/ Calculated from crude oil production assuming a typical ratio of 1.0 MCF per bbl.

This represents only a probable maximum, as there may be lower production due to field
conditions or reinjection due to lack of local gas requirement.

e/ The quantity of non-associated gas is the probable minimum addition to tho associated
gas in order to meet the total requirement. In both cases a 10% allowance has been
made for field use.

f/ The total production includes 10% field use assumed.

5.16 The amount of free gas in Table 5.5 is probably the minimum
amount needed under each scenario. This is the amount needed to make up
the deficit in supply if all the associated gas that is produced can be
used. In practice, some associated gas may not be useable because of the
lack of a nearby consumer and so will be reinjected or flared. In this
case, even more free gas must be produced to meet the forecast consump-
tion. The proportion of free gas in total gas supply would grow from 34Z
in 198_ ,4 to 85% in 1989/90 and remain at around 80Z in the 1990s under
the Planned Growth Scenario; under the Economic Growth Scenario it rises
to around 66%.

5.17 On an overall national basis there is therefore likely to be a
requirement for natural gas which could absorb more than the gas produced
in association with crude oil, even with crude production expanded at 10%
annually, so that deficits will need to be made up from the production of
free gas. Regional planning for che siting of major power plants and
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industrial plants close to the fields and/or the construction of a
pipeline network would reduce the possibility that surplus associated gas
will need to be flared (or reinjected). Free gas seems likely to rise to
provide the major proportion of total gas utilization; however, the
conclusions of Table 5.5 are tentative, because gas production rates from
associated gas wells will be field specific and will vary over the
lifetime of the wells. A Gas Master Plan would be able to examine all
these issues and determine whether pipeline interconnections,
reinjection, flaring, local industrial use, or use in local gas turbines
is the best option for any given gas field (para. 5.2).

5.18 LPG production is determined by the crude oil and associated
gas supply forecast, the composition of the "wet" Ras committed to
extraction plant, and the parameters of such plants. The Planned Crowth
scenario assumes that LPG extraction plants will be built at the Mann
field 36/ and at Htantabin. 37/ The total amount of LPC consists of the
amount derived from refining operation as well as field production, and
on current plans almost all of iL would be exported. However. it is
recommended that the large potential domestic outlet for LPC in replace-
ment of charcoal and fuelwood in household applications be examined.

Martaban Offshore Gas

5.19 The Burmese auLhoriLies view the offshore Martaban basin dis-
covery as a means of increasing exports. One of the structures (3DA) has
the potential for supporting a small to medium-sized LNC unit. However,
having failed to secure satisfactory marketing arrangements for LNG, the
Government has decided to go in for a lower level of gas ex;ioication and
to develop the structure 3DA for purposes of producing a=.:onia, urea, and
possibily methanol/gasoline exclusively for export.

5.20 The project, as proposed, is in two phases that together will
use YMCFD. Therefore, Phase I of the upstream facilities includes all
infrastructure to produce 200 MMCFD. Downstream processing plant in
Phase I will convcrt 100 MMCFD into ammonia (600 mtpd), urea (1000 mtpd)
and methanol which would be converted into gasoline (500 mtpd). An
alternative downstream configuration producing only ammonia (1200 mtpd)
and urea (2000 mtpd) is also under investigation. E'hase It would simply
dup'Licate the upstream tacilities (100 MMCFD) and one of the downstream
alternatives. I'hase I is assumed to be executed in four vears and Phase
II, requiring a similar execution period, would lag Phase I by three
years and start up in the early 1990s.

36! Planned tor commissioning in 1987188, to strip 30 thousand tons ot
LPG annually trom a gas feed of 24 MMCFD.

37! For possible commissioning in 1989'90. to strip hi thousand tons of
LPG annually trom a gas tte-d of 50 MMCF).



- 61 -

5.21 According to PIC the estimated costs for the project are US$880
million. Approximately US$530 million is required for Phase I comprising
US$180 million for upstream facilities and US$350 million for downstream
processing. The two alternative configurations under investigation have
similar costs. Phase II would cost less as it makes use of much of the
upstream facilities in place and some of the existing downstream
infrartructure. The incremental cost would be around US$350 million,
incled-ng perhaps US$20 million for additional wells.

5.22 The economic and financial viability of the project in its

alternative configurations is under investigation by PetroCanadA.
According to PIC, the rate of return on the proposed processing option is
around 142. Although thc alternative configuration, which yields only
ammonia and urea, gives a significantly higher rate of return at 182,
based on the prices mentioned, the Covernment views favorably the greater
product diversification of the scheme which involves gasoline production
via the methanol-to-gasoline (MTC) plant.

5.23 Project viability is being assessed on the basis ot urea prices
in the range of US$155-170 per ton and ammonia prices in the range of
US$145-160 per ton. Such price variation, according to the Covernment.
can affect the IRR of the processing plant by about two percentAge
points. Gasoline prices are being calculated on the basis of alternative

crude oil prices ranging between US$15 and US$30 a barrel. In
formulating the optimal or least-cost scheme, any alternative
possibilities for producing the feedstock gas from onshore well should be
taken into account. However, in this connection, the size. location and
deliverability of known reserves would be major technical constraints.
In evaluating a scheme once formulated. account would have to be taken of
the value placed on alternative future uses of the gas required and to
ensure that the petrochemical products are marketa le at prices which
adequately compensate the Government for these foregone uses.

5.24 The Government's preferred configuration contains both positive
and negative economic and risk elements which must be carefully
balanced. On the one hand. product dive-sification, through the
additional production of gasoline via methanol, reduces dependence on any
one export commodity. Methanol by itselt, though, even based on cheap
gas feedstock, is unlikely to be economic in the face of very .arge
oversupply in the world and the depressed price situation foreseen tor
the long-term. The Government therefore proposes to produce gasoline
from the methanol and dispose of it in markets where high octane non-
leaded fuel is required. On the other hand, the marketability of
gasoline in a region whAch generally has a deficit in middle distillates
must be carefully eva'uated.

5.25 Irrespective of the configuration, the project carries with it
a considerable element of risk due to fluctuating and erratic
international prices, snd difficulties in handling, storing and trading
the products. It would thus be important to enter firm marketing
agreements with prospective buyers before embarking on this proJect. in
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addition to market risk, there are a series of macroeconomic risks which
are posed by the project by virtue of its enormous size. At a cost of
about US$880 million, the project would place a great strain on the
economy, which already has an excessive budget deficit financed by
expansionary borrowings from the banking system. On the positive side
though, the foreign exchange earnings from the project would be a great
asset once a positive cash-flow situation has been established. By the
early 1990s it is estimated that Phase I of the project could add about
US$140 million annually, or about lOZ of total annual exports-(including
exports from onshore petroleum resources). Given appropriate loan terms,
including a high degree of concessional financing, it is lik:ely that
these increased export earnings would cover debt service even in the
early, high debt service years. If, however, there were significant
volume or price shortfalls, these could depress earnings below the level
of debt service payments, with important overall balance of payments
implications, because of the large size of the project. The domestic
financing requirements of this very large project would necessarily come
at the expense of investments in other sectors if the already very large
overall public sector deficit is not to increase further. However, given
the low natural gas cost, the project has the potential to contribute
very significantly to the economic development of the country. In this
context no other single project now being planned would be comparable.

Recommendations

5.26 The mission's recommendations are as follows:

(a) there is a need to initiate and develop a natural gas policy
dealing with gas pricing structure, priority of various
consumers, transport, LPG extraction, guidelines on flaring,
etc. (para. 5.2).

(b) a natural gas transport master plan should be further developed
to optimize the investment and gas network and ensure the
continuity of supply to consumers.

(c) the Government should continue to undertake studies of both
onshore and offshore gas resources in considering future gas-
based investments.

(d) LPG and condensate fractions in some wellstreams can exceed
1OZ. LPG recovery and transport systems should be developed
and tailored to suit field conditions and expected gas volumes
(para. 5.3).

(e) the large potential domestic market for LPG in replacement of
charcoal and fuelwood in household applications should be
examined (para. 5.19).
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VI. ULCTRIC POlEM

6.1 The two most important issues in the electricity supply sub-
sector are system planning and the state of the distribution system,
particularly in Rangoon. As regards system planning, a least-cost expan-
sion program for EPC's interconnected system should be examined to take
into account the availability of natural gas for use in power genera-
tion. IDA would be able to finance the study from the Burma Power Proj-
ect. With regard to the distribution system, rehabilitation represents
the highest investment priority in the power subsector. It would be
desirable to extend the scope of work presently undertaken by foreign
consultants to include specifications of a rehabilitation program.
Before reviewing these two main issues, a brief review is made of the
power supply system.

Power Supply System

6.2 Presently, the EPC power supply system (which provides about
80% of total power generated 38/) consists of three main interconnected
systems as well as a large number of small isolated stations. Total firm
capacity owned and operated by EPC is 560 MW. 39/

The Least-Cost Expansion Program

6.3 Under EPC's forecast of maximum demand, new plant would be
required by 1988/89, 40/ but EPC has no plans to install plants, other
than those under construction, before 1991/92 (see Table 6.1), and it is

38/ The remaining 20% is produced by captive power plants owned by the
Mining Corporations I and 2, the Myanma Oil Corporation (MOC), the
Petrochemical Industries Corporation (PIC), the Foodstuff Industries
Corporation, other industrial corporations, and corporations under
other ministries. In 1979-80, installed capacity was estimated at
135.2 MW and generation at 260 CWh. Captive plant has been
estimated more recently at 180 MW.

39/ Compared to 593 MW (for installed capacity). The interconnected
system installed capacity is 488 MW versus 425 MW firm capacity and
254 MW peak demand.

401 In 1988/89, installed capacity would be 537 MW, i.e., only 16% above
maximum demand of 462 MW while minimum capacity reserve is usually
considered to be 20% above maximum demand to cover unscheduled
availability.
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assumed that the Paunglaung hydro dam would not be commissioned before
1991/92. Under the lower Economic Growth Scenario new plant would not be
needed until 1991/92. An equivalent analysis of energy requirements
suggests that even under the EPC forecast, existing plant together with
plant under construction would be adequate until 1995/96. The Planned
Growth Scenario forecast is given in Table 6.1. It shows that after
Paunglaung and Bilin come into production and the retirement of steam
stations (Ahlone and Ywama) in 1993/94, there would be an energy
shortfall in 1994/95. Under the Economic Growth Scenario, due to the
fact that hydro capacity would remain at the 1989/90 level, new thermal
capacity would be needed earlier; i.e. by 1994/95.

6.4 Since decisions have soon to be made regarding new capacity (in
particular for Paunglaung which is scheduled for completion by 1991/92),
detailed planning of the system should proceed without delay. As a broad
indication of a long-run strategy for the development of the intercon-
nected systems, some preliminary comparisons can be made between the main
generation alternatives; gas turbines operating on natural gas; coal-
fired steam plant; and hydro-electric plant. The results suggest that
the most economic way of expanding the main grid in the coming decade is
to build a series of gas-fired plants, although Government policy calls
for hydropower development because it is a renewable resource (para.
3.18).

6.5 Natural gas-fired plants can be either gas turbines or combined
cycle plants. The choice between gas turbines and combined cycle plants
depends critically on the cost of gas and the load factor at which the
set will operate. (Gas turbines have a lower capital cost but higher
running cost owing to their substantially inferior thermal efficiency,
about 28% compared to about 42Z for combined cycle plant). The cost of
gas would lie between US$1.00 - US$3.00/10 BTU (para. 5.12). A cost
comparison between gas turbine and combined cycle is presented in Table
6.1.

6.6 At a load factor of 0.2, gas turbines are more economic than
comhined cycle plants; at 0.5 economics are more balanced and depend on
the cost of gas. At a load factor of 0.8, combined cycle plant is the
more economic over the full range of gas values considered.



Table 6.1: FORECASTS OF MAXIMUM DEMAND, ENERGY DEMAND, CAPACITY AND

GENERATION IN THE INTERCONNECTED SYSTEMS

1984/85 - 1999/00 (Planned Growth Scenario)

Max, Capacity Energy Generation

Demand Capacity Reserve Demand Gas

Hydro Steam Turbines Total Hydro Steam Turbines

(MW) M%) (GWh)

1984/85 327 130 32 273 425 30 1,840 940 70 830

1985/86 377 194 a/ 32 273 499 32 2,134 1,023 50 1,061

1986/87 399 232 b/ 32 273 537 35 2,274 1,190 40 1,044

1987/88 428 232 32 273 537 25 2,455 1,695 30 730

1988/89 462 232 32 273 537 16 2,651 1,695 30 926

1989/90 495 232 32 273 537 8 2,863 1,695 50 1,118

1990/91 535 232 32 273 537 4 3,091 1,695 50 1,346

1991/92 573 429 c/ 32 273 734 28 3,337 2,195 50 1,092

1992/93 619 429 20 273 722 17 3,604 2,606 30 968

1993/94 663 609 d/ 20 273 902 36 3,892 3,006 30 856

1994/95 716 609 - 273 882 23 4,203 3,486 - 717

1995/96 768 609 - 313 e/ 922 20 f/ 4,538 3,486 - 1,052

1996/97 829 609 - 386 995 20 4,901 3,610 - 1,291

1997/98 889 609 - 458 1,067 20 5,293 3,740 - 1,553

1998/99 960 609 - 543 1,152 20 5,716 3,870 - 1,646

1999/00 1,029 609 - 626 1,235 20 6,186 3,750 - 2,213

a/ Includes new capacities (under constructlon) at Kinda (56 MW), Sedawgyl (25 MW) and Baluchang (28

MW),
b/ Firm capacity at Lawpita will increase from 130 to 168 MW.

c/ Paunglaung Dam would come under stream with effective capacity of 197 MW.

d/ Bilin hydro dam capacity would be 180 MW,

e/ Gas turbines capacity remains constant until 1995/96 because of new hydro plant additions. Under

Economic Scenario, hydro capacity Is constant and gas turbine capacity Increases rapidly from

1994/95,

f/ Capacity reserve assumed to be 20% to cover unscheduled unavallabillty rather than the seasonal

variation loss of plant In power requirements (which Is very small),
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Table 6.2: GAS TURBINES (CT) AND COMBINED CYCLE (CC)
COST COMPARISON (AVERAGE COST USt/kWh)

Load Factor
Gas Cost 0.2 0.5 0.8
($/million BTU) CT CC CT CC GT CC

1.00 4.5 5.4 2.5 2.7 2.0 2.0
2.00 5.7 6.2 3.7 3.5 3.3 2.8
3.00 6.9 7.0 4.9 4.3 4.5 3.6

6.7 The ex-mine cost of coal from Kalewa has been estimated at
US$30/ton which, given a calorific value of 6,500 cal/Kg, implies a cost
of US$1.16/million BTU. This is comparable with the lower end of the
range of gas prices considered. However, a coal-fired station with the
comparatively small unit size that would be acceptable in the Burmese
system, i.e. 50 MW, would have a very high specific cost. An estimate of
the average cost of coal-fired generation at varying load factors is pre-
sented in Table 6.3. These cost estimates include an allowance for
transmission from Kalewa to the interconnected system. It is clear that
coal-fired plant would not be able to compete with gas-fired siant until
the cost of gas has risen well in excess of the US$3.00/mcf upper bound
considered above.

Table 6.3: ESTIMATED COST OF COAL-FIRED GENERATION

Load Factor 0.25 0.5 0.75
Average Cost C/Kwh 13.8 7.5 5.4

6.8 The two most important hydro schemes under consideration are
Paunglaung and Bilin. Paunglaung has an installed capacity of 280 MW
(4 x 70 MW) and would produce 911 GWh per annum. The estimated cost for
Bilin is lower than for Paunglaung, primarily due to dam size, the annual
energy output would be little higher, i.e. 1,000 GWh compared to 911 GCh
and the firm power would be more owing to the much larger storage at
Bilin, 82Z of annual run-off compared to 9Z at Paunglaung. It is not
possible to report definitively on the economics of these schemes until a
number of recommended studies have been completed. In addition to more
detailed investigations of Bilin, particular issues which studies should
address include the multipurpose nature of the schemes and irrigation
benefits, the reservoir capacity and operating regime of Paunglaung and
Bilin dam construction costs i.para. 2.18). These issues raised substan-
tial uncertainties as to the relative economics of Paunglaung and Bilin
and under these circumstances previous economic analysis should be viewed
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with extreme caution. However, previous estimates can provide some point
of comparison with the costs of gas-fired and coal-fired generation noted
above. The average cost of generation from the recommended Paunglaung
scheme was estimated at 1981 prices to be 4.6c/kwh. Off-setting esti-
mated net-benefits of irrigation would reduce this average cost of
3.5I/kWh. Equivalent (i.e. 1981) estimates for Bilin would probably be
less but costings of both schemes would need to be increased to take
account of price changes since 1981, although they are estimated to be
less than 10%. For purposes of comparison with the cost estimates of
other forms of generation, the appropriate load factor is between 0.4 and
0.5. On that basis, hydro power cost taken at 3.9C/kWh and 0.5 load
factor, would be less expensive than coal-fired plant but more expensive
than gas-fired plants (assuming gas cost of US$2/million BTU or less).

6.9 Coal-fired generation appears to be less economic than either
gas-fired or hydro and is likely to remain so until the Burmese system
can support a very much larger set size. Gas turbines, combined cycle,
hydro and coal are all possible components of a least-cost development
plan. As capacity appears to be needed well before energy and new plant
cannot realize major fuel cost savings by displacing generation on exist-
ing plant, the balance of probability lies with low capital cost plant
(i.e. gas turbines) being most economic- as the next addition to capacity
(para. 5.13). This has been assumed in the Economic Crowth Scenario.
This is because the total cost per megawatt is higher for the two planned
hydro schemes (Paunglaung and Bilin would each cost around US$2.25 mil-
lion per megawatt) than for gas turbines (around US$0.91 million per
megawatt). The reason is partly the remote location of the Paunglaung
and Bilin hydro sites, which requires additional funds for transmission
linkage to the main grid. The foreign exchange costs are even more pro-
nounced in the case of these particular hydro projects and so it is
assumed that in an investment-constrained situation, these projects would
be deferred beyond the planning horizon, i.e. from 1993 (Paunglaung) and
1995 (Bilin) to beyond the year 2000.

6.10 Investment decisions will need to be made on additional gas
turbine or combined cycle plant for installation in the 1990s if pro-
jected load growth is to be covered (Table 6.1). In the Planned Growth
case, 300 MW of additional gas plant are needed for the 1990s to meet
capacity requirements, assuming Paunglaung and Bilin are on schedule and
that the loss reduction program is implemented according to the EPC
program (reduction of losses from 26% in 1984/85 to 15.5Z in 1999/00).
Even in this case, the energy constraints that restrict the operation of
Paunglaung and Bilin, could require further plants by 1998 to meet the
energy output required. If strong load growth occurs, that is, if the
planned Growth Scenario is followed, there will be a tight situation in
the power sector in the late eighties. Although dependable capacity
(installed capacity as derated) will cover expected peak demand, it does
so with a very narrow margin and much below the reserve margin estimated
at 20x.
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6.11 In the Economic Growth scenario, capacity is adequate. An
additional 400-500 NW of combined cycle gas plant is included in the
development program for the 1990s, but here Paunglaung and Bilin are
assumed not to be operational yet and a slower implementation of loss
reduction has been projected (23% by 1999/00). The more efficient
combined cycle plants lead temporarily to a drop in the gas required for
power generation, but the absence of major new baseload hydro causes gas
consumption to rise rapidly. Hydro drops below 50% of generation by the
year 2000 in this scenario (Table 6.4).

6.12 The proposed system study should consider all possible options
for power development, including hydro power, natural gas, coal, and oil.
An assessment of possible hydro development has already been carr.ed out
and has identified 27 possible sites which could help meet future power
demand. Detailed engineering, pre-design, feasibility or preliminary
reports of Paunglaung and Bilin and some other hydro projects are avail-
able to EPC. In respect to hydro options, the study would focus on four
or five most likely projects having regard to cost of construction,
accessibility, and reservoir capacity. Most important, for multi-purpose
projects, irrigation and other benefits would be evaluated. The study
would finally evaluate the relative role of hydro, gas and coal in pre-
paring the Least-Cost Expansion Plan.

Reliability of Public Power Supply

6.13 Burma has 1,190 miles of high voltage transmission, all of
which is located on either the main hydro grid or on the Prome-Myanaung
grid. Lawpita, the backbone of the hydro grid is connected southwards to
Rangoon by the only 230 kV line and northwards to Mandalay and the indus-
trial area arouad Kyunchaung by 132 and 66 kV lines. Transmission within
the Prome-Myanaung grid is effected at the single voltage of 66kV.

6.14 Rangoon has limited generating capacity locally and is very
dependent on the single circuit 230 kV line from Lawpita via Toungoo.
This arrangement is deficient in two respects. First, the capacity of
the step-up transformer at Lawpita is only 100 HVA, which is insufficient
for the load the line has to serve. Secondly, the importance of this
line, together with the area through which it is routed, has made it a
target for sabotage on a number of occasions. Although repairs have
generally been made quickly, reliance on this line alone is
unsatis-iactory. The Burma Power Project (IDA Credit 1245-BA), which
involves interconnection of the three grids will help to alleviate the
situation, as will the 230 kV line presently under construction from Tezi
to Toungoo. The step-up capacity at Lawpita is due to be doubled with
the addition of a secund 100 MVA transformer as part of the Baluchang I
Project (near Lawpita).



Table 6,44: SUPPLY FORECAST FOR POWER GENERATION

Planned Growth Economic Growth
Grid Natural Grid Natural

Isolated Diesel Oil System Hydro Gas System Hydro Gas
Year Generatlon a/ Required b/ Generation Generation Required Generation Generation Required

(GWh) ('000 toe) (GWh) (GMh) ('000 toe) (GWh) (GMh) ('000 toe)

1984/85 140.6 24.7 1,840 940 328 1,652.0 940 240
1989/90 155.2 35.5 2,863 1,695 398 2,281.2 1,695 198
1994/95 171.4 51.2 4.203 1,486 173 3,085.1 2,100 237
1999/00 189.2 73.7 6,186 3,975 532 c/ 4,499.8 2,100 578

a/ EPC forecast, used for both scenarlos.
b/ Estimate based on PIC plans.
c/ Note that energy constraints on hydro lead to Insufficient capacity to cover demand by 1997/98. Additlonal

gas turbines are required.
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6.15 EPC faces serious distribution problems, particularly in
Rangoon, which have resulted in poor reliability of supply, high system
losses and in the need to operate very inefficient thermal plants.
Distribution in general has suffered from inadequate investment in recent
years and the very limited growth in the length of 0.4 kV Lines (from
3,944 miles in 1971/72 to 4,365 miles in 1983/84) is indicative of
particular neglect suffered by the low voLtage network. Much of the
distribution system in the two main towns, Rangoon and Mandalay, is about
50 years old and is badly in need of rehabilitation or replacement.
Losses are high (32%) and much of the distribution system has been
subject to extensive thermal overload and is consequently unreliable.

