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The work underlying this report was undertaken at the request of the
Bolivian Government. It was designed to assist the Government in
formulating a strategy for the energy sector which would be appropriate
in the context of the overall Bolivian economy. The work was carried out
between November 1986 and June 1987; financed by the United Nations
Development Program. The World Bank was the executing agency of which
the supervision was carried out by Gabriel Sanchez-Sierra and Ignacio
Rodriguez. The team consisted of Gustavo Rodriguez (Resident Project
Director), Angel Zannier (Advisor to the RPD), Manuel Ignacio Dussan
(Electric Power), Marc Heittet (Natural Gas), and Robert Gould (Rural
Energy). In addition to Mr. Zannier, the following local consultants
were used: Franz Lino (Hydrocarbons), Ricardo Quiroga (Macroeconomy),
Eddy Iporre (Electric Power), Marcelo Valenzuela (Finance). The National
Petroleum Company (YPFB) provided Max Perez, Guido Soliz, and Freddy
Escobar. The National Electric Power Company (ENDE) provided Enrique
Gomez. The Corporation for the Promotion of Rural Energy (COFER) provided
Lucio Saal and Jorge Sarate. Secretarial support was provided by Yamila
de Mattos.
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ABBREVIATIONS

bbl Barrel
bd Barrel per day
BTU British thermal unit m3 Cubic Meter
CFD Cubic feet per day MM Million
GWh Gigawatt hour
ha Hectare MT Metric Ton
kcal Kilocalorie MW Megawatt
kgoe Kilograms of oil equivalent MWh Megawatt hour
ktoe Kilo tons of oil equivalent toe Tons of oil
km Kilometer equivalent
kW Kilowatt TPD Ton per day
kWh Kilowatt hour GDP Gross Domestic Product
bcf billion cubic feet PPF Project Preparation
bbl barrel of oil (159 liters) Facility
c.i.f. cost, insurance, freight
CNG compressed natural gas
f.o.b. free on board
LPG liquefied petroleum gas
MCF thousand cubic feet
MMCF million cubic feet
MMCFD million cubic feet per day
MMBTU million British Thermal unit

Conversion Factors - Calorific

Product Density Cal.Equiv. (kcal/kg)

LPG 0.55 11,834
Kerosene 0.798 11,128
Diesel 0.800 10,972
Fuel Oil 0.850 11,050
Crude Oil 0.745 11,507
Ton of Oil Equivalent - 10,000

Natural Gas (MCF) 263,356 kcal
1 kWh (generation) 2,867 kcal
1 kWh (consumption) 860 kcal



Conversion Factors - Natural Gas

Product (ton) Number of MCF
LPG 44.94
Kerosene 42.25
Diesel 41.66
Fuel Oil 41.96
Crude Oil 43.69
Ton of Oil Equivalent 37.97

Biomass
Fuelwood 300 toe = 1,000 ton
Charcoal 650 toe = 1,000 ton
Bagasse 209 toe = 1,000 ton

Electricity 86 toe/GWh

Currency Equivalents

Currency Unit: Bolivian Peso (Bs)
Exchange Rate: Bs2.10/US$
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EXECUTIVE SUMMARY

1. Bolivia is a net energy exporter and has a large energy
resource base relative to its Rresent internal needs. Proven natural gas
reserves are about 4.1 x 10u CF, equivalent to over 40 years at the
current production level. However, liquid hydrocarbon proven reserves
are limited by comparison, and reach approximately 124 million bbl plus
54 million bbl of probable reserve, with a possible imbalance between
production and domestic demand in the next decade. Although Bolivia has
an abundant economically exploitable hydropotential of nearly 18,000 KW,
only a small fraction of less than 300 MW have already being exploited.
Fuelwood resources are considerable with forests covering about half of
the country, but mainly in the scarcely populated tropical lowlands,
while the Altiplano inhabitants suffer from a century old shortage of
fuel-wood, which has contributed to the area's total deforestation and
substantial degradation of its soil. Bolivia has also some minor coal
and peat resources (which are limited to local markets).

2. Bolivia's short-to medium-term growth prospects will depend
critically upon hydrocarbons exports. While mineral exports dropped from
US$641 million (63% of total exports) to US$263.8 million (38% of total
exports) in the period 1980-1986 as a consequence of the international.
tin prices crisis and internal administrative inefficiency plus sociaL
instability, hydrocarbons exports increased from US$245 million (24% of
total exports) to US$371 million (60% of total exports) in the same
period. Just about all of these hydrocarbons exports in 1986 are natural
gas sales to Argentina. Hydrocarbons have become the main source of hard
currency, contributing over 50% to the Government's treasury income in
1986. In 1987, the Government assigned about US$170 million for invest-
ments planned in the energy sector, which is almost 30% of the planned
total public investment, in a period where the country is facing its
worst economic crisis in the century. The public investment program is
likely to be reduced by almost one-third, with energy, however, being the
most resistant in the reduction. Per-capita GDP which is one of the
lowest in Latin America, has fallen by about one-third since 1979 to
US$560 in 1986. Inflation in the first half of 1985 was averaging 60% a
month (equivalent to 28,000% a year), although in the last 18 months the
current administration has taken strong measures to incentiva.e the
economy and control successfully the inflation. In addition, Bolivia
faces a difficult situation with its international debt, amounting to
US$3.9 billion, over 5 times its exports of goods and services. Bolivian
authorities have recently renegotiated its debt, and is paying about 60%
of the service of the debt, or 35% of current total exports.

3. The major energy issues in Bolivia revolve around investment
priorities, energy demand management and institutional problems.
Although the country has a plentiful energy resource base, it has limited
financial resources which must be allocated efficiently according to
priorities. A list of technical assistance priorities is listed at the
end of this summary.



Investment Priorities

Petroleum

4. Field Development. Field development is the key short term
investment priority in Bolivia's energy sector. While the oil and
condensates production peaked in 1973 at 47,400 bd, it declined steadily
to 17,600 bd in 1986 as a result of the depletion of various fields and
because no new fields came on stream due to a lack of investments
-reflecting the impact of foreign exchange shortages and insufficient
exploration caused in particular by apparent lack of interest by the
international petroleum industry. Liquid hydrocarbons exports, which
reached 32,500 bd in 1973, were reduced to spot sales of naphtha and
gasoline in 1980 and ceased altogether soon thereafter. Until now,
Bolivia has been able to maintain an equilibrium in its internal
supply/demand balance for petroleum products.

5. If the proposed field development investment program for the
national petroleum company YPFB is carried out totalling US$245 million
in a seven year period, Bolivia couid be self-sufficient with respect to
its domestic supply/demand balance until 1995 according to the current
YPFB data and will have a surplus of liquids which could be exported
providing an additional needed revenue of about US$32 million p.a. on
average, 1/ excluding LPG exports estimated at another US$20 million p.a.
However, because of the great inconsistencies that exist in YPFB data, an
in-depth revision is warranted.

6. Exploration. At the same time that oilfield developments will
be carried out, exploration needs to be accelerated to maintain an
adequate reserve/demand ratio. An additional 120 million bbls are
estimated to be required for the period 1989-1997 assuming the projected
demand and production for the period, and a 15 year reserve/demand
ratio. By way of illustration, if exploration costs were in the order of
US$7.50/bbl for liquid hydrocarbons as calculated by a consultant in a
hypothetical case to preserve self-sufficiency, the magnitude of
exploration investments f3r the period 1987-1997.required is estimated in
the order of US$900 million.

7. A World Bank private exploration promotion Project Preparation
Facility (PPF) has recently been initiated to evaluate the hydrocarbons
potential. Following the results obtained, YPFB exploration activities
should focus on low risk areas, while the high risk areas should be
offered to private investors. For the short term, the following measures
should be implemented: the opening of new areas to private sector
companies for exploration contracts on reasonable terms requiring
(i) extension of the 1972 hydrocarbon Law to authorize joint ventures;

1/ At a crude oil price of US$20/bbl.
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and (ii) agreement on payments due to private contractors (Occidental and
Tesoro).

8. In the short term, exploration contracts with the private
sector could reduce the investment outlays otherwise required by YPFB in
exploration. Such savings could be used to increase the production
activities.

9. YPFB's 1987 planned exploration program amounts to US$45 mil-
lion. IDB has a strong participation in exploration activities in
Bolivia, financing US$80 million for the period 1987-1989. An
additional, IDB loan of US$31 million is being negotiated. However, the
magnitude of the exploration program required and the critical economic
situation in Bolivia, emphasizes the strong need of private participation
in exploration activities.

Natural Gas

10. Natural gas is by far the most abundant energy resource in
Bolivia and is a top priority in replacing the more scarce liquid
hydrocarbons. YPFB has prepared a 5 year natural gas substitution plan
(1987-1991) which aims for the replacement of 80% of the industrial
consumption of liquid fuels in the main urban centers and a start in the
conversion of commercial and residential consumers. The economics
involved are discussed later in paras. 31-33.

11. For the time being, the only investment necessary concerns the
development and expansion of natural gas transmission to major consuming
areas estimated at US$16.8 million (US$6.4 million YPFB) for the period
1987-1991. 2/ To this one has to add the cost of converting to gas
industrial consumers (about US$5 million for the three smelters plus
US$2.5 million for the other industries), the cost of connections of
industrial consumers (about US$2.5 million) and that of converting
commercial and domestic users (about US$2 million). To attract private
participation in natural gas distribution investments, a technical,
financial, and economic evaluation is needed for each proposal, in
addition to defining a plan for potential bidders. Contractual arrange-
ments between YPFB and private firms also needs to be examined.

Electric Power

12. A tentative five-year investment program for the power
subsector was prepared, for a long-term power expansion plan is not
available. The total investment required is US$181 million for the
period 1987-1991.

2/ If exports to Brazil do materialize, then major investments will be
required for that purpose.
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13. The required power generation investment amounts to US$76 mil-
licn on the least cost expansion program prepared by the National Power
Company (ENDE). The program is based on the addition of gas turbines in
Santa Cruz. At a cost of gas of US$1/MCF at the plant, very few
hydroelectric alternatives could compete with gas turbines. The most
attractive hydroeleccric alternative is the proposed expansion of the
Zongo River plant. The power generation system should be expanded using
plants for peak load operations. In this regard, the rehabilitation of
small hydro-stations now on use may be attractive, and the large
hydroelectric projects now under consideration can be improved by
lowering their designed plant factor.

14. Regarding transmission investments (US$29 million), the only
major project considered by ENDE is the Central-Eastern interconnec-
tion. It is important to commission the project by 1990 to reduce the
need for expanding generation capacity and to allow the use of hydro-
electric surplus, if any, in the Central-North-South interconnected
system. The main benefits of the interconnection in the medium term
would be to facilitate the development of additional thermal generation
in the Santa Cruz area, where their performance is better, and avoid
transporting natural gas to the Central Regions for power generation
purposes.

15. Regarding substransmission, specific projects have been
included to meet future demand with a total investment requirement of
about US$8 million. An aggregate investment requirement for distribution
was calculated at US$50 million for the 1987-1991 period taking into
account the average cost per incremental peak demand at US$450/kW.

Rural Energy

16. LPG was found to be the most economic household cooking fuel
which, however, requires an improvement in its marketing arrangements.
The Ministry of Energy and Hydrocarbons (MEH) with the rural cooperatives
and corporations, need to design a distribution network wbich will allow
the transport of LPG to rural areas at the fixed national price as
recommended in paras. 21-22.

17. Investments into fuelwood plantations can not be recommended at
this time due to the very high economic costs. The very high cost of
reforestation in the Altiplano is attributed to poor growth of currently
identifiable species, attributable to the relatively poor-quality of soil
and dry climate found at an altitude of about 4,000 m. above sea level.
For the Valleys, only if about 10% of the reforestation costs would be
assigned for fuelwood purposes, then it could be economically competitive
with LPG and kerosene.

18. Investment in rural electrification is recommended only where
there is a productive use for electricity. In addition, small hydro-
electric plants are recommended only in areas where there is an advantage
over diesel.



19. Unconventional technologies, such as biogas, windpower, and
solar energy, are expensive relative to the income of the rural household
based on subsistence farming, and requires a social and technical
environment that can only be brought through continuous technical
support. The energy problem of the rural areas should be treated as a
part of integral rural development programs considering the resource
endowments of the region in question.

Energy Demand Management

Energy Pricing

20. Petroleum Products. Except for LPG (domestic use) and diesel
oil (for power generation) which are subsidized mainly for social
reasons, petroleum product prices are either considerably above
opportunity cost or close to it. On the whole, there is no subsidy of
oil products, with a weighted price of the composite barrel to the
consumer equivalent to about 160% of the opportunity cost.

21. With respect to LPG, the opportunity cost, including
distribution, is of the order of US$17/bbl against a price of LPG for
domestic use of US$12.5/bbl. This is critical because LPG represents
about 25% of the petroleum products sold in Bolivia, and it is the only
product whose consumption is rising rapidly. The price of LPG should
therefore be increased at least to its opportunity cost (about 30%).
Government policy has been to subsidize LPG for the low income rural
population which may not ha%a any other fuel alternative but animal dung
or fuelwood. With that in mind, however, the rural population has
actually been paying two or three times the price of LPG in the urban
areas, due to high transport costs and an inefficient distribution
system. A fixed national retail price at its economic cost should
therefore be set, which would permit to subsidize the transport costs to
the low income rural areas. The end result should be that the low income
rural population will not be affected by the price increase.

22. By achieving a fixed national LPG retail price at its economic
cost, the other domestic LPG prices for industrial purposes and vehicles
should be eliminated. The existence of three simultaneous prices
encourages fraud. Furthermore, in volume terms, more than 90% of LPG
sold is for domestic use.
. I

23. Regarding the subsidization of diecel oil used for power
generation, this product represents only O.,% of products sales in
Bolivia. The number of beneficiaries is small so that they are well
identified. The subsidization could be rationalized by the fact that the
bulk of power generation in Bolivia is hydro and gas-based so that diesel
oil is used in remote areas, without any other power alternative.
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24. An important distortion exists regarding diesel and gasoline.
While their retail prices are identical, the opportunity cost of diesel
is about 35% higher than that of gasoline. Taking into account that
about 60% of the diesel is used for transportation, measures should be
considered to encourage, whenever feasible, the substitution of gasoline
for diesel oil, including imposing special taxes and custom duties on
diesel powered vehicles, trucks, and tractors (at present custom duties
are identical at 20%). Increasing the price of diesel could have a
negative effect for most of the food products are brought by road at
already a high cost.

25. Natural Gas. The average incremental cost of gas (AIC) is
considered low because most of the infrastructure for gas production and
transport to the main markets already exists, and gas reserves are
plentiful. The AIC is estimated in the order of US$0.65/MCF including
exploration, operating costs, and minimal transport costs because most of
the additional investments are required in more than 10 years' time. 3/
This is below the two current official prices for natural gas, for the
power sector at US$0.88/MCF and one for the other consumers at
US$1.76/MCF.

26. Oil and Gas Pricing Financial Viability. Oil and gas prices
should also be sufficiently high to enable YPFB to recover costs. How-
ever, in financial terms, oil and gas prices are barely sufficient for
YPFB to recover its costs. Following the fiscal measures taken in 1986,
a 65% tax on petroleum products is collected from YPFB (in addition to an
11% royalty) which has resulted in a tight cash flow situation for the
entity (paras. 43-44).

27. Although the current policy to maintain natural gas prices
relatively low to encourage further use of this abundant resource is
commendable, retail prices per kcal are well below other alternatives and
need to cover all financial costs (paras. 31-32). The AIC, including the
finan- lal cost of gas by taking into account past investments, is
estit d at US$1.50/MCF at city gate. In addition one would have to add
a dli..ibution cost estimated at US$0.22/MCF for industrial consumers,
and US$3.55/MCF for residential and commercial consumers. The tariff to
be introduced depends on the density of consumers and the mix of
industrial, commercial, and residential users.

28. Electric 'ower. The level and structure of electricity tariffs
in Bolivia does rat reflect the real cost of this public service. The
current bulk electricit rates for sales from ENDE to the distribution
companies are well below their marginal costs (e.g., bulk tariffs to
ELFEC have a demand charge of US$2.5/kW per month and 12 mill/kWh of

3/ If exports to Brazil materialize in addition to ALxgentina, the AIC
may reach US$1.15/MCF, because of production costs due to greater
demand and additional transport costs.
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energy charge, while the marginal costs were estimated at US$8.9/kW per
month and 14 mills/kWh respectively). On the other hand the current bulk
electricity rates for mining and industrial consumers are well above
their marginal cost (e.g., bulk tariffs to COMIBOL--La Palca are
US$13.5/kW per month as demand charge and 40 mills/kWh as energy charge,
with the same marginal cost previously mentioned. In addition, with
respect to the retail tariff structure, it is also inverted, since those
consumers with higher marginal costs (residential) are paying much less
than consumers with lower marginal costs (industrial). ELFEC,
Cochabamba's distribution company, average residential tariff is about
20-25 mills/kWh while the average marginal cost is about 69 mills/kWh.

29. The follor-'ng actions need to be taken in establishing an
adequate power tariff structure: (i) first, carry out a reevaluation of
assets for all the distribution and generatisn companies, in order to
establish the real tariff base in each company; (ii) execute a detailed
tariff study based on and consistent with the rate of return, cash flow,
and marginal cost approaches for all generation and distribution
companies; and (iii) implement the tariff structure based on actual
marginal costs and taking into account the financial viability of the
power companies.

Interfuel Substitution and Conservation

30. Natural Gas. The single most important measure oriented to
substitute liquid fuels in Bolivia is the utilization of natural gas.
However, under all circumstances and considering the structure of demand,
the potential for substitution by natural gas remains small. YPFB's five
year substitution plan (1987-1991) aims at substituting by the end of the
decade 1,200 bd of liquid fuels and 112 tons of LPG through the conver-
sion of 250 industries, 750 commercial and 15,000 residential users.
Consumption of gas would thus increase from 22.6 MMCFD in 1986 to 38.6
MMCFD in 1990, an average annual growth rate of 15%. Should the smelter
resume their operations, the market would be higher by about 9 MMCFD.

31. The conversion of industrial and commercial consumers appears
highly economic whereas the use of natural gas in the residential sector
needs to be evaluated in more detail before the viability of this option
can be established. Private participation should ensure economic
viability of projects.

32. For industrial and commercial consumers, the payback period
ranges from 19 to 436 days 4/ justifying the conversion to natural gas.
However, for the residential consumers, even with the recommended
increase in the price of LPG, the high cost of supply does not justify
their conversion. Nevertheless, on some circumstances with a cross-
subsidy from industrial consumers, a tariff could be elaborated taking
into consideration the anticipated mix of consumers.

4/ Assuming current prices.
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33. Substitution of compressed natural gas (CNG) for gasoline and
diesel oil is an interesting alternative. However, this is still in the
study stage and would require many years to reach an impact at the
national level.

34. Kerosene. In an economic comparison of household cooking
fuels, kerosene was found to be an interesting alternative to LPG because
of the lower former's transport and distribution costs to the rural
areas. Currently, kerosene is almost only used for lighting purposes
since the kerosene supply is restricted. However, kerosene seems to
offer an interesting alternative which should be investigated further
along with the program to improve the distribution of LPG in the rural
areas.

35. Conservation. An audit of YPFB's internal consumption (10% of
national petroleum product consumption) should be carried out. In the
refineries alone, internal use and losses average 8% of the feedstock,
notwithstanding the fact that they use increasing quantities of natural
gas as fuel. A study to improve bagasse utilization should also be
carried out, since the sugar mills require hydrocarbons for about 15% of
their energy needs.

Institutional Problems

36. The Ministry of Energy and Hydrocarbons (MEH) is responsible
for formulating energy policies and for regulating the activities of the
sector, except forestry which is under the responsibility of Ministry of
Agriculture. These functions are carried out by two main departments
within the Ministry, one responsible for hydrocarbons (DGH), the other
for electric power (DINE). Overall sector planning is limited within the
Energy Planning Unit (DEP) of the MEH. The Rural Energy Corporation
(COFER), funded through the MEH, is responsible for rural energy and
alternative forms of energy. Power tariffs and petroleum product prices
are set by the MEH.

37. MEH is insufficiently equipped to exercise its functions and to
coordinate the efforts necessary to successfully meet Bolivia's future
energy needs. The creation of the DEP was a first step but it must be
strengthened. This unit must be staffed with highly qualified personnel,
equipped with analytical tools, and advised by outside experts during its
initial years. Free flow of information to and from the energy companies
and with the other ministries of economy and planning must be
established. DEP, working together with strengthened DGH and DINE, would
be in charge of proposing and evaluating energy strategies, scheduling
programs and monitoring those that are implemented. It would also make
sure that a proper link is establishad between economic objectives and
energy, and would coordinate with the Ministries of Planning, and
Agriculture and Rural Affairs.
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38. The current structure of DGH, DINE, COFER and DEP needs to be
examined in detail. Most of these units are receiving enough funds to
maintain basic office functions and nothing else. In the case of DINE, a
political and legal solution should be worked out to give back DINE the
responsibility for setting tariff rates.

39e Hydrocarbons. The national petroleum company YPFB is
responsible for all phases of the hydrocarbons industry from exploration
to drilling, production, refining, and marketing. YPFB has been engaging
in operations contracts with foreign oil companies (Occidental and
Tesoro).

40. YPFB's current situation is characterized by: (i) a high
degree of centralization, featuring excessive concentration of decision-
making authority to the top levels of management; (ii) overstaffing and
duplication of functions; (iii) extremely slow and cumbersome
administrative decision-making procedures; (iv) inadequate development
and use of management information and other systems; and (v) poor
coordinating and conflict resolution mechanisms between functions.

41. YPFB needs to be restructured to work under economic efficiency
criteria. Five operational divisions (exploration and production;
drilling and oilfields services; refinery; transport and marketing; and a
new gas division (para. 42) should be set up along with four other
general divisions (contracts, procurement, construction, and
administration).

42. With respect to natural gas, there are three gas divisions:
Yabog located at Santa Cruz (exports to Argentina, and transport and
distribution in the eastern part of Bolivia), the Industrial Division
located at Cochabamba (transport and distribution in the western part of
Bolivia) and the Gas Division in Sucre (planning, tariffs, policy).
There should be an attempt to unify those three divisions into one
department in YPFB, to consolidate the functions presently fulfilled by
the three groups at different locations.

43. The new tax structure (para. 26) appears to have had disastrous
consequences for YPFB. The loss for 1986 was estimated at US$39 million,
the investment program for that year was reduced to about US$50 million
and it failed to comply with over US$18 million in debt service
obligations. In addition, the accounting system is totally inadequate.
YPFB's financial requirements need to be taken into consideration in the
context of the ongoing review of the overall tax system.