6.16 Current scheduling on the main grid involves significant opera-
tion of plants out of merit order. As pLeviously noted, the limited
capacity of the step-up transformer at Lawpita prevents full use being
made of this station to supply Rangoon. Consequently, during peak
periods EPC runs thermal plant in Rangoon to supplement the power avail-
able from Lawpita. In addition, however, it appears that EPC is obli-
gated to run thermal plants at other times to increase the reliability of
supply to important areas in Rangoon, by covering possible outage of the
Lawpita line. Completion of the IDA financed Burma Power Project in 1986
should solve this problem by providing a second grid line to Rangoon and
by relaxing distribution constraints within Rangoon.

6.17 There is also a perceived need to provide a reliable supply to
the fertilizer factories at Kyungchaung and Chauk, 41/ but there is some
evidence that the relays at the fertilizer factory at Kyungchaung are
over-sensitive. The Government should, therefore, review the
appropriateness of the protection provided at these factories and carry
out a cost-benefit study of whether the extra reliability provided by
running the gas turbines is worth the cost this involves.

6.18 System losses have increased steadily over the last few years
and now amount to approximately 32Z of gross generation. As a condition
of the Burma Power Project, EPC has employed consultants to carry out a
loss reduction study. EPC has estimated that the total loss of 32Z is
made approximately as follows: generation - 3Z, transmission - 5%,
distribution - 22%, and miscellaneous - 2%. Initial indications from the
consultant's study are broadly in line with this and suggest that by far
the largest problems lie in the distribution system and in metering. A
sample test of 3-phase meters indicated that meter error could be
responsible for losses of 7%. Within the distribution system, the worst
problem appears to be on the low voltage network. Completion of the

41/ At present, there are inappropriate relays on the line between
Lawpita and these areas and, consequently, this line is liable to
trip even when a fault occurs on a totally different part of the
grid. Again, under the Burma Power Project, these relays are being
replaced with more suitable equipment.
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consultant's loss study will require substantial effort by EPC. EPC has
agreed to give this work high priority and the Covernment should accord a
similar priority to the program for loss reduction once this has been
defined, although it is clear that rehabilitation and reinforcement of
the low voltage network will be the dominant element of that program.
Even though Burma enjoys a comparatively low cost of energy it is clear
that there is substantial scope for an economic reduction in losses.
Although EPC forecasts losses to be reduced to 15% by the year 2000,
achieving this target will require major emphasis on all aspects of
losses by EPC in the meantime.

Recommendations

6.19 The following recommendations can be made:

(a) Since decisions have soon to be made regarding new electric
capacity, detailed planning of the EPC system (Least Cost
Expansion Plan) should proceed without delay (para. 6.4).

(b) The full generation system planning study should take proper
account of the multi-purpose nature of many of the possible
hydropower schemes, especially Paunglaung, which already is in
an advanced state of preparation, and Bilin, on which
preparation has also begun (para. 6.8).

(c) EPC should review the appropriateness of the extra-reliability
provided to fertilizer factories (para. 6.17).

(d) The Government should accord a high priority to the program of
loss reduction once this has been defined (para. 6.18).
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VII. COAL

7.1 The central issue in the coal subsector concerns the probable
future demand for coal taking into account: (a) the geographical remote-
ness of the coal producing areas from most energy-consuming centers;
(b) the relatively low quality of the coal; and (c) competition from
alternative fuels.

The Coal Market

7.2 The industrial market includes direct reduction of iron ore,
brickmaking, and non-ferrous smelters. Direct reduction of iron ore
accounts for the major share in the consumption of coal. Current demands
are on the order of 20,000 tons a year drawn from the nearby Namma mine
and may grow to 60,000 tons by the year 2000. A brick kiln consumes
5,000 tons annually, and this consumption is likely to remain at that
level in future years. Non ferrous smelters require about 6000 tons a
year (for steam generation purposes); these are presently met through
supplies of "lumpy" imported coal as the boilers are not designed to burn
domestic fine coal. Local production of briquettes from coal fines would
facilitate the elimination of imports.

7.3 A small quantity of about 2,500 to 3,000 tons a year is needed
by hospitals to produce steam for laundry purposes. Here again, coal is
imported since local coal is too fine to meet hospital's requirements.
Again, low cost locally produced coal briquettes would allow imports to
be eliminated.

7.4 The Burma Railways Corporation used to be the largest consumer
of coal, but their requirements declined from 91,224 tons in 1976/77 (of
which 88,892 tons were imported coal) to 9,500 tons in 1983/84 (of which
3,123 tons were imported). With the railways planning to gradually phase
out coal-fired steam locomotives by 1991/92, the coal demand in the
transport sector would come down to 7,000 tons by 1990 and 5,000 tons by
2000.

7.5 In 1982/83, coal consumed in two thermal power plants (Ahlone
and Ywama) was only 5,114 tons. 42/ Efficiency has declined to 12%
underlining the neccessity of retiring these stations as soon as
possible. However, some prospects for use of coal in power generation
have emerged with the proposed Kalewa power plant. Burmese coal appears
to be technically suitable for use in power generation and EPC has shown
some interest in constructing a mine-mouth coal-fired power station of up
to 100 MW capable of consuming up to 350,000 tons a year.

42/ Ywama has since been converted to gas firing.
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7.6 However, the mission's projections for electricity growth indi-
cate that no extra generating capacity will be required in Burma before
1991/92. Secondly, average generating costs for natural gas-fired plants
are estimated at about USC3.7/kWh, compared to an average generating cost
of USc7.5/kWh, for coal-fired plant. Other comparative disadvantages of
a coal-fired plant are: (a) the longer construction period; (b) higher
initial capital costs; and (c) a higher risk of transmission line
failures and more complex load management procedures (due to the relative
remoteness of a mine-mouth plant at Kalewa from the major load centers).
Consequently, a coal-fired power plant seems unlikely Co be the next
increment of thermal generating capacity in Burma. The project, however,
should be included among the alternatives to be considered by the pro-
posed long-term power generation study.

Reliability of Coal Supply

7.7 Kalewa coal is transported by boat to Monywa (280 km) then by
rail to Rangoon (750 km) and locations in central Burma. Namma coal is
transported by road to Lashio (60 km), then to Maymyo (234 km) by rail
and to Rangoon (676 km) also by rail. This indicates how remote the coal
mines are from the main consumer centers. As regards Kalewa coal, a
major development constraint is the fact that the Myitha and Chindwin
rivers are navigable only six months a year. Furthermore, because the
market for domestic coal in Rangoon is limited and MC3 lacks suitable
boats, MC3 prefers to ship coal to Rangoon by rail. As all coal is thus
transshipped to rail at Monywa, this results in multiple handling of the
coal, which easily crumbles. Fine coal (less than one inch in diameter)
fetches only Kyat 256 per ton at Rangoon as compared to Kyat 500 for the
one inch plus size ("lumpy") coal. Improved transportation from Kalewa
to Rangoon by through barge would increase the availability of lumpy coal
which can be sold at the higher price. Means of improving river trans-
port on the Chindwin river should be studied. This lumpy coal is today
imported at very high prices, i.e., over Kyat 1,000 per ton (US$120) in
1983/84, only because it is not available locally in the suitable
quality.

Quality of Coal

7.8 The Kalewa coal has a high percentage of fines. It is also
liable to spontaneous heating. To meet the demands for lumpy coal, it
could be possible to produce briquettes from coal fines. Experiments
were made thirty years ago using coal-tar/asphalt and molasses to form a
binder but were not followed up. New techniques have emerged, meanwhile,
that use better binders. A study is recommended to identify an appro-
priate technology for briquetting coal taking into account the relatively
small size of the market and the need for high quality briquettes.
Improving the quality of the coal in this manner would remove an
important cause of consumer resistance.
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The Delivered Cost of Coal

7.9 The cost of production of Kalewa coal was Kyat 231 per ton
(US$28.9) in 1983184 when the production was 13,652 tons. In the case of
Namma, the cost of production was Kyat 133 per ton in 1983/84 (US$16.5),
when the production was 21,750 tons. The final cost of production is
sensitive to the level of coal output because of high overhead costs.
Increasing output therefore would bring down the production cost. With a
selling price of Kyat 177 (US$22.1) per ton of Kaleva coal at the pit-
head, which has remained unchanged since 1973, the operations are
uneconomical at current levels of production. However, it seems to
command a price of Kyat 550 per ton of lumpy coal and Kyat 250 per ton of
fine coal in the Rangoon market. Since most Kalews coal consists of
fines, losses occur on sales of coal in Rangoon. As regards Nammn, sales
realization seems to indicate a selling price of approximately Kyat 200
per ton compared to production cost of Kyat 133 per ton in 1983/84, thus
leaving a fair margin.

7.10 Some mechanization of the Kalewa mine (including creating
infrastructure facilities) would result in slightly raising the produc-
tion cost to US$30 per ton (of which US$6.50 for wages, US$5.25 for
depreciation on an average assets life of seven years, US$7.75 for
stores/repair/maintenance, US$7.50 for interest on capital at 10% per
ani un, and US$3 for coal preparation). This can be considered very
reasonable for the low sulphur Kalewa coal. 43/ Local prices are sub-
stantially lower than imported coal. Despite this, Burma has
traditionally been an importer of coal and coke.

7.11 The Planned Growth Scenario for coal (see Annex 12) has been
drafted on the basis of the Mining Corporation No. 3 (MC 3) forecast
concerning projects to use coal from proposed mine developments. Coal
consumption would about double up to the year 2000. However, 70X of this
increase would be due to rising production of the sponge iron plant near
Namma. Coal use by the railways would sharply decrease while consumption
by various other industrial consumers (in particular non-ferrous smel-
ters) would increase somewhat. It has also been assumed that the Kalewa
power plant would not be built for the time being and that the two small
thermal plants nsing coal would close down. In the Economic Growth
Scenario coal consumption in 1999/00 would reach 92,000 tons (50,600 toe)
against 105,000 tons (57,800 toe) for the Planned Growth Scenario (see
Table 7.1).

43/ Subject to pilot plant tests proving successful, a coal briquetting
plant might also be set up. Investment costs of such a plant have
not been taken into consideration for assuming the viability of a
scheme for augmenting the coal production capacity at Kaleva. At
any rate, there is no need for a washing plant at Kalewa and Namma
because the coal is of sufficiently good quality.



Table 7,1: PROJECT DATA: HISTORICAL CONSUW*TION AND FOFECAST

REQUIREI(NTS FOR COAL AS A END USE (PLANNED (ROWTH)

Industry
Non-ferrous

Plan Transport Sponge Brick- S.elters Other Hospital

Period Year Railways Iron caking (long tons) Industry and Misc, Subtotal Total End Use a/

Actual b/

IIl 1981/82 10,370 10,500 780 2,400 7,020 2,200 22,900 33,270

IV 1985/83 12,092 15,500 800 4,100 3,80 2,500 26,700 38,192

19813/84 13,936 21,143 2,286 S 505 1,059 1,709 31,702 45,638

Projectlon c/ U,

1984/85 15,000 20,000 5,000 6,000 4,000 3,000 38,000 53,000

199/90 7,000 40,000 5,000 13,000 10,000 4,000 72,000 79,000

1994/95 6,000 50,000 5,000 14,S00 12,000 4,500 86,000 92,000

1999/00 5,000 60,000 5,000 16,000 14,000 5,000 100,000 105,0S0

a/ Coal required for power genoration Is snall.

Surma Rallways Corporation end MIning Corworation No. 3, June 1984.

c/ 1Mission estisates, assuming 1mlorted coat and coke are ezimin¶oeo.
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7.12 Since market prospects for coal are very sensitive to its
delivered cost, it would be worthwhile to examine in a special study the
economic costs of delivering coal to the principal energy markets and
consumers (i.e. mainly Rangoon) in order to determine the economic limits
on coal distribution beyond the Namma and Kalewa areas. A second study
would examine carefully the market within the Namma and Mandalay areas
(being understood that the market near Kalewa is insignificant), to
identify realistically the potential demand among industrial, commercial
and household consumers, taking into account the costs of converting from
other fuels (such as fuel oil and fuelwood).

Recommendations

7.13 The following recommendations may be made:

(a) The project to use coal from the Kalewa mine in a coal-fired
power plant should be reviewed by the proposed power generation
study (para. 7.6)

(b) The possibility of improving the navigability of the Chindwin
river to facilitate through transport to Rangoon should be
studied (para. 7.7).

'c) To meet the demand for "lumpy" coal and help develop the market
for domestic coal, it could be possible to produce briquettes
from coal fines; a study is recommended to identify an
appropriate technology taking into account the relatively small
size of the present and potential market and the need for high
quality briquettes.

(d) A special study should analyze costs of delivery coal to
Rangoon; a second study would examine the market within the
centra' Burma area to identify demand among industrial and
other consumers (para. 7.14)
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VIIII. FUELWOOD

In Chapter II, it was estimated that there are about 476,000
km of natural forests, forests fallows 444 and plantations with a
potential production of perhaps 70 million m per year. However, the
Forestry Department estimates that only 75Z of natural forests are
accessible, so that the tota] supply of fuelwood on a sustainable basis
is only about 57 million m (forest fallows are mostly accessible).
According to Table 2.5, the estimated annual demand in 1983 was 31.8
million m3, i.e. about 55Z of the mean annual increment (MAI). However,
as shown in Annex Table 4, the situation differs widely by region.
central Burma requires twice the amount of fuelwood which can be supplied
within the region. The difference between annual consumption and the MAI
represents overcuttingB which has resulted for central Burma in the loss
of about 10 million m from the nation's forest capital in 1983 alone
(Annex 5).

8.2 Civen limited funds and manpower resources, time constraints
(rotation takes five to seven years) and the high costs of establishing
fuelwood plantations, it is unlikely that Burma would be able to meet its
fuelwood demand by plantations alone. To meet the total deficit in
Central Burma of 10 million m /year would in theoryI require plantations
of 2 million ha, assuming an average yield of 5 m /ha/year. 451 Over a
period of 8 years, this would represent an annual plantation program of
250,000 ha. However, for practical reasons this calculated area does not
represent a realistic target. Current fuelwood plantation efforts amount
to 6,000 ha annually, but plans are underway to establish 12,150 ha per
annum during the next five to seven years. 46/ Hence, the mission
recommends setting up gradually the educational, organizational and
financial structure which is necessary before wood production can be
increased to the required level in central Burma. Forestry research in
Burma, as elsewhere, has not yet been able to develop appropriate low-
cost planting or reproduction systems, agro-forestry schemes, and
satisfactory management of natural forests. Worldwide efforts are now
underway and it is likely that in the near future cost-efficient and
ecologically sound technical packages for fuelwood can be offered. The
mission recommends that Burma participate in these research efforts,
which should also be supported by specific training programs. Research
should focus on increasing biomass production in plantations, agro-
forestry schemes and natural forests. In particular, plantation trials

44/ Forests affected by shifting cultivation.

45/ 9 e Forest Department reports it is currently achieving yields of 10
m /ha/year with eucalyptus.

46/ These exclude commercial plantations, which have been averaging
around 28,300 ha annually.
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should be given more emphasis to reduce plantation development cost (IOZ
saved on plantations in the Rasngoon area means more than Kyat 10 million
economized). Also, agro-forestry should be given more emphasis and
promising multi-purpose species should be disseminated. Plantation
programs should be carefully evaluated in order to define species needs,
techniques to be used, and genetic improvement. Training should: (a)
equip staff tc carry out local adoption trials and an expedient
application of research results; and (b) be improved to enable the
technical, operational and managerial staff to handle the new and larger
task.

8.3 In parallel with these efforts, the mission recommends that the
Government improve the organization and implementation of fuelwood pro-
duction schemes. Two main initiatives must be strongly encouraged.
First, although overrutting is reducing steadily the extent of natural
forests in central Burma, it should be recognized that they will remain
the chief source of fuelwood supply for many years to come and in con-
sequence their productivity 1 hould be increased. The MAI of natural
forests is estimated at 2.0 m /ha of wood. There is evidence that, with
proper silvicultural management, output could be substantially increased
on a sustained basis. However, existing knowledge of the growth dynamics
and the productivity of natural forests is limited; more research into
measuring more precisely and increasing the MAI is recommended (e.g.
through improved silvicultural management practices, protection of the
resources, and control of cutting within the MAI). Furthermore, efforts
should be made to increase the accessibility of the natural forests
beyond the present level of 75Z. Secondly, the village woodlot program
appears to have achieved some limited success in the last two years
although insufficient support was provided by an inadequately staffed and
under-funded extension service. Problems have also been encountered
because the tree planting season corresponds also to the harvesting
time. In the last three years, the Government was able to distribute
annually 3.3 million seedlings free of charge to the population. To
encourage this program, the Government should increase seedling
production and extension efforts. Support should also be provided
through improved technical packages with better adapted genetical mate-
rial for maximizing wood production.

8.4 As mentioned abcve (para. 8.2), plantations (rural and urban)
of 250,000 ha/year would be needed over a period of 8 years (the fuelwood
rotation cycle) to eliminate the current deficit in Central Burma. Since
the cost of developing one hectare has been estimated by the Forest
Department at Kyat 1,848, 47/ the cost for even 100,000 ha/year would be
Kyat 185 million per annum (US$23.1 million). This seems hardly

47/ This is equivalent to Kyat 253/m3 for fuelwood delivered in town,
i.e. similar to the present consumer price of fuelwood in Rangoon,
this price being already substantially higher than the price of
kerosene.
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realistic, given the limited budget of the Forest Department. Never-
theless, the mission believes that, given the fuelwood crisis that would
indirectly affect health and nutrition, a case could be made for greatly
increasing the budget devoted to the village woodlot program. In
addition, plantation programs could be prepared to meet localized
shortages in urban areas. Such programs would include "social forestry"
aspects such as distribution of seedlings, etc. This program shouLd be
undertaken in conjunction with an evaluation of the potential to
accelerate substitution by LPG as a cooking fuel in urban areas.

8.5 Annex 16 contains a preliminary fuelwood planting model which
indicates the range of fuelwood stumpage prices that would be needed to
ensure an economic rate of return of 10% on fuelwood plantations.
Preliminary indications are that there would have to be a significant
increase in fuelwood stumpage prices (about 50% over current levels)
before free-standing fuelwood crops are likely to be economically
viable. This conclusion points to the need for a careful review of
different approaches to fuelwood planting that could ensure low
establishment costs (e.g., by involving farmers in growing fuelwood
thereby reducing infrastructure and overhead costs) and for the need to
adopt extensive biomass technology (e.g., close espacement and fertilizer
application) that will increase yields above the 20m per ha per annum
assumed in the case model.

Fuelwood Conservation

8.6 A significant reduction in current fuelwood consumption could
be achieved by improving the efficiency of (a) the conversion of wood Lo
charcoal; and (b) the combustion of wood or charcoal in household stoves.
The options available in these two areas are discussed in the following
paragraphs and an estimate of the projected savings which could be
achieved through the year 2000 is in shown Table 8.1.

8.7 Charcoal is prodused almost entirely in mud beehive kilns and
required some 7.6 million m of wood in 1982/83. Charcoal manufacturing
has an average thermal efficiency of about 30%. The forest Research
Institute has recently undertaken a comparative study of various types of
kilns: metal kilns Mark V, Chinese mud kilns, brick kilns. The Central
Research Organization (CRO) has also started a research program on port-
able charcoal kilns and the wood species best suited to charcoal manu-
facturing. The Timber Corporation has sent trainees to Bangkok to attend
courses on charcoal manufacturing organized by FAO. Actual yields in
charcoal manufacturing are net really known but appear to be low and
technical assistance to charcGal manufacture should be of high priority.
Mud kilns have an the average an efficiency of 15% to 18X (weight of
charcoal product over weight of air-dried wood input) equivalent to a 30%
yield on a calorific value basis. Brick or metal kiLns, which more
effectively conserve the heat of carbonization and improve gas circula-
tion, can attain up to a 35-40Z yield. Therefore, significant savings
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are theoretically possible if all charcoal is produced in improved kilns.
While such savings in practice are unlikely to be fully attained, the
large existing potential indicates that efforts to improve charcoal
manufacturing siould be accorded high priority. It has been assumed in
Table 8.1 that efficiency of charcoal manufacture would increase from 30%
now to 35% (medium hypothesis' or to 40% (optimistic hypothesis) by the
year 2000.

8.8 Wood and charcoal usage in households is the second use ares
where large savings may be possible. It is estimated that 24 million m
of fuelwood are burned directly in stoves. Fuelwood is used almost
exclusively in rural homes, most of it in the simple three-stone type of
stoves. Charcoal usage for cooking on the other hand, predominates in
urban homes (80-90%).

8.9 The energy efficiency of the three-stone stove is generally
regarded to be roughly 8-10% whereas the efficiency of the charcoal stove
has been measured at around 25%. To improve the efficiency of the
"Bassein" type clay stove or of the sawdust stove "Phwe Mee Pho", the
Forest Department has designed an improved stove - the "One Stick
Stove". If used instead of the three-stone stove, wood savings of up to
40% are possible in principle. Similarly the standard No. 7 "Bassein"
type clay stove which has a 30% thermal efficiency could be improved up
to 40% with various technical improvements. Unfortunately, few efforts
have been made to encourage the large-scale use of improved stoves in
place of traditional ones.