44. An agreement between the Government and YPFB is urgent on
realistic operating and capital budgets together with their corresponding
financing plans. A reduction in YPFB's investment program will have
adverse consequences. Development and enhanced oil recovery projects
should ensure self sufficiency in petroleum products in the coming years
and could provide a surplus for expsrts which is essential for Bolivia's
economic recovery.
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45. Electric Power. At the generation and transmission level,
there are two companies responsible for the development and operation of
generation and transmission projects. The National Electric Power
Company (ENDE) is responsible for the programming, development, and
transmission projects at the national level and for supplying energy to
all distribution companies and some large mining and industrial
consumers. The foreign owned private Bolivian Power Company (COBEE) is
responsible for supplying energy to La Paz and Oruro markets, and for the
operation of generation plants in that area, and is authorized to develop
new generation projects at the Zongo River Basin.

46. In general, ENDE and COBEE are well organized and efficient.
The deterioration of the financial situation and of their performance was
due to external factors and not to inefficiencies in their operations.
However, the lack of definition for the responsibility in the development
of power generation projects at the national level has created problems
for sector planning. The programming process needs to be strengthened
and ENDE is the institution best qualified for directing this process and
should be responsible for preparing the Power Development Program. Since
COBEE's concession expires in 1990, a decision should be taken as soon as
possible. The Government should evaluate carefully the alternatives
before a decision is taken on not to extend the contract. Nevertheless,
if the contract is not extended, COBEE's generation and transmission
system should be transferred to ENDE. Regarding dist ibution, it should
all be transferred to distribution companies. There is no need to burden
ENDE with the sponsibility of developing part of their distribution
system.

47. Rural Energy. There is virtually no coordination either on the
national level or on the level of the regional development corporations
with non-governmental organizations involved in rural development or with
rural cooperatives. This lack of central government coordination has
resulted in often sub-optimal investment decisions.

48. Inadequacies in the existing raral financing system for energy
purposes should be investigated, and changes should be made to provide
financing for small rural energy development projects, in line with
priorities. Financing must be improved in the poorer regional areas
which in fact may be in a much more critical fuel shortage situation.

Technical Assistance Priorities

49. The following technical assistance activities should be given
high priority so that critical problems in the energy sector can be
tackled.
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Within the MEH: 5/

(a) evaluate options to strengthen the policy and institutional
framework and market arrangements for LPG in the rural areas,
and carry out an energy demand analysis focussing en the use of
LPG (paras. 3.2-3.3 and 3.41, 3.47, and 3.50);

(b) establish an energy information system and develop and
implement anaLytical tools to carry out energy planning, in
particular, strengthen DINE's organization, methodologies and
procedures regarding the setting of electricity rates and the
development of data bases for power sector statistics
(paras. 5.1-5.3 and 5.18);

(c) review the current electricity tariff structure both at bulk
and retail level, and prepare specific proposals for setting
electricity rates for 1987-1990 (paras. 3.21-3.28);

(d) carry out a study to improve bagasse utilization in the sugar
mills (para. 3.56); and

(e) determine efficiency of current wood and dung stoves in the
Altiplano, and carry out an analysis of the economics of its
substitution by hydrocarbons including kerosene (paras. 1.42-
1.43).

Within YPFB:

(a) develop and implement a petroleum supply management information
system (MIS) optimizing the use of refineries and evaluating
least cost supply options (para. 5.9);

(b) develop and introduce in YPFB modern integrated accounting,
budgeting and control systems (paras. 5.33-5.38); and

(b) carry out an energy audit on YPFB's consumption of liquid fuels
(para. 3.54).

Within ENDE:

(a) carry out a power system analysis of the interconnected system,
including a stability analysis (paras. 4.32);

(b) Review electricity demand projections for the industrial,
mining and residential sectors for the period 1987-1995
(paras. 1.39-1.41); and

5/ All of these activities could be carried out under the proposed
technical assistance in strengthening energy planning at the MEH.
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(c) Review procedures, methodologies, and organization in ENDE for
project analysis (paras. 5.14-5.20).



I. THE ECONOMY AND ENERGY

Recent Economic Developments

Background

1.1 In the 1980's, Bolivia has been facing its worst economic
crisis during the century, although in the last 18 months, the GOB has
taken strong measures to reactivate the economy. Per capita GDP had
fallen by one-third since 1979 reaching only about US$560 in 1986, which
is one of the lowest in Latin America. GDP declined by 18% between 1980-
1986. Inflation in the first half of 1985 was averaging 60% a month
(equivalent to 28,000% a year), and the deficit of the consolidated non-
financial public sector had reached 24% of GDP in 1984. As a result of
recent measures by the current administration, inflation has been
controlled to about 20% for 1986. The economy had appeared to have done
well in the 1970s when GDP growth averaged 5.4% until 1978. However,
this growth was based in large part of foreign borrowing, and debt built
up rapidly from a level of US$500 million in 1970 to US$2,400 million by
1980. This borrowing was not, on the whole, used productively, and when
external creditors reduced lending in 1979-1980 the economy did not have
the resources to service this debt. With foreign debt greater than GDP
(1.04 ratio in 1985) the debt service rose from US$ 208.5 million to
US$349.5 million between 1980 and 1985, representing 56% of total exports
in 1985. The economy embarked on a downward spiral of falling
investment, savings, exports, consumption and GDP. Inflation grew to
unprecedented levels in Latin America, and the public sector deficit
widened. The exchange rate appreciated in real terms as the Government
made futile atteupts to maintain a fixed nominal rate system. Extreme
price distortions opened up.

Exports & Foreign Debt

1.2 Bolivia faces two particularly important structural
difficulties for its external accounts; one is the size of its current
external debt obligations, and the other is the structure of its
exports. Bolivia's total external debt at the end of 1985 was US$3.9
billion,over 5 times its exports of goods and servic!s. These are among
the highest such ratios for any country in Latin America, yet B^livia is
one of the poorest. The interest on this debt was accruing at almost 9%
of GDP in 1985, although most of this interest was not paid. The current
account balance in 1985 was in deficit at a level of 9.2% of GDP even
though the trade balance (in goods and non-factor services) was in
surplus of 1.3% of GDP.

1.3 In 1986, Bolivian authorities negotiated the reschedule of
multilateral and some of the bilateral external debt. After the
negotiation, Bolivia drawed on from the IMF a Compensatory Financing
Facility of SDR 64 million on a Structural Adjustment Facility to be
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received in three installments. Bilateral creditors (including

suppliers' credits, which are mostly from official sources) are assumed
to continue to reschedule through the Paris Club. Presently, Bolivia is

paying its debt service to multilateral organizations and to some
bilateral sources. However, Bolivia has not paid interest nor principal
to commercial banks since March 1984. Currently, Bolivia is paying 60X
of its debt service which consists of 35X of total export earnings.

1.4 Bolivia's ability to service its debt depends on its exports
performance, but exports prospects are currently poor. The structure of

Bolivia's exports is highly concentrated in natural gas and minerals,
which are vulnerable to exogenous factors. On the other hand, estimates

of the value of exports as a result of the informal economy, range up to

the equivalent of Bolivia's total legal exports or well above, when
valued in terms of revenues brought back into the economy.

1.5 Considering gas and tin, both of these goods face problems
brought on by external events over the recent past. First, the
international market for tin collapsed in October 1985. Trading ceased
on the London Metal Exchange after the International Tin Council, which

had kept prices stable in the 1980s, announced it had run out of funds to
cover purchases it had contracted for on margin. Effective tin prices as

of August 1986 were less than half of what they had been a year
earlier. Second, the reduction in the international price of petroleum
from an average of US$28 per barrel in 1985 to a range of US$8-16 per
barrel for most of 1986, reduced the value of Bolivia's natural gas

exports to Argentina.

1.6 Bolivia's natural gas exports are exclusively to Argentina

through a pipeline completed in 1972 and under terms of a 20-year

contract covering the period to May 1992. The price for the gas has come
to be negotiated on an annual or semi-annual basis, and these
negotiations have become increasingly difficult for Bolivia. In addition

to the problems created by the collapse in oil prices, Argentina has

also in recent years developed its own supplies of gas and no longer has
a global requirement for the Bolivian gas. Although it continues to
import the volume of gas as specified under the terms of the 1972

contract, 1/ the level of imports likely from 1992 onwards is quite
uncertain. Continuation of the purchases, and on what terms, will be
based on more than purely economic considerations. In the short term,
the price issue is likely to dominate. At the April 1986 negotiations,
the price of the gas was reduced by 12X from its 1985 levels, with effect
from January 1. The new price of US$4.22 per thousand cubic feet 2/ is,

however, still equivalent to about US$22-US$23 per barrel of oil on

1/ As subsequently amended in the late 1970s, when the volume was
increased.

2/ Includes dry gas and condensates.
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energy equivalent terms. Partially offsetting the fact the current gas
price is higher than the world price because of the recent decline in
international prices, is the requirement that part of the gas in the
order of 60% be paid by Argentina not in freely convertible foreign
exchange, but in terms of Argentine goods on a counter-trade basis.
Until Bolivia decides which Argentine goods to purchas), the gas receipts
which must be dedicated to counter-trade accumulate without interest in a
special account at the Argentine Central Bank. Because of these counter-
trade restrictions, it cannot be said that Bolivia, in fact, receives a
full US$1 of value for US$1 of recorded gas exports. The appropriate
discount is not clear. However, even with this taken into account, it is
likely Argentina will con,.inue to push for lower gas prices. Given
Bolivia's dependence on gas exports, with 60% of its merchandise exports
being this one commodity to this one customer, Bolivia can ill afford a
major reduction. Argentinean authorities are currently negotiating new
volumes and gas prices.

1.7 Polivia's exports suffered a third major shock in 1986 when a
Government-sponsored effort led to the closure of some of Bolivia's
clandestine cocaine processing laboratories. The long-term effectiveness
of these interdictions is not yet clear, although the current government
clearly intends to do whatever is possible to ensure their success. The
extent of the illegal trade is also not clear, but estimates of its scale
range to amounts of several times Bolivia's total legal exports.

The Agricultural Sector

1.8 Although contributing only in the order of 20% of Bolivia's
GDP, and about '2% of the country's exports, the agricultural sector is
of fundamental economic and social significance to the country. The 1976
census has demonstrated that about 55% of the councry's total population
live in rural areas and that 63% of the labor force are employed in the
agricultural sector. The agriculture sector suffered a decline at the
early 1980s which was worsened as consequence of the 1983 drought. In
1983, the agriculture sector output dropped by 26%.

1.9 With prospects of declining output in the mining sector and
with not very clear potential external markets for hydrocarbons, the
government is re-examining the role which agriculture may play in the
country's foreign trade. In particular soybeans projects are in
consideration as potential substitutes and complements to mineral and
hydrocarbons export projects, in order to increase the foreign exchange.

1.10 The performance of the agricultural sector, however, is limited
by a number of serious constraints and imbalances which are difficult to
correct. The most serious of these are: (i) a concentration of
population in areas of lowest productive potential; (ii) limited scale of
national market; and (iii) high exporting costs.
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The Industrial and Manufacturing Sector

1.11 The industrial and manufacturing sector had also a negative
growth during the 1980-1985 period as reflected by an average decline
rate of almost 10%. This sector in Bolivia has ne er being very
important in GDP formation as reflected by its percent shares reaching
the highest levels in the 1970s and early 1980s in the order of 15% of
GDP, and 9% in 1985.

1.12 The industrial sector in Bolivia has a series of adverse
factors among which the most important are: (i) reduced internal
markets; (ii) technological dependence from abroad; (iii) high
composition of imported inputs; (iv) high production costs which in turn
makes the output uncompetitive with imported products; and (v) after the
new economic policy implementation, all the industrial policy incentives
have been abolished by uniform and reduced tariffs to imported products
and with the abolishment of tax redemption on exported products.

The Mining Sector

1.13 During thA; 1980-1985 period, the mining industry has been
affected not only by tC e international tin prices crisis but also by an
inefficient administration, an artificially nigh local currency value
plus social instabiLity. During the 1980-1986 period, and as a
consequence of the previously mentioned adver . situations, the mining
sEctor's participation on GDP has been on average 8%. Mineral exports
dr3pped from US$641.2 million (63% of total exports) in 1980 to
US$263.8 million (38% of total exports) in 1986.

1.14 After the 1985 liternational tin prices collapse, several mines
have turned to be margii.al and uneconomic. As a result many mines have
closeed leaving a number of some 30,000 workers unemployed over a total
mining force of about 70,000 workers. Government has created an
Emergency Social Fund which will finance projects of high social content
which should help to reduce unemployment.

Non-Factor Services

1.15 If growth was negative for the principal sectors of the
economy, on the contrary, the non-factor services, commerce and financial
sectors have incremented their share in GDP during the period. Whereas
the tradeable sector of the economy (mining, hydrocarbons and industry)
has declined its GDP share from 30% to 22%, the non-tradeable sector has
incremented its participation from 70% to 78%.
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Impact of the Energy Sector

1.16 The possible economic outcomes due to alternative energy
development strategies depend on interactions between the sector and the
rest of the economy. The relative importance and the impacts of the
energy sector in the Bolivian economy have been estimated at two
different levels: (i) fiscaL policy; and (ii) foreign trade.

1.17 Fiscal Policy. As hydrocarbons became the main source of hard
currency in a context of an overall production crisis, the sector has
contributed to the Government's Treasury (TGN) with more than 50% of
TGN's income in 1986. On the other hand regional governments, in oil
producing regions, have received more than 90% of their income from
royalties on hydrocarbons.

1.18 Until 1985, the National Petroleum Company (YPFB) was subject
to the following system of taxes:

(a) For domestic sales:

(i) a 19% production tax for oil and gas;

(ii) a 15% tax on the sale of transportation fuels (that is
gasoline, avgas, and diesel); and

(iii) a 12% tax on gasoline and diesel sales.

(b) For exports:

(i) a 15% export tax; and

(ii) a 19% tax on production.

In addition to the tax system above mentioned, YPFB pays an 11% royalty
fee to regional governments of oil producing areas.

1.19 The above mentioned tax system to the hydrocarbons subsector,
has been replaced on a temporary basis, by a 59% tax on exports and a 65%
tax on domestic sales, in order to increase substantially the national
fiscal income. This tax system has represented some US$365 million
against US$165 million that would have been collected with the previous
system (a net increment in taxes of more than 120%). On top of that, YPFB
has paid some US$56 million to regional governments as royalties.
Although those amounts have helped in a decisive manner in the economic
stabilization program, they have also constrained the investment
capability of the subsector.

1.20 Foreign Trade. The growing importance of the hydrocarbons
subsector in the Bolivian economy may be reflected by pointing out that
its participation in total exports has involved from 5.9% in 1970 to
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about 60% in 1986. Table 1.1 shows the increasing importance of natural
gas in the total export market and the critical decline of oil
production.

Table 1.1: HYDROCARBONS AND THE TRADE BALANCE

(USS million)

1975 1980 1985

- Petroleum Prod. Exports 111.4 24.2 1.9
- Natural Gas Exports 47.5 220.9 372.6
- Total Exports of Gcoods and NFS 505.0 1,023.6 712.9
- Total Imports of Goods and NFS 1/ 641.0 795.4 664.4

- Hydrocarbons as % of total exports 31.5% 23.9% 52.5%
- Hydrocarbons as % of total imports 24.8% 30.8% 56.4%

I/ NFS-Non Factor Services.

Source: World Bank CEM of November 1986, and NEP estimates.

1.21 The hydrocarbons exports increased from US$158.9 million in
1975 to US$374.5 million in 1985. During the 1980-1985 period, YPFB
generated almost 40% of the total foreign currency inflow to the country.
In 1985, the current account balance deficit reached 9.2% of GDP, but
excluding natural gas exports it would have reached 13.9% of GDP.

1.22 After the 1985 international tin prices crisis, the Bolivian
trade balance is dramatically dependant on one product (natural gas) and
on the willingness of one costumer (Argentina), which reveals the
fundamental importance of the energy sector in the Bolivian economy.

1.23 The prospects for hydrocarbons exports are not so clear.
Bolivia's export contract to Argentina will end in 1992 and it is
expected that sales may not continue beyond that date. Although
negotiations with Brazil are under way, prospects are not very clear and
the failure to find a market for surplus gas may represent a major set-
back.

Energy Supply and Demand

Hydrocarbons

1.24 Bolivia is more gas than oil-prone, and the largest liquids
producer is a gas condensate field (Rio Grande). At present, about 62%
of total liquids are produced from condensate, mostly by stripping gas of
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its liquid content at surface. The hydrocarbon developed rapidly in the
1960s and oil and condensates output continued to rise until it peaked in
1973 at 47,400 bd. and declined steadily to 17,700 bd in 1986 as a result
of the depletion of various fields, and because no new fields came on
stream due a lack of investments reflecting the impact of the foreign
exchange shortage, and insufficient exploration caused in particular by
apparent lack of interest by international oil industry. Oil exports,
which reached 32,500 bd. in 1973, were reduced to spot sales of naphtha
and gasoline in 1980, and have remained minimal thereafter.

1.25 Domestic demand for petroleum products in 1986 was about
21,300 bd. Demand grew during 1974-1978 at an average 11% p.a., grew at
only 3.5% p.a. in 1979-1980, and declined by 9.4% p.a. in 1980-1986.
Only LPG demand continues to grow at an average of 10% p.a. in 1980-1986,
substituting for kerosene, electricity and to a minor extent fuelwood and
dung. Gasoline (including avgas) now accounts for about 40% of total
domestic consumption, diesel 20%, LPG 25%, fuel oil 4%, kerosene 4%, and
jet fuel 7%.

1.26 The Bolivian market for petroleum products exhibits the
following: (i) three products, gasoline, LPG and diesel oil account for
more than 80% of products sales; (ii) the share of LPC--25Z is probably
one of the highest in the world; and (iii) the transportation sector
(gasoline and 60% of the diesel) accounts for in excess of 50% of
products sales. The overall decline in petroleum product consumption
reflects the severe recession which has affected the economy since 1980.

1.27 Until now, Bolivia has been able to maintain an equilibrium in
its domestic supply/demand balance for petroleum products. This can be
attributed partly to the decline in the economy. Had the tin smelters
continued to operate, a shortage of fuel oil would have been almost
unavoidable.

Electric Power

1.28 In 1986, the installed generation capacity was about 553 MW, of
which about 50% hydro and 50% thermal. The thermal capacity is composed
of 134 MW (51%) in gas turbines, and 129 MW in diesel plants installed in
small isolated systems and in self-producer plants. In terms of
electricity production, in 1986, 75% was generated by hydro plants and
25% by thermal plants, of which, 91% in gas-fired thermal plants.

1.29 Regionally, the market comprises four major load centers: the
Northern system (La Paz), the Central system (Cochabamba and Oruro), the
Southern system (Potosi and Sucre) and the Eastern system (Santa Cruz);
and several small isolated systems (Trinidad, Tarija, Villamontes, etc).
The Northern, Central and Southern systems are interconnected and
represented in 1986 about 66% of total electricity consumption in the
country; the Eastern system, with 20% of total consumption, would be
interconnected in the late 1980s; the small isolated systems, with 14%,
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are far away from the interconnected system, and their interconnection
would not be justifiable in the short to medium term.

1.30 Regionally, the Central-North-South (C-N-S) interconnected
system has an installed capacity of 342 1I of which only 50 MW in thermal
plants; the Eastern system, 118 MW all in gas turbines; and about 3 other
isolated systems, and microsystems (small communities with diesel
engines) have and installed capacity of 112 MW, mostly in small diesel
plants.

1.31 In 1987, the C-N-S system can meet its demand with hydro-
electric generation, using only the gas turbines in emergency
situation. The Central-South system is in a balanced situation, and the
transmission line which link La Paz with the rest of the interconnected
system serves as a reserve support for the Northern system. On the other
hand, the Eastern, Trinidad, and Tarija isolated systems are operating
with a very small capacity reserve and require further expansion of their
generation capacity.

Biomass

1.32 Biomass consumption in 1985 totalled 921t000 toe (45X of total
national energy consumption), which is an increase from 838,000 toe (10%)
from 1980. Most of the biomass in Bolivia is consumed in the rural
areas, where introduction of commercial fuels has been restricted because
of the subsistence family income levels, poor road system, and scattered
nature of communities.

1.33 For the purpose of the National Energy Plan, Bolivia was
divided into three climatological and geographical regions--Altiplano,
Valleys, Tropics. Most of the dung consumed in Bolivia (160,000 toe)
originates in the Altiplano, because of the lack of fuelwood and
prohibitive costs of reforestation as a consequence of the poor terrain
and climate at an altitude of about 4,000 m. For the Valleys,
deforestation problems exist only in Tarija and the Province of
Yamparaez, and for those specific areas, as in the Altiplano, the most
cost-efficient policy choice for the short term would be to improve the
delivery of LPG to those areas. In the Tropics, there is an abundance of
fuelwood, although care should be taken with the expansion of the
agricultural frontier and large amount of wood waste.

1.34 The Altiplano is the only region in Bolivia, where there is an
overall critical imbalance between fuel supply and demand. In the
Altiplano, the major household cooking fuels are dung and fuelwood with
the supply of fuelwood decreasing. Approximately 210,808 toe of fuel-
wood 3/ and 152,058 toe of dried animal dung were consumed as household

3/ No breakdown of fuelwood resources betweer trees and shrubs was
possible.
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cooking fuels in 1985. Both are consumed in the two-pot "kery" stove (9-
14% thermal efficiency), unique to the Altiplano. These estimations were
based -n an average fuelwood equivalent daily consumption per inhabitant
in rural households of 2.05 kgs/person/day and the total rural population
in the region. 4/ Much of the fuelwood used in the Altiplano is the
shrub-thola, which burns very quickly and is slow growing although it is
a hardy species which has grown relatively well in the Altiplano.
However, because of the great demand, its supply in many parts is
inadequate.

Energy Demand Projections

Hydrocarbons

1.35 Oil. Forecasting the supply/demand balance for petroleum
products becomes a difficult task because of the lack of refining model
and the blending of heavier cuts with gasoline. With the recently
discovered oil fields Santa Cruz and Villamontes, Bolivia may be self-
sufficient with respect to the internal demand of petroleum products
until 1995 if the proposed YPFB investment program (paras. 4.2-4.4) is
carried out. Table 1.2 below shows YPFB and the private contractors
(Tesoro and Occidental) projected production curve in relation to the
estimated domestic demand. Caution must be taken with these estimates,
however, since large inconsistencies in data still exist in YPFB. Since
negotiations are still underway between YPFB and the private contractors
on payments due to the private contractors, it is assumed that the
production of the latter will eventually phase out because of the end of
the life of the reservoir. For 1987 and 1988, the Penia and Rio Grande
oil fields, followed by Villamontes and Santa Cruz, will provide about
56% of the national production. The production curve shown has two
peaks, in 1989 at 11 MMbbl and in 1993 at 10.5 MMbbl. Annex 1 shows the
projected production by field.

1.36 Projected increases in domestic petroleum consumption would
largely depend on the strength of the economic recovery in Bolivia
following several years of severe recession. It is anticipated that a
modest economic recovery will take place beginning in 1987, and
petroleum product domestic prices will be maintained in real terms
reducing unauthorized exports of hydrocarbons and encouraging energy
conservation. in addition, by increasing the supply of gas and improving
the infrastructure for its transportation, the substitution of petroleum
products should keep increasing by 1,200 bd by 1990. Under these

4/ Approximately 45% of the rural population in the Altiplano was
assumed to consume primarily fuelwood (tree species and shrubs) for
cooking, 35% dried dung, and 20% hydrocarbons (mostly LPG).
Consumption estimates include fuelwood equivalent of all fuels.
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assumptions, projected domestic demand for petroleum products by around

1990 would be about 24,000 bd, representing an annual growth of about

3.6Z. By 1997, petroleum product consumption is estimated at about

32,000 bd, following the same assumptions.

1.37 Natural Gas. A 20 year YPFB gas demand forecast prepared on a

sectoral basis indicates that by 2005, the main uses of gas would be for

power generation (about 45%), industry (about 30%) and YPFB (about

15%). The share of the commercial and domestic sectors would therefore

remain small. Overall consumption is estimated at 265 MMCFD.

Figure 1: SUPPLY/DEMAND BALANCE OF LIQUID HYDROCARBON

10 -

7

1987 1908 1909 t990 1991 1092 1993 1994 1998 1996 1997
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1/ Diomestic petroleum product demand without YPFB's 5 year gas substitution plan.

2/ Domestic petroleum product demand considering YPFB's 5 year gas substitution plan.

3/ YPFB's production according to the investment program, and including transfer of

Escond;do field from Tesoro to YPFi.
4/ YPFB's production without Escondido.
5/ Total production including Tesoro and Occidental.
6/ Because of large Inconsistencies in YPFB data, a further in-depth review of data is

needed.

Source: YPFB and NEP estimates.
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1.38 Over 1986-2005, one can anticipate the cumulated domestic
demand for gas to be of the order of 0.9-1.3 TCF depending on develop-
ments in the economy. This represents about 25% of Bolivia's proven
reserves of 4 TCF. Should Bolivia continue to export about 215 MMCFD (to
Argentina and/or Brazil) during the same period, that consumption would
represent about 1.6 TCF. Thus it would use about 75% of its proven
reserves in the next 20 years. It is only if potential exports beyond
1991 exceed 300 MMCFD that there would be grounds for concern regarding
Bolivia's reserves. But since Bolivia's gas reserves are thought by all
to exceed 4 TCF by a considerable margin, higher exports would only
entail an effort to confirm probable reserves, and possibly undertake
more exploration in gas prone areas.

Electric Power

1.39 There are major uncertainties related to the projection of
electricity demand, mainly the future of the mining sector and the impact
of gas substitution and electricity rate increases on industrial and
residential consumption. ENDE is now projecting a rate of growth of 5.8%
p.a. for total electricity consumption for tbe period 1985-1991 based on
the assumption of a 9.5% annual rate of growth for the residential sector
and a drop in the consumption of the mining sector. The rate of growth
projected for the Eastern system is about 12.5% p.a. The projected rates
of growth are considered reasonable and adequate for planning the
expansion of the power system at this time. However, further studies are
necessary to analyze the case of the mining sector and the potential
impact on residential and industrial demand of substitution of natural
gas for electricity, and the impact on residential demand of the
projected increases in electricity rates. The rate of growth for total
consumption projected by ENDE is estimated at 6.3% for 1990-1995.

1.40 There are three factors related to electricity demand that
should be analyzed further and monitored closely in the future. First,
electricity demand in the mining sector should be studied based on the
end use of electricity in this sector and on specific plans for the
operation of existing mines. This is important, for a major portion of
electricity consumption in this sector is related to support services
(camps, etc). Second, substitution of natural gas for electricity at
smelters (ENAF) and residential (water heating and cooking) should be
assessed. Third, the rate of growth of demand in the Eastern system, now
projected at 13% p.a. for 1986-1990, should be studied further based on
realistic plans for connection of new consumers, an analysis of annual
consumption for new consumers, an assessment of the price elasticity of
demand in light of projected electricity rate increases, and an analysis
of saturation of demand in existing high-income residential consumers
demand. Furthermore, it would be important to analyze the economic
potential for load management programs in order to shave the peak load.

1.41 As long as the opportunity cost of gas keeps around US$1/MCF,
the power sector would have a lot of flexibility to adjust power supply
to changes in demand at a reasonable cost, and the demand projection



- 12 -

would not be so critical to take generation expansion decisions. In
effect, under these conditions, the least cost solution would be gas
turbines, which require a short lead-time (one to two years), have a low
capital cost, and can be developed in modules adapted perfectly to demand
growth. Furthermore, in case of emergency, jet type turbines could be
installed in short notice. This does not imply that medium and long term
growth of demand would not affect major strategic decisions like the
expansion of gas transport capacity, the strengthening of the
transmission system, or the sizing of new generating units.

Biomass

1.42 In general, the Altiplano is the only critical region in fuel
supply and demand. Only specific cases in the Valleys exists
(paras. 3.44-3.46). Estimates of fuelwood supply in the Altiplano show
that given projections of fuelwood consumption and estimated growth
rates, there will be roughly a 6% decrease in 1992 from the estimated
total supply of fuelwood in 1987. 5/ Dung supply is assumed to grow with
projected demand, although shortfalls in fuelwood supply could put
pressure on the portion of dung used as fertilizer. Fuelwood supply is
most critical in the department of Oruro. Some areas of Oruro near Lake
Poopo use dung alone as household cooking fuel, and there is some
evidence that cultivated land is being deprived of natural fertilizer as
a result.

1.43 Projections for dung consumption in the Altiplano through 1992,
based on expected population growth, showed a demand in 1992 of
169,640 toe, an increase of almost 8% over the expected demand for
1987. There have been no studies in the Altiplano relating the
consumption for dung as cooking fuel to nutrient (fertilizer) deprivation
of farmland. Such deprivation could result in restrains on additional
production of agricultural products, or, if fuelwood supplies are very
low, insufficient fertilizer for present production. For the purposes of
the current study, it has been assumed that the supply of dung exactly
meets demands for cooking and fertilizer, and that projected increases in
dung demand will be met by increases in animal stock. This must be
confirmed through further study. If there are deficits in fuelwood
supply, the subsequent need for additional cooking fuel could come from
dung currently used for fertilizer in the Altiplano. This relationship
requires further evaluation before definitive conclusions can be reached
on the impacts of fuelwood shortages in the Altiplano. There is reason
to believe, however, that in areas where there is a deficit of fuelwood,
and where dung is used as a substitute cooking fuel, agricultural
productivity will eventually suffer from deficits in supplies of natural
fertilizer.

5/ Using an average growth rate for tree species in the Altiplano
assuming thola supply constant.
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II. MACRO-ECONOMIC PROSPECTS AND THE ENERGY SECTOR

Economic Development Alternatives

2.1 One of the most important bottlenecks for economic development
in Bolivia is its ability to generate hard currency in order to import
capital and intermediate goods necessary to pursue economic growth. In
this respect, it is important to allocate resources to those sectors that
will expand the country's export horizon.

2.2 The hydrocarbons subsector is one with good possibilities in
helping Bolivia's economy in a decisive manner through exports of crude
oil, LPG, and natural gas. Therefore, well planned actions should be
conceived in order to exploit this subsector in the best possible way,
taking into account both external and internal constraints.

2.3 It is highly probable that economic development in Bolivia will
be, at least in part, based in hydrocarbons into the 1990s. Means of
transferring economic surpluses from this sector to allow other sectors'
development should be planned in such a careful way that the hydrocarbons
development itself may be assured. Other important sectors in future
exports performance may be agriculture and mining.

2.4 Considering Bolivia's future in the present decade, the agri-
culture sector may probably play an important role. It is expected that
agricultural products such as soybeans, tea, coffee, nuts, and wood will
grow rapidly, generating export surpluses. In terms of hard currency
generation, however, these products may have limited possibilities as
compared with those of present natural gas exports.

2.5 With respect to the mining industry, which has been the
traditional hard currency generator in Bolivia's economy, its future role
may not be as important as in the past, due to external factors. This
fact is reflected by the change .n its relative importance in foreign
trade as compared with the hydrocarbons subsector in the recent past.
Its future export possibilities are presently limited and major changes,
both externally and internally, must occur before the mining industry
recovers a prominent role in Bolivia's economy.

2.6 Predicting future economic performance in a context in which
several unpredictable non-economic variables (as in the case of possible
natural gas export agreements), or some economic non-quantifiable
variables (as the case of the presumably large Bolivian informal
economy), may take place, makes it extremely difficult.

2.7 Nevertheless, a macro-economic model developed by the Unidad de
Analisis de Politicas Economicas (UDAPE) has been utilized. Using
various energy investments, production, export, and import levels, if
any, the model is capable of demonstrating the impact of the energy
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sector in the Bolivian economy. Although the model does not include the
effects of the informal economy, the obtained results may indicate what
strategies should be encouraged within the energy sector in order to
obtain the best possible macro-economic outcomes.

General Assumptions

2.8 The main assumption of the macro-economic model, for sectors
other than energy, are those of the IMF's Structural Adjustments
Facilities (SAF) document prepared for Bolivia. A major assumption is a
slowly but steady recovery of international mineral prices, i.e., for tin
concentrates, an evolution from US$2.55/pound in 1987 to US$4.77/pound in
1992, has been considered, while export volumes change from 3,352 MT to
4,072 MT during the same period.

2.9 The energy sector is considered in the macro-economic model
through hydrocarbons investment and production scenarios, and through
planned electric power investment levels which are those necessary to
implement the power expansion program discussed in Chapter V. The
investment figures do consider expansions on the generation, trans-
mission, subtransmission, and distribution systems, sufficient to match
the forecasted demand with adequate reliability levels. Although an in-
depth revision of the power expansion program will be carried out in the
near future, the investment requirements probably will not differ sub-
stantially with those considered in the present analysis, which are
summarized in Annex 1. With respect to electric power production levels,
they are not considered explicitly in the macro-economic model, although
they could be assumed as those sufficient to match the forecasted demand
estimated elsewhere in the present document. Energy for the rural areas
is considered implicitly within the model. Therefore, no investment
levels, nor production patterns, are needed as assumptions for the
analysis.

2.10 General assumptions for the hydrocarbons subsector, which are
common for the four scenarios considered below, are as follows:

(a) Hydrocarbons Internal Demand. The demand for internal petro-
leum products has been considered as that with no natural gas
substitution. The effect of an aggressive natural gas
substitution program will lead to lower petroleum demand
levels, but the effect of a possible economic reactivation
performance in the Bolivian economy will probably compensate
that demand reduction and, therefore, no further adjustments
have been done for the present analysis.

(b) Hydrocarbons Foreign Trade. Concerning export markets for
hydrocarbon surpluses, only natural gas, LPG, and crude have
been considered. Although negotiations regarding natural gas
volumes and 'export prices to Argentina are already in progress,
some assumptions have been made. Those estimates should not be
considered as the recommended levels, nor as the most likely
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outcomes of the negotiations between Bolivian and Argentinean
authorities, and were taken only for analysis purposes. The
main assumption concerning natural gas exports to Argentina is
that the combined effect of volumes and prices will represent
to the Bolivian economy a stream of foreign currency inflows of
US$244 million p.a. between 1988 and 1991, decreasing to
US$128 million p.a. in 1992, to be continued by a constant
level of US$73 million p.a. from 1993 to 1995. No natural gas
exports to Brazil have been included in the model.

2.11 LPC marginal surpluses, until 1989, are assumed to be exported

to the Brazilian border as normally happens. After the commission of the

Vuelta Grande recycling plant project in 1989, and after new LPG
production and transport facilities are completed, net surpluses are also

assumed to be exported to Brazil. In all cases, the considered border
price has taken to be of US$21.9/barrel, which is the present price for

Bolivian exports. Although the Santos c.i.f. price of LPG is in the

order of US$13/barrel due to high transportation costs to the Mato Grosso

area, it is worthwhile for the Brazilian economy to buy Bolivian LPG at

the above-mentioned price. Crude surpluses have been considered to be

exported at a border price of US$20/barrel. If crude imports would take
place, the border import price assumed for those cases is of

US$30/barrel.

Hydrocarbons Subsector Investment and Production Scenarios

2.12 Four different scenarios have been considered for the present

analysis. The two first cases may be seen as production targets which,
if feasible, will allow the country exportable crude oil surpluses. In

both cases, a high private participation is anticipated. A third case is

considered, in which no private participation occurs and where no
investment for exploration activities take place. In the fourth case,

investments in developing existing fields are curtailed because of

financial constraints.

2.13 The aim of considering those cases is to analyze the macro-

economic impacts of different investment and production patterns in the
oil subsector. There is no intention to point out any of the considered
cases as the most likely, nor as the recommended one.

(a) Case 1. A public investment level of US$1.35 million is
considered for the period 1987-1995, while private participa-
tion during the period is assumed to be of US$983 million.
This includes an exploration program (around US$900 million) to
be shared in equal terms by YPFB and private companies, which
would allow a constant reserves to demand ratio of 15 years.
Investment on field development in YPFB is divided in
US$274 million for existing fields plus US$334 million for
developing new fields. For private companies, investment in
field development is set at US$334 million.
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The expected production level estimated for YPFB amounts to
92.2 million bbl for the period 1987-1995, which is divided in
73.1 million bbl correspending to the production of already
existing fields while the balance corresponds to new
discoveries. This YPFB production forecast has its peak at
13 million bbl in 1993. Private companies are assumed to reach
a peak of 5 million bbl in 1994, and a total production of
29 million bbl for the 1987-1995 period.

The production estimates, both for YPFB as well as for private
companies, have been calculated taking into account known
technical characteristics of existing fields, and considering a
high probability of finding oil fields with low associated
natural gas. Due to the gas prone nature of Bolivian oil
fields, this production forecasts may be considered as an upper
bound.

(b) Case 2. This scenario considers the same investment pattern of
the previous case 1, but assumes a different production
level. The production estimates, both for YPFB as well as for
private companies, have been calculated taking into account
known technical characteristics of existing fields, and
considering that new discoveries may have high associated
natural gas contents which may not allow an optimum oil
production program due to limited natural gas markets.

The estimated production level for YPFB amounts to 84.4 mil-
lion bbl for the period 1987-1995, which is divided in
73.1 million bbl corresponding to the production of already
existing fields while the balance corresponds to new
discoveries. This YPFB production forecast has its peak at
11.8 million barrels in 1993. Private companies are assumed to
reach 3.6 million bbl in 1994, and a cumulative production of
some 22.6 million bbl during the 1987-1995 period.

(c) Case 3. A reduced public investment level of US$465 million is
used for the period 1987-1995, while new private participation
during the period is considered to be non-existent. In this
case, no exploration activities are assumed while investment
for field development at YPFB (US$274 million) are exclusively
for already existing fields.

The estimated production level for YPFB amounts to
73.1 million bbl for the period 1987-1995. Private companies
are assumed to reach a peak in 1987 with 1.7 million bbl, and
will have a total production of 5.4 million bbl in the 1987-
1995 period.
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The production estimates, both for YPFB as well is for private
companies, have been calculated taking into account known
technical characteristics of existing fields. No new
discoveries have been considered.

(d) Case 4. A further reduced public investment level of
US$256 million is considered for the period 1987-1995, while
new private participation during the period is considered to be
non-existent. In this case, no exploration activities are
considered while investment for field development at YPFB
(US$161 million) is not sufficient to exploit even already
existing fields.

The expected production levels estimated for YPFB amounting to
62.9 million bbl for the per.od 1987-1995. Private companies
are assumed to have a production level that will reach a peak
of 1.7 million bbl in 1987, and a total production of some
5.4 million bbl in the 1987-1995 period.

The production estimates, both for YPFB as well as for private
companies have been calculated taking into account the invest-
ment curtailments considered.

2.14 Figure 2 below summarizes the liquid hydrocarbons production
patterns for the four scenarios.

Macro-Economic Analysis

2.15 A comparative analysis of the macro-economic implications that
result from the four scenarios is presented in order to help decision-
makers find the best energy sector alternatives, towards obtaining the
best poqsible national economic performance.

2.16 The macro-economic impacts of energy sector growth alternatives
have been measured using the following indicators: impact on CDP, final
demand evolution, impact on exports, and impact on balance of payments.

Impact on GDP

2.17 The hydrocarbons sector may have an important effect on the
economy through public and private investment depending upon the success
of these investments in reaching significant levels of production.
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Figure 2: BALANCE BETWEEN LIQUID HCU SUPPLY AND DEMAND 6/
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Source: YPFB and NEP estimates.
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2.18 It is important to note that YPFB investment is fixed within
the public investment ceiling specified in SAF's forecast. According to
it, Bolivia's public investment would grow from US$259 million in 1987 to
US$440 million in 1995. In cases 1 and 2, in which YPFB is assumed to
invest US$150 million per year in real terms, hydrocarbons would be the
sector with the highest priority within the national public investment
plan given its investment share. On the other hand, if YPFB investments
are those of cases 3 and 4, then hydrocarbons would rank below agri-
culture, mining, and transportation in the national investment plan.

Table 2.1: YPFB'S PROPOSED INVESTMENT LEVELS AS A SHARE OF

TOTAL PUBLIC INVESTMENTS FORECASTS

1987 1989 1991 1993 1995

Total Public Investment

(in USS million) 259 308 362 399 440

YPFB Share case 1 58% 48% 41% 38% 34%

YPFB Share case 2 58% 48% 41% 38% 34%

YPFB Share case 3 58% 23% 6% 6% 5%

YPFB Share case 4 58% 11% 2% 0% 0%

Source: NEP estimates.

2.19 In cases 1 and 2, high public and private investments in hydro-
carbons, associated with high production levels, lead to higher economic
growth rates than in cases 3 and 4, in which YPFB's investments are set
to a minimum level and no private investments are required.

Table 2.2: REAL GDP GROWTH RATES

(%)

1987 1988 1989 1990 1991 1992 1993 1994 1995

Case 1 3.3 3.6 5.8 4.0 5.0 4.5 5.5 3.9 2.4
Case 2 3.3 3.6 5.8 3.8 4.4 3.9 4.9 3.9 2.2

Case 3 3.3 3.6 4,9 3.5 3.6 3.2 3.9 2.9 3.1

Case 4 3.3 3.3 4.9 3.6 3.5 2.7 2.6 3.2 3.2

Source: NEP estimates.
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2.20 Real GDP grows faster between 1990-1993 in case 1, as compared
with the other three cases, showing the impact of higher investment
levels on production. These growth rates are significant, given that
they respond to changes in only one sector of the economy. However, even
with the expected GDP's high growth rates of case 1, the living standard
of the country's population is not expected to improve significantly, as
measured by GDP per capita, which grows from US$520 in 1987 to US$652 in
1995.

Hydrocarbon's Participation in GDP

2.21 The results reflect the expected differences on hydrocarbons
economic importance, dua to different sectoral investment strategies.
Those cases in which reduced oil subsector investment are considered not
only may lead to minor participation in GDP's formation, but also may
burden national finances through the need of importing crude and
condensates, which in some cases may represent amounts as high as
US$100 million per year.

Table 2.3: HYDROCARBON'S PARTICIPATION IN GDP
(%)

1987 1989 1991 1993 1995

Case 1 6.97 8.79 9.37 11.52 10.05
Case 2 6.97 8.79 8.66 9.90 8.26
Case 3 6.97 8.03 7.06 6.78 4.91

Case 4 6.97 7.77 6.79 4.88 3.71

Source: NEP estimates.

Final Demand Evolution

2.22 As explained before, the assumptions of national public and
private investments are considered constant according to SAF's fore-
casts. Investments in the energy sector were modified within the overall
public investment target. Also, public consumption forecast is not
modified from SAF's results. Three important components of the final
aggregate demand are changed in every case, as a result of the scenarios
presented: real exports, imports, and private consumption.
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Table 2.f AVERAGE ANNUAL REAL GROWTH RATES FOR FINAL AGGREGATE

DEMAND VARIABLES DURING THE 1987-1995 PERIOD

(%)

Case 1 Case 2 Case 3 Case 4

Public Consumption 3.5 3.5 3.5 3.5

Private Consumption 4.2 3.7 2.8 2.8

Public Investment 6.8 6.8 6.8 6.8

Private Investment 7.2 7.2 7.2 7.2

Exports 4.3 4.2 4.0 3.8

Imports 6.0 5.5 4.7 4.5

Source: NEP estimates.

2.23 Estimated economic growth for the considered cases, as measured

by their GDP growth rates, imply that, on average, import annual growth

rates may have to be greater in cases 1 and 2 than in cases 3 and 4. In

turn, that implies that private consumpcion for the first two cases is

higher than for the last two, taking also into account that aggregate

investments and savings are greater for cases 1 and 2 than for cases 3

and 4. Also, real exports growth rates are greater for those cases with

higher investment levels in hydrocarbons (private and public) than for

the other two with small investment. On the other hand, better GDP

growth rates and export performance for cases 1 and 2 may lead to smaller

fiscal deficits in those cases, as compared to scenarios 3 and 4.

Table 2.5: GOVERNMENT DEFICIT AS A
PERCENTAGE OF GOP

1987 1989 1991 1993 1995

Case 1 3.52 2.96 1.56 0.74 1.11
Case 2 3.52 2.96 1.72 1.12 1.53
Case 3 3.52 2.99 2.10 1.84 2.31
Case 4 3.52 2.99 2.16 2.26 2.60

Source: NEP estimates.

Impact on Exports

2.24 Different investment scenarios have important effects on crude

and condensates production levels, thus on export possibilities of this

product during the following years as can be seen in Table 2.6.
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Table 2.6: EXPORTS OF LPG AND CRUDE OIL

(In Current USS Millions)

1987 1989 1991 1993 1995

Case 1 14 116 138 1W0 135

Case 2 11 113 115 142 80

Case 3 11 96 71 66 (21)*

Case 4 7 79 51 (13)* (100)*

* Imports.

Source: NEP estimates.

2.25 Case 1 presents important export revenues for the country, as

compared to the other three cases. In cases 3 and 4, in which no private

investment is assumed, imports of crude oil may begin in 1995. The

contribution of exports revenues in cases 1 and 2 is important, parti-

cularly in the context of decreasing natural gas exports as it was

assumed earlier. The expected shares of LPG and crude oil in total

hydrocarbon's exports are presented in Table 2.7.

Table 2.7: LPG AND CRUDE OIL EXPORTS AS A PERCENTAGE

OF TOTAL HYDROCARBON'S EXPORTS

1987 1989 1991 1993 1995

Case 1 6 34 38 72 75

Case 2 4 34 34 66 52

Case 3 4 30 24 47 0

Case 4 3 26 18 0 0

Source: NEP estimates.

2.26 As expected, the negative effect of decreasing natural gas

exports is reduced in cases 1 and 2 because of the export surpluses of

LPG and crude oil generated by higher production levels. Nevertheless,

hydrocarbon's share in total Bolivian exports after 1992 would, in any

case, considerably be reduced. That means that even under the most

optimistic crude export scenario, not finding new natural gas export

markets may represent a major setback to the Bolivian foreign trade.