8.10 Assumptions have been made on achievable savings in wood fuels
consumption by the year 2000. These assumptions are the following:

(a) the proportion of urban population using other fuels (such as
LPC, natural gas) would grow up to 40% or even 60% by the year
2000;

(b) thermal efficiency of charcoal manufacture would increase from
30% now to 35-40% by the year 2000;

(c) thermal efficiency of charcoal stoves would increase from 15%
now to 35% by the year 2000; however, in a more conservative
estimate, the average efficiency would be 30% in half the urban
households and only 25% in the other half;

(d) average thermal efficiency of rural stoves is only 9% and these
stoves are used in 80% of households today. Efficiency is,
however, 25% in one-fifth of the remaining households. It has
been assumed that in 2000, the efficiency would still be 9% in
half of rual households but 30% in the other half. Under a
more optimistic assumption, efficiency would go up to 35% in
half the households and 25% in the second half.
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8.11 Results are shown in TabLe 8.1. They indicate that wood
requirements could be reduced by half by year 2000 in the optimistic
hypothesis or decline slightly (by 9%) when compared with the present
level. This means that total annual savings would range from 1.52 mil-
lion toe to 4.21 million toe. In other words, by substituting fuelwood
by other fuels and by introducing more efficient stoves, the annual

Table 8.1: CONSERVATION AND SUBSTITUTION OPTIONS
FOR RENEWABLE FUELS TO YEAR 2000

Medium Hypothesis Optimistic Hypothesis
Now a/ for year 2000 for year 2000

Urban Population Assumptions
Proportion of population

using substitute fuels 0 40% 60%

Thermal efficiency oi
charcoal manufacture 30% 35% 40%

Thermal efficiency of
stoves 25% in 70% 25% in half the 35%

of house- households
holds 30% in half

15% in 30% of

households
Average stove

efficiency 20.8% 27.3% 35%

Rural Population
Thermal efficiency of

stoves 25% in 20% 30% in half the 35% in half
of the households of households
households 9% in half of 20% in half

9% in 80% households of households
of house-
holds

Average stove efficiency 10.3% 13.8% 25.5%

Urban
Population ('000) 8,456 12,039
Population using

charcoal ('000) 8,456 7,223 4,816
Charcoal requirements

('000) 594 387 201
Wood requirements

('000 TOE) 1,979 1,107 503

Rural

Population ('000) 26,850 37,534
Wood requirements

('000 TOE) 6,283 6,534 3,548

Total Wood Require-

ments ('000 TOE) 8,262 7,641 4,051

a/ Current annual consumption was estimated at 0.9 3 of fuelwood (0.234 toe)
per rural dweller and 0.9 m of wood equivalent for charcoal per city

dweller. The charcoal energy content per city dweller is 0.080 TOE.
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growth of fuelwood requirements could be actually reduced thereby reLiev-
ing the considerable pressure on forest resources. Such substitution and
conversion program would be most effective in central Burma (where urban-
ization is the highest) and so would reduce fuelwood requirements in the
region most affected by deforestation.

8.12 Such a substitution program for charcoal would require the
approximate annual equivalent of about 11 BCF (30 MMCFD) of natural gas,
240 thousand tons of LPG, or 70 million gallons of kerosene (unlder the
optimistic hypothesis) by the year 2000. Natural gas requirements are
well within the availability of supply and the proposed pipeline capacity
for Rangoon distribution, although investment requirements for urban
reticulation will be high. The LPG requirements exceed likely supply (of
around 180 thousand tons) but LPG could form a part of an overall package
of substitution, e.g., for areas where natural gas is unavailable.
Kerosene production could also not be expanded the thirteen-fold needed
for total substitution, but could be part of an overall supply strategy.

Nonconventional Energy

8.13 The net availability of wood processing wastes and biomass
residues has been assumed by the mission to grow in line with the popu-
lation growth, i.e., 2% p.a. On this basis, it could amount to up to
363,000 toe in the year 2000 as against 265,000 toe in 1983/84. While
these energy resources are often remote from the main population centers
and contribute only a very small percentage to the gross energy
supply 48/, a program for their exploitation is worth pursuing since
they would substitute directly for fuelwood and petroleum products,
notably gas oil.

8.14 In the vicinities around the supply sources, e.g., in a rice
husk producing area, the use of residues as a supplemental cooking fuel
is already likely to be practical to some extent; efforts should be
directed towards substantially expanding the quantity and modes of usage.
The focus of the program should therefore be towards the conversion of
residues (rice husks, bagasse, groundnut shells) into charcoal and the
development of a distribution system for the product. In this context,
priority should be given to a comprehensive study of the resources, con-
version techniques and markets for the main ava.lable residues.

8.15 Attention should also be focused on the possibilities for
utilizing woodwaste and residues in the industries where they are
produced as replacement for gas oil consumption. The second priority
should be given to exploitation of logging residues which, for transport
reasons, would be a more expensive fuel than milL residues. In terms of

48/ Only about 2.5Z of the gross energy supply in 1982/83.
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available technologies, direct combustion systems using steam are well-
proven and should generally be considered for application above 500 kW.
For applications below 500 kW, as in small sawmills, gasifiers and dual
diesel engines coupled with power generators may be a more economical
option. While gasifiers are commercially available from several sources,
the technology is not as well proven as that involved in conventional
steam systems. Moreover, wood and wood charcoal are the only biomass
fuels that are known to work well with present equipment. Hence, any
conversion program involving gasifiers must be preceded by a
demonstration phase aimed not only at familiarizing end-users with the
technology but also at developing trained manpower for maintenance work.

8.16 Industries use about 15% of their wood wastes for production of
heat and steam and sell part of the remaining wastes as fuelwood to
neighboring villages. Priority should be given to improve waste recovery
through industrial use of wastes (laminated beams, panels, flooring,
etc.) rather than as fuelwood. However, briquetting of sawdust for use
as fuel should also lend to improved waste recovery. Finally, as men-
tioned above (8.15) wood wastes could be utilized in gasifiers.

8.17 For solar and wind energy, the immediate applications are like-
ly to be limited to the areas of solar water heating and wind pumping
(water supply) in regions such as the Dr" Zone. Research should be
oriented towards defining feasibility in specific sites and in adapting
available hardware rather than conducting broad technology studies.

Recommendations

8.18 Recommendations are as follows:

(a) The government should strengthen further the educational,
organizational and financial structure which is necessary
before wood production can be increased to the required level
in Central Burma (para. 8.2).

(b) Bu.ma should participate in international research efforts,
which should also be supported by specific training programs
(para. 8.2).

(c) Further work should be done on plantation programs to define
appropriate species, needs, techniques to be used and scope for
genetic improvement (para. 8.2).

(d) The Covernment should improve the organization and implemen-
tation of fuelwood production schemes (para. 8.3).

(e) More research into measuring more precisely and increasing the
mean annual increment (MAI) is recommended (para. 8.3).

(f) To ensure an adequate rate of return on mechanized fuelwood
plantations, there should be a substantial increase in fuelwood
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stumpage prices, different approaches to fuelwood planting
should be identified to minimize establishment costs and
extensive biomass technology should be adopted to increase
fuelwood plantation yields (para. 8.5).

(g) To encourage the village woodlot program, the Government should
increase seedling production and extension efforts (para. 8.3).

(h) A case could be made for greatly increasing the budget devoted
to the village woodlot program; a plantation program should be
prepared to meet localized shortages in urban areas (para. 8.4)

(i) Efforts should be made to increase efficiency of charcoal kilns
and encourage the large-scale use of such kilns and improved
stoves in place of traditional ones (para. 8.7)

(j) Priority should be focused on the possibilities for utilizing
woodwaste and residues in industries where they are produced as
replacement for gas oil consumption (para. 8.14).

(k) Attention should also be given to exploitation of logging
residues (para. 8.15).

(1) Wood wastes could be utilized in gasifiers (para. 8.16).



- 85 -

IX. ThE PRICINC SYSTWK

Introduction

9.1 The analysis carried out in previous chapters indicated that
commercial energy consumption will rise considerably through the end of
the next decade even under the slower Economic Growth scenario. During
the same period deforestation will continue while nonconventional energy
sources can substitute for commercial energy and fuelwood only to a
negligible extent in the next 15 years. It remains to look towards
demand management to mitigate, as far as possible, the consequences of
these conclusions. It is most desirable to move towards economic pricing
of energy and full cost recovery to manage properLy the level of demand;
to give to the corporations the financial means to reach stated
objectives; to allocate energy demand efficiently between different
fuels, and to mobilize investment resources. Transport and industrial
conservation as well as fuelwood conservation should be fostered to
increase efficiency of commercial energy use and the pace of
deforestation.

Crude Oil and Petroleum Product Prices

9.2 Unlike most countries, pricing policies in Burma do not aim to
reflect economic cost or allocate resources. Instead, energy prices are
meant to be determined by the cost-plus approach to setting prices for
the products of State Economic Enterprises (SEEs), but in practice the
Government is reluctant to adjust prices, especially for basic commodi-
ties. This reluctance is based on the desire to maintain a stable cost
of living. For instance, petroleum product and coal retail prices have
not changed significantly since the mid-1970's and power tariffs in over
three years. In contrast, fuelwood and charcoal, which are handled in
the private sector, have seen their retail prices increase by about 3%
per annum during the last few years.

9.3 While crude oil is nominally priced at about US$5.35 per barrel
(K 1.22 per Imperial Gallon - IG), the implicit price received by MOC at
the well head on the basis of stated production is some 35% less, or
about US$3.50 per barrel. This significantly lower price results from
MOC absorbing the transportation costs and from the approximate 20X
losses being incurred between crude oil production as recorded at the
well head and crude oil as purchased by PIC. 49/ Tables 9.1 and 9.2 show
the retail sales prices of the main products. Gasoline, diesel, and fuel
oil sell at about 40, 30, and 20 US cents per US gallon respectively.
Supplies at these prices are allocated administratively.

49/ See also footnote a/ Table 4.1.
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9.4 Petroleum products ex-refinery sales prices from PIC to the
Pe:roleum Product Supply Corporation (PPSC), which handles all retail
sales, are uniform nationwide, as are the sales taxes. Distribution
margins, however, vary geographically. Based on average margins, the
price structure is as follows:

Table 9.1: PRICE STRUCTURE OF PETROLEUM PRODUCTS (1984)
(Kyat/Imperlal Gallon)

Gasoline Jet Fuel Diesel Kerosene Furnace Oil

Ex-refinery price 3.500 3.000 2.500 2.410 1.900
Sales Tax 0.175 0.150 0.125 0.125 0.095
Margin 0.175 0.100 0.195 0.345 0.025

Retail Price (Average) 3.850 3.250 2.820 2.880 2.020

USS/US Gallon Equivalent 0.40 0.33 0.31 0.30 0.21

9.5 As table 9.2 shows, retail prices (excluding tax and margin) in
the two largest markets, Rangoon and Mandalay, and in Myitkyina, which is
among the highest cost areas served by PPSC, vary markedly.

Table 9.2: RETAIL PRICES ACCORDING TO LOCATION

(Kyat/imperlal Gallon)

Gasoline Diesel Kerosene a/ Furnace Oil

Rangoon 3.50 2.50 2.41 1.90

Mandalay 4.00 3.00 3.00 2.40

Myitkyina 5.60 4.40 4.40 3.80

a/ Kerosene is not officially sold in urban areas, however.

9.6 These prices are extremeLy low by international standards.
Export parity plus distribution costs for gasoline, diesel, and kerosene
would amount to about US$0.90 and furnace oil about US$0.65 per US gal-
lon, i.e. about three times current domestic prices. However, signi-
ficant quantities of gasoline and diesel are resold in the unofficial
market at prices substantially above the official price.

9.7 As indicated in Chapter IV, the future production cost of crude
oil for MOC is estimated at US$7 per barrel taking into account financial
and technical factors resulting from the recommended development program
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and leading to significant increases in the cost of production. If the
crude oil cost is US$7 per barrel, the price paid by PIC to MOC would
have to be at least equivalent to prevent any further erosion of HOC's
financial position. As discussed above, MOC is effectively only
receiving about $3.50 per barrel of crude oil as measured at the
welihead, so the estimated cost of $7.00 would represent a doubling of
the effective existing price. 50/

9.8 In 1977/78, crude oil had been priced by the Covernment at
K 0.83 per IC; however, with the commissioning of the crude oil pipeline
first to Prome and a year later to Syriam, the price of crude oil
delivered by pipeline was raised first to K 0.88 per Ic in 1978/79 and
then to K 1.08 per IC in 1979/80. During this period, the price of crude
oil delivered by other means remained unchanged at K 0.83 per IC. While
this price ensured MOC could cover its pipeline costs, MOC was in need of
a general price increase to cover rising exploration and development
costs. Thus in 1980/81, the price of crude oil was unified at a single
price and raised to K 1.16/IG, and as of 1982/83, to K 1.22/IC. These
increases put PIC under considerable pressure. and in 1982/83, transfer
prices from PIC to PPSC were increased, resulting in some improvement in
PIC's financial position, but a sharp drop in PPSC profitability.

Natural Gas Prices

9.9 For many years, natural gas was sold by MOC to PIC, EPC, and
other users at K 1.05/MCF (USC13), or at about US$0.75 per barrel of oil
equivalent. In December 1984, the natural gas price was raised to
K 1.80-2.10 per MCF (USC22.5-26.3) depending on the proximity of the
consumer to the gas source. The average cost of extraction, treatment,
and delivery of natural gas onshore (free and associated) was not
available, but the mission estimates that it is about US$1 or K 8 per
MCF, four times this amount (see para. 4.4). It is worth pointing to the
fact that the estimated cost of offshore Martaban gas produced from very
prolific structures and extremely high rate wells is around US$0.80/MCF,
a figure which is consistent with the estimated cost of onshore gas.

50/ Even though crude oil production as reported by MOC is passed on to
PIC, financial and throughput data indicate that PIC separates the
impurities out of the volume delivered and pays MOC the true nominal
price of K 1.22 per IG of actual crude oil delivered. In this
sense, the difference between MOC sales and PIC purchases (both in
terms of volume and value) can be considered the result of differ-
ences in "gross" and "net" production.
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Financial Issues and Prospects for Higher Hydrocarbon Prices

9.10 Because prices have been fixed for many years while costs have
risen steadily, the three main corporations in the oil and gas sector
(MOC, PIC, and PPSC) have not been able to maintain adequate margins.
This has prevented them from making reasonable financial contributions
towards their investment programs or making budgetary contributions comr-
mcnsurate with their size and their depletion of non-renewable resources
(the royalty on crude oil -- I Kyat per barrel -- is equivalent to only
12.5 US cents). In some cases, the corporations have also not been able
to generate sufficient caoh from their operations to service their debt.

MOC

9.11 Information is lacking on MOC's important offshore operations,
which clouds the overall picture. Nevertheless, there are a number of
concerns regarding MOC onshore financial performance, related primarily
to the decline and subsequent slow growth of crude oil production over
the 1979/80 - 1983/84 period. While natural Ras production grew rapidly
over the period. it is still only a minor contributor to MOC's income due
to its low price.

9.12 The production decline has manitested itself in the rise in the
operating ratio (from 45.3Z in 1978/79 to 84.9Z in 1983/84) and a decline
in pre-tax rate of return on sales (trom 54.6Z in 1978/79 to 13.6: in
1983/84). Faced, in addition, with increasing production costs and heavy
overheads, unit costs rose from K 12.4 p-r bbl in 1978/79 to K 28.1 in
1983/84. This more than absorbed the 47: increase over the same period
in the price obtained for crude oil.

9.13 Because MOC's cash generated from operations has been absorbed
by debt service obligations, it has not been in a position to contribute
to its capital expenditures. These have been mostly financed by new
loans. The rapid growth in capital expenditure and new loans is re-
flected in MOC's balance sheet, where fixed assets and capitalized expen-
ditures more than doubled between 1978/79 and 1983/84, debt outstanding
rose from 5% to 35: ot total liabilities, and where in conjunction with
the decline in current income, the pre-tAx rate of return on assets
dropped from 14% to 2:.

PIC

9.14 PIC is not only responsible tor petroleum refining. but also
for fertilizer production. petroleum exports, imports of special petro-
leum products, as well as for the internal bulk distribution by river of
crude oil and petroleum products. Each of these activities has contri-
buted to PIC's overall financial position in different wavs at different
times, although as Table 9.5 shows, when taken together. PlC's overall
performance according to most indicators declined steadily during the
period under review.
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Table 9.5: PIC - OVERALL FINANCIAL INDICATORS, 1978/79 - 1983/84

1978/79 1979/80 1980/81 1981/82 1982/83 1983/84

Operating Ratio 92.7 91.7 98.7 97.5 95.7 97.6
Pro-tax Return on 7.0 7.5 0.4 1.5 2.9 1.3

Sales (S)
Pro-tax Return on 4.8 3.7 0.1 0.5 0.7 0.3

Assets (S)
Debt to Total 40.6 63.2 68.5 75.0 79.9 83.4
Liabilities (S)

9.15 PIC's profits have been more than absorbed by interest payments
on loads associated with PIC's large investment program, which increased

fixed assets more than five-fold between 1978/79 and 1983/84. 51/ Under

accepted accounting practices, these have been capitalized. Taking both

interest and principal payments on foreign debt alone into account (as

reported under the World Bank Debt Reporting System), PIC's cash needs

have far exceeded (by a factor of 1.4) the cash generated by opera-

tions. Thus, the only way PIC has been able to service much of iti

foreign as well as all its domestic debt has been by taking on new

borrowings, which only add to PIC's future debt service difficulties.

Due to its low profitability, increased borrowings have been the only

source of finance available to PIC; this has been reflected in the sharp

increase in the share of debt in PIC's financial structure.

9.16 Refining operations represented 9OZ of PiC sales in 1983/84;

however, their contribution to overall profitability was low -- the

return on sales was only 0.5%. Fertilizer operations were profitable,

but small river transport activities showed losses. Provided the ferti-
lizer manufacturing operations remain on a firm financial footing, then

PIC overall financial performance will hinge primarily on its refinery

operations. Table 9.6 shows how three important factors, profits on

exports, increases in crude oil price and in transfer prices to PPSC,

have affected PIC refinery profitability in recent years. 52/

51/ The main components of the investment program have been petroleum

refining, fertilizer manufacture, methanol production, and LPG
processing.

52/ For a detailed analysis of above factors, see Appendix 5.
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Table 9.6: FACTORS AFFECTING REFINERY PROFITABILITY, 1978/79 - 1983/84
(In Kyats million)

1978/79 1979/80 1980/81 1981/82 1982/83 1983/84

Increased Cost of - -66.3 -88.2 -81.0 -93.7 -85.2
Crude Oil

Profits on Exports a/ +57.5 +135.9 +108.9 +79.1 +16.3 +53.9

Increased Receipts
from Domestic Sales - - - - +112.0 +107.7

Net effect +57.5 +69.6 +20.7 -1,9 +34.6 +76.4

Memo Item:
Overall pre-tax

profits 53.3 70.6 3.3 13.0 24.6 11.7

a/ Calculated as realized export price less domestic opportunity cost less
Export Price Equalization Fund (EPEF) contributions. Crude oil, heavy

petroleum oil and petroleum coke assumed to have no domestic opportunlity

cost in the year they were exported, as they are only exported if they are in
surpius. The opportunity cost of wax, aviation turbine fuel, and naphtha are
taken at the domestic price of wax, kerosene, and gasoline, respectively.

9.17 To improve its financial performance, PIC has embarked on a
strategy of export development. By increasing exports on which it earns
a large margin, PIC hopes to make up for low profitability on domestic
petroleum sales as well as cover its overall debt service needs, thereby
precluding the need for any increase in domestic prices or new bank
borrowings. Exports on the one hand comprise surplus refined products,
and refining capacity has accordingly been configured to produce aviation
turbine fuel, reformed naphtha, and petroleum coke. PIC is also
considering adding BTX (Benzene-Toluene-Xylene) manufacturing capacity to
the Mann refinery, and establishing a carbon black plant. In addition,
several investments are being or about to be made to increase natural
gas-based exports. One small LPG extraction facility (7,000 MT) is
already operational at Mann refinery, another which will strip 30,000 MT
of LPG annually from natural gas is under construction, while a third
plant with a capacity of 61,000 MT is being planned. Most of this
production is destined for export, although domestic LPG dse could rise
rapidly if its use catches on. In addition, a methanoi plant with an
annual capacity of 145,000 MT is under construction. These plants can
take advantage of the current great dirparity between domestic and
international petroleum prices especially for gas, and achieve very high
rates of return. PIC is also tripling its natural gas-based fertilizer
manufacturing capacity and hopes to export some of the incremental
production, further improving its financial position -- its sale price to
the Agriculture Corporation is about one half the current international
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price. These projects will come on stream gradually during the mid-to-
late 1980s and, the mission's analysis shows, generate sufficient profits
to cover domestic losses under the existing price structure. However, if
crude oil and natural gas prices are raised to cover the costs of an
expanded production program, the mission's analysis indicates that
domestic price increases would be needed.

9.18 Under this latter scenario, the average price increase required
to break even depends significantly upon the rates of growth of crude oil
production and domestic consumption. To the extent production growth
exceeds consumption growth, PIC is in a position to increase the share of
exports, on which it achieves a higher return, in total production. For
purposes of this analysis, it is assumed that any increase in production
up to 5Z per annum would, except for surplus refined products, accrue to
domestic consumption, but to the extent production increased faster than
5%, the additional growth would be exported as crude oil. At low rates
of production growth, relatively high price increases would be required
for PIC to break even; however, at rates of production growth over 5Z the
required increases become much less as high value exports rapidly become
an increased percentage of total sales. As such, this analysis is
broadly consistent with the Economic Growth scenario.

9.19 As discussed in chapter 5, however, significant price increases
will be required for MOC petroleum sales to PIC if MOC is to be able to
cover the costs associated with a program designed to significantly
accelerate petroleum production. In para. 4.4, it was estimated that the
costs of such a program would amount to about $7.00 per barreL of oil
produced and about $1.00 per mcf of gas -- these wouLd represent a
doubling of the existing price of crude oil and a fourfold increase in
the price of gas. In addition, it is desirable that the prices of crude
oil and natural gas include a royalty calculated on the basis of
remaining reserves that reflects the cost to the economy of progressively
depleting those reserves. The mission has estimated what transfer price
increases to PPSC would be required for PIC to remain profitable if the
above price inceeases for crude oil and natural gas were implemented.
Under the above assumptions, it is estimated that prices would have to
increase by about 35% under the high (10) production growth scenario,
and increase by up to 70% under the slower (5%) production growth
scenario for PIC to break even. In addition, it is estimated that
fertilizer prices would have to increase by about 35% to cover the higher
gas costs. By the end of the decade, as LPG and methanol exports pick up
and service on existing debt begins to decline, PIC would be in position
to make substantial contributions to public revenues and its own future
investments.

9.20 This analysis is, however, subject to a number of uncertainties
which could affect the size and possibly even the nature of these
conclusions. To begin with, there is still uncertainty regarding how
quickly crude oil production can be increased and when the gas-based
export projects would come on stream. There is also major uncertainty
concerning likely future methanol prices, given the significant
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additional capacity coming on stream worldwide. In addition, this
analysis has assumed international petroleum prices will grow at 3% per
year in real terms over the long term; recent experience has shown that
this assumption and hence projected export earnings could be overly
optimistic. Thus, the timing and value of these exports, essential to
improving PIC's financial performance, is uncertain. Furthermore, the
analysis is also based on the debt service obligations under the existing
investment program, and therefore makes no allowance for any new schemes
PIC may initiate between now and the end of the decade.