2.27 Hydrocarbons total exports decrease in every case, starting in

the early 1990s, and lose relative importance against non-traditional and

mineral exports.
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Table 2.8: HYDROCARBONS EXPORTS AS A PERCENTAGE

OF TOTAL EXPORTS

1987 1989 1991 1993 1995

Case 1 43 45 39 25 17

Case 2 43 44 38 21 14

Case 3 43 43 35 15 5

Case 4 42 42 33 7 0

Source: NEP estimates.

Table 2.9: BOLIVIA'S TOTAL GOODS AND SERVICES EXPORTS

(USS million--c.i.f values)

1987 1989 1991 1993 1995

Case 1 583 760 928 1,058 1,229

Case 2 580 756 901 1,003 1,116

Case 3 580 740 851 917 1,051

Case 4 576 723 828 826 960

Source: NEP estimates.

Impact on Balance of Payments

2.28 The Trade Balance and Current Account Situation. The trade
balance situation is clearly more favorable for cases 1 and 2 than for
the other two cases. This is the result of a less depressed export
performance in the first two cases, even though these two cases have
greater import growth rates, which are in accordance with their GDP
growth rates.

Table 2.10: TRADE BALANCE

(US$ millions f.o.b.)

1987 1989 1991 1993 1995

Case 1 (146) (57) (45) (136) (158)

Case 2 (148) (61) (57) (152) (174)

Case 3 (148) (67) (75) (169) (203)

Case 4 (153) (80) (91) (217) (258)

Source: NEP estimates.
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2.29 The most favorable export situation of cases 1 and 2, in

relation to the last two cases, contributes to improve the current
balance situation in spite of growing debt services obligations in every
case. Debt service to exports ratio for all cases is as follows in
Table 2.11.

Table 2.11: DEBT SERVICE AS PERCENTAGE OF EXPORTS

1987 1989 1991 1993 1995

Case 1 44.95 42.50 60.05 71.39 68.49
Case 2 50.15 42.71 61.82 75.84 72.22

Case 3 50.15 43.65 65.47 83.02 80.14
Case 4 50.54 44.68 67.27 92.13 87.69

Source: NEP estimates.

2.30 The current account balance as percentage of GDP is an

important indicator to evaluate the balance of payments performance. In
the obtained results, the deficit in the current account is lower for
those cases wit higher private and public investment (case 1 and 2) than
for the other two, as may be expected, giveii the better exports and
better debt service situation in the first two cases.

Table 2.12: CURRENT ACCOUNT DEFICIT AS A
PERCENTAGE OF GOP

1987 1989 1991 1993 1995

Case 1 9.17 8.51 8.34 8.90 8.29
Case 2 9.23 8.59 8.65 9.34 8.09

Case 3 9.23 8.75 9.19 9.98 9.49
Case 4 9.34 9.05 9.57 11.09 10.55

Source: NEP estimates.

2.31 Capital Account. The direct impact of foreign investment is

reflected in the capital account balance. Thus, case 1 and 2, for which
private investment of foreign companies have been specified, present a
far better position than cases 3 and 4, in which no private foreign
investment is assumed. The assumption of foreign lending does not

change, in any scenario and are those of SAF's forecast.
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Table 2.13: CAPITAL ACCOUNT BALANCE SURPLUS

(Deficit--USS Million)

1987 1989 1991 1993 1995

Cases 1 and 2 272 581 336 142 79

Cases 3 and 4 215 491 203 9 (55)

Source: NEP estimates.

2.32 The lower capital account balance for cases 3 and 4 make the
balance of payment situation critical, making it necessary to resort to
exceptional financing, which includes exceptional borrowing and/or non-
paying the debt service. From 1991 to 1995, exceptional financing for
cases 3 and 4 exceeds the first two cases by approximately US$200 million
annually. Of course, this situation will induce the country's foreign
debt to grow annually and to be capitalized at the model's assumed
interest rates.

Table 2.14: BALANCE OF PAYMENTS EXCEPTIONAL

FINANCING REQUIREMENTS

(USS Million)

1987 1989* 1991 1993 1995

Case 1 88 (178) 131 436 528

Case 2 88 (175) 144 452 543

Case 3 147 (81) 297 603 708

Case 4 151 (68) 315 656 770

* During 1989, there is no need of exceptional

financing in any of the cases due to improved

export situation.

Source: NEP estimates.

Table 2.15: OUTSTANDING FOREIGN DEBT EVOLUTION
THROUGH DECEMBER OF EACH YEAR

(USS Million)

1987 1989 1991 1993 1995

Case 1 4,589 5,239 5,933 6,810 7,741
Case 2 4,585 5,248 5,959 6,867 7,831
Case 3 4,644 5,468 6,553 7,655 8,935
Case 4 4,648 5,498 6,512 7,792 9,199

Source: NEP estimates.
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Conclusions

2.33 Investments in the development of already existing fields
should be considered as a high priority. In fact, the economic analysis
carried out on a field-by-field basis (Chapter IV) has demonstrated the
convenience of pursuing those investments. These results are reinforced
from a macro-economic point of view as demonstrated in the present
comparative analysis. Investing in developing YPFB's existing fields
will lead to a production pattern that could allow not only self-
sufficiency in crude and condensates, but may also lead to exportable
surpluses that can help the already constrained Bolivian economy. 6/

2.34 Although not considered in the present analysis, it is obvious
that efforts should be placed in finding natural gas export markets.
That would help the economy in two ways. The first obvious one is that
of providing significant amounts of revenues from natural gas sales,
which could be the main source of foreign trade as presently happens.
The second is that the existence of new natural gas markets will allow
the oil sector mn optimum exploitation, reaching to production. patterns
that will allow important crude and condensates exportable surpluses.
This, on the other hand, may represent the best economic growth feasible
alternatives, as demonstrated in cases 1 and 2.

2.35 Exploration investments should be encouraged. Although the
internal demand could be met by YPFB's existing fields development in the
short term, the possibility of having a constant 15 year reserves to
demand ratio, may enable the Bolivian oil sector to export surpluses.
Given the amounts needed for a successful exploration program, efforts
should be shared between YPFB and private initiatives.

2.36 Success in public investment within the hydrocarbons subsector
should be closely monitored. As demonstrated on the analysis, public
investments in the oil subsector may be bigger than in any other sector,
and therefore its use should be absolutely Justified.

6/ An in-depth review of YPFB data is warranted.
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111. ENERGY DEMAND MANAGEMENT

Energy Pricing

Hydrocarbons

3.1 Petroleum Products. Except for LPG (domestic use) and diesel
oil (for power generation) which are subsidized mainly for social
reasons, oil products prices are either considerably above opportunity
costs or close to it. On the whole, there is no subsidy of oil products
with a weighted price of the composite barrel to the consumer equivalent
to about 160% of the opportunity cost. In Bolivia's case, transport to
and from the international markets could make a considerable difference
as the cost of shipping to and from Santos, Brazil, the nearest inter-
national port 7/ 5s estimated at US$85/ton of which US$50/ton is within
Bolivia and the balance in Brazil. 8/ The prices of products as of
February 1987 and the estimated opportunity costs appear below in
Table 3.1.

3.2 A major issue arises with LPG prices where the real opportunity
cost, including distribution, is of the order US$17/bbl against a price
of LPG for domestic use of US$12.5/bbl (volume-wise, more than 90% of the
LPG sold is for domestic use). This is particularly serious since LPG
represents about 25% of the products sold in Bolivia, and it is the only
product whose consumption is rising rapidly. The existence of three
simultaneous prices for the one product is likely to encourage fraud--
YPFB is not in position to ensure that for each bottle purchased, the
end-use corresponds to the price paid by the consumer especially since

71 Arica, a Chilean port, is connected to Bolivia by a crude oil pipe-
line which was designed for Bolivia'q crude exports in the 1970's.
Importing from Africa would be prohibitively expensive because of
the altitude difference. The crude line to Argentinean ports is
presently used to meet Argentina's internal requirements, and could
not be used, according to specialists, to import products.

8/ For the evaluation to be fully valid, a provision for domestic
transport and distribution has to be added. In the case of liquid
fuels, the provision is relatively small US$1-3/bbl. In the case of
LPG, however, it is much higher, approximately US$45/ton or
US$4/bbl.



- 28 -

LPG distribution is in private hands. 9/ If such pricing policies are
maintained, considerable damage could be made to thie natural gas
distribution program with respect to both commercial and domestic
customers. The price of LPG should therefore be increased by about 30y,
to its opportunity cost.

Table 3.1: DOMESTIC PRICES OF OIL PRODUCTS AND OPPORTUNITY COSTS d/

% of
Domestic Opportunity Opportunity Cost

------ (US$/bbl)-------

Opportunity Cost

Special Gasoline a/ 37.9 16.9 224
Premium Gasoline a/ 43,9 16.9 260
Avgas b/ 68.0 26.4 258
Avgas (Meat) b/ 54.0 26.4 205
LPG - Domestic use a/ 12.5 13.1 95
LPG - Industrial use a/ 17.9 13.1 137
LPG - Vehicles a/ 37.9 13.1 289
Kerosene b/ 31.8 28.2 113
Jet Fuel b/ 48.0 28.2 170
Diesel Oil b/ 37.9 26.1 145
Diesel Oil - Power b/ 18.9 26.1 72
Fuel Oil b/ 32.6 22.0 148
Weighted Average 32.0 19.5 164

a/ Estimated at CIF Santos Brazil due to close balance between domestic supply
and demand.

b/ Product anticipated to be imported at the margin, estimated at CIF Santos
plus transport to Santa Cruz Bolivia.

c/ Exchange Rate: Bs2.10 = US$1,00.
d/ February 1987.

Source: NEP estimates.

3.3 Government policy has been to subsidize LPG for the low income
rural population which may not have any other fuel alternative but animal
dung or fuelwood. With that in mind, however, the rural population has
actually been paying two or three times the prices of LPG in the urban

9/ To emphasize this point further, YPFB's Commercial Department
records the industrial consumption of LPC in La Paz in 1985 to be
about 30,000 bbl. The Gas Division, on the basis of market surveys
estimates it to exceed 50,000 bbl.
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areas, due to high transport costs and an inefficient distribution
system. A fixed national retail price covering its opportunity cost
should therefore be set, which would subsidize the transport costs to the
low income rural areas. The end result should be that the low income
rural population will not be affected by the price increase.

3.4 By achieving a fixed national LPG retail price at its economic
cost, the LPG prices for industrial purposes and vehicles should be
eliminated. The existence of three simultaneous prices encourages
fraud. Furthermore, in volume terms, more than 90% of LPG sold is for
domestic use.

3.5 Regarding the subsidization of diesel oil used for power
generation, this product represents only 0.5% of products sales in
Bolivia. The number of beneficiaries is small so that they are well
identified. The subsidization could be rationalized by the fact that the
bulk of power generation in Bolivia is hydro and gas-based so that this
diesel oil is used in remote areas, without any other power alternative.

3.6 An important distortion exists regarding diesel and gasoline
(para. 3.60). While their prices are identical, the opportunity cost of
diesel is about 35% higher than that of gasoline. Taking into account
that about 60% of the diesel is used for transportation, measures should
be considered to encourage, whenever feasible, the replacement of diesel
by gasoline imposing special taxes and custom duties on diesel-powered
vehicles, trucks and tractors (at present customs duties are identical at
20%). Increasing the price of diesel could have a negative effect for
most of the food products are brought by road at already high costs.

3.7 Natural Gas. The average incremental cost (AIC) of gas is
estimated in the order of US$0.65/MCF including exploration, operating,
and a minimal transport cost because most of additional investments are
required in more than 10 years time. 10/ This is below the two current
official prices for natural gas, for the power sector at US$0.88/MCF and
one for the one other consumers at US$ 1.76/MCF.

3.8 The AIC is considered low because most of the infrastructure
for gas production and transport to the main markets already exists.
Furthermore, reserves should suffice to meet the demand in the next 20
years, even under the most optimistic scenarios.

3.9 Oil and Gas Pricing Financial Viability. Oil and gas prices
should also be sufficiently high to enable YPFB to recover costs. The
present fiscal regime for hydrocarbons is a provisional introduced in
1986. YPFB is subject essentially to a flat tax of 65% on all
products. Furthermore, YPFB pays on 11% royalty. Taking into

10/ If exports to Brazil materialize in addition to Argentina, the AIC
may reach US$1.15/MCF.
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consideration the fiscal deficit, YPFB's tax structure needs to be
reviewed to ensure a sound financial position for YPFB.

3.10 Regarding oil, with an average selling price of the barrel of
the order of US$32/bbl, YPFB is left with less than US$10/bbl to cover
its exploration, production, transport, refining, distribution,
depreciation and dabt service obligations.

3.11 On natural gas, the AIC has to take into consideration past
investments, resulting in a financial cost of gas estimated at
US$1.50/MCF at city gate. In addition one would have to add a
distribution cost estimated at US$0.22/MCF for industrial consumers, and
US$3.35/MCF for domestic and commercial consumers. Instead, because also
of the present fiscal regime, YPFB collects on average less than
US$0.30/MCF, i.e. less than 15% of its financial cost. In addition, the
industrial park of Santa Cruz is only charged 36% of the official
price. Although the current policy to maintain natural gas prices
relatively low to encourage further use of this abundant resource is
commendable, retail prices per kcal are well below other alternatives
(para. 3.67) and need to cover all financial costs.

3.12 It is intended to award citywide concession to private
distributors in early 1988. Subject to a detailed financial analysis of
YPFB's domestic gas operations, YPFB's bulk gas tariff should be of the
order of US$1.90-2.50/MCF (net of taxes); this would cause financial
losses in the early years because of low pipeline utilization to be made
up in subsequent years as consumption rises. But this level is close to
YPFB's financial cost of supply.

3.13 Regarding the different concessions, the tariff to be
introduced in each will depend inter alia on the density of consumers and
the mix of industrial, commercial and domestic users. The first priority
will be to complete the conversion of fuel oil and then diesel consumers.
Subject to detailed financial analyses, the concessionaires could charge
industrial users US$2.50-3.00/MCF, and commercial users US$3.00-4.00/MCF;
this would still be well below the price of diesel (US$7.2/MCF), kerosene
(US$5.93/MCF) and fuel oil (US$4.88/MCF). Regarding LPG replacement, as
explained above if (i) the domestic LPG price (US$3.2/MCF) is increased
by some 30% to reach its opportunity cost level; and (ii) the price of
gas is increased to reach the cost of supply, conversion to natural gas
would be still unattractive. For large commercial users presently using
LPG, conversion to natural gas would remain an attractive proposition.
Obviously, should the present tax regime continue to apply to gas, the
prices above would have to be adjusted accordingly.

3.14 Regarding the power subsector (63% of domestic gas sales in
1986), from which YPFB collects net of taxes US$0.21/MCF, even the
IJS$0.88/MCF price of natural gas is very low in relation to any other
energy source: fuel oil is priced at about US$5.75/MCF and diesel oil for
power generation at about US$3.60/MCF. The netback of natural gas
against hydroelectric projects is about US$1.70/MCF. There is therefore
little rationale for such a low price for the power sector.
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Electricity Tariffs

3.15 The level and structure of electricity tariffs in Bolivia do
not reflect the real cost of this public service. The current bulk
electricity rates for sales from ENDE to the distribution companies are
well below their marginal costs (e.g. bulk tariffs to ELFEO have a demand
charge of US$2.5/kW per month and 12 mill/kWh of energy charge, while the
marginal costs were estimated at US$8.9/kW per month and 14 mills/kWh
respectively). On the other hand the current bulk electricity rates for
mining and industrial consumers are well above their marginal cost (e.g.
bulk tariffs to COMIBOL-La Palca are US$13.5/kW-month as demand charge
and 40 mills/kWh as energy charge, with the same marginal costs
previously mentioned). In addition, with respect to the retail tariff
structure at the distribution level, it is also inverted, since those
consumers with higher marginal costs (residential) are paying much less
than consumers with lower marginal costs (industrial). ELFEC's average
residential tariff is about 20-25 mills/kWh while the average marginal
cost is about 69 mills/kWh.

Marginal Cost Analysis

3.16 Generation and Transmission. The marginal capacity and energy
costs for generation and transmission in the interconnected system were
analyzed on the basis of tentative generation and transmission expansion
programs for the period 1980-1995. Table 3.2. summarizes the marginal
costs estimation:

Table 3.2: MARGINAL COST ESTIMATES FOR 1990-1995

Generation Transmission

Energy Cost (mills/kwh) 13.5 13.9
Capacity Cost (US$/kw-m) 5.8 9.1

Source: NEP estimates.

3.17 The value for the marginal capacity and energy costs was
determined, by and large, by the capital and production costs of a gas
turbine, which is the marginal unit. The energy cost in this case
depends directly on the cost of gas at the plant (assumed at US$1/MCF)
and any change in this cost would affect directly this estimate. The
capacity cost for the transmission system was estimated on the basis of
the average incremental cost of the proposed transmission expansion,
mainly the Central-East interconnection. The seasonal variations (wet
and dry periods) of marginal costs were not significant, and therefore,
were not considered. For the period 1987-1989, before the intercon-
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nection is commissioned, the marginal cost for the Central and Northern
systems would be nil for they have hydro surpluses.

3.18 Based on this results, one can estimate the marginal cost of
supplying a consumer connected at the transmission level. This is the
case of the bulk supply by ENDE to the distribution companies and the
large industrial consumers like COMIBOL and ENAF. However, the capacity
costs estimated above refer to the coincidental peak demand; to determine
the costs for these consumers one should take into account the peak
demand diversity, which is estimated, in this case at 2.5%. The marginal
costs for these consumers would be at an energy cost of US$13.9 mills/kWh
and a capacity cost of US$8.9/kW/month.

3.19 Distribution. For the distribution system, the case of ELFEC
which is the distribution company in Cochabamba, has been selected taking
into account that it had the required information for this analysis. The
analysis and its results can only be applied to this company. In the
future, when the other distribution companies prepare complete investment
programs and collect additional data, the analysis can be extended to
them. The cost calculation for the distribution system was based on the
average incremental costs related to the proposed 1987-1995 expansion
program for ELFEC's distribution system. The results are summarized
below in Table 3.3.

Table 3.3: ELFEC DISTRIBUTION MARGINAL COST STRUCTURE

Voltage Level
Medium - lOkV Low - 380-220 V

Energy cost (mills/kWh) 14,2 15.0
Capacity costs (US$/kW-m) 12.6 19.8

Source: NEP estimates.

3.20 The calculation of the marginal cost for different consumers is
much more complex than for the HV consumers. It requires an evaluation
of the load curves for individual consumers and of the coincidence
factors. Unfortunately, this detailed information was not available, and
"typical" values and aggregate demand by feeders have been utilized, as
shown in Table 3.4.
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Table 3.4: ELFEC RETAIL MARGINAL COST STRUCTURE FOR AVERAGE CONSUMERS

Industrial Commercial Residential

Average Cost (mills/kWh) a/ 41 55 69

a/ Calculated on the basis of the capacity and energy costs, and a
typical toad factor for the consumer. These results are tentative,

they are based on non-supported assumptions about coincidence and

load factors.

Source: NEP estimates.

Tariff Structure and Levels

3.21 Legal Framework. The National Electricity Code of 1968
established that electricity rates should be set at a level sufficient to
achieve an average rate of return of 9% on the rate base, composed of net
revalued asset, and a provision for working capital. Until the late
1970s the power utilities reached this rate of return; however, during
the period 1981-1985 of economic recession and hyperinflation, the rates
did not keep pace with inflation. In fact, from 1981 to 1984 the average
rates dropped about 80% in real terms, to levels of less than
10 mills/kWh. In 1985, the new administration made substantial tariff
increases and changed also the ground rules to set electricity rates.
Decree 21060 established that bulk and retail tariffs should be
negotiated between the concerned parties and set a ceiling of
45 mills/kWh for sales to mining and industrial consumers (later
increased to 75 mills/kWh by Decree 21072) without any consideration of
marginal cost levels. Recently, the Government has approved a Decree
which would allow the distributors monthly tariff increases of 1.5% until
tariffs would average 50 mills/kWh. Distributors at such rate increased
would reach this tariff level in 4 years time.

3.22 Average Retail Tariffs. The current average electricity retail
rates charged by the power companies to specific consumer categories are,
in general, consistent within each other. The major exceptions are the
isolated systems and the subsidiaries of the Bolivian Power Company
(COBEE and ELFEC) as shown below in Table 3.5. The first, with a higher
average rate and the latter with a lower average rate. This fact
reflects basically differences in the "accounting" cost of service for
these systems. The average rates for 1986 are summarized in Table 3.5.



- 34 -

Table 3.5: RANGE OF RETAIL TARIFFS IN MILLS/KWH

Average Residential Industrial

COBEE and ELFEC 29-34 20-25 25-29
Small Isolated (diesel) 62-96 40-64 70-150
Other distribution 42-46 21-29 50- 62
ENDE's bulk to distribution Companies 23-25 - -

Source: NEP estimates.

3.23 Tne average rates are not sufficient, in most cases, to achieve
a 9% return on the rate base. In fact, the projected rate of return in
1987 for the largest generation and distribution companies (with the
exception of COBEE) are below 4%. The results of the rate of return
calculation are summarized below in Table 3.6, while a detailed firm
financial description is provided in Chapter V.

Table 3.6: POWER COMPANIES TARIFFS AND RATES OF RETURN (mills/kWh)

Actual Average Tariff Required Rate of

Tariff for 9% of Return

ENDE 36 62 1.3%

ENDE S.Cruz 23 35 - 3.2%
ENDE Tarija 41 116 - 28.6%

ENDE Trinidad 53 132 - 34.2%

ELFEC 49 54 3.4%

CRE 46 54 1.8%

COBEE 27 27 9.1%

Source: NEP estimates.

3.24 From the Table 3.6, the following can be concluded:

(a) The distribution companies require a margin of about
30 mills/kWh to achieve a 9% rate of return (difference between
the required tariff and the actual bulk energy purchase
tariff).

(b) The distribution companies are in a better shape than the
generation company and apparently would require a mcdest tariff
increase to obtain a 9% return. However, this is deceiving, as
their operating expenses would increase as a result of the
increases in bulk energy purchase price necessary to meet the
generation company's requirements.
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(c) ENDE is operating at a loss in all the isolated systems. The
case is specially dramatic in the Tarija and Trinidad thermal
systems where in spite of a subsidized diesel oil price, sales
revenues cover just 50% of fuel costs.

3.25 The retail tariff structures for the major distribution
companies are similar regarding the application of demand and energy
charges to large commercial and industrial consumers, and differential
energy charges according to the consumption level to residential and
small commercial consumers. In most of the distribution companies, in
contradiction with the cost of service, the average tariff for a
residential consumer is substantially lower (about 50%) than for an
industrial consumer. The only exception are the COBEE companies where
the average residential rate is only 15% lower.

3.26 This distortion in average rates for industrial, commercial and
residential consumers can be explained by comparing ELFEC's current
structure in terms of relativity with the marginal costs estimated
previously for this company. In broad terms, the current ELFEC retail
tariff structure as shown in Table 3.7 is inverted.

Table 3.7: RELATIVITY OF ELFEC'S RETAIL TARIFFS a/

Marginal
Retail tariffs Cost Structure

Residential i 1

Small commercial 2.8 .8
Medium industrial 1.8 .6

a/ Taking the residential rates to be 1.

Source: NEP estimates.

3.27 HV Level Tariff Structure. The bulk tariff structure includes
bulk sales to distribution companies and large mining and industrial
consumers. Table 3.8. summarizes the tariff structures and compares them
with the HV marginal costs obtained above.
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Table 3.8: COMPARISON OF TARIFF STRUCTURE AND HV MARGINAL COSTS

Demand Charge Energy Charge

(USS/kW/month) (mills/kWh)

Marginal Cost 8.9 14

Bulk sale to CRE and ELFEC 3.5 17

Bulk sale to ELFEC 2.5 12

COMIBOL/Central 13.5 a/ 40

COMIBOL/La Palca 10.9 48

Private Mining 6.7 44

Matilde Mine 6.1 50

COBEE Interconnection 13.5 10

a/ Refers to contracted peak demand. Additional at US$7.6/kW per

month.

Source: NEP estimates.

3.28 The following conclusions are evident:

(a) The tariffs for the distribution companies are well below
marginal costs, for the energy charge is abou: the same, and
the demand charge is less than half. For example in the case
of the distribution companies (CRE or ELFEC), typically with a
load factor of about 50%, the average rates would be:

Actual: 27 mills/kWh
Marginal: 38.3 mills/kWh

(b) The energy charge for the mining industry is well above the
marginal energy costs, while the capacity charge is in the same
range of the marginal capacity costs.

Pricing Strategy

Petroleum Products

(a) Increase the price of LPG about 30% to its economic cost, but
consider this to be the only national retail price for all LPG,
which would already consider transport costs to the rural
areas.
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Natural Gas

(a) Charge a natural gas retail price to consumers which is
sufficient to cover its average incremental cost plus whatever
financial costs that may occur.

(b) Natural gas conversion for the residential/commercial sector
should only be encouraged where the gas l1ne passes and covers
a minimal consumption level.

(c) All taxes should be removed from domestic gas sales in order to
encourage substitution. The revenue loss to the State would be
small (less than US$8 million per annum).

Electric Power

(a) Carry out a reevaluation of assets for all the distribution and
generation companies, in order to establish the real tariff
base in each company.

(b) After completing the previous recommendation, carry out a
detailed tariff study based on and consistent with the rate of
return, cash flow and marginal cost approaches for all
generation and distribution companies.

(c) At the bulk level, attempt to reduce the gap between actual
electricity rates and marginal costs for large industrial and
mining consumers supplied at the transmission level.

(d) Implement the tariff structure based on actual marginal cost
and taking into account the financial viability of the power
companies.

Interfuel Substitution and Conservation

The Structure of Energy Demand

3.29 In 1985, Bolivia consumed 2.011 million toe of energy. Per
capita energy consumption was 313 kgoe, compared with a world average of
1,500 kgoe and an average for LatTn America of 1,000 kgoe. Petroleum
products met 48% of total demand, electricity 7%, natural gas 3%, and
biomass 11/ the remaining 42%.

3.30 Commercial energy consumption amounted to 1.167 million toe in
1985, represented by: gasoline 30%, other petroleum products 53%,
electricity 11%, and natural gas 6%. The transport sector is the most

11/ Fuelwood, animal dung, bagasse, and charcoal.
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important consumer of commercial energy 51%, followed by household/
commercial 25%, industry 21%, and agriculture 3%.

3.31 Biomass energy consumption in Bolivia totaled 0.847 million toe
in 1985, represented by fuelwood 67% (including a minimal amount of
charcoal), animal dung 19%, and bagasse 14%. Fuelwood accounted for 56%
of the energy consumption in the household sector, animal dung accounted
for 34% of the household energy consumption in the rural Altiplano, and
bagasse supplied 34% of the energy consumption in the industrial sector.

The Household/Commercial Sector

3.32 The household/commercial sector consumes 25% of all the energy
consumed in Bolivia in 1985, LPG is an important source of energy,
increasing by 25% between 1980 and 1985. For all practical purposes, the
sector is not using natural gas. For analytical purposes and to point
out the most critical issues in the sector, it has been divided into
urban and rural areas.

Urban Areas

3.33 The urban areas have to a great extent switched over to modern
fuels; LPG *is the most common urban household cooking fuel although
supply shortages have occurred recently which may lead to increasing use
of fuelwood or dung if available. Fuelwood and dung is not common in the
urban areas except for the very low income population that may have
access to those fuels. For lighting purposes, electricity is well spread
in the urban areas although the marginal income areas continue to use
kerosene.

Rural Areas

3.34 For the purpose of the National Energy Plan, the rural areas of
Bolivia were divided into three physical areas that share climatological
and geographical attributes--the Altiplano, the Valleys, and the Tropics.

3.35 Altiplano. With over half of the total rural population and at
an altitude of about 4,000 m, the cumulative effects of deforestation and
high levels of current consumption have forced much of the population to
rely on dung and small shrubs for household cooking and heating needs.
The inadequacies of the present transportation networks and scattered
nature of communities is a major impediment to development and distri-
bution of commercial energy.

3.36 Unconventional technologies, such as biogas, windpower and
solar energy, are expensive relative to the income of the rural household
based on subsistence farming and require a social and technical environ-
ment that can only be brought about through continuous technical support.
The energy problem of the Altiplano should be treated as a part of
integral rural development programs considering the resource endowments
of the region in question.



- 39 -

3.37 With the short supply of fuelwood in many parts of the
Altiplano, driea dung is commonly used as the primary cooking fuel. In
fuelwood-poor areas in Oruro, there are indications that the need for
dung as a cooking fuel is restricting its use as natural fertilizer,
although no such tendency for the Altiplano as a whole is quantifiable.

3.38 The supply of LPG, the principal supplement to biomass as a
cooking fuel is poor. Where it is available, the price is more than
double the price at YPFB distribution centers, depending on the distance
from those centers. Kerosene is delivered to rural areas and its use for
household cooking should be investigated. Currently it is only used for
household lighting.

3.39 Charcoal is not consumed as a cooking fuel in rural households
in the Altiplano. No biogas plants have succeeded in the Altiplano, nor
have pilot programs been coordinated on a national level. A pilot
program might be justified in rural areas where other fuels have higher
opportunity costs than biogas. The high capital cost would be a barrier
to implementation on small farms.

3.40 Economic Comparison of Energy Alternatives. According to the
opportunity cost analysis shown below, LPG is the best short-term
alternative for household cooking in the rural Altiplano. Oruro should
be a priority for improving the distribution of LPG because of the severe
shortage of fuelwood and subsequent increasing ese of dung. Relative
costs of actual and potential cooking fuels for the Altiplano were
estimated and are summarized below in Table 3.9.

Table 3.9: ALTIPLANO ECONOMIC COMPARISON OF HOUSEHOLD COOKING FUELS
(Cost of Useful Energy)

Opportunity Cost
Average Relative Efficiency

Fuel Market Price Opportunity Cost to LPG Used a/

(mills/'OO0 kcal) (mil s/5/000 kcal)

LPG 30-43 35-49 1.0-1.4 59%
Kerosene 48 35 1.0 56%
Fuelwood 349 930 26.6 9-14%

a/ Although some of these efficiencies may be considered high, they are the result of a
JUNAC study and are commonly used in Bolivia.

Source: NEP estimates.
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3.41 LPG and kerosene are clearly the most economic fuels for
cooking in rural areas in terms of useful energy. LPG has the
disadvantage that under the current distribution system, its costs rise
substantially in rural areas (para. 3.2-3.3).

3.42 Kerosene would seem to be the ideal household cooking fuel for
rural areas in the Altiplano. Its price does not seem to vary with
distance from YPFB distribution centers, but its delivery under the
current distribution system in Bolivia is expected to decrease in the
early 1990s and is restricted. Nevertheless its use for household
cooking purposes in the Altiplano should be investigated.

3.43 The marginal costs of rural electricity was estimated between
120 and 370 mills/kWh. However, for most homes in rural areas,
electricity is simply not available, and for the few rural areas where
there is a power line, connection costs are prohibitive. The opportunity
cost of electricity for rural households indicates that it may be more
costly than kerosene. Furthermore, expansion of electric grids to rural
areas, or installation of local diesel electric generators or hydro-
electric plants, is not recommended if there are no productive end uses
for the power. Household illumination is not considered sufficient
reason for the introduction of electric power.

3.44 Valleys. Only two areas in the Valleys have shortage of
fuelwood supplies--the historically deforested and eroded Valley of
Tarija and the province of Yamparaez in the Department of Chuquisaca. The
Valleys have a greater resource basis than the Altiplano, due to the more
temperate climate.

3.45 Most households in rural areas in the Valleys use three-stone
stoves to burn fuelwood for cooking. A negligible quantity of dung is
used for fuel in the Valleys. An estimated 199, 464 TOE of fuelwood (35%
of national fuelwood consumption), was consumed in 1985 in rural house-
holds for cooking purposes.

3.46 The UNDP is financing a joint Bolivian-Brazilian program to
improve the efficiency of wood-burning household stoves and foster the
development of fuelwood plantations. The project is a demonstration
program for both stove improvement and fuelwood plantations. In the town
of Lavadero, in the province of Yamparaez 132 families have been chosen
for installation of efficient stoves developed in Brazil, and to be
constructed entirely from local material.

3.47 Economic Comparison of Energy Alternatives. Economic costs
indicate that for Yamparaez and Tarija, the most cost-efficient policy
choice would be also to improve the delivery of LPG to those areas. For
other areas in the Valleys, there appears to be sufficient fuelwood
supplies to warrant its continued use. Therefore, investment in
reforestation in most areas in the Valleys cannot be recomnended.
Table 3.10 below shows the economic comparison of household cooking fuels
in the Valleys.
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Table 3.10: VALLEYS ECONOMIC COMPARISON OF HOUSEHOLD COOKING FUELS
(Cost of Useful Energy)

Average market Opportunity Cost Thermal
Fuel Price Opportunity Cost Relative to LPG Efficiency a/

(mills/1O0O kcal) (mills/1OO0 kcal) (%)

LPG 27-34 28-35 1.0-1.2 59
Kerosene 38-42 34-37 1.2-1.3 56
Fuelwood b/ 172-196 270-349 9.6-12.5 9-14

a/ JUNAC study.
b/ Fuelwood deficit area, total reforestation cost.

Source: NEP estimates.

3.48 If only 10% of reforestation costs are assigned for energy
purposes in Tarija, the economic cost of fuelwood would be comparable to
LPG. However, in general, the above data favors LPG as a fuel supply for
the Valleys. As in the Altiplano, the distribution of LPG is poor to
areas just outside of the city of Tarija with prices similarly dependent
on distances from distribution centers. The use of kerosene which has
been restricted for lighting purposes should be examined toward cooking
purposes. In relation to lighting purposes, the same conditions as in
the Altiplano hold for the Valleys making rural electrification viable
only if it is marketed to productive end uses.

3.49 Tropics. The tropics with 17% of the country's population,
occupies 69% of the total land mass. The tropics have by far the
greatest per capita supply of fuelwood in Bolivia. Rough estimates
indicate 40 to 50% losses in cutting, and 40 to 60% losses in processing
by the forest industry, all of which could be used as fuelwood.

Table 3.11: TROPICS ECONOMIC COMPARISON OF HOUSEHOLD COOKING FUELS
(Cost of Useful Energy)

Average Opportunity Cost
Fuel Market Price Opportunity Cost Relative to LPG Thermal Efficiency a/

(mills/1OOO kcal) (mills/OOO kcal) (M)

LPG 30-41 35-50 1.0-1.4 59
Kerosene 48 35 1.0 56
Fuelwood b/ 53-71 233 6.7 6

a/ JUNAC study.
b/ ,Fuelwood deficit area.

Source: NEP estimates.



- 42 -

3.50 The above table indicates a close alignment of economic costs

of fuelwood energy for cooking fuel, reflecting the relative abundance of
fuelwood. LPG and fuelwood in the surplus areas have the lowest

opportunity cost for cooking fuels. In the fuelwood deficit areas, the

cost of fuelwood is higher. Although LPG is the primary cooking fuel in

the city of Trinidad, LPG is apparently used very little outside of a
100 kilometer radius from trinidad, probably due to higher costs and poor

delivery. In the short term, continued use of fuelwood is the best

option. 12/ However, efforts should be made to control and slow down

the rate of deforestation, if not maintain sustainable yields. Rural

electrification in the Tropics holds the same constraints as in the

Valleys and Tropics, indicating a viable option only if it is has

productive end uses.

The Industrial/Mining Sector

3.51 The Bolivian industrial sector is concentrated in the cities of

Cochabamba, Santa Cruz, and La Paz. Moreoever, the mineral industries

have their major installations in the cities of Oruro and Potosi. The

mines are mainly disseminated along the Andean Range.

3.52 Energy Consumption. In 1985, the industrial mining sector was

the third largest consumer of energy in Bolivia, after the transport and
household/commercial sectors, accounting for 50% of the total electric

power demand and 12% of oil consumption. Major consumers of energy are

the agroindustries and the mineral industries.

3.53 Because of the collapse of the economy, the share of petroleum

products in industry decreased from 154,000 toe in 1983, to 100,000 toe

in 1985. 13/ Paralleling this evolution, the share of non-commercial
energy in industry remained fairly constant at 120,000 toe in the same

period.

3.54 YPFB's internal consumption of oil products represents, at

2,000 bd, about 10% of the national consumption in Bolivia. In the

refineries alone, internal use and loss average 8% of the feedstock,

notwithstanding the fact that they use increasing quantities of natural
gas as fuel. An energy audit focussing on YPFB's consumption of liquid

fuels should be carried out.

3.55 The industrial sector, for gas market analysis purposes,

comprises a diversified range of users which individually use in excess

of US$0.50 MCF/hr at peak. The main representative industries are

12/ The region of the Tropics is diverse, and further study is warranted
on an area-by-area basis to ascertain comparative costs of cooking

fuels for implementation of the appropriate energy strategy.

13/ Excluding YPFB's internal consumption.
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breweries, ceramics, detergents, edible oils and other food related
industries, glass, sawmills and textile; they are mostly located at
Cochabamba, La Paz and Santa Cruz. In the first two cities, gas became
available in 1984, and the conversion effort is under way. On the other
hand, in Santa Cruz, the more important users have already coaverted to
natural gas, particularly those located in an industrial park sponsored
by the regional development corporation (CORDECRUZ). On the whole, the
industrial market will include both growth and conversion. A market
analysis of the gas potential for industrial purposes is presented in
Annex 2.

3.56 Bagasse, most of which is produced by the sugar industry in the
department of Santa Cruz, is approximately 32% of the total quantity of
sugarcane processed. The average bagasse production is 3.32 MT per ton
of sugar product. All of the bagasse is consumed internally (that is, in
the production of sugar). The bagasse contributes approximately 84% of
the total calorific requirements of sugar processing. Of the rest, 14%
is provided by hydrocarbons, and about 1% by fuelwood. Because of the
relatively high hydrocarbon consumption, an improved bagasse utilization
study should be carried out.

3.57 For the Valleys, agricultural product drying is one of the
major agro-industrial needs, particularly for the aji. Because of the
time required for drying in the sun, large losses (30 to 40%) often
occur. During humid weather, losses can reach 70%. Based on the very
limited data available, pilot studies could be initiated for small-scale
solar drier which has been used with some success in Peru, and the
continued use of LPG driers for larger-scales operations.

The Transport Sector

3.58 The transport sector is the single most important user of
energy in Bolivia over half all the energy consumed in Bolivia, and 60%
of the diesel. Bolivia's internal transportation needs are largely met
by road vehicles which carry about 93% of the freight (mostly agri-
cultural products) and 96% of the passengers. Most of the freight and
passengers move along a main transportation axis linking the Altiplano
cities of La Paz and Oruro, with the Valley of Cochabamba and the
lowland city of Santa Cruz. Foreign trade depends more on the railroads,
which carry largely mineral products exports and 81% of the imports. The
principal flows are from the mines in the Altiplano towards Chilean and
Peruvian ports along the Pacific. In terms of energy, road vehicles
consumed 80% of the total, railroads 3% and airplanes 17%. Of additional
importance in the qualitative balance is the fact about 85% of all diesel
sale are to the transport sector. Both the high energy consumption of
the sector and its exclusive reliance on liquid fuels suggest that
transport should have a high priority for improving energy efficiency and
interfuel substitution, especially among road vehicles.

3.59 Substitution of Gasoline for Diesel Oil. Since the opportunity
cost of diesel is about 35% higher than that of gasoline while their
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retail prices are identical (para. 3.6) measures should be considered to
encourage, whenever feasible the substitution of gasoline for diesel.
Substitution could be brought about by imposing special taxes and custom
duties on diesel-powered vehicles.

3.60 Substitution of CNG for Gasoline and Diesel Oil. Compressed
natural gas could pay a small but important role in gasoline and diesel
oil conservation in Bolivia in the future. Consultants are currently in
the field to examine interfuel substitution possibilities. Substitution
by CNG appears economical, but it would take many years to have an impact
at the national level.

3.61 Energy Efficiency in Transport. An important way in which fuel
savings can be achieved is through improving traffic flow in urban
areas. The most immediate results could probably be achieved by
introducing and enforcing parking and stopping regulations along the main
urban arteries, staggering work hours to spread out the commuter rush
over a longer period and reduce average commuting time. In the longer
run, priority lanes for bus services could be introduced in high density
routes and some underpasses built in main intersections. Considering that
these measures involve new investments in traffic control and road
improvement, more information is needed before a decision can be made.
Thus, it is recommended that the Government undertake an urban
transportation study, including a review of energy saving possibilities,
particularly for La Paz.

3.62 Recent studies indicate that changes in the driving behavior of
vehicle operators can reduce fuel consumption per vehicle by about 10-
lSZ. These savings have been achieved through training drivers in fuel
saving techniques and motivating them to use those techniques. The
achievement of those savings do not require any capital expenditure, and
basically require the vehicle operators to reduce idling time, maintain
proper tire pressure, accelerate more gently, perform periodic
maintenance, etc. These techniques are timed-tested and generally known,
but the problem is to motivate the drivers. It is recommended that the
Government establish a driver training and motivation program that would
enable Bolivia to take advantage of these very economical energy saving
opportunities.

3.63 Another source of energy savings can be a sustained effort to
rehabilitate the existing road infrastructure and improve road
maintenance. Much of the network is in poor condition as a result of
light construction and deferred maintenance, and the fact that about a
third of the trucks exceed the legal axle load limit. A truck consumes
about 5Z more fuel on a gravelled road than on a paved road and that a
similar savings occurs between paved roads in poor and in good
conditions. Thus, while fuel savings constitute only a fraction of the
major (50X-80%) savings in transport costs that can be obtained through
road rehabilitation Rnd improvement, these savings are nonetheless
important when considering the large volume of fuel consumed in road
transport.
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Natural Gas Substitution Potential

3.64 Because of the relatively large domestic supply of natural gas
available, substitution of gas for other products is a top priority.
However, under all circumstances, considering the structure of demand,
the potential for substitution by natural gas remains small. The
combined consumption of fuel oil and diesel oil (other than
transportation) accounted for only 12% of the consumption of petroleum
products in 1986. This market, on a calorific equivalent basis
represents about 14 MMCFD of gas (or twice the present gas market other
than power generation). However, all this demand cannot be connected
economically, so that the above estimate represents an upper ceiling for
the replacement of fuel oil and diesel oil (other than transportation).
Regarding kerosene and LPG replacement, even in areas close to the gas
network, connecting potential consumers would not be economical most of
the time, unless the specific consumption is relatively high. In

conclusion, the potential for substitution by natural gas, in a five year
perspective, is small and cannot be anticipated to cause a significant
shift in consumption patterns. On the other hand, gas will have a major
impact on the development of the power sector, where it represents the
most attractive energy source; furthermore, once the economy picks up,
sectors which are already gas users such as the cement industry would
represent a growth market. Lastly, the tin smelters could become, once
they reopen, important consumers. 14/

3.65 During 1986, the average consumption of gas amounted to

22.6 MMCFD, equivalent to nearly 200 thousands of ton of fuel oil on an
annual basis, which represents, in turn, approximately 20% of Bolivia's
consumption of liquid fuels.

3.66 YPFB's Gas Division has prepared a 5-year liquid fuels
substitution program (dated April 1986) as well as a 20-year gas demand
forecast (February 1987). The 5-year program aims in particular for the
replacement of 80% of the industrial consumption of liquid fuels in the

main urban centers and a start in the conversion of commercial and
domestic consumers. The program qims at substituting by the end of the
decade 1,200 bd of liquid fuels 15/ and 112 tons/day of LPG through the
conversion of 250 industries, 770 commercial and 15,000 domestic users.
Consumption of gas would thus increase from 22.6 MMCFD in 1986 to
38.6 MMCFD in 1990, an average annual growth rate of 15%. Should the
smelter resume their operations, the market would be higher by abgut
9 MMCFD. A detailed regional analysis of gas market is provided in Annex

2.

14/ They are already connected to the gas network, but have yet to make
the investment in conversion.

15/ 1,200 bd represents approximately 45% of the consumption of liquid
fuels by the industrial sector nationwide in 1986.
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3.67 Since virtually all the gas in Bolivia is used as fuel, as
opposed to feedstock, the price of gas in relation to other fuels can be
evaluated on a calorific equivalent basis as shown below in Table 3.12.

Table 3.12: COST OF FUEL PER KCAL

Price per Unit
Unit bS uSS kcal/unit US$/MM kcal

Domestic LPG liter 0.17 0.08 6,509 12

Kerosene liter 0.42 0.20 8,880 23

Diesel Oil liter 0.50 0.24 8,778 27

Fuel Oil liter 0.43 0.20 9,393 22

kWh (ind.) kWh 0.10 0.05 860 58
kWh (dom.) kWh 0.05 0.03 860 29

Natural Gas (ind) MCF 3.70 1.76 263,356 7

Natural Gas (elec) MCF 1.85 0.88 263,356 3

Source: NEP estimates.

3.68 On a purely calorific equivalent basis, the present price of
gas is considerably lower than that of other energy sources. However,
this is somehow theoretical because few consumers have a choice to make
between the different fuels at any point in time. The real option is
often between a liquid fuel, and conversion to natural gas, where the
consumer has to pay the connection, metering and conversion cost
(industrial consumers) or for the conversion cost only (residential and
commercial consumers).