9.21 While export profits are likely to allow PIC to avoid the need
for domestic price increases through cross-subsidization, there are also
issues of economic efficiency which should be considered. If domestic
pet-oleum prices are increased, they would be brought more into line with
actual resale prices in the market, which would not only encourage more
efficient consumption and distribution patterns, but also capture for PIC
(and the Government) part of the profits being made on unofficial resale
of these products. The longer it takes to implement a price increase,
the longer the corporations will continue to have to borrow and the
higher their debt service burdens would be. There is, moreover, an
urgent need at the macroeconomic level to begin reducing the consolidated
public sector budget deficit. The petroleum sector, by virtue of its
size as well as its capital-intensive nature has in recent years been a
major factor in the growth of the deficit, and it would be a logical as
well as one of the most effective areas in which to take resource
mobilization measures to help reduce the deficit.

PPSC

9.22 Of the three corporations in the petroleum sector, PPSC is in
the best financial shape, despite the increases in transfer prices from
PIC in 1982/83. PPSC has no debt and has large cash reserves. Also,
unlike petroleum supply corporations in many other de-;eloping countries,
it has also practically no outstanding accounts receivable. This is due
to a policy of cash sales to individuals and advance payments by corpora-
tions. The change in transfer prices has, however, fundamentally changed
PPSC's future financial prospects. For instance, the operating ratio
rose from 86.8% in 1981/82 to 99.3% in 1983/84 while the pre-tax return
on sales fell from 13.2% to 0.7% and the pre-tax return on assets
declined from 15.2% to 0.8Z.

9.23 Although PPSC operates profitably at present and would there-
fore not require a price increase except perhaps to increase its low rate
of return, any price increases granted to MOC and PIC would necessarily
have to be passed on to consumers to prevent any deterioration in PPSC's
performance. In addition, adjustments to retail prices should also in-
corporate any adjustments, such as a highway tax, the Government may
choose to impose. The mission estimated the required price increases
under the same two general scenarios as for PIC -- one in which crude oil
production grew slowly (5% per annum or less) and where except for sur-
plus refined products, all incremental production was absorbed by
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domestic consumption, and one in which production grew more rapidly (10%
per annum) and only about half of the incremental production was absorbed
domestically. As in the case of PIC, the required price increases over
the long run also depend upon the magnitude of any increase in crude oil
and natural gas prices.

9.24 If crude oil and natural gas prices are increased as discussed
above to reflect MOC's future development and production costs, signifi-
cant increases in retail product prices would be required in order to
absorb the necessary cost increases passed on by PIC and maintain PPSC's
financial viability. At low rates of growth in crude oil production,
retail prices would have to increase by an estimated 60Z for PPSC to
break even in the short run, while at lOX annual growth in crude oil
production, price increases of about 30% would be required.

Coal

9.25 In the case of Kalewa, production and sales have not been
sufficient to cover total costs and the mine has consistently operated at
a loss (Table 9.7) On the other hand, output from Namma has grown
rapidly since 1982/83 and has accounted for most of the growth in total
production. As it is an open-cast mine, it has much lower unit produc-
tion costs than Kalewa; in conjunction with the growth in output, this
has enabled the Namma mine to operate at an overall profit since
1982/83. In 1983/84, these profits were more than sufficient to offset
losses at Kalewa, thereby enabling the Mining Corporation No. 3 (MC3) to
avoid an operating loss on its domestic coal mining for the first time.

9.26 An increase in the price of domestically produced coal (mainly
by the Kalewa coal mine) is highly desirable. With a selling price of
about US$22 per ton and a production cost of US$29 per ton at the
pithead, Kalewa operations are uneconomical at the current levels of pro-
duction. In recent years, financial losses have been compensated for by
increased production at the open cast Namma mine, which has an extremely
low production cost. Moreover, the Mining Corporation No 3 has been
making profits on sales of imported coal and coke over which it has full
control. However, imports have declined over the years and are likely to
continue doing so in the future, especially should the Kalewa mine
develop its production. In this case, investments needed to increase
output and to modernize the Kalewa mine will necessitate additional
resources which would best be provided by higher coal prices.
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Table 9.7: PROFITABILITY OF DOMESTIC COAL MINING, 1978/79-1983/84

(In Kyats million)

1978/79 1979/80 1980/81 1981/82 1982/83 1983/84

Kalewa
Production (tooo T) 6.1 13.6 8.1 8.8 12.2 13.7

Cost of Production (K/T) 535 306 242 382 331 284
Net Profit (K million) -1.4 -0.4 -0.9 -1.5 -1.2 -0.6

Namna
Production ('000 T) 5.9 - 3.0 8.1 16.3 21.8

Cost of Production (K/T) 406 - 484 222 202 130

Net profit (K million) -0.8 -1.1 -0.6 -0.1 .0.6 +1.7

Overall Not Profit

(K million) -2.2 -1.5 -;.5 -1.6 -0.6 +1.1

Power

9.27 A consequence of the Government's reluctance to change tariffs

and the time taken to do so is that tariffs have been adjusted infre-

quently. Revisions occurred in 1971, 1976, and 1981. However, in real

terms electricity prices have been halved during the period 1971/72-

1983/84. While EPC's principal sources of energy, hydro and gas, have

protected it from the real increase in fuel costs which utilities in

other countries suffered during this period, there is no cost-related

reason for such a substantial reduction in the relative price of elec-

tricity especially as capital costs have risen steadily. Table 9.8

presents a comparison of existing tariffs and estimated long run marginal

cost tariffs for the major consumer categories.

9.28 Although a large number of caveats have to be noted in relation

to this analysis, it is quite clear that tariffs are in genteral substan-

tially below marginal cost. Only bulk consumers outside Rangoon appear

to pay a tariff which approaches marginal cost. As large industrial con-

sumers account for 42% of total consumption, the distortion in this

category's tariff, which is only 33% of marginal cost, is perhaps the

most serious. The next most important category is general purpose whose

tariff appears to be just over half of the relevant marginal cost. The

overall level of tariffs appears to be approximately half of marginal

cost.

9.29 The structure of existing tariffs appears to be weak in a

number of respects. In particular:



- 95 -

(a) All of the major tariffs are of the decreasing block type, with
all blocks well below LRMC. This will tend to encourage
wasteful consumption. While block tariffs may be desirable on
economic grounds for certain classes of consumption, e.g.
domestic, distributional objectives, and simplicity frequently
make flat rate tariffs preferable.

(b) There is an inadequate reflection of capacity/demand related
costs. Large industrial consumers pay a flat rate and have no
incentive to improve their load factor. Small industrial
consumers effectively pay only about 1% of the appropriate
demand charge.

(c) There is no clear-cut distinction between high voltage (HV),
medium voltage (MV), and low voltage (LV) consumers, with the
result that the tariff structure does not adequately reflect
the different costs of supply.

(d) The differences between the Rangoon and outside Rangoon tariff
schedules do not reflect differences in the present costs of
supply and will certainly be inappropriate once the three main
systems have been interconnected.

(e) Some residential consumers in Rangoon have two distinct connec-
tions (i.e., both general purpose and domestic power). This
substantially increases the costs of connection, metering, and
billing.

(f) Street lighting is unmetered, which may lead to excessive use
of lights by municipal authorities.

(g) There is no load management, e.g., interruptable supply tariff,
offered to consumers.

(h) There is no incentive for large consumers to maintain a high
power factor.
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Table 9.8: COMPARISON OF EXISTING TARIFFS AND ESTIMATED
MARGINAL COST TARIFFS

(PYAS/KWH)

(A) Existing Ratio
Consumer Tariff (B) Estimated (A)/(B)
Category Voltage a/ Range b/ Average c/ Tariff d/ (S)

General Purpose LV 46-42 45 84 54

Domestic Power LV 29-19 21 84 25
(Rangoon only)

Small Power LV 25 25 84 30

Industrial:
Rangoon MV 17-15 16 45 36
Outside Rangoon MW 25-20 22 45 49

Large Industrial HV 12 12 36 33

Bulk:
Rangoon MV 40-?4 26 45 58
Outside Rangoon MV 54-44 44 45 98

Weighted Average
All Tariff Categories 29 58 50

a/ EPC tariff categories do not necessarily correspond to a single
voltage level. This table is constructed on the basis of the most
likely voltage level.

b/ The range arises where there is a block tariff structure.
- No accurate data on size distribution of consumers by class Is

available and the average is estimated from data on total consump-
tion and numbers of consumers. There are insufficient data with
which to estimate the average marginal cost faced by consumers,
which is ideally what should be used for an analysis of pricing.

d/ LRMC tariffs are indicative estimates for LV, MV and HV consumers,
If time profile data were available more detailed analysis would
undoubtedly show differences in LRMC tariffs between, for example,
general purpose and small power.

9.30 With view to correcting these shortcomings, EPC should in due
course engage consultants to carry out a full tariff study, which should
include:

(a) a detailed analysis of marginal costs;

(b) load research to establish the characteristics of the load
imposed by various classes of consumers (in this context a
redefinition of tariff categories should also be considered);

(c) design of marginal cost tariffs, including one or more inter-
ruptable tariffs, if appropriate and practicable; and
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(d) adjustment of marginal cost tariffs to reflect 'second best'
considerations, social objectives, and EPC's financial require-
ments. The detailed analysis of marginal costs couLd be
carried out when EPC's investment plans and the cost of natural
gas are better defined.

9.31 Like other corporations in the energy sector, EPC has under-
taken a large investment program in recent years. Over the 1978/79-
1983/84 period, total investment by EPC amounted to K 2.8 billion, or
about 5Z of total public ir.vestment. Generation facilities, including
the power generation components of the ongoing Kinda, Sedawgyi, and
Baluchang projects, accounted for the bulk of the investment although the
share of transmission has also been relatively high, as under the IDA
Power I Project the creation of a basic national grid is being financed.
Distribution, which is the weakest link in the system, continues to
receive the smallest share.

9.32 Even though all investment in the power sector has been
financed with foreign funds and through local bank financing leading to
very high debt to equity ratios, EPC has remained in relatively sound
financial condition as compared to many other corporations. This is
partly because EPC's major expansion has begun only relatively recently,
with most of the foreign component of investment being financed on
relatively concessional terms. In addition, tariff adjustments were made
in 1980 and 1981 under the Kinda project and as a condition of effective-
ness under the IDA Power Credit in anticipation of these increased debt
-ervice needs. As Table 9.9 below shows, EPC as a result has been able
to maintain relatively healthy financial ratios.

Table 9.9: EPC FINANCIAL INDICATORS, 1980/81-1983/84

1980/81 1981/82 1982/83 1983/84

Operating Ratlb 74% 67% 62% 61%
Debt/Total LIaLilities 0.54 0.61 0.67 0.70
Rate of Return on iN_t
Fixed Assests a/ 9.1% 13.9% 18.1% 17.7%

Rate of Return on Sales b/ 21.6% 26.5% 26.1% 21.3%

a/ On net fixed assets in operation only.
b/ Includes interest expense in current year.

9.33 Although the above indicators appear relatively sound compared
to other corporations in the energy sector, their underlying basis is
weak. While EPC has been able to meet its interest payments out of its
cash flow, it has been able to cover only about 35Z of its principal
repayments. The remainder has been met by taking out financial loans
from the Myanma Economic Bank. In the absence of tariff adjustments,
these borrowings are likely to continue growing rapidly.
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9.34 Although EPC's performance has been relatively good compared to
many SEEs, it is beginning to decline as debt service payments begin
rising rapidly. Furthermore, given the continued projected rapid expan-
sion of capital expenditures under EPC's current investment program
(discussed in Chapter XI), all of which is to be financed through new
debt, it is clear that EPC's cash generation needs to service that debt
are going to escalate rapidly in the coming years. A review of EPC's
financial prospects has indicated that sizeable increases in revenue
earnings are necessary. Accordingly, the Government intends to implement
a tariff adjustment in 1986; it also intends to made an early infusion of
equity which will reduce the share of debt in EPC's financial
structure. Even though the required adjustments will be large, they
assume that EPC will be able to reduce significantly its currently high
rate of system losses, that demand will grow as rapidly as projected by
EPC, and that fuel prices do not increase. To the extent these
assumptions do not materialize, even higher increases would be required
to prevent any further deterioration in EPC's performance.

Fuelwood and Charcoal

9.35 Fuelwood and charcoal, which are sold in the private sector,
are substantially more expensive than kerosene but less expensive than
LPG and electricity. "Useful" consumer energy prices are as follows:

Kyat/Kgoe

Charcoal (Rangoon) 5-10
Charcoal (Regions) 2.6-6
Fuelwood (Regions) 2.4
LPG 3.1-4.6
Kerosene 1.4
Electricity 6.6-7.1

9.36 What appears clearly is that charcoal in urban areas such as
Rangoon is not only more costly than kerosene (kept at an exceptionally
low price, but hardly available for cooking purposes) but also than
LPG. In its highest price bracket, charcoal (10 K/Kgoe) is also more
expensive than electricity. All this points to potential substitution
possibilities for charcoal by other energy sources on the basis of
average thermal efficiency and availability of energy. Moreover, as
discussed in para 8.5, fuelwood and charcoal prices are likely to have to
rise significantly if Burma pursues a strategy of developing mechanized
fuelwood plantations.

Conclusions

9.37 As already indicated, a decision to raise energy prices will
have to take into azcount the desire to limit any adverse impact of such
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increases on consumer price levels. However, it is also clear that the
Government's strategy is to give priority to the development of the
energy sector, vital for the economy. To achieve that objective, it will
be necessary to mobilize considerable financial resources. Such
resources would best come from the corporations' earnings as well as from
domestic and external borrowings. However, present energy prices do not
permit the corporations to generate sufficient domestic resources to help
finance their investments, and high borrowings are thus taking place,
which jeopardize the future financial viability of the corporations. If
energy prices are not raised, the corporations are likely to be further
weakened financially and the overall public sector budget deficit would
further widen. They would not be in a position to realize more
completely the autonomous status obtained in 1975 and would not be able
to contribute, as they should, to the major effort needed to achieve a
rapid and efficient growth of Burma's energy sector and of the economy as
a whole.

9.38 Although the possible price increases for energy products
discussed in this chapter are high by historical standards in Burma, they
are predicated on the need to ensure the financial health of the institu-
tions in the sector. Over time, it is likely that energy costs will
continue to rise more rapidly than prices generally, reflecting the
increased cost of developing additional energy resources as easily
accessable gas and oil reserves are depleted, the most cost-effective
hydro schemes are exploited, and increased forest plantations become
necessary to curb encroachment of the natural forests to meet fuelwood
needs. Price increases, while not only maintaining the financial
viability of the corporations involved, would also encourage efficient
use of energy resources by consumers and hence some energy savings, and
help ensure that economically sound decisions are being taken regarding
the choice and development of additional energy supplies. There would,
however, be practical limits to such cost increases; namely, the relevant
import prices, for if the cost of developing indigenous energy resources
were to exceed the import cost, it would be financially more beneficial
to Burma to import that particular energy source than produce it
domestically.



- 100 -

X. INSTITUTIONS IN THE ENERCY SECTOR

10.1 The two main issues regarding the institutional framework in
the energy sector are (a) the need to strengthen the existing corpora-
tions in order to improve preparation of subsector plans and projects and
increase management's authority particularly in administrative and
financial aspects of the operations; and (b) the need for a central
planning mechanism functioning under the supervision of the Minister of
No. 2 Industry to prepare an integrated energy plan and to monitor the
plans of the corporations to insure their consistency with the national
energy policy objectives.

10.2 Six organizations share the responsibility for the numerous
subsectors of the energy sector: (a) the Myanma Oil Corporation (MOC);
(b) the Petrochemical Industries Corporation (PIC); (c) the Petroleum
Products Supply Corporation (PPSC); (d) the Electric Power Corporation
(EPC); (e) the Mining Corporation No. 3 (MC3) for coal and (f) the Forest
Department. Four of these bodies (MOC, PIC, PPSC and EPC) come under the
Ministry of No. 2 Industry, MI2, while MC3 is under the Ministry of
Mines and the Forest Department, under the Ministry of Agriculture and
Forests. The responsibility for planning in the -ncrgy sector, like any
other sector of the economy, is also shared by the Ministry of Planning
and Finance, and insofar as planning of the use of energy is concerned,
all economic ministries have a role therein, big and small.

Myanma Oil Corporation (MOC)

10.3 MOC has the exclusive responsibility and authority for explora-
tion, development and production of crude oil and gas -- on land as well
as offshore. MOC has a total staff strength of 17,480 of which 1,122 are
professionals and managers. Exploration and engineering personnel number
234 and 70 respectively, which appears to be disproportionate in favor of
explorationists considering the number of oil and gas fields and reser-
voirs that need to be managed. In performing its duties, MOC relies
heavily on its own available local resources and has little if any con-
tact with the international petroleum industry albeit a contract with one
service company (Schlumberger), one seismic company (Prakla) and limited
technical assistance protocols with Japan and West Germany. Less than
forty trainees 53/ are sent annually to attend short technical courses or
seminars abroad. The organization is staffed with competent top manage-
ment but relatively thin middle management. In order to successfully
implement its ambitious expansion program MOC must plan and launch an
extensive training program. There is still a need for more exposure and
continuous contact with the outside world and the international petroleum

53/ The number of trainees sent by MOC abroad averaged 35 in 1979/80-
1983/84 but was only 19 in 1983/84. PIC trainees (see below)
averaged only 27 in the last five years.
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industry'. The use of outside consultants to assist in solving specific
technical or organizational problems should be expanded.

10.4 The present organization of MOC needs evaluation and its points
of strength and weakness need to be assessed. One area in need of
strengthening is the central staff petroleum engineering unit. The heavy
emphasis on drilling, exploration, and general engineering was justified
in past years. The future role of MOC, however, will be primarily field
development and production oriented and its future organization should
reflect this trend. Although it is not MOC's practice to sub-contract,
another point worth investigating is whether or not MOC could reduce its
heavy load of drilling, construction, and related activities by subcon-
tracting some of these activities or assigning them to a subsidiary.
Such a division of labor, which has proved economic and efficient in
other countries, should be thoroughly studied in the context of the
organizational set up of the Ministry for No. 2 Industry, MOC, and other
affiliated and service entities.

10.5 To achieve future targets, MOC should strengthen its central
applied research laboratory and branch field laboratories addressing
problems in the areas of drilling technology, production technology,
natural gas technology, reservoir engineering and enhanced recovery.
Future studies of oil and gas field development plans, production
optimization and reservoir management should rest on a solid base of
computer technology supported by the necessary hardware and software
packages. Training technicians to handle reservoir modelling, standard
petroleum engineering problems, statistical analysis, financial analysis
and project programming and evaluations on mini or micro computers is
necessary. It will be difficult, if not impossible, to achieve trebling
or quadrupling of the production level in fifteen years without the basic
conviction of MOC's management to modernize the operation, to infuse the
latest technological advances in its organization and, last but not
least, to allocate the necessary time and funds.

Petrochemical Industries Corporation (PIC)

10.6 PIC has the responsibility for production, sale and export of
petroleum products, including urea fertilizers, ammonia, wax, petro-
chemicals and chemical products using petroleum or natural gas as a
base. It also handles river distribution of bulk petroleum products. It
has a total staff strength of about 7,000 including about 5,000
technicians and its planning department alone has as many as 2,300
technicians and over 700 other staff.

10.7 As in most corporations in Burma, plant operations objectives
and production schedules are prepared at PIC Headquarters in Rangoon.
Refinery management has relativeLy little input in the planning of
refinery operations as a whole and consequently little interest in the
maximization of product value. Primary emphasis is placed on meeting
throughput targets. In order to properly optimize refinery operations,
one needs incremental unit operation yields, utilities consumption and
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coat information. A linear programming model is normally used to
optimize refinery operations and to examine the effects of potential
changes in refinery operations or configuration. To control cost and
increase cost awareness in the plant, a distribution of costs into
manager-related cost centers is recommended. Managers are the first line
of control on costs. This relationship would increase each manager's
awareness of cost objectives and provide a useful base of information for
cost budgeting.

Petroleum Products Supply Corporation (PPSC)

10.8 PPSC has the exclusive responsibility for distribution and
marketing of all refined products (including LPC) but not for imports and
exports which are handled by PIC. PPSC has about 6,400 staff including
790 technicians. As the operations of PPSC are expanding and the need
for price adjustments is becoming more pressing, development of expertise
for systematic cost analysis and management efficiency will be useful
tools in maintaining PPSC's financial viability. PPSC should therefore
give more attention to this aspect of its operations.

Electric Power Corporation (EPC)

10.9 EPC is the sole operator of the power subsector's generation,
transmission and distribution facilities. In some circumstances, the
Ministry of Number 2 Industry (MI2) has judged that certain industrial
complexes could be built with auto generation facilities; where possible
without excessive capital investment, EPC is required to purchase excess
power produced by auto generation at a price based on EPC's direct cost
of production. EPC is the only organization in Burma legally authorized
and actively engaged in retailing power.

10.10
sionals and managers. However, as decisions regarding EPC operations are
often taken outside EPC, their expertise is not always fully utilized.
Under the circumstances, EPC's performance in operating and maintaining
its aging system is quite remarkable. EPC's efficiency would, however,
benefit greatly from a thorough overhauling of its structure and internal
procedures. A complete Organization, Management and Finance study, led
by external consultants but with a substantial Burmese input, is
critically needed.

10.11
addressed the problems posed by the ad hoc manner of making investment
decisions by agreeing to create a Planning Department within EPC accord-
ing to an agreed time-table. By mid-summer 1984, rb -t Department should
have been functioning effectively after having recei-ied a year's guidance
from an expatriate training specialist. To date, because of delays in
clearing routine decisions, EPC has been chronically late in meeting the
agreed timetable. A Planning Department has been established and new
staff recruited; a planning specialist has not yet been retained.
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10.12
Higher level staff -- executives, managers, engineers and technicians --
accounted for 9.1% of EPC's strength in 1980 and 9.5X in 1984. This
level is extremely low, even allowing for overstaffing to be expected at
EPC, compared with the norm of about 20X found in well run electric uti-
lities in industrialized countries. The number of engineers and tech-
nicians will need to grow much more quickly if EPC is to maintain its
existing degree of control over its rapidly expanding activities. In the
past eight years, about 200 engineers have received training abroad.
However, training needs substantial strengthening. Under the IDA Power
Project, a fund of US$0.95 million was included for EPC's training acti-
vities. The fund will finance mainly a training institute, to be run by
a properly staffed training unit under the Planning Department, deliver-
ing an enhanced package of classroom courses which can supplement EPC's
existing on-the-job efforts.

The Mining Corporation No. 3 (MC3)

10.13
operating under the responsibility of the Ministry of Mines. Coal repre-
sents only a part of MC3 activities which also handles a variety of the
industrial minerals such as iron, limestone, gypsum, and coke. Its main
activity is steel manufacture. Sales of domestic and imported coal
amount to only 15-20% of total MC3 sales. The two coal mines (Kalewa and
Namma) have a staff of 640 of which 548 are in Valewa and 92 in Namna.