3.69 For industrial commercial corsumers, the payback period ranges
from 19 to 436 days. Unquestionably, with the present prices, conversion
to natural gas for such consumers pays off. On the other hand, for
residential consumers, the difference between the official price of LPG
(US$3.2/MCF) and that of gas (US$1.8/MCF) is not sufficiently attractive
so cover the estimated conversion cost (US$100) for an household using
40 k& of LPG (1.8 MCF of gas equivalent) per month. The impact of the
price difference on the payback period is shown in Table 3.13.
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Table 3.13: IMPACT OF PRICE DIFFERENCE BETWEEN LPG
AND NATURAL GAS ON PAYBACK PERIOD FOR COMMERCIAL AND

DOMESTIC CONSUMERS

Price of LPG Price Difference Payback

(USS/MCF) (USS/MCF) (months)

3.0 1.2 46
4.0 2.2 25
5.0 3.2 17
6.0 4.2 13

Source: NEP estimates.

3.70 Thus to reduce the payback period to two years (which can be
taken to be the maximum period acceptable to domestic households), the
price of LPG would have to be increased by 25% over its present level.
However, the approach followed so far does not take into account the cost
of supply; as will be seen, the present price of gas for domestic
consumers does not cover the cost of supply, so that conversion of such
consumers does not represent an economically attractive proposition.
With a cost of supply of the order of US$4.85/MCF. the price of LPG would
have to be increased to a minimum of about US$6.85/MCF or in excess of
200% in order t- make it attractive for them to convert to natural gas.
Taking into account the additional benefits associated with the
substitution of liquid fuels and electricity, on some circumstances, with
a cross subsidy from industrial consumers, a tariff could be elaborated
which would take into account the cost of supply in each system and the
present anticipated mix of consumers. However, the conclusions depend on
the specific circumstances in each case.

3.71 Technical, financial, and economic evaluation for each proposal
should be carried out, along with a well-defined plan for bidders to
attract private investors. The contractual arrangements between YPFB and
private investors need to be examined in detail. The economic viability
and financial incentives may attract private investors in the
distribution phase.

Interfuel Substitution and Conservation Strategy

(a) Improve LPG distribution in the rural areas, particularly in
the Altiplano.

(b) Incentivate natural gas substitution in industry where economic
and analyze in detail case-by-case the conversion of household/
commercial consumers. Private participation in gei distri-
bution is encouraged.
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(c) Carry out an energy audit of YPFB's consumption of liquid
fuels.

(d) As a medium term strategy, control the growth of the diesel
fleet taking into account the yield of the refinery.

(e) Investigate the use of kerosene in rural areas, particularly in
the Altiplano.

(f) Investigate possibilities for improving traffic flow in urban
areas, particularly in La Paz.

(g) Rural electrification needs to be examined in detail for its
viable only if it is marketed for productive end uses.

(h) Investigate, on a site-specific basis, the needs for
irrigations and the economics involved.

(i) Carry out an analysis of the trade-off between dung burning and
its substitution by hydrocarbons.

(j) Determine efficiency of current wood and dung stoves in the
Altiplano, and analyze the possibility for an efficient
woodstove program.

(k) Carry out an improved bagasse utilization study.

(1) Initiate pilot studies for small-scale solar drier which have
been used with some success in Peru, and the continued use of
LPG driers for larger-scale operations.

(m) Examine biogas, windpower, small hydro, and solar energy in
detail on a case by case basis only taking into account the
conditions of each location. The energy problem needs to be

treated as a part of integral rural development programs.
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IV. INVESTMENT AND TECHNICAL ASSISTANCE PRIORITIES

Investment Priorities

Petroleum

4.1 There is an urgent priority in identifying ways of increasing
Bolivia's oil supply without increasing the country's overall budget
deficit. Several types of measures seems appropriate and possible to .be
implemented in the short term, particularly the following:

(a) The reorientation of YPFB's short run investment program from
exploration to production, to defer the decline in
production. In the short and medium term exploration contracts
with the private sector would reduce the investment outlays
otherwise required by YPFB in exploration.

(b) The opening of new areas to private sector companies for
exploration contracts on reasonable terms. This would require:
(i) extension of the 1972 hydrocarbon law to authorize joint
ventures; (ii) agreement on payments due to the private
contractors; and (iii) revision of the current fiscal regime to
attract private risk capital while ensuring a reasonable profit
share for YPFB. The feasibility study for private exploration
promotion funded under the World Bank Project Preparation
Facility (PPF) was recently initiated.

4.2 Field Development. The critical financial situation of YPFB
makes it particularly necessary to focus on a well defined investment
program oriented to: (i) invest in currently producing oil fields,
(ii) assure an adequate period in supplying its internal demand;
(iii) prioritize investment opportunities in field development for those
fields that have an ERR greater than 20X.

4.3 Under that criteria, except for Sirari and Naranjillos, there
are eight fields (Cascabel, Escondido, HSR-Yapacani, La Pefia, San Roque,
Santa Cruz, Villamontes, and Vuelta Grande) wich should proceed with
their scheduled program and the other two (Camiri and Monteagudo) require
reservoir injection studies before any investment is undertaken.
Table 4.1 below shows YPFB's investment program. 16/

16/ Because of great inconsistencies in YPFB data, an in-depth
examination is warranted.
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Table 4.1: YPFB CURRENT FIELDS DEVELOPMENT INVESTMENT PROGRAM a/

Fields 1987 1988 1989 1990 1991 1992 1993

South District
Camiri 3.5 3.0 1.0

Monteagudo 3.0 2.0

San Roque 12.00 25.0 9.5

Vuelta Grande 16.25 15.85

Escondido 13.5 8.5

Villamontes 7.10 12.00

Subtotal 23.35 39.85 41.5 23.5 3.0 1.0 0

Central District

HSR/Yapacani 15.0 9.0

Santa Cruz 17.5

NaranJillos 0.6 6.0

Sirari 5.5 15.5 13.0

Cascabel 6.6 9.6 5.3

Subtotal 33.1 15.0 6.6 9.6 10.8 15.5 13.0

Santa Cruz Division

La pena 8.0

Subtotal 8.0

TOTAL 64.45 54.85 48.1 33.1 13.8 16.5 13.0

a/ Pending results of World Bank PPF, confirmation of data, and completion of

studies mentioned below.

Source: YPFB.

4.4 For the period after 1993, no further investment opportunities

in currently producing oil fields is foreseen, emphasizing the need to
accelerate exploration immediately. Based on the production forecast,
the economic evaluation of each field is as follows, choosing a 12%
discount rate and a base price of US$15/bbl, and taking into account the

year in which investments should start considering the "future investment
criteria':

INVESTMENT PROGRAM STARTING IN 1987

4.5 Vuelta Grande. This is one of the largest retrograde gas
condensate fields in Bolivia. The proposed investment program consists
in the drilling of remaining wells and installation of a gas processing
plant to recycle gas at 90 MMCFD. This project is partially financed by
the World Bank, and the development program is based on sound reservoir
engineering studies. The pilot plant which has been in operation since
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June 1983 is recycling gas at about 20 MMCFD and recovering over 1,000 bd
of condensates. The actual production data indicates that the reservoir
is behaving as it was predicted by the simulation study. When the
project is fully completed early in 1989, a substantial amount of liquids
(average of 6,289 bd in 1989) would result. The ERR is estimated at more
than 100%.

4.6 La Pefia. This field, discovered in 1965, has an investment
program that consists in drilling 10 in-fill wells to optimize field
production and to prove the additional recoverable reserves, estimated at
1.1 million barrels. The actual proven reserves as of December 1986 are
calculated at 8.3 million barrels. The cumulative production from 1987
to 1997 is estimated at 9.3 million barrels. This field development
project is financed by the IDB (US$33.6 million) and is expected to be
completed in 1987 with the perforation of 8 shallow wells. La Penla will
become the main oil producer field for the next two years. The ERR is
estimated at more than 100%.

4.7 Villamontes. Field discovered by YPFB in April 1987. Its
preliminary proven reserves are estimated at 7.5 million bbl, adding
3.0 million as probable reserves. According to the development program,
between 1987 and 1988, the total perforation of 8 wells is expected,
including two structure probatory wells, which together with other
investments for production infrastructure, will require a total of
US$19 million. The economic evaluation of this field, in view of the
preliminary existing data, renders the highest ERR well above 100%.

4.8 Santa Cruz. The development of this field constitutes a
technical and economical priority. It has two producing horizons:
Chorro and Tupambi. The final investment required for its development
will be made in 1987, US$17.5 million, covering two producing wells, four
injection wells, plus recycling and duct injection systems. By December
1986, US$24 million were invested. The ERR is estimated at more than
100%, which reflects the projects earning power. Besides, it's a fieid
located along the limits of the city of Santa Cruz, which minimizes its
production costs with regards to other fields.

4.9 HSR-Yapacani. Due to the physical and chemical characteristics
of HSR crude (paraffinic), it should be mixed with the condensates of the
Yapacani field for its transportation. The ERR is about the lowest among
those development projects analyzed, around 24%. However taking into
consideration the project has already ensured international financing
(IDB) for US$27.8 million and that the HSR crude is 35 degrees API, the
continuation of its development is recommended. These fields are expected
to enter into production by 1989.

4.10 Naranjillos. A predominantly gas producing field. Its
development is p.:ngrammed so as to assure the supply of dry gas to the
industrial sector of Santa Cruz, which is now consuming wet gas from
Caranda and Colpa fields, at highly subsidized prices. This project
should be seen from the gas supply strategy point of view, and should be
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evaluated only from the perspective as a marginal condensates producer.
This field is included in the production investment program but should
nevertheless be asnalyzed in detail for it may have negative repercussions
on liquid production associated with gas. Its ERR is very low, between
11-21%, compared to other projects.

INVESTMENT PROGRAM STARTING IN 1988

4.11 San Roque. Taking into consideration the last YPFB revision
carried out in may 1987, this field enters the development program in
1988 with the perforation of 6 wells and the extension of gas processing
plant plus the necessary infrastructure. YPFB has secured financing for
the gas plant (US$8.7 million) from the Corporaci6n Andina de Fomento.
As the Santa Cruz field, this is also a retrograde gas condensate
reservoir, with a yield of 2.7 tons of LPG and 7.5 bbl of natural
gasolines per million processed cubic feet of gas. By 1991, it would
reach a peak condensate production of 3,000 bd. Its estimated recycling
life is 6 years with a probable additional reserve of 2.8 million
barrels. The maximum recycling flow will be of 87 MMCFD. Its ERR is
more than 50%.

INVESTMENT PROGRAM STARTING IN 1989

4.12 Escondido. Originally a property of Tesoro, it is legally in a
position to be reverted to YPFB (as occurred with Villamontes). Still
there is no decision in this regard since it is a fundamental aspect of
the Government-Tesoro negotiations, and could become, if Bolivian
legislation foresees, the first "joint venture" field between YPFB and a
private company. It is an ideal field for a recycling project (Vuelta
Grande type), since it is a gas field rich in liquids, and although it is
not as large (its reserves are estimated at 10 million bbl), it is a
highly productive field, specially if it is possible to optimize invest-
ments by taking advantage of Occidental's Tita Camp recycling plant,
which is being passed on to YPFB's hands, upon this years closure of the
camp. It is estimated that with about a US$22 million investment, the
perforation of five wells (three producers and two injectors) could be
covered, along with the purchase and installation of recollection and
injection systems, the pipelines (gas and oil) and the overhaul of the
Tita Plant. Its ERR is estimated at 53% and the initiation of production
is scheduled for 1991, helping substantially the supply/demand balance.

4.13 Cascabel. Field discovered in 1985, with a primary gas dome
reservoir and 35 degree API oil. Recent data indicates proven reserves
at 1 MMbbl and 3.4 MMbbl as probable. At least perforation of two new
wells is required to define the field more precisely. According to the
priorities given by the forecast production, its development may be
deferred until 1989. A total investment in the order of US$21.5 million
is required for the perforation of nine wells, recollection and injection
systems, separation battery and pipeline to connect with the HSR-
Yapacani. The oil production peak is estimated at 3,000 bd, producing
4.4 million bbl in 11 years. The ERR is estimated at 32%. Nevertheless,
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this scheme should be confirmed by the feasibility study to be financed
by the World Bank, under PPF-1.

4.14 Monteagudo. Together with Camiri, Monteagudo is one of the two
water injection programmes which YPFB has scheduled. This project was
originally financed by IDA under Cr. S-25-BO. The investment should be
deferred until a more detailed study is carried out, including an
evaluation of the reservoir to define its water injection behavior and
reserves, proven as well as probable. If the studies suggested are
carried through, the field could peak with a secondary production by 1993
of some 4,400 bd. The estimated ERR is over 100%.

INVESTMENT PROGRAM STARTING IN 1990

4.15 Camiri. Field discovered in 1927, its primary reserves are
practically depleted. According to a recent YPFB revision, the field
contains probable reserves of about 7.5 million bbl, which could be
recovered by means of water injection. Water injection is foreseen for
Sararenda, although pilot trials would not be very reliable due to the
variability of physical properties. The Sararenda formation reached a
primary recovery at above 45% and an additional recovery around 24% is
expected. The water injection project requires a more detailed study of
the reservoir injection behavior, so as to define an optimum design of
the project. Upon the revised data, the estimated ERR for the project is
over 100%, although concrete evidence that the water injection would be
effective still needs to be confirmed.

POTENTIAL INVESTMENT PROGRAM STARTING IN 1991

4.16 Sirari. Field which should be put into production only if the
export of gas to Brazil is realized or, if there is a critical shortfall
in future supply of liquid hydrocarbons. In any case, due to the fact
that no step welLs were drilled after the discovery well to define the
reservoir limits and hydrocarbon potential, investment in this field
seems unrealistic. Its ERR is estimated at about 10%. This picture
could change once the World Bank's PPF-1 is completed.

Exploration

4.17 According to the production schedule, and to keep a reserve/
demand ratio of 15 years, there will be a need to replenish cumulative
reserves by 120 million bbl by 1997. By way of illustration, if explor-
ation costs were in the order of US$7.50/bbl as calculated by the
consultant for liquid hydrocarbons in a hypothetical case to preserve
self-sufficiency, the magnitude of exploration investments for the period
1987-1998 required is calculated in the order of US$900 million. The
size of the investment program required and the critical economic
situation in Bolivia highlights the need of private participation in
exploration activities. Table 4.2. shows the required annual increment
of reserves, maintaining a 15 years reserve/demand ratio.
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Table 4.2: ADDITIONAL RESERVES REQUIRED

(15 year reserve/demand ratio)

('000 bbi)

Year Proven Reserves Additional Reserves Total Additional Reserves

1987 116,386 0 0

1988 107,260 0 0

1989 109,984 13,444 1,344
1990 113,361 13,406 26,850

1991 117,549 14,105 40,955

1992 121,003 13,717 54,673

1993 125,146 14,689 69,363

1994 130,081 14,086 83,449

1995 135,172 12,993 96,443

1996 140,649 12,445 108,889

1997 146,124 11,120 120,009

Source: NEP estimates.

4.18 Following the results obtained from the PPF for private

exploration promotion, YPFB exploration activities should focus on low

risk areas while the high risk areas should be offered to private

investors. Nevertheless, the 1987 YPFB exploration investment program

consist of US$45 million which will cover activ.:ies (exploration and

drilling) in traditional areas and new stratigraph:c traps zone. IDB is
financing US$80 million in exploration activities for the next three

years and is considering a new project to finance up to US$30 million for

exploration activities (including 4 exploratory wells) in the Altiplano.

4.19 The Altiplano and the Northwest (including the North Sub-Andean

and part of the Llanuras Benianas) present favorable geological

conditions according to preliminary studies carried out by YPFB and
private companies. However, further prospecting is needed before the
liquid hydrocarbon potential could be determined.

Natural Gas

4.20 For the purpose of the NEP, the YPFB five year natural gas

substitution plan, has been taken as an indicative one. In general, the

development and expansion of natural gas transmission to major consuming

areas for industrial purposes is an economic option, however, for the
residential/commercial sector, a more detailed analysis needs to be

carried out. To attract private participation in gas distribution
investments, a technical, financial, and economic valuation is needed for

each proposal in addition to defining a plan for bidders. Contractual
arrangements between YPFB and private firms also need to be examined. The
plan aims for the replacement of 80% of the industrial consumption of
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liquid fuels in the main urban centers and a start in the conversion of
commercial and domestic consumers (paras. 3.64-3.70). If exports to
Brazil materialize, then further investments will be necessary.

4.21 The investment necessary for the development and expansion is
US$16.8 million of which US$6.4 million is YPFB and the remainder is
private. To this, one has to add the cost of converting to gas
industrial customers (about US$5 million for the three smelters plus
US$2.5 million for the other industries), the cost of connections of
industrial consumers (about US$2.5 million) and that of converting
commercial and domestic users (about US$2 million).

4.22 Nearly 30% of the investments would be in the La Paz area,
where the potential for industrial substitution of liquid fuels is the
highest. By end-1988, some 50 industries would be converted,
representing altogether nearly 450 bd of liquid fuels and 20 tons/day of
LPG. If the program at the industrial level is successfully implemented,
in the last two years of the plan, small industries, commercial and
domestic consumers could be connected. A similar approach is proposed for
Cochabamba (20% of the proposed investments) where about 40 industries
could be connected by end-1987 representing about 320 bd of liquid fuels
and 18 tons/day of LPG. In subsequent years, the small industries,
commercial and domestic users would be connected.

4.23 In Santa Cruz (24% of the proposed investments), unlike the
first two cities, emphasis is to be given already now to the conversion
of small industries, commercial and domestic users, essentially because
the larger industrial consumers are virtually all connected.

4.24 In Sucre and Tarija (altogether 24% of proposed investments)
major and medium industries are to be connected in the early years of the
program, followed by commercial and domestic users. In Oruro and Potosi
(altogether 2% of the proposed investments), as long as the smelters
remain closed, implementation of the gas network will be slowed down in
view of the major impact of the smelters on the local economy.

4.25 Financing. The lack of credit could be an impediment for
certain industries to convert to gas despite the financial benefits.
Therefore, consideration ought to be given to setting up credit lines for
such conversions. A detailed market survey should be made to evaluate
the potential demand for such credits.

4.26 The cost of gas equipment (pipe, valves, meters) is said to be
considerably higher than in other countries in Latin America. At the
minimum, a feasibility study ought to be carried out to assess the merits
of creating a domestic gas equipment industry including in particular
polyethylene pipes and the assembly of meters.
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Electric Power

4.27 Currently there is not available a long term (10 years)
investment program for the power subsector. The Ministry of Energy and
Hydrocarbons has collected a list of specific projects in the power
subsector for future financing, but their timing and justification is yet
to be determined. The only investment programs, that were based on an
expansion plan, were the programs for ENDE and ELFEC. Therefore a
tentative five-year investment program for the subsector based on this
information, has been prepared, in order to estimate a preliminary figure
for the required investment.

4.28 The tentative investment program for the electric power
subsector is summarized as follows in Table 4.3.

Table 4.3: INVESTMENT REQUIREMENTS FOR 1987-1991

Type US$million

Generation 76
Transmission & Subtransmission 37
SubstGtions 8
Distribution 60
TOTAL 181

Source: NEP estimates.

4.29 Generation. The required generation investment amount
considers an expansion program prepared by ENDE which is based in the
least cost criteria. The program considers that the construction of the
6th and 7th gas turbines at Santa Cruz, is necessary to meet projected
increases in electricity demand at the Eastern system. By 1990, and
assuming that the Central-East interconnection system will be
commissioned, the best alternative would be to continue expanding the gas
turbine plant at Santa Cruz and such expansion should be carried out with
gas turbines rather than combined cycle plants. This can be explained by
the fact that the improvement in efficiency does not compensate the high
investment associated with a combined cycle plant. At a cost of gas at
the plant of US$1/MCF, very few hydroelectric alternatives could compete
with gas turbines. At this moment, the most attractive hydroelectric
alternative is the proposed expansion of the Zongo River plant. The
power generation system should be expanded, at least in the period 1990-
1995, using plants suitable for peak load operation. In this regard, the
rehabilitation of small hydro-stations now on use may be attractive, and
the large hydroelectric projects now under consideration can be improved
by lowering their designed plant factor.
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4.30 The generation expansion program, for the interconnected system
is as shown in Table 4.4.

Table 4.4: GENERATION EXPANSION PROGRAM

Year Project Capacity

(MW)

1987 6th Turbine at Santa Cruz 22

1988 7th Turbine at Santa Cruz 22

1990 8th Turbine at Santa Cruz 22

1991 9th Turbine at Santa Cruz 22

1992 10th Turbine at Santa Cruz 22

1993 Zongo River Expansion 61

1994 11th Turbine at Santa Cruz 22

1995 12th Turbine at Santa Cruz 22

Source: NEP estimates.

4.31 Although the above generation expansion program may be subject
to further changes during the power system expansion revision to be

carried out by ENDE during this year, it has been considered as adequate
for estimating investment requirements in generation.

4.32 Transmission. Regarding transmission investment, the only

major project considered by ENDE is the Central-Eastern interconnection
project. It has been found that it is important to commission this

project by 1990, in order to reduce the need for expanding generation
capacity and to allow the use of hydroelectric surplus, if any, in the C-
N-S interconnected system. The interconnection will perform a role in

the system completely different to that envisaged when it was planned in

the late 70's due to major changes in the cost of gas, in the demand of
the Eastern system and the availability of hydro surplus. Initially it

was intended for the use of hydroelectric resources which were the least
cost alternative; now, gas turbines are the most attractive development
and there may not be significant hydro surpluses in the C-N-S system when
the interconnection is commissioned. The main benefits of the

interconnection in the medium term would be, therefore, to facilitate the

development of additional thermal generation in the Santa Cruz area,

where their performance is better, and to facilitate the need of gas
transport to the central regions.

4.33 Subtransmission and Distribution. Regarding subtransmission
and substation investment, specific projects suitable to meet future
demand in Santa Cruz, Cochabamba and La Paz systems have been included

(i.e. subtransmission lines to Chapare, Yacuiba and Trinidad) with a

total investment required of about US$8 million.
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4.34 Due to the absence of detailed information at the national
level on distribution, an aggregate investment requirement has been
estimated taking into account the average cost per incremental peak
demand (US$450/kW derived from ELFEC's records) and the increase in peak
demand for the whole system. Using this assumption an estimated
investment of about US$50 million is required for the 1987-l991 period.

4.35 Impact of Reduced Investment Levels. Although the estimated
investment in the power sector represents only a small fraction (about
5%) of the public sector investment, it is important to analyze the
impact of a reduction in this investment program caused by financial
constraints. A reduction in generation would affect in the short term
the electricity supply to Santa Cruz; if total investment in generation
is reduced in, say 10%, this would be equivalent to cancel the 7th
turbine in Santa Cruz. In this case, the margin Or generation in 1989
would be 4.3 MW which is completely inadequate. This margin means that
whenever one of the generation units at Santa Cruz is taken out of
service for maintenance or there is a forced outage, it would be
necessary to ration about 15 MW, equivalent to 12% of the peak demand in
Santa Cruz. Expressing it in probabilistic terms, it means that there
would be about 330 hours per year with power rationing at peak.

4.36 A reduction in transmission investment in 1987 or 1988 would
mean a postponement of the construction of the Central-East inter-
connection. A postponement of one year would result in: (i) need to
install two additional turbines in 1990 (investment of US$17 million) in
order to meet the projected demand in the C-N-S and the Eastern systems
operating in isolation; and (ii) an increase in fuel costs in 1990 of
about US$1.3 million.

4.37 Investment in distribution is not as lumpy as investment in
generation and transmission, and, therefore, gives more flexibility to
reduce it gradually. The implications of a reduction in this investment
are much more difficult to analyze for it depends on the distribution
company and the component that is affected by the reduction. It is not
worthwhile to analyze these implications, for a reduction of 20% in the
investment estimated for aistribution represents only about US$2 million
per year.

Technical Assistance Priorities

4.38 The following technical assistance activities should be given
high priority so that critical problems in the energy sector can be
tacked.

Within the MEH:

(a) Evaluate options to strengthen the policy and institutional
framework, and market arrangements for LPG in the rural areas
and carry out an energy demand analysis focussing on the use of
LPG (paras. 3.2-3.3 and 3.41, 3.47, and 3.50).
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(b) Establish an energy information system and develop and
implement analytical tools to carry out energy planning, in
particular, strengthen DINE's organization, methodologies, and
procedures regarding the setting of electricity rates and the
development of data bases for power sector statistics
(paras. 5.1-5.3 and 5.18).

(c) Review the current electricity tariff structure both at bulk
and retail level, and preoare specific proposals for setting
electricity rates for 1987-1990 (paras. 3.21-3.28).

(d) Carry out a study to improve bagasse utilization in the sugar
mills (para. 3.5).

(e) Determine the efficiency of current wood and dung stoves in the
Altiplano, and analyze the economics of dung burning and its
substitution by hydrocarbons, including kerosene (paras. 3.37-
3.38).

(f) Evaluate the current organizational striucture of the rural
energy sector(paras. 5.30-5.32 and 5.42-5.44).

Within YPFB:

(a) Develop and implement a petroleum supply management information
system (MIS) optimizing the use of refineries and evaluating
least cost supply options (para. 5.9).

(b) Develop and introduce in YPFB modern integrated acco nting,
budgeting and control systems (paras. 5.33-5.38).

(c) Carry out an energy audit on YPFB's consumption of liquid fuels
(para. 3.54).

Within ENDE:

(a) Carry out a power system analysis of the interconnected system,
including a stability analysis (paras. 4.32).

(b) Review electricity demand projections for the industrial,
mining and residential sectors for the period 1987-1995
(paras. 1.39-1.41).

(c) Review procedures, methodologies, and organization in ENDE for
project analysis (paras. 5.14-5.20).
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V. INSTITUTIONAL AND FINANCIAL ISSUES

Organization Structure

Institutional Problems

5.1 The Ministry of Energy and Hydrocarbons (MEH) is responsible

for formuliting energy policies and for regulating the activities of the

sector, excert forestry which is under the responsibility of the Ministry

of Agriculture. These functions are carried out by two main departments

within the Ministry, one responsible for hydrocarbons (DGH), and the

other for electric power (DINE). Overall sector planning is limited

within the Energy Planning Unit (DEP) of the MEH. The Rural Energy

Corporation (COFER), funded through the MEH, is responsible for rural

energy and alternative forms of energy. Power tariffs and petroleum

product prices are set by the MEH.

5.2 MEH is insufficiently equipped to exercise its functions and to

coordinate the efforts necessary to successfully meet Bolivia's future

energy needs. The recent creati3n of the DEP was a f;-st step but it

must be strengthened. This unit must be staffea with highly qualified

personnel, equipped with analytical tools, and advised by outside experts

during Its initial years. Free flow of information to and from the

energy companies and with the other ministries must be established. DEP,

working together with strengthened DGH and DINE, would Le in charge of

proposing and evaluating energy strategies, scheduling programs and

monitoring those that are implemented. It would also make sure that a

prop.r link is established between economic objectives and energy, and

would coordinate with the Ministries of Agriculture and Rural Affairs,

and Planning.

5.3 The current structure of DGH, DINE, COFER and DEP needs to be

examined in dctail. Most of these units are receiving enough funds to

maintain basic office functions and nothing else. In the case of DINE, a

political and legal solution should be worked out to give back DINE the

responsibility for setting rates at all levels.

Hydrocarbons

5.4 Petroleum. YPFB was incorporated in December 1936 as a state

oil company to take over the nationalized Bolivian assets of Standard Oil

of Uew Jersey, Inc. (now Exxon). On September 1969, the Bolivian

subsidiary of Gulf Oil Co. was T itionalized and YPFB assumed the

administration, production, transpLetation, pipeline construction and

operation, -efining and distribution as well as imports and exports.

YPFB has been engaging in operations contract with foreign oil companies.

YPFB is experienced in all phases of the oiL industty from exploration to

drilling, production, refining, and marketing.



- 61 -

5.5 A previous diagnosis of YPFB's operations carried out by
independent consultants in December 1985 is still true today, and
includes the following:

(a) A high degree of centralization, featuring excessive concen-
tration of decision-making authority to the top levels of
management.

(b) Duplication of functions, overstaffing.

(c) Extremely slow and cumbersome administrative decision-making
procedures.

(d) Inadequate development and use of management information and
other systems.

(e) Poor coordinating and conflict resolution mechanisms between
functions.

(f) Excessive specialization; no cross-functional career paths.

(g) Excessive centralization of administrative staff functions in
La Paz.

5.6 In line with the above issues, YPFB's organizational structure
should include corporate restructuring to gear YPFB to work under
economic efficiency criteria. At present investment decisions are based
on physical targets of production and supply with little economic
priority consideration. The present organizational structure and
accounting system of YPFB does not permit a realistic evaluation of
economic performance since revenues and costs cannot be attributed to the
underlying lines of activity and transfer prices used among the company's
operating unit do not have a solid economic foundation.

5.7 Since the role of YPFB is an integral part of the Government
policies for the oil and gas subsector, it is important to assess the
competitiveness of its operations and activities on the basis of
international standards. This would determine which of its operations
and activities are economically justified, which are not, and what
opportunities exist for increasing their efficiency. One w. to do so
would be toe reorganize YPFB into a set of independent, commercially
oriented divisions--each specializ.og in a particular field of
activities--and by using proper transfer priLes between them.

5.8 The operational divisions could be responsible, re.spectively,
for exploration and production; drilling and oil-field services;
refining; transport and marketing. In addition, the restructuring should
start with (i) defining clear objectives commensurate with the human,
technical and -inancial resources of the division, integrated in a long-
term investment strategy for the sector; (ii) establishing control
mechanism over operations without interfering with managerial
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responsibilities and the financial autonomy of the company; (iii) making
the divisions cost-conscious, and self reliant; (iv) holding managers
accountable for results by means of performance evaluation and
introducing managerial incentives linked to result; and (v) opening up
the industry to outside competitors toward maximizing the efficiency of
operations, encourage entrepreneurship and innovations and bring in
latest technologies and knowhow. This will help optimize the potential
of each division and ease their adjustment to an increasingly competitive
environment.

5.9 With respect to refinery operations, a computerized refinery
model should be set up to take into account the specific circumstances of
the Bolivian environment. Bolivia's three refineries (Cochabamba, Santa
Cruz, Sucre) represent twice the demand and operate considerably below
capacity. A petroleum supply management information system should Le set
up optimizing the use of refineries and evaluating least cost supply
options.

5.10 As a result of a current situation where salaries are very low
and the lack of a career development perspective, the morale in YPFB is
very low. With the government freeze on salaries, the ratio of the
private oil companies salaries to YPFB is substantially different. This
is critical, for YPFB best staff is leaving in a period where the oil
sector is the backbone of the Bolivian economy. A revision of YPFB's
salary structure is urgent.

5.11 The regional difficulties should also be resolved. A
constraint on drilling activities is that the three petroleum producing
provinces jealously watch over exploration and production activities and
have been able to stop the movement of rigs and other equipments out of
their respective provinces. For example, about one third of the time the
rigs are in waiting; costing YPFB about US$ 12 million per year.

5.12 Natural Gas. At present, responsibility for natural gas is
under Yabog located at Santa Cruz (exports to Argentina, and transport
and distribution in eastern part of Bolivia), the Industrial Division
located at Cochabamba (transport and distribution in western part of
Bolivia) and the Gas Division located at Sucre (planning, tariffs,
policy). In addition, YPFB centralized services (personnel, accounts,
commercial, etc.) provide support to the different groups involved with
natural gas. It is intended that gas distribution in the main towns be
awarded to concessionaires in early 1988 who will get the concession at
no cost, but will be required to invest part of their income in the
expansion of the network, and the connection of new consumers. YPFB
would supervise the concessionaires, and ensure that they comply with
their obligations, including the one to invest. The Gas Division is
presently preparing bid documents that will serve for the selection of
concessionaires. The selection is expected during the second half of
1987.
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5.13 While the gas activity of YPFB is small, it is likely to play
an increasingly important role in the future; the problems of gas are
very specific (load management, transport, distribution, metering, safety
etc.) and demand in general a different expertise than that of oil. That
is why many countries have opted for separate gas companies which
essentially buy the gas from the producers in the producing areas, and
are responsible for transport and sometimes distribution. In the case of
Bolivia, some consideration ought to be given to consolidate the
functions presencly fulfilled by the three groups at different
locations 17/

5.14 The concessionaire system for gas appears prima facie
reasonable under the Bolivian circumstances, in particular the wide
geographical dispersion of the consumption centers, and the need to raise
private capital for the distribution systems. However, these
concessionaires will have virtually no past records in the operation of
gas networks. It is therefore intended that they be closely monitored by
the present Gas Division. In addition, and taking in particular into
account the safety aspects, consideration ought to be given to securing
the service of experts from an operating gas utility to ensure that the
systems being introduced are up to standards. This could avoid costly
mistakes, and spare the need for introducing modifications at a later
stage, after expenditures have already been incurred.

Electric Power

5.15 ENDE's responsibilities on planning of the expansion system at
the national level (generation and transmission) should continue, while
the coordination of operational activities should be strengthened.
Construction of new plants, included in the least cost expansion program
prepared by ENDE, could be developed by ENDE or private or regional
entities, as long as the operation will be closely coordinated with
ENDE. At the distribution level the responsibility of construction of
new facilities should be transferred to the distributors companies.

5.16 At the regulatory level the Ministry of Energy and Hydrocarbons
is responsible for formulating the policies for the sector and regulating
power sector operations. Its regulatory function is carried out by DINE
in accordance with the National Electric Code (NEC) of 1986.

5.17 At the generation and transmission level, there are two
companies responsible for the development and operation. On the one
hand, ENDE is responsible for the planning, development, and operation of
generation and transmission projects at the national level, and for
supplying energy to all distribution companies and some large mining and
industrial consumers. On the other hand, the private Bolivian Power

17/ An immediate benefit will be that a true costing system for gas
would be rapid'Ly developed.
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Company (COBEE) is responsible for supplying energy to La Paz and Oruro
markets, and for the operation of generation plants in that area, and is
authorized to develop new generation projects at the Zongo River Basin.
Additionally, there are several regional development coorporations
(CORDECRUZ, CORDECH, etc) which pursue the development and operation of
multi-purpose projects (irrigation and power). The organization at the
generation and transmission level raises some queries and creates some
problems for sector planning discussed below.

5.18 In the early sixties, with the support of the international
financing institutions, the Government introduced major reforms in the
regulation and organization of the power subsector that contributed to
its rapid development in the 1960s and 1970s. The most important actions
in this period were: (i) in 1962, the creation of ENDE, as responsible
for the planning, construction and operation of generation and
transmission systems, for the interconnection of isolated systems, and
for assisting in the creation and development of distribution companies;
(ii) in 1962, the creation of the Direccion Nacional de Electricidad
(DINE) responsible for the regulation and coordination of the power sub-
sector; and (iii) the enactment by the Government in 1968 of the National
Electricity Code (NEC) which regulates the operations of power electric
utilities and establishes technical criteria to set electricity rates.
In the 1980s, however, the regulatory action weakened, mainly as a result
of the economic crisis and new legislation enacted by the Government.

5.19 First, the provisions of the NEC for setting electricity rates
based on a 9Z rate of return were not applied during the economic
recession and electricity rates deteriorated rapidly. SeconL, DINE's
technical capability weakened as its budget was reduced and salaries were
kept too low. And third, the Decrees 21060 and 21072, and the Law of
Municipalities enacted in 1985 weakened the application of the NEC and
role of DINE in regulating the power subsector. Other problems, like
lack of definition of responsibilities in developing new generation
projects and the expiration of the concession in 1990 of the largest
distribution company (COBEE), contributed to create institutional
problems in the power subsector.

5.20 Generation. The lack of definition for the responsibility in
the development of power generation projects at the national level has
created problems for sector planning. On the one hand, COBEE is pursuing
the development of very attractive generation projects in the Zongo River
with little coordination with ENDE, which is responsible for the
preparation of national power development plans. On the other hand, the
regional development corporations are promoting vigorously multipurpose
projects with substantial electric power components. To alleviate these
problems, the planning process should be strengthened so there is a
procedure for ranking generation alternatives at the early stages of
preparation and for taking only the most attractive projects to the
feasibility and design stages. In the case of multipurpose projects, the
contribution of the project to power generation can be easily assessed
and valuea at the equivalent cost of the best electric power alternative.
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In that way, one can estimate the cost assigned to other purposes and
assess the merits of the project for non-electric uses. ENDE is the
institution best qualified for directing this process and should be
responsible for preparing the Power Development Program. In order to

reduce tensions with other institutions and get their support, the
criteria to be used in preparing the plan should be widely discussed and
should be evident to the interested parties.

5.21 Although generation and transmission planning should be
centralized, the construction and operation of all the generation
projects do not necessarily have to be centralized. In the case of
electric power generation projects, only ENDE and COBEE have the

experience and the infrastructure necessary to undertake their
construction. The future development of the power system with few
hydroelectric projects does not justify that other power companies enter
into this activity. On the contrary, only one company could have the

respo.;sibility for the construction of all new generation projects.
Taking into account that COBEE's concession expires in 1990, and provided
that a local company would be created, this is a good opportunity to make
ENDE responsible for the construction and operation of all generation
projects. However, there are two exceptions. If a new large
multipurpose project is developed, it would be advisable to create a

special executing agency for its construction; and second, the operation
of small (say, less than 5 MW) thermal systems in isolated areas is

burdening ENDE's administration and can be transferred to local
distribution companies.

5.22 Subtransmission and Distribution. At the subtransmission and
distribution level there are about 8 distribution companies responsible
for power distribution to the major urban centers, which purchase energy

from the two generation companies. By tradition ENDE has developed the
major distribution substations at Cochabamba, Santa Cruz, Sucre, and
Potosi. As the distribution systems have grown and the distribution
companies as well, there is no need to burden ENDE with the responsi-
bility of developing part of their distribtttion system. This
responsibility should be transferred to the distribution companies.

5.23 At the distribution level, the concession for the largest

distribution company, COBEE, would expire in 1990, and a decision should
be taken about the extension, modification or expiration of the
concession contract. This has created a lot of controversy and political
turmoil, with advocates for about every possible course of action. The
problem should be put in perspective, by distinguishing between political
and technical considerations. The technical considerations refer to the

supply to the consumers at La Paz of a reliable electricity service at a
reasonable cost. In this regard, COBEE has ione a good job. It is a well
organized, efficient, and responsible company who has managed to provide
a low cost service with a reasonable reliability in spite of major
external financial constraints. However, the uncertainty about the

future of the contract has affected negatively electricity service for,
of course, COBEE is not eager to make major investments in the
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development of the power system. The major preoccupation at this point
would be to take, as soon as possible, a decision on the future of the
contract. The Government should evaluate carefully the alternatives
before a decision is taken not to extend the contract. Nevertheless, if
the concession contract is not extended, a solution would be to transfer
the generation and transmission system to ENDE and to have a local
company responsible for power distribution.

5.24 Legal Aspects. Regarding sector regulation, the application of
the NEC and the role of DINE weakened with the approval in 1985 of the
Law of Municipalities, and by the Decrees 21060 and 21072 of 1985.
Article 9 of the Law of Municipalities establishes that the municipal
governments are responsible for the regulation of public services in
their jurisdiction. There would be a conflict, therefore, between the
application of the provisions in the NEC and this law. Decree 21060
contributed to the confusion by establishing that electricity rates
should be negotiated between the producers and the consumers, and that,
in the case of the distribution compauiies, the municipal governments
would represent the consumers. Decree 21072 of August, 1985, was more
precise by establishing, that as of January, 1986, the municipal
governments would set electricity rates for the urban areas, according to

the corresponding provisions of the NEC; that the Regional Development
Corporations should set electricity rates for rural consumers in
accordance with the NEC; and that the Ministry of Energy and Hydro-
carbons, through DINE, should set bulk electricity rates.

5.25 After the change in regulations, the actual setting of

electricity rates was erratic: tariff increases at retail level have been
set by negotiations or by default in a few cases (no comments from the
mnnicipal government), and in other cases tariff increases have not been
approved; at the bulk level, tariff increases have been approved by DINE,
creating in some cases conflicts for the distribution companies when DINE
authorized a tariff increase for bulk rates and the corresponding
increases at the retail level were not authorized by the municipal
government.

5.26 The provisions of Decree 21072 did not weaken the application
of the NEC. It only weakened the role of DINE. The provisions of the
Law of Municipalities, on the contrary, are vague and may be in conflict
with the application of the NEC. There are political, legal and
technical issues involved in this problem. The political issue is the
power struggle between the national government and the municipal and
regional governments. The legal issue is whether the municipal
governments can regulate public services. The technical issue is what
rus es should be applied to set tariffs. The first two issues are out of
the scope of this analysis. Regarding the technical issue, in our
opinion, the provisions of the NEC for setting electricity rates are
appropriate as long as there is supervision by a qualified group to
ensure that the cost of service has been correctly evaluated and that it
is reasonable. There are practical advantages to have a centralized
group to perform this function in a relatively small power subsector like
this, and the best suited would be DINE.
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5.27 Therefore, a political and a legal solution should be worked
out to give back to DINE the responsibility for setting electricity rates
at all levels. This would require strengthening DINE's organization and
establishing higher salaries to attract qualified personnel.

5.28 Performance Indicators. In general, ENDE, COBEE, and ELFEC are
well organized and efficient. The deterioration of the financial
situation and of their performance was due to external factors and not to
inefficiencies in their operations. Regarding generation, the thermal
power plants show an availability over 80%, which is adequate considering
that they are diesel engines and gas turbines; their efficiencies in the
range of 25% to 33% are also adequate. These results are very good,
specially considering that there were difficulties to purchase spare
parts, and the maintenance of thermal plants fell behind schedule as a
result of the critical financial situation in the 1980s.

5.29 legarding management efficiency indicators, the number of
customers per employee for the distribution companies is in the range of
200 to 400. The lowest value corresponds to COBEE which operates several
hydroelectric plants, and therefore, this figure can be considered very
good. The highest value corresponds to ELFEC and is excellent for a
distribution company of its size. The collection period for 1986 was in
the range of 70 to 160 days. ENDE and COBEE show collection periods
below 80 days which are reasonable, while ELFEC and CRE have collection
periods of 120 and 160 days which are too high and should be improved.

Rural Energy

5.30 The MEH is the main organization dealing with energy issues,
however there is apparently no department devoted to rural energy or
alternative energy resources on a national level. COFER, funded through
the MEH, is nominally the public organization that is involved with rural
energy and alternative forms of energy. Its predecessor, INER, was
involved in the original biogas program in Bolivia. COFER is now mainly
involved with rural electrification and the organization currently
receives only enough funds to maintain basic office functions and nothing
else. There is similarly no coordination, or, evidently, cooperation,
among the three government ministries pertinent to energy development,
MACA, MEH, and the Ministry of Planning. The ties indicated between the
Ministry of Planning and the regional development corporations is
nominal.

5.31 There is virtually no coordination either on the national level
or on the level of the regional development corporations with non-
governmental organizations involved in rural development or with rural
cooperatives. Ties should be established among the Ministry of Planning,
MACA and MEH for the purpose of coordinating national energy policy.
COFER should be streamlined and provided with a reasonable budget to
allow promotion of alternative and other energy resources in rural areas,
under the guidance of the National Energy Plan.
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5.32 Although the regional development corporations must submit
yearly plans to the Regional Directorate in the Ministry of Planning in
La Paz, which technically has jurisdiction over the corporations, there
is virtually no control over their activities, nor is financial support
channeled through the national government. More involvement with small
rural projects should be promoted, and funds should be channeled to those
regional development corporations that are short of funds due to
depressed levels of departmental productivity. A detailed description of
the rural organizations per region is included in Annex 4

5.33 A number of international organizations participate in
reforestation and alternative energy projects in rural Bolivia. However,
the lack of central government coordination has resulted in often sub-
optimal investment decisions.

Financial Situation

Hydrocarbons

5.34 The evaluation of YPFB's financial position and prospects
constitates a unique challenge in view of the highly inflationary
environment in recent years, the delays in closing the books, and the
application of certain financial procedures which are at variance with
generally accepted accounting principles. Furthermore, on certain items,
there does not seem to be a consensus within YPFB's financial staff,
possibly because the corporation has yet to adjust to the fiscal regime
introduced in early 1986.

5.35 Weaknesses in YPFB's accounting, budgeting, and management
information systems have been documented by Arthur D. Little, Booz Allen
& Hamilton, and others. In summary: (i) YPFB experiences considerable
delays in the submission of financial information and the accounting
information is said to be inaccurate at times; (ii) the costing system is
slow, and needs to be indexed to a hard currency or standard costing
system in order to become meaningful; (iii) YPFB's accounting and costing
systems need to be integrated; (iv) inventory costing, which is still on
an historical cost basis, needs to be upgraded; and (v) internal audit
has to be reorganized along functional lines. Furthermore, the
geographical dispersion of YPFB's activities, and the insufficient
availability of modern computers in the accounting department renders any
analysis difficult.

5.36 The tax mechanisms in place have a determinant impact on YPFB's
financial performance. Taxes are essentially levied on YPFB's production
and sales. In 1985, these taxes were equivalent to about 40% of its
gross sales; with the tax increase of early 1986, the ratio increased to
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about 70X of sales proceeds. 18/ The new taxes have had disastrous
implications for YPFB--the loss for FY1986 can be estimated at
US$39 million; in order to meet its financial obligations, its
indebtedness to foreign oil companies increased by US$50 million and it
failed to comply with over US$18 million in debt service obligations. 19/
The investment program in 1986 was reduced to about US.50 million, which
compares to an average US$88 million per annum ovei 1979-83 and an
anticipated average of US$125 million annually over 1985-88. 20/ YPFB's
balance sheet at end-1986 shows considerable liquidity, taking into
account the general state of affairs, US$78 million, but these funds are
largely impounded by the Central Bank, and cannot be used by the company.

5.37 A continued reduction in YPFB's investment program will have
adverse consequences. In particular, development and enhanced oil
recovery projects which could ensure self sufficiency in oil products in
the coming years will have to be deferred until YPFB's internal cash
generation increases.