10.14
particular the feasibility of making coal briquettes to substitute for
lumpy coal presently imported. Pending this, coal samples may be quickly
tested at laboratories and pilot plants abroad. A consultant (Coal
Technologist) may be assigned to MC3 to advise on appropriate processes
for the manufacture of coal briquettes and arrange for coal samples to be
sent for pilot plant tests.

Forestry

10.15
owned and controlled by the Covernment. The Ministry of Agriculture and
Forests (MAF) is primarily responsible for the forestry sector, exercis-
ing control through the Forest Department (FD) and the Timber Corporation
(TC). The FD, founded in 1856, is the oldest forest service outside
Europe, and is responsible for all aspects of forestry in Burma, other
than extraction and sale of timber. The FD staff of 8,033 is well
trained and dedicated.

10.16
body. It employs about 32,000 full time personnel of whom about 600 are
professionally qualified. TC extracts all commercial teak and most
hardwood. All teak sawmilling, most hardwood sawmilling, veneer and
plywood manufacturing is also owned by TC.
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10.17 The FD has overall responsibility for the development, protec-
tion, management, and conversion of forests. Yearly production targets
are established by township people's councils in consultation with Forest
Department Officers. Also, forest reserve plantations are owned by the
State through FD. There are now 14 regional offices reporting to the
Director General of FD. The 171 Township Forest Officers report in turn
to the regional offices.

10.18 Plantation programs (deparmental fuelwood plantations and vil-
lage woodlots) are developed with the assistance of the Forest Department
(Plantation Divisions, Planning and Statistics Division, Forest Research
Institute) 54/ The department has the main responsibility for affores-
tation and conservation programs of departmental plantations. However,
for village woodlots, villagers are fully responsible Dut are also sup-
ported with free inputs and advice from FD. Experience with the program
so far indicates that individual farmers have responded favorably. How-
ever, FD's planning and administrative capacities are limited and it has
little project preparation ability. FD needs short term external tech-
nical assistance to strengthen its planning, evaluation, and implementa-
tion capacities.

10.19 There is a need to carry out many research programs and eco-
nomic studies: the implementation of large scale plantations would
entail the commitment of substantial financial resources, such as skilled
manpower and land. In selecting sites for the establishment of wood
energy plantations and village woodlots, the best available sites should
be used. It is therefore important that all these scarce resources
should be used efficiently. The establishment and management of large
scale wood energy plantations and woodlots is a relatively new activity
for Burma. FD lacks reliable research data and practical experience.

10.20 There is a critical need to increase the productivity of
natural forests. FD should take a firm initiative to protect the
resource, to control cutting and to increase productivity by improved
sivilcultural management; it should act in close cooperation with the
Forest Research Institute.

10.21 The Forest Research Institute (FRI) and the Central Research
Organization (CRO) under the Ministry of Industry are engaged in research
activities to increase thermal efficiency in charcoal making and in
stoves. Such efforts should be strongly pursued and accompanied by dis-
semination efforts which could save considerable amounts of energy.

54/ However, FRI research work on fuelwood plantations has not yet
produced very positive results, perhaps due to lack of qualified
staff and heavy workload.
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Nonconventional Energy

10.22 The research and development (R&D) and technology dissemination
activities on renewables which are now being carried out in Burma are
largely uncoordinated and do not appear to be linked to any long-term
program which set goals and priorities. R&D and technology adaptation
work are mainly carried out by CRO, MAF and FD. The former conducts
industrial research on biogas production mainly from water hyacinth and
grass weeds. These experiments started two or three years ago and a
medium term (2 to 3 years) dissemination program is under study: thirty
districts would be concerned and 2 to 3 demonstration household size
digesters would be installed in 2 villages in each district: a total of
120 to 240 digesters would be functioning by 1990. The Ministry of
Agriculture and Forests (MAF) is also planning to establish 50 digesters
for demonstration purposes in state/divisions starting from 1985. The
Forest Department (FD) has just started a program to study leaves is fast
growing species (Ipil-Ipil, Cassia Siamea) and sawdust use in biogas
digesters. The Cottage Industries Department plans to initiate a program
for using paddy husk char to manufacture briquettes usable as fuel.

10.23 Actual plans to develop and disseminate renewables are still
limited and their impact on total energy supply in coming years may
remain limited. Apart from the obvious need for MI2 in cooperation with
MAF to infuse more resources into work on nonconventional energy, there
is a crucial need to develop a joint long-term plan for research, demon-
stration and technology dissemination; the plan should; (a) set realistic
goals; (b) identify a sequence of specific activities and projects; and
(c) delineate implementation responsibilities among the few relevant
agencies in the country.

Sector Coordination and Planning

10.24 The preceding paragraphs have identified a multiplicity of
organizations operating in the energy sector with a lack of any effective
central coordination. In the future, it will be essential to anticipate
additional demands from existing and from major new energy users and to
ensure that the long-term planning and energy supply is carried out on a
more integrated basis.

Planning Process

10.25 The responsibility for preparation of energy plans is mainly
that of the Ministry of No. (2) Industry. In October each year, the
Ministry through the Ministry of Planning and Finance receives from the
other Ministrips and Corporations their estimates for demands for fuel
giving estimates for the existing and new equipments together with
justification therefor. These demand estimates are reviewed by a tech-
nical committee which represents EPC, PIC, PPSC, and TSC -- often after
discussions with concerned agencies and thereafter demands are collated
and an energy balance prepared. The fuel demands for Cooperatives and
for private sector are sent by the State and the Division Councils
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mentioning the places where required. The demands of EPC are based upon
power demands as reviewed by EPC which are received from the Ministries
and Government Corporations. In preparing the energy balance, account is
taken of the substitution possibilities; for example, substitution of gas
for furnace oil wherever feasible. The results of this exercise are then
reviewed with the Ministry of Planning and Finance. An identical
exercise is attempted for formulation of the Four-Year Plans. Based upon
the energy balance thus arrived at, recommendations are made on import
needs or export surpluses and the ne-i investment projects in the
sector. These projects must be considered within the framework of policy
guidelines established by Fuel, Energy and Power Committee of the
Research Policy Directive Board.

10.26 Detailed project preparation is done by the individual Corpora-
tions. MOC, PIC, PPSC and EPC are able through their planning depart-
ments to undertake project preparation. These Corporations do not
normally seek assistance of TSC in project preparation but TSC is repre-
sented in the Project Implementation Committees which are established to
monitor coordinated implementation of projects after approval of the
Cabinet. Projects are reviewed by che Project Appraisal Committee under
the Planning Department of the Ministry of Planning and Finance. How-
ever, at the stage projects come up for review of the Project Appraisal
Committee, it is not possible to determine all available options that
could have been considered and the project's consistency with long-term
policy guidelines for the energy sector. The decision on the project is
mainly guided by the viability of the project per se and availability of
financial resources. After review by the Project Appraisal Committee,
projects are put up to ECC and finally to the Cabinet for approval.

Long-term Policy Formulation

10.27 Long-term policy formulation for the energy sector is the
responsibility of the Fuel, Energy and Power Committee under the Research
Policy Directive Board. This Board is the highest body ih charge of
policy formulation and was set up as far back as 1962. It was recently
reorganized. The Board has 16 members of which 12 are Cabinet Ministers,
mainly from the economic Ministries, 2 from the Party and one each from
the Peasants' Association and the Workers' Association. The Minister of
No. 2 Industry is the Chairman of the Board. There are 14 working
Committees and 38 Research Divisions functioning under the supervision of
the Board. The committee directly concerned with energy policy and
research is the Fuel, Energy and Power Committee which also is chaired by
the Minister of No. 2 Industry Ministry. Secretary of the Committee is
the Managing Director of TSC, while Director of Planning in TSC serves as
one of three Joint Secretaries to the Committee with the other two joint
Secretaries provided by MOC and EPC.

10.28 A long-term policy statement for the energy sector was embodied
in the Report of the Fuel, Energy and Power Committee for the year
1981/82. However, to be fully effective, policy statements need to be
backed up by a long-term plan for energy consistent with the policy
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objectives. The Ministry of No. 2 Industry should have a major role in
preparing such a plan, although it will need active collaboration of the
other Ministries, particularly Mining, and Agriculture and Forest.
Detailed institutional arrangements for such long-term planning for the
sector on an integrated basis would merit serious consideration.

10.29 Preparation of subsector plans and projects has necessarily to
be left to individual Corporations. It should be necessary, however, for
a central authority to monitor the plans of the Corporations to ensure
their consistency with the national policy. In the absence of a single
ministry entrusted with energy planning (since woodfuels are handled by
the Ministry of Agriculture and Forests, and coal by the Ministry of
Mines), the only practical approach would appear to be to give this
responsibility squarely to the Ministry of No. 2 Industry and to
strengthen its planning arm, namely the Technical Services Corporation
(TSC) which already performs the function of assisting the Ministry in
planning and coordination. TSC is at times called upon to assist the
Corporations in project preparation and implementation. It would be
desirable to institutionalize the function of TSC in technical assistance
in preparation of all energy sector plans and projects. TSC could be
developed as an energy planning cell for the country functioning under
the overall supervision of the Minister of No. 2 Industry who in his
capacity as Chairman of the Fuel, Energy and Power Committee and also
Chairman of the Equipment Control Committee could effectively ensure that
planning and project preparation were consistent with long-term policy
and plans.

10.30 Subject to the development of effective arrangements for
preparation of energy plans and projects consistent with the long-term
policy and plans as suggested above, the planning apparatus within each
corporation should be reviewed and the necessary strengthening
provided. The detailed arrangements for the development of the needed
skills and strengthening of planning functions would be considered by the
management of each corporation. In particular, TSC, if it has to assume
the role of an energy planning unit for the country, may require some
reorganization and strengthening, as well as expatriate technical
assistance in the initial years of its expanded role.

10.31 Since the original report was prepared, there has been a
significant reorganization in the energy sector and in the Ministry of
No. 2 Industries in particular. Until recently, there were eight
corporations under the Ministry of No. 2 Industry, namely the Central
Research Organization, Technical Services Corporation, Heavy Industries
Corporation, Pulp and Paper Industries Corporation, Myanma Oil
Corporation, Petrochemical Industries Corporation, Petroleum Products
Supply Corporation, and the Electric Power Corporation. On April 12
1985, a new ministry, namely, the Ministry of Energy was formed, whence
the four energy corporations of the Ministry of No. 2 Industry -- the
Myanma Oil Corporation, Petrochemical Industries Corporation, Petroleum
Products Supply Corporation and the Electric Power Corporation -- came
under this new Ministry of Energy. A new organization, namely the Energy
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Planning Department was also formed on the same date, which is to
function as the planning and coordinating arm of the Ministry of Energy,
as was the Technical Services Corporation under the Ministry of No. 2
Industry. The Energy Planning Department will, however, assume a broader
role than the Technical Services Corporation had as far as energy
planning functions are concerned. It will continuously monitor the
developments in the petroleum and electric power sectors, carry out
studies on short and long term supply and demand of petroleum and
electric power, initiate recommendations based on the findings of the
studies, including balancing and substitution possibilities, monitor
progress in the implementation of energy projects in the petroleum and
electric power sectors, and assist the Ministry of Energy in coordinating
the activities of the corporations under the Ministry. In order to
permit comprehensive energy sector analysis and planning which
incorporates all inter-fuel substitution and development possibilities,
it would also be desirable that the Energy Planning Department include
coal, and forestry and other renewable energy resources in its planning
purview.

10.32
individual Corporations along commercial lines appear to be only partly
implemented as regards giving management effective authority in the field
of planning, marketing, production targets, personnel, pricing, etc.
With the proposed development of the energy sector, it is necessary to
consider appropriate delegation of more authority to the management of
corporations particularly in administrative and financial aspects of
their operations.

Recommendations

10.33

(a) MOC should plan and launch an intensive training program; the
use of outside consultants to assist in solving specific
technical or organizational problems should be expected (para.
10.3).

(b) The central staff petroleum engineering unit in MOC should be
strengthened (para. 10.4).

(c) Although it is currently not MOC's practice to sub-contract,
MOC should investigate whether or not it could reduce part of
its heavy load of drilling, construction, and related
activities by subcontracting some of these activities or
assigning them to a subsidiary (para. 10.4).

(d) MOC should strengthen its central applied research laboratory
(para. 10.5).

(e) A linear programming model is needed to optimize PIC refinery
operations (para. 10.7).
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(f) A distribution of costs into manager-related cost centers is
recommended for PIC (para. 10.7).

(g) PPSC should give attention to systematic cost analysis and
management efficiency to maintain its financial viability
(para. 10.8).

(h) i complete Organization, Management and Finance study is
ctitically needed for EPC (para. 10.10).

(i) The Forest Department needs short-term external technical
assistance to strengthen its planning, evaluation and imple-
mentation capacities (para. 10.18).

(j) Research activities increase efficiency in charcoal manufac-
turing and in stoves should be strongly pursued and accompanied
by dissemination efforts (para. 10.21).

(k) There is a need to develop a joint long-term plan for research,
demonstration and technology dissemination in conventional
energy (para. 10.23).

(1) The Ministry of Energy should be given the responsibility for
overall energy planning; the new Energy Planning Department
should be staffed and developed to enable it to perform this
role (para. 10.32). It should also undertake to include coal
forestry, and other renewables, which lie in other ministries,
in its work in order to permit comprehensive energy sector
analysis and planning.

(m) The planning apparatus within each Corporation should be
strengthened; also, more authority should be provided to
management of the companies, particularly in administrative and
financial aspects of operations (para. 10.31).
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XI. INVESThEUT PLANS AND REQUIRMENTS IN THE ENERGY SECTOR

11.1 The mission has examined the future investment requirements for
the energy sector up to 1995/96 in light of the demand forecasts prepared
for the Planned Growth scenario in Table 3.6 and the energy supply
options analyzed in Chapters IV to VIII. The conclusions are discussed
below and the results are in Table 7.1 The principal investments to be
carried out are in the electricity, oil and gas subsectors and to a
limited extent in forestry. No investments are recommended in the
refineries, since there is ample unutilized capacity. In the coal sub-
sector, investments should also be negligible in the period under review.
Some support from the Government's investment budget may be required in
the non-conventional energy subsector; the amounts should not be large in
relative terms and they are not taken into account in Table 7.1.

11.2 In the electric power subsector, total EPC investment programs
for 1984/85-1995/96amount to US$1,668 million (Kyat 13,340 million),
including: (a) the three ongoing hydro projects at Sedawgyi, Kinda and
Baluchang; (b) seven minihydro projects under completion and five to be
constructed in 1986/87-1989/90; (c) two gas turbines at Chauk and Prome
(expansion work to be completed in 1986/87) and (d) completion of the
work at Thaton Steam generator by 1985/86. Total ongoing work on genera-
tion amounts to about US$220 million compared to new planned investments
of US$915 million. Similarly ongoing transmission work amounts to US$240
million and is financed by the IDA First Power Credit and ADB Third Power
Project. New transmission projects would amount to US$132 million, while
investments in distribution would total US$161 million. About half of
these investments can be regarded as independent of the actual growth
rate of future power demand, in the sense that they should go ahead --
whether electricity demand grows according to the Planned Growth scenario
or at some slower rate -- subject only to financial constraints. How-
ever, as explained in Chapter VI, one big issue will be the decision on
whether to go ahead with the construction of large dams such as
Paunglaung and Bilin (as assumed by EPC). If these projects proceed, no
new gas turbines would be needed in the period under review. If, on the
other hand, Paunglaung and Bilin are not implemented (due to their high
cost as compared to gas-based generation), additional gas turbines would
be required. However, even in such a case, limited new thermal capacity
would be needed (about 80 MW) because of the slower anticipated economic
growth rate. Should investment in hydro projects be postponed, EPC
investments would be much lower than now anticipated until 1995/96. It
is, in any case, crucial to emphasize that in order to finance planned
investments, the Government should follow a policy combining adjustments
in the tariff to the levels properly reflecting the system's cost, with
one or more of the following measures; (a) reduction of EPC's investment
program to manageable levels; (b) restructuring of local development
loans to the power subsector so that they carry more appropriate terms;
and (c) making available significant grants to finance the subsector's
future development.



- ill -

Table 11:1: ESTIMATED INVESTMENT REQUIREMENTS FOR THE ENERGY
SECTOR TO 1995/96 (Planned Growth Scenario)

(USs million)

Power With Hydro Without Hydro

Ongoing hydro projects 193 193
Minihydro projects 19 19
Ongoing gas turbines 13 13
Ongoing steam generators 7 7
Paunglaung hydro project 440 -
Bilin hydro project 407 -
Other hydro projects 19 19
Gas turbine projects 20 380 b/
Other 7 7

Subtotal generation 1,135 638

Transmission network (extension and
rehabilitation) 372 a/ 372

Distribution network (extension and
rehabilitation) 161 161

Total 1,668 1,131

Oil and Gas
V'ell drilling, surface production facilities,
oil and gas pipelines, logistic support 1,600 1,800

Forestry
Urban plantations and rural woodlot program 37 37

Total Required investment for the energy
sector to 1995/96 3,305 2,968

a/ Including IDA First Power Project (US$132 million).
b/ Assuming 417 MW to be installed at a cost of US$0.91 million/MW.

11.3 In the oil subsector, some 4000 to 6000 additional wells are
assumed by the mission to be needed over the next 15 years for the
replacement of old wells, infill drilling of oil fields, and exploi-
tation of undeveloped oil and gas reserves. Taking into account the low
cost of drilling MOC is reporting, a capital outlay of some US$1.5
billion would be needed. Added to this, there will be 'the cost of
surface production facilities (including associated and free gas), an oil
and gas pipeline network, logistic support, and services required for the
operations. It is thus assumed that the investment needed for the
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realization of the Planned Growth scenario would be about US$2 billion
over the next 15 years or an annual average of US$133 million.
However, most of the investment would be committed during the next 10 to
12 years. For this reason, investment over the ten year period 1985-1995
has been assumed to be somewhat higher than the one resulting from the
above annual average, i.e. US$1.6 billion.

11.4 In the gas subsector, the major new investments will be devoted
to (a) the development of the Payagon and the Htantabin fields as well as
other fields producing free gas; (b) the construction of several trans-
mission pipelines from Payagon to Ywama and Thilawa, from Thilawa to
Ywama, Syriam and Sittang, from Sittang to Thaton and from Thaton to
Myaingale. These pipes are scheduled for construction in 1985-1989
(Payagon to Rangoon has already been completed); (c) the installation of
a secondary distribution system in Rangoon. 55/ In the case where new
additions to power generating capacity would be gas-based, an additional
$200 million or so would be required for additional wells, pipelines, and
the like, raising total investment in the sector to US$1.8 billion.

11.5 It is difficult to project physical targets and associated
investment requirements in the forestry sector, but para. 8.4 indicated
that a plantation program for 100,000 ha per annum would cost US$23.1
million annually. The actual level of planting in 1983/84 was 6000 ha
only. It does not seem realistic to reach a 100,000 ha program in the
period under review particularly given the limited budget of the Forest
Department. It has thus been assumed that the annual plantation program
would grow from 6000 ha in 1983/84 to 12,000 ha in 1989/90 (1000 ha p.a.)
and would accelerate somewhat from 13,500 ha in 1990/91 to 21,000 ha in
1995/96 (1500 ha p.a.). Since the cost of planting one hectare has been
calculated by the Forest Department at Kyat 1848/ha the planting of
158,000 ha (including woodlots) in 1985/86-1995/96 would require the
investment of Kyat 292 million or US$36.5 million. It should be clear,
however, that these are tentative figures and represent only a first step
in dealing with the growing fuelwood/household-fuel problem. Added
studies and regional resource inventories are urgently required to
identify the seriousness of the situation on a region-specific basis
(particularly Central Burma) and to define additional programs (e.g.
improved efficiency of charcoal operations, utilization of wastewood and
of logging residues, etc.) that could be developed.

11.6 Modest investments onLy are anticipated by the mission for the
refineries in Chapter IV, to cover equipment for repairs and replacements
and the reduction of internal fuel consumption and losses and have thus
not been included in Table 7.1. Installation of a new coker unit at
Syriam has not been taken into account zince it is now being completed.
The mission does not propose any substantial investments in the coal
subsector for the period under review.

55/ Gas pipelines and other costs are included with investments in the
oil subsector.
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11.7 The estimated investment requirements for the energy sector as
a whole (excluding investment in the Martaban gas development project) in
the 11 year period to 1995/96 total US$3.3 billion. This is equivalent
to US$300 million per year, which would correspond to about 5% of
estimated 1983/84 CDP. However, this investment program may be
substantially reduced for two reasons: (a) the Paunglaung and Bilin
hydroelectric projects are likely to be more costly than gas-fired
thermal plants; assuming that hydro-dams are not built and additional gas
plants are installed, 56/ EPC generation investment requirements would
decrease from US$1,135 million to US$361 million, under the Economic
Growth scenario and US$638 million under the Planned Growth scenario (see
Table 11.1) although investment in gas development would be slightly
higher, and (b) the hydrocarbon production may be lower than anticipated
with the result that, under the Economic Growth scenario, oil output
would only grow by 5% p.a. and natural gas production by 15% p.a. Should
this happen, investment requirements would be lowered by about US$1.0
billion. Consequently, the "Hard Core" investment in the energy sector
up to 1995/96 would amount to US$2.3 billion compared to $3.3 billion
under the Planned Growth scenario and US$2.8 billion excluding Paunglaung
and Bilin. The annual level of about US$210 million would correspond to
3.3% of 1983/84 CDP, which is reasonable compared with other developing
countries and considering Burma's energy-based export potential. The
exceptionally large share of investment devoted to the oil sector can
thus be justified by the need to achieve very substantial increases in
oil and gas output over the next ten years, which should contribute to
faster economic growth and result in large foreign exchange earnings.

11.8 In order to finance planned investments in power, the Govern-
ment should follow a policy combining adjustments in the tariff with one
or more of the following measures: (a) reduction of EPC's investment
program to manageable levels; (b) restructuring of local development
loans to the power subsector so that they carry more appropriate terms;
and (c) making available significant grants to finance the subsector's
future developments (para. 11.2).

11.9 It will not be easy to finance these levels of investment in
energy, and if suitable financing arrangements cannot be found, it may be
necessary to reduce the investment levels. The public sector budget,
where these investments will all show up, already exceeds prudent levels
and is being covered by excessive borrowing from the banking system.
Financing these investments, either as equity or as borrowings by the
corporations, would simply result in even greater public sector
borrowings, further complicating the task of macro-economic management.
Nor can these investments be expected to come at the expense of
investments in other sectors, as investment levels in general in Burma

56/ 80 MW to be installed under the Economic Growth scenario instead of
20 MW in the Planned Growth scenario. 417 MW to be included under
the Planned Growth scenario.
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are relatively low. Energy price increases therefore appear necessary to
permit the corporations not only to service their domestic and external
debt service but also to make contributions to their investment programs
and thereby begin improving their overall financial structures. While
the Government has difficult choices to make regarding the financing of
energy investment, Burma has critical energy needs which must be met if
economic growth is to be sustained. While higher energy prices would
permit these needs to be met without further jeopardizing the
consolidated public sector budget, they would also assist in taking
efficient investment decisions regarding the choice and development of
additional energy sources, capture for the Government part of the profits
currently being made on official resales of petroleum, and encourage
efficient energy use by consumers.
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Appendix 1
Page 1 of 3

Technical Assistance Requirements

1. A number of areas where external assistance is required have
been identified. Among these, the mission has selected the items
described in the following paragraphs as having the highest priority.

2. In the petroleum subsector:

(a) An in-depth study by MOC of future oilfield exploration policy
and development plans covering issues such as development of
oil reservoirs within the same field, well-spacing, pressure
maintenance and feasibility of secondary and enhanced recovery
methods (para. 4.5).

(b) a detailed study should be undertaken by PIC to identify,
measure and separate the different end uses of energy in
refining. In this way the make-up of abnormally high energy
consumption could be analysed and efforts directed to correct
inefficiencies (para. 4.19).

(c) a study of the LPG market (domestic and for export) should be
carried out by PIC and PPSC to identify the demand bottlenecks
and future availability of LPC (from refinery and from the gas
fields) (para. 4.15).

(d) a study should be done by PIC to improve refinery utilization
by trading stocks between Mann and Syriam refineries
(para. 4.16).

(e) a study should be undertaken by PIC to determine whether the
existing cokers can be optimized by reducing recycle rates
and/or conversion from atmospheric residue charge to vacuum
residue (para. 4.19).

(f) once crude oil supplies inc:-ase and PIC has more scope for
adjusting production patterns, a study on optimal refinery
configuration and operation is recommended to evaluate the need
for increased refinery capacity; the study would also cover cbe
need for computer facilities capable of accommodating a
proposed linear program model to examine alternatives and
maximize return on investments (paras. 4.22-4.24).

3. In the natural gas subsector:

(a) An overall gas utilization study by MOC is necessary to initi-
ate and develop a natural gas policy dealing with gas pricing
structure, priority of various consumers, transport and safety
codes, LPG extraction, guidelines on flaring (par.. 5.2);

(b) a gas transport Master Plan would optimize the investment for
gas network and ensure the continuity of supply to consumers.
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Such study should cover both onshore and offshore aspects
(para. 5.2);

(c) a pre-feasibility study for a pipeline network in the Rangoon/
Thaton/Sittang area should be initiated (para. 5.4);

4. In the electric power subsector:

(a) a least-cost expansion program for EPC's interconnected system
should be examined to take into account the availability of
natural gas and the use of other resources, including hydro,
for use in power generation (paras. 6.4 - 6.12);

(b) additional technical and economic studies are needed for the
Bilin hydro dam (para. 6.8) to bring its status of preparation
up to that of Paunglaung. On Paunglaung several further
studies concerning specific geological and operating regime
aspects are being conducted.

5. In the coal subsector:

(a) a study should be undertakers of appropriate technology for
producing coal briquettes (para. 7.8);

(b) a special study should be made of economic costs of delivering
coal to the main markets (Rangoon); a second market study would
analyze the potential market within the central Burma area
(para. 7.12);

6. In the fuelwood subsector:

(a) the research program needs to be strengthened concerning
plantation trials, dissemination of multi-purpose species and
on plantation programs in order to define species needs,
techniques to be used and genetic improvement (para. 8.2);

(b) further research into measuring and increasing the MAI is
recommended including improved silvicultural management
practices and control of cutting (para. 8.3);

(c) a detailed program should be prepared 1) to select best char-
coal kilns as well as the most efficient stoves (fuelwood and
charcoal and 2) to disseminate their use within a well defined
time horizon (para. 8.7).

7. Outside technical assistance is advised to help solve pricing
issues by financing:

(a) an electricity tariff study which should (para. 9.33) include a
detailed analysis of marginal costs and design of marginal cost
tariffs (para. 9.30).
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8. To foster institutional and manpower development, technical
assistance is needed, notably:

(a) MOC should strengthen its central applied research laboratory
and branch field laboratories (para. 10.5);

(b) the MOC and PIC number of trainees sent abroad should be
increased (para. 10.3);

tc) a study to shift from present distribution of refinery costs
into manager-related costs is recommended for PIC (para. 10.7);

(d) a complete organization, management and finance study is needed
for EPC (para. 10.10);

(e) the Forest Department could benefit from short-term technical
assistance to strengthen its planning, evaluation and
implementation capacities (para. 10.18).

(f) the newly established Energy Planning Department (whose
functions previously were done partly by TSC) may need some
technical assistance to develop its analytical and planning
capacities (paras. 10.29 - 10.31).
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Technical Problems and Constraints in Oil Field Development

1. The optimization of investment plans in the petroleum sector
commands high priority particularly in view of the scarce resources of
MOC and the added strain which future investment would create. It seems
incongruous to be drilling six to eight exploratory wells per year to
depths below 12,000 ft. and leave undeveloped reservoirs in previously
discovered fields in the 6,000 to 10,000 ft. range. Deep exploration
appears unnecessary at present and the level of exploratory drilling as a
whole should be reduced. The number of heavy drilling rigs are already
more than sufficient. On the other hand, the number of light and medium
weight rigs should double. Similarly, consideration should be given to
leasing the offshore rig in case the results of the next few wells are
disappointing and/or if more gas and no oil is found. Land rigs would be
more usefully utilized developing known reserves, working over or
replacing old wells and funds saved from expensive deep exploration and
offshore drilling would be better channeled to development activities and
increasing hydrocarbon production.

2. Serious challenges face Burma towards achieving its production
targets. Even with the presence of hydrocarbon resources and the
possible mobilization of financing, there still exists a host of logistic
and technical constraints. HOC has relied heavily on available local
resources. Apart from the onshore drilling and formation logging
services by Schlumberger, most of the operations are carried out by MOC
or its local subcontractors. Some forty trainees are sent annually to
attend short courses or seminars abroad but on the whole MOC has been
rather isolated. In order to successfully implement its ambitious
program MOC must plan and launch an extensive training program.

3. Several technical factors constrain the increase if hydrocarbon
production. Most of the geologic structures in the central Burma basin
were plagued by undercompacted diaperic folding, compressional, regional
north south faults dissected by right lateral strike slip faults. Many
of the fields and field segments are affected by major and minor faults.
To complicate matters further, the depositional environment of the
reservoir roct is continental, fluvial or deltaic. The reservoir rock,
usually sand in the central basin, is intercaleted with shale beds,
mostly discontinuous and contains varying percentages of clay which tends
to swell upon contact with fresh water and block or reduce fluid flow.
Further, all the old wells and many of the recent ones have not been
properly cored, and the wells are drilled on wide spacing, hence know-
ledge of the reservoir and fluid characteristics are rather inaccurate
and spotty in nature. It is not known whether past metering of the
produced fluids (oil, gas and water) from each field and individual
reservoir has been accurate enough for input in future ra-rvoir
models. Recently, a discrepancy between MOC's production and PIC's crude
receipts has been reported. Drawing up future field exploration policy
and development plans should be the outcome of a comprehensive in-depth
study based on accurate geologic, reservoir and production data.
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Such study should address issues such as the development mode of various
reservoirs within the same field, well spacing, pressure maintenance and
feasibility of secondary and enhanced recovery methods. It is important
that HOC management establish beforehand, the economic and financial
criteria which will be used for evaluating options and alternatives aimed
at increasing the production.

4. The geologic complexities of the reservoirs, the lithological
and petrophysical characteristics of the reservoir sands, the waxy nature
of the crude and the relatively low reservoir pressures, all these
factors individually or collectively negatively affect the wells flow
rates. These factors lead tc the n: '%i to drill large numbers of wells to
drain, within an economic time fret',e, a particular field or reservoir.
Additionally, greater emphasis should be given to drilling and production
technology by MOC if well damage is to be reduced and productivity be
stimulated without undue demand to drill additional infill wells. it is
also necessary for MOC to incorporate a well designed workover and
replacement well program to maintain and possibly increase production
from older fields. Supporting the workover fleet with new highly mobile
and efficient rigs and the requisite tools, equipment and transport units
will be far better investment than purchasing heavy drilling rigs with
20,000 feet depth rating.

5. Future operations would entail drilling wells at closer
spacing, recompletivg and stimulating old wells, drilling new wells to
drain new reservoirs in the same old fields, and injecting water or gas;
all leading to a boost in production and a sizeable increase in the
volumes of oil, gas and water to be handled. Surface facilities design
should be reviewed and additions and or modifications should be done with
a view to accommodate future increases in the number of wells (estimated
at 4,000-6,000) and in production. In his connection due consideration
should be given to the use of multi-stage gas separation, condensate and
LPC recovery systems from gas streams and vapor recovery from crude
storage tanks.

6. The produced gas/oil ratio in condensate or volatile crude oil
fields is unusually high (reaching 20,000 cu. ft/bbl of oil or more).
The gas/oil ratio also increases way beyond its initial level in oil
fields as they get old and their reservoir pressure declines. The
production of some fields producing high gas/oil ratios is curtailed or
shut in for fear of flaring the gas and wasting a valuable natural
resource. The exploitation of these fields may not pose a problem con-
sidering the future increase in gas demand. At any rate, these fields
should continue to produce their share of oil and condensates. Any
excess gas would not be flared but reinjected in the oil reservoirs to
sustain the pressure or recycled in the condensate reservoirs to scavenge
more liquid petroleum products. However, fields need to be studied
individually in order to determine the financial and economic viability
of the process.
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Power Consumption and Future Requirements

Domestic consumption

1. The rate of growth in the number of electric power consumers
accelerated from 1.5% in the early 1970s to around 3% in the early
1980s. Both general electricity supply constraints and shortages of
required materials, particularly meters, have limited che number of new
connections and, despite the modest acceleration in this area, the
waiting list has grown steadily to its present size of 176,000, i.e.,
approximately 35% of the number connected. 1/ Indigenous meter
manufacturing capacity amounts to 25,000 units per annum. After allowing
for some replacement of defunct meters, approximately 15,000 - 20,000
meters are available for new connections and would correspond to a growth
rate of approximately 3% per annum. This forecast has assumed this
growth rate in connections for the period 1983/84 to 1986/87. From
1987/88, when system supply constraints should start to be relaxed, an
increase in the growth rate to 4.5% has been assumed.

2. There appears to be no data on consumer's appliance stocks and
scant information on the supply of appliances. Therefore, analysis of
specific consumption has had to be based on an income elasticity
approach. The aggregate GDP (and hence GDP per capita) is not very
representative of the small proportion, of the population (less than 7%)
who have access to electricity. However, using historic series of
specific consumption and GDP per capita, a long-run income elasticity of
about 1.85 has been found, although year-by-year figures show a sub-
stantial variation about this. An income elasticity well above unity is
to be expected given the average level of consumption of not much more
than 50 KWh/month and is consistent with the strong latent demand for
appliances, evidenced by the fact that free market prices of appliances
substantially exceed official prices. The forecast therefore assumes the
observed average income elasticity of 1.35 for the period 1984/85 -
1986/87. From 1987/88 onwards, the higher rate of growth in new connec-
tions is likely to depress the apparent income elasticity as new lower
income consumers will in general consume less than existing consumers.
The income elasticity has therefore been assumed to slightly drop to
1.7. Per capita GDP has been projected on the basis of the 4.4% per
annum GDP growth and the population growth estimated at around 2.0% per
annum.

3. In addition to the above factors, it is necessary to consider
the effects of reduced losses, improved supply constrc nts and higher
electricity tariffs. Initial indications from a recent loss reduction

1/ This list has been screened for duplicate applications and EPC
estimates that residual duplication probably accounts for no more
than 15% of the 176,400.
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study suggest that metering inaccuracy is responsible for approximately
7% of recorded losses, and a program of meter testing/rehabilitation viLl
form an important element of the loss reduction program planned by EPC.
It has been assumed that for domestic consumers 5% of the losses (out of
the 7%) would be eliminated progressively over a 10 year period from
1986/87. Accordingly, this amount of energy needs to be added to
projections of recorded consumption even though it does not represent a
change in true consumption. (General estimates are not increased by this
as there is a concomitant reduction in the projection of system losses).

4. Load shedding and voltage reductions probably affect domestic
and small commercial consumers more than most other classes. This class
is likely to have a higher proportion of consumption during peak periods
is therefore likely to have a higher proportion of resistive load. A
substantial reduction of load shedding is expected in 1987/88 because of
new generating capacity coming into production. This should lead to a 5%
increase in consumption. Thereafter continued improvements to the
distribution system, resulting in better voltage stability, have been
assumed to add a further one percent per year for the next five years (up
to 1992/93).

5. Historic data in Surma are inadequate for any reasonable
estimate of the price elasticity of consumption. On the basis of com-
parison with comparable other countries (e.g. India), a low long-run
price elasticity of about 0.2 would seem likely. Tariff increases agreed
under the Burma Power Project should produce an increase of the order of
50% in the real level of the tariff. There is unlikely to be any
material effect on demand until supply restrictions are beginning to be
or completely relaxed in 1987/88 and this forecast has therefore assumed
that the effect of the price increase will be a 2% reduction in demand
each year over the five year period ending in 1991/92.

Industrial consumption 2/

6. Analysis of historic series of industrial electricity
consumption and industrial output over the period 1970/71-1983/84
indicates an average output elasticity of a little less than 2. However,
this average disguises a marked decline in the elasticity which fell from
over 3 in the period 1970/71 to 1977/78 to under 1.3 during the period
1977/78 to 1983/84. Full analysis of this change would ideally require
details of the major industrial projects during the relevant period;
however, such information is not available. The structural change in the
mix of industrial output which has occurred, together wi-th a priori
guesses of "electrical intensity," do not provide an obvious explanation
for the observed change in the output elasticity. It would be dangerous

.

2/ The absence of adequate data on captive generation and consumption
has meant that no explicit aLlowance could be made for it in this
forecast.
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to assume that the downward trend would continue and, at Burma's stage of
development, an elasticity substantially in excess of unity should be
expected. This mix of anticipated new projects, which includes steel
mills, metal processing and fertilizer plants, provides qualitative
support for this. Therefore, this forecast has assumed an output
elasticity of 2, declining gradually to 1.5 over the next 10 years
(ending in 1993/94). Assumptions concerning the effect of improved
metering of industrial consumers are similar to those for the household
sector. However, as there are fewer industrial consumers with a very
much higher consumption per consumer it has been assumed that correction
of industrial metering will receive a higher priority in the loss-
reduction program. Consequently, this forecast assumes a 1% per annum
increase during five years in recorded consumption from this course
rather than 0.5% per annum increase over eight years as in the case of
domestic.

7. Industrial consumers will consume a smaller proportion of their
total consumption during peak hours than domestic and consequently
industrial consumption is likely to be proportionally less affected by
load shedding. Furthermore, the data available on industrial capacity
utilization tend to suggest that production lost during periods of load
shedding can generally be made up at other times. In view of this, it is
assumed that industrial consumption would increase by 3Z in 1987/88 when
load shedding diminishes. As industrial loads tend to be mainly
inductive, they will also have suffered relatively less suppression
through the periods of low voltage at present being experienced.
Therefore, an increase of just 1% in industrial load has been allowed in
each year 1988/89 and 1989/90, to reflect anticipated improvements in the
distribution system.

8. As noted for domestic consumption, historic data does not allow
a sensible estimate of the price elasticity for the industry sector to be
made. On the whole, industrial load is likely to be less price elastic
than domestic and on the basis of comparability with other countries,
e.g., India, a long-run elasticity of 0.1 would appear to be
reasonable. Assuming that the industrial tariff is raised by 50% in real
terms, longer term industrial demand will be reduced by 5%. This effect
is assumed to arise at the rate of 1% per year over the period 1987/88-
1992/93.

Other consumers

9. This category includes mainly bulk and commercial users but
also street lighting, temporary lighting and departmental use. Given the
predominance of "bulk and commercial" comprising hospitals, schools,
offices, etc., it is reasonable to anticipate that sales to this category
will be mostly related to the development of the service sector. Growth
in service output has been projected on the basis of the Economic
Scenario, i.e., 4% per year. Again in the absence of information on
appliance use it is only possible to pursue an output elasticity approach
to the projection of electricity consumption by this group. Analysis of
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historic data indicates an output elasticity of less than 1 in the early
1970s rising to more than 1.5 in the early 1980s. In contrast to the
industrial sector the comparative homogeneity of the service sector means
that the scope for a high output elasticity arising from the continued
structural change is limited. While changes in comfort standards, e.g.,
through fans and air conditioning, can give rise to output elasticities
in excess of unity it is unlikely that the output elasticity will
continue to rise very much farther along its existing trend and, indeed,
at least a small reduction would seem more likely. This forecast has
therefore been based on an output elasticity of 1.4.

10. The effect of correcting inaccurate metering has been estimated
on the same basis as for industrial. Once again the comparatively large
size of "bulk and commercial" consumers means that they should be
accorded priority in the loss reduction program so the correction of
meters has been assumed to take place over five years as for industrial
rather than eight for the household sector. Given the nature of the
Government offices, schools and hospitals which comprise the bulk of this
category, a significant response to increased tariffs is unlikely.
Similarly, this category is probably the least affected by load
shedding. As these two influences would probably be of similar magnitude
but opposite effect, they have been assumed to be self-cancelling for the
purpose of this forecast.

11. To derive generation and maximum demand from consumption
forecast, assumptions have to be made concerning losses and load factor.

(a) Losses have been assumed to remain at their present level of
32Z during 1984/85 and 1985/86. Thereafter, the loss reduction
program and rehabilitation of the distribution system should
start to take effect and system losses have been assumed to
fall 1Z each year up to 1999/2000. Rather more than half of
this fall is expected to result from the reduction in metering
losses.

(b) The system's load factor is difficult to predict accurately
without information on the time profile of consumption by
different classes of consumers. Given static class consumption
profiles, the increasing proportion of domestic consumption
would be expected to lower the system load factors. However,
increases in specific domestic consumption will involve a
greater proportion of off-peak consumption than does existing
domestic consumption. As peak losses are substantially higher
than average, a reduction of losses in the distribution system
should also help to improve the system's load factor. It is
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assumed that from 1987/88 the system load factor will return to
the value of 63.5% observed prior to the onset of load shedding
suffered in the last few years. In the short term, i.e. until
1987/88, continued supply constrainis are assumed to cause a
slight increase in the system load factor. 3/

3/ In contrast with the projected decreasing load factor due to
increasing domestic load share in the Economic Scenario, in the
Planned Growth Scenario the load factor is increasing due to
increased industrial load share.
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PETROLEUM PRODUCTS CONSUMPTION AND FUTURE REQUIREMENTS

Pattern of Consumption l/

1. Two thirds of consumption is for transport uses with most of
the rest for industrial use and only small amounts for domestic applica-
tions (kerosene and petroleum wax). 2/ Almost all the gasoline (97.3%)
is used in road transport (the remainder being used in small generator
sets by industry) and a quarter of the diesel oil is also used for road
transport. There are about 120,000 registered road 'ehicles in Burma and
transport fuel is provided on an allocation basis. It is thus possible
to estimate the distribution of gasoline and diesel across different
vehicle types from their number, allocations, and the estimated extent to
which their allocations are in fact taken up (the so-called "service
factors") as shown in Table 1. This distribution can later be used for
testing the impact of changes in vehicle manufacture or the impact of
importing on future requirements.

2. The trend towards diesel road vehicles continues, along with
the preference of the Heavy Industries Corporation (HIC) to produce only
diesel vehicles within the country.

3. Diesel fuel consumption splits into four roughly equal parts;
road transport (as above), other transport (water and rail), industry,
and agriculture. The trend in river transport is the phasing out of fuel
oil use in favor of diesel, and in rail transport to phase out all steam
locomotives (whether coal-fired or fuel-oil) in favor of diesel as well.
Industrial use may sometimes include transport (which could not be
separated out statistically) such as vehicles operated by manufacturing
corporations for distribution of their products. Other applications for
which substitute fuels are hard to find are also included as industrial
use. Such applications include construction and earthmoving machinery,
winches, oil rigs, and river vessels operated by PIC for petroleum
product transport.

4. Two other important fuels are the middle distillates kerosene
and aviation turbine fuel (jet fuel). Along with the present trend in
petroleum products, consumption of these two products dropped after
1980. Aviation turbine fuel use seems static at about three quarters of
its previous consumption level. Kerosene use, on the other hand, dropped
precipitously to a mere 20% of its 1979/80 level within two years. This
was presumably a supply determined change, possibly as a result of a
strategy to maximize middle distillate availability for higher priority

l/ See Table 1.3 in Chapter I for consumption data for 1978179 -
1983/84.

2/ See Annex 6 for a breakdown by sector and product in 1982/83.
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requirements in industry. If crude oil production is expanded and
refinery utilization rises, kerosene supply could be restored to former
levels.

Table 1: GASOLINE AND DIESEL USE FOR TRANSPORT

Vehicle Number Allocation Service Total
Type (Dec. 1983) a/ (IG per month) a/ Factor b/ (millions IG)

Gasoline
Light vehicles j3,732 75 0.70 33.9
Lorries, trucks 24,452 150 0.75 33.0
Buses 4,139 150 0.75 33.0
Three wheelers 2,220 30 0.80 0.6
Motorcycles 20,047 30 0.80 5.8
Others 398 60 0.50 0.1

Total 79.7 c/

Diesel
Lorries, trucks 8a151 150 0°75 11.0
Buses 4,139 150 0.85 6.3
Others 2,253 60 0.50 0.8
Tractors 285 240 0.90 0.7

Total 18.8 d/

a/ PIC/PPSC estimates based on NoT date. Estimates, particularly concerning
buses, very widely.

b/ Service factor is the proportion of the allocations recorded as distributed.
ei Compared to the 1983/84 actual of 75.8 million IG.
d/ Compared to the 1983/84 actual of 18.1 million IG.

5. Fuel oil is being progressively phased out of transport
applications by diesel, and from those power stations and industries
where it is economic to pipe natural gas. In fact, the replacement of
fuel oil at just two sites would reduce current fuel oil consumption of
about 160,000 tons by half; these sites are the EPC power station at
Yvama and the PCIC paper factory at Sittang. Nevertheless, there are
many industrial applications in remoter areas which will continue to
require fuel oil for applications.

6. LPG demand is limited, and so increased refinery and field
production will also require an outlet in the export market. LPG could
be fully absorbed as a substitute for urban use of charcoal (current
levels o'- charcoal use would require four times the LPG available today
from current oil and gas production and refinery). However, investment
requirements in stoves and distribution infrastructure and the loss of
much needed foreign exchange from LPG exports may make this option less
attractive.
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Future Requirements: Methodology

7. Petroleum products projected growth is based on project data
and on the assumptions of PIC, although adjustments were made to reflect
natural gas substitution for fuel oil, a lowered use of fuel oil in
transport (based on transport agencies investment plans) and the netting
out of petroleum products required for power generation (as this toe is
subsequently calculated).

8. The Planned Growth scenario for petroleum products is given in
Table 2. This contains gasoline, diesel and kerosene forecasts derived
from PIC projections; aviation turbine fuel forecast based on investment
plans of Burma Airways Corporation (BAC), fuel oil forecasts based on gas
substitution and diesel calculations, on a project data given in Annex
12.

9. If gasoline consumption and road transport diesel consumption
had been projected on the vehicle fleet (resulting from planned vehicle
import quotas, vehicle manufacture by HIC, and the average scrappage
rates) and the current aLlocation rates, the forecast would have been for
zero growth in the consumption of gasoline. This forecast would also
have shown that this would have been due to a shift towards diesel,
because locally made vehicles (which are all diesel) are favored over
imported ones. However, such a forecast is very uncertain because of the
large number of assumptions made and the sparse data available. It also
yields a result at variance with the PIC forecast for refinery outturn.
The PIC forecast for gasoline and diesel was used instead.

10. Kerosene forecasts are difficult to make because consumption
has been very much supply-determined and will reflect policy decisions to
supply this requirement. Kerosene competes with petroleum wax (used for
candles and lighting), charcoal, firewood, and potentially LPC, and con-
sumption could be influenced by a range of conservation and substitution
strategies. Tentatively the PIC forecast has been adopted, but it is
recommended that a thorough review of Rural Energy Strategy (including
kerosene, charcoal, LPG, etc.) be carried out.

11. The aviation turbines fuel forecast in Table 2 is based on
planned investments in new aircraft and on the assumption that load
factors, fuel efficiencies and average utilization will remain constant,
that all planned air purchases would be net additions to the fleet, and
that tbi3 trend would continue to the year 2000. This Planned Growth
projection is a reversal of the current trend, since historical consump-
tion has been declining since 1978/79. However, it is st;.ll signifi-
cantly below the sudden growth in consumption projected by PIC, even when
allowance is made for export. 3/

3/ Exports and imports are not directly built into the consumption
forecast of the scenarios, rather they are estimated as the
difference between forecast supply and forecast local requirements.
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Table 2: HISTORICAL CONSLWTION AND FCRCAST EQUIREIENTS FOR PETRDLELI4 PRODUCTS

Aviation Turbine Fuel Fuel Oil Totals
Plan Gasoline Diesel/il Kerosens Dlesel Aviation turbine

Period year Transport £1 Transport bl Industry_Cl Household a/ Transport c1 Export Transport Industry a/ Gasoline Oil Kerosene Fuel (internal use) Fuel Oil
t'OOO Imeprial Gallon) 1'000 tOo)

Actu lfs

111 1918/79 64,682 n/a 22,739 7,038 218 n/a 252.3 91.0 28.2
1979/10 72,522 n/a 20,339 7,024 nil n/a 282.8 81.4 28.1
1980/81 12,679 n/a 11.547 6.746 nil n/a 283.4 46.2 27.0
1981/82 70,849 65.027 16,421 4,284 6.552 nil 10,823 32,396 276.3 333.9 17.1 26.2 177.2
19082/83 72,728 11,885 18,311 5,534 5,414 1,450 7,48 32, 506 283.6 369.8 22.1 21.7 164.0
1983/84 75,767 66,386 18.386 5,340 5,442 8,453 7,450 30,863 295.5 347.6 21.4 21.8 157.1 

Planned Growth

1984/85 98,749 80,050 29,763 10,487 5.832 T8D 6,476 35,275 385.1 450.2 41.9 23.3 171.2

1989/90 132,546 70,739 40,429 16,385 8,569 2,572 27,397 517.0 611.w 65.5 34.3 122.9

W194/95 171,951 147,710 54,903 25,600 12,58 1,021 21,278 694,0 830.7 100.4 50.4 91.4

199/00 238,897 200,647 74,558 39,98 18,492 406 16,526 931,7 1,128,3 160.0 74.0 69.4

PIC, June 1984 forecast until 1989/90 then extrapolated at 6 percent annual growth (gasoline and diesel) and 9 percent (kerosene, as Implied In
forecast for earlier period),

D/ Historical Industry reqJirenfts are troe TSC, transport requirewnts subsequently deriwed Iron tnese and PIC totals.
c/ Historical aulstion requirewnts are the distributed product less exPorts Irom PIC/PPSC data. Forecast is cased on BAC fleet growth of 8 percent

per annum.
d/ Fuel oil projections are based on lactory and corporation date shown in Annes 1. Calculations hive taken into account substitution by diesel

(fransport) and natural gas (industry). Extrapolation have been made beyond 1989/90 on the basis of the trends 1984/85 to 1989/90, i.e. a net
decline of 17 percent per annua in transport use and a net decline of 5 percent per anna in industir use.
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12. Fuel oil consumption is based on the data and calculations
given on a corporation basis in Annex 13. Fuel oil consumption in
transport is declining because of dieselization in both railways and
river transport. Total fuel consumption for the rnland Water Transport
Corporation (IWTC) is projected on the assumption of proportionality to
the corporation's projected freight in ton-miles. The plan to dieselize
completely by 1989/90 is then reflected in the changing proportions of
fuel oil and diesel oil. Diesel usage is expected to rise from 5,115
thousand gallons in 1983/84 to about 10,000 thousand gallons in 1989/90
and fuel usage by IWTC to drop from 1648 thousand gallons to zero in the
same period.

13. The investment plans of Burma Railway Corporation (BRC) call
for a complete phasing out of all steam locomotives by 1991/92 and the
purchase of 40 new diesel units by 1989/90. It is likely that coal
locomotives will be phased out soonest (due to their very advanced age)
and that most, if not all, diesel units (which are relatively new) will
be retained until at least the year 2000. BRC's projected passenger and
freight tasks are virtually constant over time so that the change in fuel
mix to 1989/90 is determined largely by the number of operating
locomotives of each type. Coal will be largely phased out by 1985/86 and
fuel oil by 1991/92.

14. Finally, the PIC forecast use of fuel oil is adjusted by
reducing the requirements by the amount that will be substituted by
natural gas once proposed gas transmission pipelines are completed. The
major fuel oil users are listed in Table 3. All these are assumed to
convert to natural gas and the amount of fuel oil substituted is
estimated at the current usage level. The project data and derivations
of total fuel oil requirements for end uses, taking into account gas
substitution and the investment plans in the transport sector are given
in Annex 14.

Table 3: NATURAL GAS SUBSTITUTION FOR FUEL OIL
Fuel Oil Displaced

('000 Imperial Callon)

- -- - - Industry - - -- Power b/--
Plan PCIC CIC HIC CIC EPC EPC
Period Year Sittang Syriam Thaton Mysingale Ywama Thaton

III 1985/86 9,105
IV 1986/87 9,105

1987/88 - 1,770 9,105
1988/89 12,100 1,770 317 - 9,105 -
1989/90 12,100 1,770 317 3,100 9,105 2,300

a/ Calculated from the current 1984/85 estimated fuel oil requirements.
The energy equivalent of natural gas is assumed to replace this fuel
oil in the years indicated.

b/ Shown for completeness only. The actual gas requirements for power
generation are calculated, not estimated as part of the scenario.
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15. The Economic Crowth Consumption scenario is based on the
technical structure of the Planned Crowth Scenario. The implementation
of scheduled investments for the eleven year period 1983/84 to year 2000
is assumed to take longer as a result of postulated investment con-
straints and the abrupt increases from 1983/84 to 1984/85 have been
smoothed. This scenario is thus mainly a "delayed" scenario of the
Planned Crowth Scenario. 1/

1/ See Annex 17 for results of economic growth forecast for 1989/90.
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Petrochemical Industries Corporation (PIC) Financial Performance

1. Increases in the price of crude oil have had a steady negative
effect on PIC's profitability. Between 1979/80 and 1983/84, there were
three increases amounting to 392. During 1979/80 and 1980/81, when the
bulk of the increase took place, PIC had been able to largely offset its
effects through increased exports, especially of crude oil. 1/ By
1981/82, the volume of exports had begun to decline, reflecting the
decline in domestic crude oil production. To improve PIC's overall
profitability as well as begin taking into account increased costs
associated with the commissioning of the Mann refinery, PIC was granted a
transfer price increase to PPSC on its five main products which on a
weighted basis averaged 29%. This price increase was the reason PIC was
able to show a profit in 1982/83, as export volume and profits declined
sharply in that year. Increased revenues from domestic sales and exports
combined were sufficient to counteract the crude oil price increases of
previous years; nevertheless, in 1983/84, PIC was unable to show an
overall profit. To a major extent this reflected a trend which had begun
to emerge several years before, and which was greatly aggravated by the
comissioning of the Mann refinery -- the problem of rising overhead
costs. Between 1979/80, when refining peaked, and 1981/82 refinery fuel
own-use and losses rose steadily from 5.71 from input to 7.0S, reflecting
the declining level of input and hence refining efficiency. With the
commissioning of Mann which resulted in the still declining level of
throughput being spread over three refineries instead of two, efficiency
dropped further, with fuel own use and losses reaching the very high
level of 9.31 of input by 1983/84. 2/ This impLicit cost increase as a
result of declining process efficiency was compounded by large increases
in labor, management and depreciation expenses. As a result, non-raw
ooterial unit costs more than doubled between 1981/82 and 1983/84, as
Table 1 shows. While raw material costs and taxes still account for over
802 of average unit costs, other operating and overhead costs have been
by far the fastest growing, and in an indt itry operating at a fine a
mrgin as the refining industry is in Burma, have become an important
factor behind the industry's financial difficulties.

1/ On its crude oil exports in 1978/79 and 1980/81, PIC earned an
average profit of US$20.5 per barrel.

2/ In 1983/84, Mann operated at only 37% capacity.



- 132 -

Appendix 5
Page 2 of 2

Table 1: PIC REFINING UNIT COSTS EXCLUDING RAW MATERIALS AND TAXES
1978/79 - 1983/84

(in Kyats)

1978/79 1979/80 1980/81 1981/82 1982/83 1983/84

Other Operating Costs a/ 0.12 0.13 0,12 0.13 0.20 0.37

Overheads b/ 0.12 0.21 0,22 0.25 0.32 0.38

Memo Item:
Input (million bbl)

Crude Oil Equivalent 292.0 333.4 309.5 303.1 294.8 284.1

a/ Labor, depreciation, catalysts, etc.
b/ Management, distribution, process royalties, Interest, research expenses, etc.

2. The financial performance of PIC's refinery operations can be
improved in two major ways - by increasing the volume and product mix of
exports on which it earns healthy profits and can offset domestic losses,
and through an increase in domestic prices. Also, as refinery throughput
increases, capacity utilization will improve, reducing unit production
costs. Unless crude oil production is increased significantly beyond
domestic requirements, the scope for large-scale export profits is
limited. The Mann refinery and other facilities under construction will
enable PIC to increase average export earnings by producing high value
products like LPG, reformed naphtha, and aviation turbine fuel While
these exports will increase export sales without a proportionate increase
in production levels, sizable borrowings have been incurred in construc-
ting these facilities which will need to be serviced out of the export
proceeds. Increased production and exports would in sufficient volume
make PIC more profitable, both through direct earnings as well as by
improving refinery efficiency, but in this case, domestic distribution
and consumption patterns would remain suboptimal. In any event, greatly
increased domestic production is not likely in the short term. Thus,
improving PIC's financial position in the near term must entail an
increase in domestic transfer prices to PPSC (and a subsequent increase
in retail prices). The magnitude of the required price increase would
depend on a number of often interrelated factors, including the purchase
price for natural gas and crude oil from MOC, the level of domestic crude
oil production (and hence exports), as well as PIC's debt service
obligations.
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811AA - ENERGY BALANCE 1982/1R

(Thousand Too)

Primar En rgv Secondary Eneroy
Blomass Coal & Mini Natural Crudo ElectricitY - - Petroloui Products - - - - - - - - - - - LIno

Residue Fueiwood Coke Hydro Hydro Gas Oil Charcoal Grld Isolated Gasoline Keroasne Aviation fuel 01s1l Fuel oil Other Total Total

Gross Supply
Production S60 8,262 15.67 236.42 1.1 487.19 1,262.77 '1,125.2

Flold use & losses (600) - - - (85.771 (248.7S1 (934.5)

Import - - 17.32 - - - 17.32

sPrlinry exports
Stock change - - (10.23) - - - 59.40 49.17

Total ovailable 260 8.262 22.17 236.42 1.15 401.42 1,073.44 10,257.2

Conversion
Charcoal production (594) - - - - - 594 * - _ _ * _ _ _ _ _

Power goneratIon - (0.1) (82.01) (0.40) (38.26) - - 124.44 6.38 - - - (6.151 (3.9) - (10.051 -

Petroleou refining - - - - - (30.50) 1971.2) - - - 283.64 22.14 27.46 391.02 208.66 69.1 1,002.02 -

Conversion losses (1.385) (1.33) (154.41) (0.75)(175.25) (101.72) - - - - - - (15.06) (40.781 - 155.841tl,791.301

Transelssion/distrioutlon
losses - - - - (40.241 (2.06) - - - - - - - (42.J0)

Not supply avaiiaole 260 6,283 21.54 - - 157.61 - 594 84.2 4.32 283.64 22.14 27.46 369.81 163.98 69.1 936.13 8,340.6

Secondary exports - - - - - - - t5.801 - - tl6.1) (21.91 (21.91

Not domstic consumptlon 260 6,283 21.34 - - 157.61 - 594 84.2 4.S2 285.64 22.14 21.66 369.81 163." 53.0 914.23 8,318.7

Const"tion by Sector
Transport - - 6.65 - - - 27S,96 - 21.66 294.73 29.79 0.93 623.15 Q9.74

Industry ' 14.69 79.00 - 52.27 7.66 - - 75.05 134.19 48.1 270.93 410.99

Petroche_l 1ls/
tortilizers - - - 78.61 - 9.63 - - - - - 18.24

HajseAold/rural 260 6,283 - - 594 22.30 4.32 - 22.14 - - - 3.97 26.11 7,189.73
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Annex 2

MEDIUM TERM MACRO-ECONOMIC PROJECTIONS
(Constant 1982/83 Prices; Average Annual Growth)

1983/84 1983/84
(estimate) 1987/88

Z z

GDP 5.5 4.4
Consumption 1.6 4.1
Investment 2.6 5.7
Exports (GNFS) 10.8 5.0
Exports adjusted for terms
of trsde 12.1 9.6

Imports (GNFS) - 16.8 4.6
Resource Gap - 41.5 - 1.3

Source: World Bank staff estimates.
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Annex 3

POTENTIAL HYDRO PROJECTS

Potential
River Basin Project Capacity (MW) Status

Irrawaddy Thabeikbyin 1,000 reconnaissance
Mu 30 feasibility

" " Yeywa 400 prefeasibility
Mon 60 prefeasibility

Chindwin Tarung HKa 150 reconnaissance
Tawang HRa 50 reconnaissance
Manipur 504 prefeasibility
Tamanthi 1,200 prefeasibility
Homolin 150 reconnaissance

" " Mawleik 400 reconnaissance
Schwezaye 600 reconnaissance

Sittang Paunglaung I 280 detailed engineering
" " Thaukyegat 150 pre-design

Yenwe 16 feasibility study
" " Kun 100 reconnaissance
" " Bagwat 170 reconnaissance

"i "t Pyu 65 reconnaissance
" " Kabaung 30 reconnaissance
Salveen Baluchang III 48 prefeasibility
of it Ywathit 3,500 prefeasibility
It we Bilin 240 feasibility
Arakan Coast Kyaintale 28 reconnaissance

" Thandwe Sandoway 39 reconnaissance
" " Thade 100 reconnaissance
" it Lemro 600 reconnaissance

Total 9,940
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Annex 4

REGIONAL FUELWOOD CONSUMPTION ESTIMATES (1983/84)
(million m3 Solid Wood Equivalent)

Population
State/Division (10 million) Consumption a/

Kachin 0.904 0.814
Kayah 0.168 0.151
Karen 1.058 0.952
Chin 0.369 0.322
Sagaing 3.856 0.347
Tenasserim 0.918 0.826
Pegu 3.800 3.420
Magwe 3.241 2.917
Mandalay 4.581 4.123
Mon 1.682 1.514
Rakhine 2.046 1.841
Rangoon 3.974 3.577
Shan 3.719 3.347
Irrawaddy 4.991 4.492

Total 35.306 31.775 b/

a/ Includes wood used directly and in form of charcoal, in households;
includes wood used directly for brickmaking; milk concentration,
quick lime products, jaggery as well as wood equivalent of charcoal
used for blacksmithing, rural industries and the service sector.
There are only a few major users, such as the sugar factories at
Myitkyina (Kachin and Zeyawaty (Pegu) and the Burma Railways
Corporation at Moulmein.

b/ of which Central Burma (Rangoon, Mon, Irrawaddy, Pegu, Magwe,
Mandalay) 20,042 million m3.

Source: Sample Survey of Households in Magwe Division and Estimates.



Annex 5

REGIONAL PATTERN OF FUELWOOD SUPPLY AND CONSUMPTION

Area (km2) Sustaic'able Yield (1- m5) Ratio of
Productive Forests Productive Forests Consumption consumptlon to
Forests Fallows Total Forests Fallows Total (103 n3) sustainable yield

Central a/ 42,592 16,521 59,113 8,518 1,239 9,757 20,042 2.10

Outlying Regions bl 157.320 216,671 372,991 31,464 16,250 47.714 11,773 0,25

Total 199,912 233,182 432,104 39,982 17,489 57,471 31,775 0.55

a/ Rangoon, Mon, Irrawaddy, Pogu, Magwe, Mandalay,

b/ Kachin, Kayah, Karen, Chin, Sagaing, Shan, Terrasserim, Rakhine.
c/ Sustainable yield assuming average yield of 2 m3/ha (Mean Annual Increment MAI) for productive forests

and 0.75 m 3/ha for forest fallows, w
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Annex 6

PETROLEUM PROtUCTS CONSUMPTION IN 1962/83 a/
(Thousands of Imperial Gallons)

Aviation
motor Olesel Turbine Fuel Other

End User Gasoline b' Oil S/ Kerosene Fuel Oil Products d/

Transport -
Road (state sector) 19,488 7,524
Road (private) f/ 51,276 13,853 -
Coastal/ocean (5SSL) - 2,455 1,150
Ports/docks/other transport - 13,270 164
River (INTC) - 5,770 1,534
Rail tiRC) - 7,833 4,417
Air (SAC) - - 5,414 - 241
Agricultural Machinery - 21,180 - - _

70,764 71,885 - 5,414 7,265 241

Industry
Textiies (TIC) 1,006 4,628
Foodstuffs (FIC) 760 2,187
Pharmaceuticals (PhIC) 93 1,845
Metals (MIC) 56 1,091
Cement/glass (CIC) 1,903 6,343
General (GIC) 63 199
Machinery (HIC) 666 218
Paper and chemicals (PCIC) 972 13,569
Construction (CC) 3,166 13
Mines (MC, MC2, MC3) 2,951 571
Other 1.964 6.675 2.06 -

1,964 18,311 32,729 13,173

Domestic -- 5,534 - 969

Power generation (EPC) - 5,174 - - 10,898 -

Refining (PIC) - 2,691 _ - 25 -

Exports - - - 1,450 - 2,473

Total 72,728 98,061 5,534 6,864 50,917 16,856

a/ Primary source of consumption data is TSC, while that of total distribution data is
PIC/PPSC.

b/ Motor gasoline for transport is entirely ascribed to "transport" irrespective of the
industry where consumption occurred.

c/ Diesel oil is ascribed to the industries where consumption is registered, but all
remaining diesel consumption for support services, etc. is ascribed to transport
("other").

d/ Other products include aviation gasoline (transport); LPG, solvents, mineral
turpentine, creosote oil, Jute batching oil, heavy petroleum oil (industry); malarial
oil and paraffin wax (domestic) and petroleum coke (export).

e/ Agricultural machinery is included as "transport".
f/ Private transport, is calculated from PIC distribution and the consumption of the

state sector reported by TSC.
g/ Minor uses only from distributed product, not refinery fuel which has previously been

taken into account.
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Annex 7

OTHER FUELS CONSUMPTION IN 1962/83
Secondary Energy Apart from Petroleu Products

(Original Units)

Coal and Natural Electri- Fuel- Char- Biomass
coke a/ Gas b/ city c/ wood d/ coal d/ residue d/

End User (long tons) (ICF) (GWh) '000 TOE '000 TOE '000 TOE

Transport
Captive e/ 5.200

Rail f/ 6.892
12.092 -

I ndustry
Iron/steel 15.500 6.97

Smelting (MCI) 4.100
Cemnt/glass (CIC) 0.800 2,736.13 31.78
Fiber and

textiles (TIC) - 5.75 68.79

Paper and chemicals
(PCIC) - -

Machinery (HIC) - 79.80 -

Other 6.300 - 512.57
26.700 2,821.68 620.11

Petrochemicals/Fertilizers
Fortilizers - 2,807.20 114.24

Methanol -__ _

2,607.02 114.24

Household/Rural - - 315.8 6.283 667 260

Power generation (EPC) 2.600 g/ 7,625.49 -

Refining (PIC) - 1,062.19

Exports _ _

Total 41.392 14,336.37 1,050.1 6.283 667 260

a/ Estimates of coal and coke consumption vary widely. Source is NC3.
;/ moC.
1/ EPC. Industry category Includes bulk and commrclal supply but excludes

petrochemicals and fertilizers. Breakdown by Industry is estimated from previous

historical data.

d/ Mission estimates.

e/ Rail transport for mining industries.
f/ SAC.

a/ Coal fired plants at Ahlone and Ywans.
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Annex 8

REGIONAL CONSUMPTION OF MAJOR PETROLEUM PRODUCTS 1982/83

(Percentage of Total)
Aviation
Turbine

Region Gasoline Kerosene Diesel Fuel Oil Fuel

States
Kayah 0.43 0.81 0.64 - -
Kachin 1.31 2.78 1.13 - -
Karen 0.46 0.72 0.48 - -
Chin 0.36 2.25 0.35 - -
Mon 3.15 3.68 2.80 30.94 -
Rakhine 3.15 2.58 1.95 - -
Shan 3.54 8.25 3.76 1.14 -

Divisions
Sagaing 2.42 6.87 3.59 0.53 -
Tenasserim 1.23 2.01 i.89 - -
Pegu 5.98 14.41 7.28 12.96 -
Magwe 3.15 2.20 11.20 1.57 -
Mandalay 10.83 7.75 16.83 8.77 -
Rangoon 62.51 41.36 44.22 39.43 100.00
Irrawaddy 1.48 4.33 3.88 4.66 -



Annex 9

PROJECT DATA; HISTORICAL CONSUMPTION AND FORECAST REQUIREMENTS FOR NATURAL GAS AS AN END USE (PLANNED GROWTH) a/
(MMCFD)

Fert ilIzr/Petrochemlcal Industr"
Fertilizer Plants ------ HMthanol ----- Ce t/Glass Plants ---- Paoer ---------- O thers

Plan Kyun- Sub- Tha- Kyan- Sy- Myaln- SIt- Lower Prome/ Mann/Hyauk- Sub-
Perlod Year Sale chaung Kyawla No. 4 Selktha b/ total yet qln Chauk riam c/ qnle c/ tanq e/ Bur-m d/ Pysalo shabln Misc, total

Actuals
III 1978/79 4.5 4.3 8.8 1.26 4.0 5.3

1979/60 4.6 4,6 9.4 2.6 4.2 6.6
1960/61 4.5 4.7 9.2 5.3 3.9 9.2
1961/d2 4.1 4.6 8.9 3.1 3.7 6.8

IV 1962/83 3.0 4.7 7.7 5.7 3.8 0.23 7.7
1983/84 4,6 4.6 9.2 4.6 3.2 0.23 6.0

Pro ectIon
1984/65 14.0 c/ 5.0 10.0 29.0 5.0 5.0 6.0 - 1.0 1.0 18.0 S.
1965/d6 14.0 5.0 1I.0 34.0 6.0 8.0 6.0 - 1.0 2.0 23.0

V 19U6o87 14.0 5.0 15.0 14.7 49.0 6.0 12.0 6.0 20.0 1.0 4.0 49.0
197/86 14.0 5.0 15.0 14.7 49.0 6.0 12.0 6.0 0.81 34.0 1.0 4.0 64.0
1988/8S 14.0 5.0 15.0 14.7 49.0 6.0 12.0 6.0 0.81 5.5 44.0 1.0 4.0 n.0
1969/90 14.0 5.0 15.0 53.0 14.? 82.0 6.0 12.0 6.0 0.81 1.4 5.5 44.0 1.0 4.0 81.0

n/ MJC date and projection for major and users, June 1984. Squil users Include NIC and TIC, qrouoed under "others."
EPC and PIC refIning requirmeunts are not and uses and so these are calculated frcr power end relIninq forecasts.
Iartaoan developaents are not Included.

o/ Uerlved from PIC data. Mote that gas feed to the LPG s*tractlon plant does not represent not consumptlon of LPG. and loan Qas oroducts ar. separately
accounted for.

e/ This orojectIon mde on assumptlon of full substitutlon of fuel oIl once pipeloIn has been completad.
d/ New Industrial users In Rangoon and Lower Burlm tapart from the conversions listed at SvrIea, MyaInqale, and Sittanq).



Annex 10

PROJECT OATA: HISTORICAL OONSIWTION ANO FORECAST REQUIREMENTS FOR POWER (PLANWE GROVTH) -/
(GWfh)

Fortillier/petrocheuIcols Industry b/
Plan Kyun- Sub- New Sub- Household/
Period Year Sale chaug total Textiles Cement Glass Steel Jute Other c/industries total Rural Total

III 1978/79 -

Actuals
1979/80 58.46 53,75 112,21 46.65 23.31 2.63 7.95 6.72 325.0 21,64 433.9 216.5 762.6
1980/81 57,65 53,45 111.10 61.37 20.91 5.82 6,82 5,32 344.5 55,36 500,1 242,3 853.5

Provisional Actuals
1961/82 55,02 54,15 109.17 57,45 14,16 4.60 6.39 5,82 357,3 113,48 559.2 281,5 949.9

IV 1982/83 57,72 56.52 114.24 620.1 315.8 1,050.1

ProjectIon
1983/84 57.72 56.52 114.24 72.18 32,63 6.36 7.90 6.16 401.08 257.09 783.4 342.0 1,239.6
1964/85 57,72 56.52 114,24 76,19 37,86 6.55 8.29 6,47 428,35 441,96 1,004,7 380.2 1,499.1
1985/86 57,72 56,52 114.24 80.44 43.91 6.74 8.70 6.79 457.64 688.15 1,292.4 422.8 1,829.4

a/ EPC data and projection, November 1983.
b/ Note this category Is defined differently from EPC's Industry category. For consistency with other end use data, the

fertilizer/petrochemical sector has been treated separately and bulk and commercial have been Included,
c/ This Includes all miscellaneous Industrial users, including small power users,
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MNIVATICi OF TRE ECCIC 1M 1CONS lW i SCaMRI0 FOR ER

t**ter Previously Price Wisatis-

fPgpalgtlon l^c_ lprove- Price Imsatls- iedvstr(ol motor Elesti- lied Srvie Itcer

ltcree Ga Groath tlesti- es Eltesti- tied Sub- 0utptt Qatp.t lwrov- ctly lquiro- Sub- Slctor lwree-

Pleon In Growth (S5 wr city Effect city 1llire- tOtal GrrOth E0l,9tl- mats Effect mets Total Grouth Outpvt mats Seotatel Total

Periotd Year CoeietIan is) Capita iS) is) is) Elts (Vlh) (1) city (15) is tl) (m) 11) Elasticity (5) (1) (WI)

Actual
iw* 1962/93 315.3 W55.8 112.5 1,050.1

IMAM34 341.0 55.0 191.0 1,122,0

Pro1ecte
1914/IS 3.0 4.3 2.02 1.15 3699 3.0 2.0 643.4 4.0 1.4 205.6 1 2189

195/M 3.0 4.4 2.02 1.15 395.4 3.0 I."9 "1.1 4.0 1.4 217.1 1,293.6

v. 196017 3.0 4.4 2.02 1.15 0.5 424.6 3.2 1.9 1.0 729.3 4.0 1.4 1.0 231.4 1.35.3

1MUM 4. 4.5 2.02 W 1. 0.5 2.0 5.0 474.4 3.2 1.15 1.0 1.0 3.0 794.) 4.0 1.4 1.0 246.7 1.515.4

1111/19 4.5 4.5 2,02 1I7 0.5 2.0 1.0 511.2 3.6 1.1 1.0 1.0 1.0 153.7 4*. 1.4 1.0 263.4 142U.3

1969/10 4.5 4.5 2.02 1.7 0.5 2.0 1.0 550.7 4.0 1.75 1.0 1.0 1.0 922.0 4.2 1.4 1.0 211.3 1,754.2

VI. 1"0/91 4.5 4.S 2.02 1.7 0.5 2.0 1.0 593.4 4.3 1.7 5.0 1.0 - 919.4 4.3 1.4 1.0 301.2 1.314.0

191192 4*5 4.5 2.02 1.7 0.5 2.0 1.0 639.3 4.5 1.65 1.0 1053.0 4.4 1.4 - 319.1 2,012.1

M92M 4. 4.5 2.02 1.7 0.5 1.0 701.6 4.S 1.1 _ - - 1121.* 4.3s 14 - 339.9 2,170.3

1913/14 4.5 4.5 2.02 1.7 0.5 762.9 4.5 1.55 - 1207.6 4.5 1.4 - 361.3 2,331.1

Estraeolate
19AS 131.6 1291.1 344.4 2,507.6

1 99/0 1,279.6 1,09.7 521.3 3, 10.6
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PROJECT DATA: HISTORICAL CONSLWTION AhD FORECAST REQUIREMENTS FOR COAL AS AN ENO USE (PLAhNED GO4RTH)
("etric tons)

Industry

Non-Ferrous
Plan Transport Sponge Brick Smelters Other Hospitals

Perlod Year Railways Iron Making (long tons) Industries and Misc. Subtotal Total End Use a/

Actuals b/

III 1981/82 10,370 10,500 780 2,400 7,020 2,200 22,900 33,270

IV 1982/83 12,092 15,500 800 4,100 3,800 2,500 26,700 38,792

1983/84 13,936 21,143 2,286 5,505 1,059 1,709 31,702 45,638

Projection c/

1984/85 15,000 20,000 5,000 6,000 4,000 3,000 38,OOO 53,000

1989/90 7,000 40,000 5,000 13,000 10,000 4,000 72,000 79,000
1994/95 6,000 50,000 5,000 14,500 12,000 4,500 86,000 92,000
1999/O0 5,000 60,000 5.000 16,000 14,000 5,000 I00,000 105,000

u/ Coal requirod for power generation is small.

b/ BRC and MC3, June 1984.

c/ Mission estimates, assuming i-owted coal and coke are eliminated.
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(,s,oc gal IfsI

lAdw4.?fi Pogo b_

Plan Tra^sW r PCIC CiC CIC CtC t41C FIE fC lotcl E P C
Porlod Year FSSL IEtC e OW SuO?8I So ?' 5 S1,rwlin B4%Sie yeSingaI. TPItoA UMAdeta, NIN4dII8 OfAWP Subltotal [ad uses igeute AhI a" Timi Ttattn

III 1iTinl 10,200 A/ 9.324 2.240 - 765 l,e27 41,754 - 4,063

199/t 9,400 XC/ 11.027 1,976 - 786 1.472 44.106 - 5496 -

1910/1I 7.400 £1 11.344 2.64 247 174 2,117 £4,015 1,937 10,01-

1961/2 4/ 2,07, 1,76 6,362' 175 109,99 12.05 2S554 1.02 765 2.112 12,436 32,394 43.95 2,451 1.077

IV 1962/I3 O/ 1,150 3,534 4,417 164 7.265 3 ,M9 2.459 3.920 835 2.470 11,276 32,729 39,994 2,901 7,? _

1963/4 4/ 1,164 1,644 4.145 15 7.115 13,812 1,543 2,15 6N9 2,097 O,364 30,363 37,971 3,207 7,134 -

Projet ion n
194413 1,234 @/ 1,4" I/ 3,607 I/ 167 *1 64476 12,100 1,770 2,300 3,110 3t7 194 2.441 12,313 35,275 41,751 4,300 9,105 2,3 M

I65/34 1,3 1,'M 3,070 175 5,644 12,100 1,770 2,300 3,100 317 K94 2,41 14,139 h/ 37,521 43,655 4,300 gas 2,300

V 196/17 I,S l,025 27,53 1U 5,152 12.100 t,770 2,300 3,100 III 894 7.451 17,309 40,471 45,603 4,300 - 2,300

1967/3 1,470 735 1,996 199 4,!80 12,100 gas 2.300 3,100 317 094 2,443 19,36 40.50t 44,00 4,G - 2,300

6819t 1,351t I35 1,45 211 3,602 94g 2,300 3,100 gas 114 2,4I 21,346 30,161 33,763 4,300 2,30

19t9/91 1,651 nil 92' 224 2,796 2.300 gas 094 2,4.1 21,722 27,193 30,193 4,W - gas

S/ B&MM OR PlC 4ata sAd forecasts esce t o whal oth9erwise spon.
b/ Pattr tigUras IACIud46 for c1@t@t055ss. Projected requsiremets ore caicItaled in tti* 5u0oip sceAmrio,

;/ Estmlated erom NC dait,
d/ Brealwn for I"19612, 162/18, c4r 1963/64 I fro data collated bv ?SC, June 1944.
!/ A OS per annr growth has buenB ess ed

7/ Irin ILtC ton-4ile projeclions uAd the pn14mrd 4comlete diIselitatio,, of the figet 5, 19t190.

9/ Fr IRC nvestimnt plans requiring tPie phlasing out 01 elil St9m IQCOaftIV b 1991/92 eAtd jte grOatC .n r%At.Ag tIs%.

If/ PIC lorc4sts have bee4n t4tSen As imll.caltw ot *lP95nd Grout?, re.suirtuts or ' eating ilil to tod.,stry, hts* natter- indastr,es rjwirraf1ts are thn oetgmaeot ater

maJor I "I all USes ZAd Ii'. pl6Annd svbSti'tyt.Os by MitWral 9as have bee. suotracted.



Annex 14
ENERGY BALANI 1909/90 (Planned Growth)

(thousand TOE)

Prlo4ry Energy pSecondary Energy
------- Petroleum Products ------

Gioass Fuel- Coal £ Mini Field Natural Crude Char- Electricity Saso- Kero-. Aviatlon Fuel Llne
Residue wood Colic Hydro Hydro LPG Gas Oil coal Grid Isolated line sens Fuel Diesel Oil Other Total

Gross Supply
Production 9"8 9,501 43,7 415.4 7.4 34.8 2,423 1,698.9 - 15,112.2
Field use & lo0so (690) - - - - - (242) - - (932.0)
Import - - - - - (34,6) - 92.4 57,6
Prlimry exports - - - - - - - -
Stock change - - - - - - - -

Total aveilable 290 9,501 43.7 415,4 7,4 - 2,161 1,698,9 92.4 14,237.8

Conversion
Charcoal production (686) - - - - - - 686 - - -- - - -
Pewer generation - - (142,9) (2.5) - (96.5) - - 241.4 13.1 - (10.6) - - -

Petroleum refining - - - - - (117.0) (1,580'3) - - - 530.1 ---- 978,6 -------- 30.6 121,9 -
Conversion losses (1,603) - (272.5) (4.9) - (299.6) (118.6) - - - - - (24,9) - - (2,323.5)
Transmlsslon/dlstribution

losss - - -- - - (49,15) (2.7) - -- - - (52.2)

Not supply available 296 7,212 43.7 - - - 1,665,9 - 686 111,19 10.4 530.1 ---- 943,1 ----- 123.0 158,0 11,862.1

Secondary Exports - - - - - - - - (13.1) (267.6) - (38.9) (360.6)

Net domestIc consumption 298 7,212 43.7 - - - 1,665.9 - 686 191,9 10.4 517 65.5 34,3 575,7 123.0 78.1 11,501.5

Consumption by Sector
Transport - 3.8 - - - - - - - - 517 - 34.3 409,9 10.5 1,4 976,9
Industry 6J - 39.9 - - - 67,8 - - | - - - 165,8 112,5 (70.6 2,277.6
Petrochemicals/ 1

fertIlIzers - - - - - - 8381, - - (154,7 - - _ _ _ _

Household/rural 230 7,212 - - - - - - 666) 37,2 10,4 - 65,5 - - - 5.9 8,247.0
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ENERMY EALMA 1969/90 (Economlc Growth)
(thousand TOE)

Primary Enerty _Secondry Energy
- - - - - - Petroleum Products - - - - - -

Biomass Fuel- Coal & Mini Field Natural Cruds Chsr- Electricity Caso- Kero-. Aviation Fuel Lino

Residue wood Coke Hydra Hydra LPG Gas Oil coal Grld Isolated line sene Fuel Dlesel Oil Other Total

Gross SuPgly
Productlon 968 9,501 25,3 415,4 7,4 34,8 732 1,286.1 - 12,990

Field us* a losses (690) - - - - - (73) - - (763)
liport - - - - - (34.8) - - 34 119 118,2

Primary exorts - - - - - - - -

Stock change - - - - _ _ _

Total available 296 9,501 25,3 415,4 7.4 659 1,286.1 34 119 12,345.2

Conversion
Charcoal productlocn - (686) - - - - - - 686 - - - -

Poer generatlon - - - (142.9) (2.5) - (49.4) - - 192.3 13.1 -10.6) - -

Petroleum refining - - - - - - (88.7) (1,196.1) - - - 401 ----- 740.6 ------- 23 120 -

Conversion losses - (1,603) - (272,5) (4,9) - (146.9) (90,0) - - - (- - 24,9) - - (2,144.2)

Transmisslon/distri-
butlon losses - - - - - - - - - (53,.) (3.7) --- - (57.5)

Net supply available 298 7,212 25,3 - - - 372 - 686 138.5 9,4 435 ----- 705.3 ---,--- 142 120 10,143,5

Secondary exports - - - - - - - - - - - - ---- (152.3) ------ - (60) (212.3)

Not domestic
consumption 298 7,212 25,3 - - 372 - 656 138.5 9.4 435 66 30 457 142 60 9,931;2

- - 4,6 - - - - - - - - 435 - - 358,5 15 1 814,1

Industry 68 - 20.7 - - - (372 - - (101,5 - - - - 96.5 127 (54 841.7

Petrochmcals/ - (
fert ilIzIe - -_ -_ -_ _ _ _

Householdlrursl 230 7,212 - - - - - - 686 37.0 9.4 - 66 30 - - 5 8,275,4
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AN ECONOMIC MODEL FOR MECHANIZED FUELWOOD PLANTING

COSTS

Establishment

The Forest Department estimates the cost of establishment of
fuelwood plantations at Kyat 1,848/ha, i.e., US$235 (K7.88 = US$1). This
figure will be used for the base case, with variations of 20Z up and
down.

Annual Costs

Under the Forestry II (East Pegu Yoma) Project, it was
established that a plantation of 12,000 ha of teak and 2,000 ha of trial
plantation by its fifth year would reach an annual operating cost of
K7,451,000, expressed in 1979 Kyats, i.e., K532 (US$79 by the 1979
exchange rate) per ha. However, it would not be economically justifiable
to spend as much on a fuelwood plantation as on a high-value teak planta-
tion. Here it will be assumed, as the base case, that the annual costs
of fuelwood plantations can be kept at K300 (1985 US$39) per ha, with
K200 and K400 also included in the model for sensitivity analysis. The
annual cost will include things like maintenance of roads and buildings,
protection, coppice reduction after each clearfelling, and overheads.

Interest Rate

An interest rate of 10X p.a. is used in the model.
YIELDS

It is estimated that, in the Rangoon region with its high
rainfall, where the proposed mechanized fuelsood plantings would take
place, a mean annual increment (MAI) of 20 m /ha can be expected from
fuelwood species such as eucalyptus. This figure was therefore retained
for the base case, with variations of 15 and 25 m3/ha included for
sensitivity analysis.

The normal practice for fuelwood plantations is to choose a
species that coppices, e.g., eucalyptus, to clearfell it every 6-10
years, to reduce the number of coppice shoots to about two after each
clearfelling, and to replant the stand after about four clearfellings.
This practice will be assumed here for the model, with the rotati?n taken
as an average of 8 years. In the base case, where MAI = 20 m-/ha, we
would thus have yields of 8 x 20 = 160 m3/ha at stand ages 8, 16, 24 and
32 years.
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RESULTS

The table below indicates the fuelwood production costs arrived at with
the model as desctibed.

FUELWOOD STUMPAGE PROOUCTION COSTS, 1985 KYATS/f3

MAI=20 m3/ha

MAI=15 m3/ha (base case) MAI=25 3/ha

Cost of establish- Annual costs, K/ha Annual costs, K/ha Annual costs, K/ha

ment, K/ha 200 300 400 200 300 400 200 300 400

1,478
(80% of base case) 34 43 53 25 33 40 20 26 32

1,848 35
(base case) 38 47 57 28 (S4) 42 23 28 34

2,218
(120% of base case) 41 51 60 31 38 45 25 30 36

Note: Underlined figure in body of table (Kyat 35, or US$4) indicates base case
production cost.

The table indicates that the stumnpage production cost, at t e
assumed interest rate of 10%, is likely to be about K35 (US$4) per m ;
or, putting it differently, that if the fuelwood plantation is to earn a
rate of return of 10%, she price of the standing trees (before
harvesting) has to be K35/m . If a higher rate of return is required,
the stumpage price must, of course, be correspondingly higher.

This report estimates that the consumSr price of fuelwood
delivered in Rangoon is about K253 (US$32) per m , and this fits well
with the retail price series for fuelwood in that city as published by
FAO in "Forest Products Prices" (Rome 1983) and extrapolated to 1985. It
can be assumed that yt least 30% of that retail price (i.e., 0.3 x K253 =
K76 = US$10 per m will represent the retailer's compensation ior
transport from FD depot to market, splitting (about 2 man-days per m ),
bundling, storage and selling, i.e., for all the activities which are
often lumped together under thS misnomer "profit margin," and that a
further about K150 (US$19) per m of the retail price will be represented
by felling, crosscutting, extraction to roadside, piling, loading on
trucks, transport to depot, unloading, storage and overheads. This
leaves (0.7 x K253) - K150 = K27 (US$3) per m for the stumpage, which
would seem to indicate that the profitability of the operation is
somewhat doubtful. The above table s ows, for example, that the base
case stumpage production cost is K35/m and that, in order to achieve a
production cost of not more than K27/m3, the cost of establishment and
the annual cost must be reduced below the base case estimates, or else
the MAI must be higher than 20 m3/ma. In other words, the rate of return
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is likely to be below 10. If the cost of establishment with mechanized
methods is higher than the average given by the Forest Department
(Kl,848/ha), then the rate of return is of course even more likely to be
below IOZ, unless the mechanized methods result in cost savings of some
other kind, or in a considerable increase in MAI, but neither is
apparently expected in this case.

The above-mentioned FAO publication on forest products prices
shows that the retail fuelvood price in Rangoon is lower (on the basis of
official exchange rates) than in all the other South Asian cities listed
except Colombo, and that may explain the somewhat negative outcome of the
above calculation:

Retail price in
Place Year current US$/m3

Dacca, Bangladesh 1982 45
Rangoon, Burma 1982 27
Bombay, India 1982 61
Karachi, Pakistan 1981 45
Colombo, Sri Lanka 1982 12

The FAO retail price series in current US$ for fuelwood in
Rangoon is as follows:

RANGOON RETAIL PRICE OF FUELWOOD

Current Kyats

Year per 100 kg Current US$/m3 1984 US$/m3

1976 16.5 18 25
1977 14.1 14 19
1978 18.9 20 23
1979 27.8 30 31
1980 28.3 31 29
1981 N.A. -- --
1982 29.5 27 27

Notes:

1. Columns of current prices obtained from FAO, which in turn obtained
them from "Bulletin of Labour Statistics," Geneva, Switzerland.

2. 1984 US$ figures were obtained by using the Bank's Manufacturing Unit
Value (MUV) Index for conversions.
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If there had been a real increase in the price of fuelwood in
Rangoon in the past, one would have had a good case for assuming a
continuation of that trend into the future, but looking at the above
figures, and especially at the price series expressed in constant US
dollars, one does not get the impression that there was such an increase
from 1976 to 1982.
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