5.38 The main financial issue regarding YPFB's investment program is
not foreign financing (YPFB has large unused credits from CAF, IDB and
the World Bank) but the financing of local costs. The method used thus
far to generate local financing (non-compliance with financial
obligations to foreign oil companies, lenders, Government, etc.) is
financially unsound. A preliminary analysis for FY1987 shows that even
if its investment program was reduced to nil (and disbursements of
foreign credits were therefore halted), YPFB would still nave a cash
deficit in excess of US$50 million during the year (including compliance
with its short term liabilities). As a result, the solutions to be
considered include an increase in the prices of oil products (with
inflationary consequences) and a reduction in taxes (with adverse
repercussions on general budget revenues); regarding operating expenses,
these are relatively small and cannot contribute much to a solution of

18/ The new taxes were initially interpreted as an advance against
future taxes, but it now seems that they have to be charged to the
current year, and that they will remain in effect until the
Government can mobilize revenues at a similar level from new
sources.

19/ Payments overdue are to Arlabank (US$4.7 million), Texas Commerce
Bank (US$5.1 million), World Bank S-25-BO (between 6/20/84 and
12/20/86), for US$6.8 million, and Bancomer (US$1.5 million).

20/ Source: Vuelta Grande Gas Recycling Project, Staff Appraisal Report
of June 4, 1986 (pages 20-22).



- 70 -

the fundamental problems. 21/ YPFB's financial requirements need to be
taken into consideration in the context of the ongoing review of the
overall tax system.

5.39 Regarding YPFB's anticipated performance beyond 1987, unless
there is a major reform in taxation, or an increase in dollar terms in
the prices of oil products, one can anticipate rising deficits, declining
production, and an increasingly difficult situation for the petroleum
sector as a whole, including foreign oil companies. What is required as
a matter of urgency is an agreement between the Government and YPFB on
realistic operating and capital budgets together with their corresponding
financing plans. Unless such an agreement is reached, the situation is
likely to deteriorate further.

Electric Power

5.40 The financial position of ENDE and the power distribution
companies was strong in the late 1970s and they achieved, in general, a
rate of return of about 9%. However, from 1980 to 1985 their financial
position deteriorated rapidly as the result of the decline in sales,
substantial reduction in real terms of electricity rates during the
hyperinflation period, and increase in receivables resulting in a loss of
revenues because the amount in arrears was not revalued during the
hyperinflation period. In general the distribution companies could face
better this situation than ENDE for, among other things, they could adapt
their investment programs to the drop in the rate of growth in demand.
ENDE, on the other hand, could not teduce its generation and r,slnsmission
investment program at the same pace, and as a result of the substantial
increase in receivables for sales to the distribution companies, and a
substantial reduction in net income, it accumulated overdue debt for
about US$50 million, of which about US$28 million was owed to Government
(including YPFB and CBF). ENDE's income statements, and sources and uses
of funds (expressed in current US$), tell part of the story. However,
they should be read with caution for the financial results during this
period of hyperinflation are severely distorted.

5.41 The reduction in the pace of inflation by late 1985 and the
implementation of substantial increases in electricity rates reversed the
trend and now most of the power companies are in a recovery path. As it
was explained above, ENDE has continued to carry most of the financial
burden by having average rates still at a low level. To ensure ENDE's
financial recovery, the Government recently issued an Executive Decree
approving the capitalization of ENDE's debt to the Government and an
increase of 1.5Z per month in real terms of ENDE's rates to distribution

21/ YPFB's management, for all practical purposes, has control over
operating expenses which amounted in 1986 (excluding purchases from
oil companies, taxes and depreciation) to US$75 million, i.e., 12%
of total cost of goods sold.
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companies, until they reach a value of 50 mills/kWh. Starting from the
current levels of about 25 mills/kWh, it would take about 4 years to
reach that ceiling (para. 3.23). Table 5.1 shows ENDE's average tariff
and financial key indicators.

Table 5.1: ENDE'S FORECASTED FINANCIAL PERFORMANCE

1987 1988 1989 1990

Average Tariff (mills/kwh) 3.6 3.9 4.4 4.9
Rate of Return (%) 1.2 2.4 4.7 7.0
Net Int. Cash Gener.(MMUSS) (001) 2.5 13.1 25.1

Source: ENDE and NEP estimates.

Rural Energy

5.42 There is an almost total unavailability of agrarian or other
rural financing for energy purposes. Small rural electric cooperatives
must, in general, pool financial resources to purchase equipment at the
full cost upfront. Tn Tarija, the Banco de Argentina, which formerly
financed small rural projects, closed, leaving a vacuum in the
availability of rural loans in Tarija. The Caja Central de Ahorros y
Prestamos in La Paz maintains branches in each department and a number of
local offices, and finances rural projects in electricity and potable
water supply. Loans can be obtained through them by individuals,
cooperatives and private entities. The rural loan program is financed
under the USAID PL-480 program, which annually lends US$1 million to the
Caja at 3% interest. The central office of the Caja re-lends to local
offices at 4% interest, and the local offices lend to rural loan
recipients at 6% interest (this compares to the private bank lending rate
of approximately 25% in La Paz). The principle drawback of this rural
lending program appears to be the lack of bank offices in most rural
areas.

5.43 Inadequacies in the existing rural financing system should be
investigated, and changes should be made to provide financing for small
rural energy development projects, in line with priorities. Furthermore,
the system by which SEMTA finances rural development projects in the
department of La Paz should be evaluated, with possible applications in
all three regions.

5.44 Great differences in the financial situation of the rural
corporations exists because most of the financing for the corporations,
as mandated by National Law, consists of a percentage of corporate
profits from major departmental industries. For the Altiplano, CORDEOR,
receives financing from the Vinto smelter. However, the downturn in
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smelter operations has resulted in loss of financing for CORDEOR, and
other business interests dedicated to departmental development.
Meanwhile, the regional Corporations in the Valleys and Tropics are
financially well-off relative to the Altiplano corporations. Both
regions are gas and oil producing, and so receive substantial
contributions to finance regional projects. The national government must
act to improve financing for the poorer regional corporations (a national
issue currently subject to great controversy vis-a-vis the natural gas
royalties).

Institutional Strategy

Petroleum

(a) Restructure YPFB under economic efficiency criteria by
considering a set of independent, commercially oriented
divisions. The operational divisions could be responsible for
exploration and production; drilling and oil-field services;
refining; transport and marketing.

(b) Continue in resolving the regional difficulties, between the
Departments, that have negative implications for all activities
of the oil subsector.

(c) Develop and introduce in YPFB modern integrated accounting,
budgeting, and control systems.

(d) Review the tax structure on YPFB to assure its financial
viability.

(e) To satisfy the increase in domestic demand of oil products
(30,000 to 35,000 bd), an average of 45 exploration wells each
year for the period 1987-1992 are needed to increase reserves
to about 250 million bbl and maintain a reserve/production
ratio of 15 years. If about 10,000 bd were to be exported, 60
wells each year would be needed. This should be carried out in
conjunction with a revision of operation contracts to increase
all activities in the subsector.

Natural Gas

(a) Since gas distribution in the main towns is expected to be
awarded to concessionaires in early 1988, ensure they comply
with their obligations, particularly in investments.

(b) Consider a separate gas utility which will consolidate the
functions presently fulfilled by the three groups.
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(c) Because of the importance of gas exports to #he Bolivian
economy and the fact that the current gas export agreement with
Argentina is expiring in 1992, alternative arrangements need to
be investigated.

Electric Power

(a) Work out a political and a legal solution to give back to DINE
the responsibility for setting electricity rates at all levels,
in accordance with the provisions of the National Electricity
Code.

(b) Confirm ENDE as the institution responsible for preparing the
National Power Sector Development Plan.

(c) Take a decision as soon as possible on the future of COBEE's
concession contract, and if the contract is not extended, to
transfer COBEE's generation and transmission system to ENDE
once the contract expires. The distribution system should then
be transferred to tha municipalities or regional activities.

(d) Prepare a plan to transfer the operation of ENDE's generation
plants at the small isolated systems to the distribution
companies/cooperatives in these areas.

(e) Transfer the responsibility in developing distribution
substations in Cochabamba and Santa Cruz from ENDE to the
distribution companies in those cities.

Rural Energy

(a) Improve the coordination among the Ministry of Planning, MACA,
and MEH toward coordinating national energy policy in the rural
sector and breakthroughs in the development of alternative
energy resources such as biomass, geothermal, and others.

(b) Investigate existing inadequacies in the rural financing
system.
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Annex 1
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PETROLEUM

Structure of Petroleum Demand

The share of gasoline has slightly increased from 61% of the
combined consumption of gasoline and diesel in 1980 to 65% in 1985. Such
an increase would have been higher had more energetic measures been taken
to encourage the use of gasoline as opposed to diesel in view of the
relative scarcity of diesel in Bolivia.

Table 1: DEMAND FOR PETROLEUM PRONUCTS, 1980-86

1980-86

Avg. Annual

------- 1980 ------- 1986------- Growth Rate

('000 bbl) (M) ('000 bbl) (%) (M)

Gasoline 2,903 33.8 2,952 38.0 0.3

Avgas 112 1.3 76 1.0 - 6.3

LPG 1,107 12.9 1,966 25.3 10.0

Kerosene 947 11.0 331 4.3 - 16.1

Jet Fuel 673 7.8 570 7.3 - 2.7

Diesel Oil 1,881 29.1 1,563 20.1 - 3.0

Fuel Oil 958 11.2 319 4.1 - 16.7

Total 8,581 100.0 7,777 100.0 - 1.6

Source: YPFB.

The commercial and domestic sector has seen its share increase
from 19% of the consumption of oil products in 1980 to 28% in 1985. The
absolute growth rate, however, was of approximately 3.5% per annum,
slightly higher than population growth. Thus the relative increase in
the share of this group is probably due more to the decline in the
industrial and mining sectors than any other factor. However, a struc-
tural shift has happened in consumption patterns with kerosene
consumption declining by 35% and LPG increasing by 55% over their 1980
levels. On a calorific equivalent basis, LPG's share has increased from
56% to 75% of the total requirements of this sector. This is certainly
due to a deliberate pricing policy promoting LPG use, as well as the
relative advantages of LPG over kerosene as a cooking fuel. The decline
in the share of the "other" sectors (i.e., industry, mining, agri-
culture, etc.) from 28% in 1980 to 18% in 1985 can only be explained by
the economic recession ir. Bolivia.
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Regarding gasoline and diesel oil, the virtual stagnation in
their consumption reflects the recession. The decline in the consumption
of kerosene by 616,000 bbl annually is equivalent from a calorific stand-
point to 840,000 bbl of LPG which is within 2% of the increase in LPG use
(850,000 bbl).

The huge decline of 67% or 639,000 bbl in the consumption of
fuel oil can be explained by:

(a) the more widespread use of natural gas; 1/

(b) the closure of the tin smelters at Potosi and Oruro (which used
to consume 320,000-380,000 bbl of fuel oil per annum; and

(c) the recession.

As a result, the Bolivia market for fuel oil has almost disappeared.
Table 2 shows the consumption of oil products by sector for 1985.

Table 2: CONSUMPTION OF OIL PRODUCTS BY SECTOR, 1985

('000 bbl)

Kerosene/ Diesel Fuel

Sector Gasoline LPG Jet Fuel Oil Oil Total

('000 bbl) (%)

Transport 2,863 -- 586 950 -- 4,399 58.6

Industry -- 75 53 101 503 732 9.9

Agriculture -- -- 143 58 35 236 3.1

Household/Commercial -- 1,710 429 -- -- 2,139 28.5

Total 2,863 1,785 1,211 1,109 538 7,506 100.00

Source: YPFB.

Reserves

Proven reserves of liquid hydrocarbons (crude and condensates)
are estimated at 138 million bbl, equivalent to a reserve/production
ratio of approximately 21 years based on current production although many
of these fields are in their decline. Probable reserves as of

1/ Nao'-ral gas sales, other than for poweir generation, increased from
' ICFD in 1980 to 8.2 MMCFD in 1986. The increase is equivalent

a annual consumption of 270,000 bbl of oil.



- 76 -

Annex 1
Page 3 of 4

January 1, 1987 amount to 31.7 million bbl. Only about 20% of th2
hydrocarbon potential has been explored. Bolivia covers about 1 MM km
of which 41% are sedimentary basins. The sedimentary basins are divided
into the Llanura Chaco Beniana, Faja Subandina, and the Altiplano. About
75% of crude oil fields discovered so far are in the Faja Subandina.

A very recent discovery in the Villamontes field may increase
significantly the reserve by 30 MM bbl, pending confirmation of these
reserves. However, caution must be taken with these figures since they
are still very preliminary.

Exploration

Petroleum exploration in Bolivia started in the 1920s, carried
out mostly by large international companies, and led to the first dis-
covery in 1927 in Camiri. A total of 323 exploration wells were drilled
in Bolivia through 1986 with a discovery rate per exploration well of
1.3 million bbl of oil and condensates, and 17.2 billion cu. feet of gas.
Exploration in Bolivia has been restricted to known basins which are gas
prone. The National Petroleum Company (YPFB) and Occidental, indicate
that there is a possibility to find large liquid reserves in the north
western and south eastern regions of the Chaco Beniano basin although a
greater risk is involved.

Bolivia is a country which is relatively unexplored with only
0.6 wells per 1,000 km2 of sedimentary basins, while the United States
has 380 and Canada 47 for the same area.

Of the 28 fields discovered in the period 1976-1985, only five
(Cambeiti, Espejos, Cascabel, H. Suarez, and Techi) were crude, while the
others were gas or gas condensates. As a result of that exploration
activity, YPFB's reserves of crude oil and condensates were increased by
53 million bbl and the private companies by 23 million bbl. In natural
gas, YPFB's reserves were increased by 3.3 x 109 CF.

Unless new fields are found, there will be a decline in liquids
production resulting from the fact that many of Bolivia's fields are past
their peak. To stimulate exploration, the COB is reviewing the legal
framework for private sector activities, and intends to soon promote
areas for exploration by private sector companies. The GOB in assistance
with the World Bank has recently initiated a scudy of the hydrocarbon
potential in Bolivia with a selection of areas for petroleum exploration.

The hydrocarbon law sets the principle of state sovereignty
over petroleum resources and assigns all direct responsibility to YPFB
which may enter into operation contracts with private oil companies to
carryout exploration and production activities. Contracts are of the
production sharing type and may r,.t exceed 30 years. The contractor
receives in cases of discovery 40-50% of production. However, the GOB
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authorizes exports of hydrocarbons only after internal demand has been
satisfied. The price paid to the private sector by YPFB is pegged to the
Government selling price of Arab light crude. This has not been carried
out in practice; there is an outstanding debt to Occidental and Tesoro.
The Bolivian debt to C:cidental is expected to be paid in a counter trade
basis, with Argentinean goods and services, to be commercialized by
Occidental. The product, to be kept in a trust fund in a U.S. 'ank,
shall be used in investments by Occidental in Bolivia. Debts to
Occidental as related to internal oil sales will be paid by the same
mechanism but with no restrictions as in the case of the gas. Tesoro is
waiting for an agreement to be reached between Occidental and the GOB.
This is a critical issue which needs to be resolved if the government
wants to attract private investors in Bolivia. Exploration in Bolivia
needs to be accelerated because of the high potential and the critical
balance between domestic supply and demand.

Refineries

Bolivia's three refineries, which are located at Cochabamba
(27,300 bd), Santa Cruz (15,000 bd), and Sucre (3,000 bd), represent
twice the demand and operate considerably below capacity. They are all
of the simple hydroskimming type which is suitable for local crude.
Bolivia's crude are particularly light with densities of the order of 47-
50 API (oil fields) and 57-700 API (condensate fields) so that they
yield a relatively high proportion of light products (LPG, gasoline), and
a low one of heavy products (diesel, fuel oil).

A computerized refinery model should be set up to take into
account the specific circumstances of the Bolivian environment. The
optimum use of the refineries needs to be determined, and consider the
moment when Bolivia may be an importer to determine importing refined
products or crude (if so, at what quality). A reliable refining model
would help optimize for a given level of demand for oil products, and of
crude oil supply, the output of the refineries.

An energy audit in the refineries is also recommended, in
unison with an audit of YPFB's internal consumption which is about 10% of
the national consumption. In the refineries alone, internal use and
losses average 8% of the feedstock (against 45% usually), notwithstanding
the fact that they use increasing quantities of natural gas as fuel. The
potential for energy savings at the refineries needs to be determined.
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:-----------.. 

WEsolina 2,903 2,900 2,919 2,849 2,128 2,784 2,908 2,955 3,063 3,146 3,224 3,338 3,429 3,534 3,661 3,803 3,969 4M29 I D

Atgas 152 109 91 90 94 90 71 74 71 79 St 83 64 lb 0B 9 92 93 w

: 6LP 1,101 1,435 1,817 1,1 1,712 1.789 1,964 2,026 2,105 2,2v4 2,324 2,464 2,622 2,796 2,991 3,111 3.358 3.5;i :

t i-oseue 941 662 469 U33 f1 621 331 32a 324 320 3U 312 309 304 303 360 20 2X5 :

j Jet fuel 473 *4 514 559 576 575 574 555 574 592 612 640 665 6t9 735 718 029 Sd :

I hosel Oil 1,901 1,085 1,636 1,551 1,496 1,491 1,606 1,613 1,732 1,6; 1,934 2,052 2.150 2,.2 2,361 2,460 2,598 2,70 :

: Fuel Oil 958 915 957 915 127 541 319 297 296 292 296 292 27S 263 262 255 249 ,SI :

:Otrs 9 I 12 11 10 5 0 61 65 91 74 199 3 el 91 94 17 10) S

: 0---S *C* - -~ _ _ . _.e ._ _ ... . . .…. ._ .... ee. .I. _ .. ... _ 

l Jot. Ventls Internas 8,590 8,618 3,394 1,329 8,005 7,988 7,710 7,909 8,235 8,538 0,954 9,248 9,616 10,025 10,494 10,916 10,691 11,984 1

: 
S

8. Esportacaores

I 6asohlnas 647 i3 35 327 9
: 6'P 16 223 428 261 173 86 24 153 138 1,445 1,557 1,492 1t290 1,102 072 630 493 389 S

D iesel (2161
- - - -- …----- - - --. 

lot. kpkttracaons 123 9 463 589 192 6 24 113 138 1,465 5,5-, 1,492 1,290 1,102 872 60 
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PLAN NACIONAL DE ENERGIA
DEMAN(IA DE PRODUCTOS
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BOL Iv I A

PLAN NACIONAL BE ENER61A
MEN PNUD BDl

BALANCE PRODUCCION BE FRODUCTOS REFINADOS

A0 198S

6 A S O L I N A S

(Metro% Cubicas)

(1) (2) (3) 14) (5) (6)
DE: DEs bEE DE: At A:

REFINERIA 6asolina Produccion Gasolinas Butane Pet.Crudo Otros prod.
Bianca lnterwedia Elaboradas Slap Elaborados

Sucre 46.3 626.2 Ia)
17,256.9 13,003.4 342.8 13,003.4 lb)

Subtotal 17,303.2. 0.0 13,003.4 0.0 969.0 13,003.4

Santa Cruz 12,527.5 260.0 50.1 33.5 4a)
702.9 39.5 1,946.4 72.6 260.C lb)

63,408.0 lb)
64,935.0 lb)

679.9 29.8 (c)
171.5 ic)
88Z.9 Ic)

25,001.1
29.2

0.0 I68,338.0 298.5 1,976.2 122.7 298.5

Cochabaaba 36.6 6.0 (b)
* 93,522.7 (k)

135,542.1 *b)
549.1 22.0 51.6 22.0 (c)

1,124.5 5,060.3 Ic)
38,633.8 (c)

0.0 269,408.9 22.0 5,111.9 b.0 22.0

T 0 T A L E S 17,303.2 437,746.8 13,323.9 7,088.1 1,097.7 13,323.9

RESUNEN

1(M) 1nBL) REFERENCIAS

- Produccion =M+).12)+14)-(5) 461,040.4 2,899.9 (a) 6asolina 92 Octanos.
(b) Sasolina Especial.

- Otros productos a 13) - (6) 0.0 0.0 (c) Gasolina Presius.
_ _ _ -- _ 12) Productos intermedios:

TOTAL PRODUCCION BRUTA 461,040.4 2,899.9 Platformado,
z2z=z2=8xv=z=zzx= z22 Platforoado redestilado

6asolinas sedia y liviina

- Perdidas en Refinerias . 4,193.0 26.4
- Demasias en Refinerias . 1 310.6 8.2
- Saldo en tanques-Refinerias d l/lt35. 24,688.9 155.3
- Saldo en tanques-Refinerias al 31/121B5. 22,782.6 143.3

TOTAL PRODUCCION NETA DISP0N1BLE 4 B.064.3 2,893.9
E:f:td:s5:e::::Ss d::I A

FIJENTE: Elaborado can informacian extr3ctada del *wwlct de prodoctos de 6.1. . A"o IP5

27-Jun-97
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PLAN NACIONAL BE ENERSIA
IEH PNUD BN

BALANCE PRODUCCION OE PRODUCTOS REFINADOS

AAO 1995

K E R O S E 11 EKE_OSENE
(lMetros Cubiccs)

11) (2) (3) 14) 45) (6) (7)
DEs OE: A: A: A: A: A:

REFINERIA Produccion Productos Fuel Oil Petrolso Diesel Oil Slop Jet Fuel
Elaborados Crudo

Sucre 9,043.7 0.0 0.0 0.0 733.5 8.3 0.0
0.0

Subtotal 9,043.7 0.0 0.0 0.0 733.5 8.3 0.0

Santa Cruz 24,658.6 0.0 2,069.7 10,471.4 199.2 43.0 0.0

Subtotal 24,658.6 0.0 2,069.7 10,471.4 t99.2 43.0 0.0

CKhibabA 89,109.4 0.0 0.0 0.0 0.0 0.0 130.6

Subtotal 89,109.4 0.0 0.0 0.0 0.0 0.0 130.6

T 0 T A L 122,911.7 0.0 2,069.7 10,471.4 932.7 51.3 130.6

R E S U N E N

InS) (NBDL)

- Produccion 2 (1)-(3-4)-M5)-(6)-(7) 109,156.0 686.6

- Otros productos 2 (2) 0.0 0.0

TOTAL PRODUCCION 8RUTA 109,156.0 686.6

- Perdidas en Refinerias . 76.2 0.5
- Geeasias en Refinernus . 37.9 0.2
- Saldo en tanques-Refinerias al 111/85. 4,952.3 31.1
- Saldo en tanques-Refinerias al 31/11285. 14,646.7 92.1

TOTAL PRODUCCIO4 DISPONIBLE 99,423.3 625.4
uss:asu::z::2338

FUENTE: Elaborado con inforuacion extractada del 'Fovisiento de productos de 6.1.D. Ao 1925V

29-Jun-97



BO0L I VIA - 89-
PLAN NACIONAL DE ENER6IA
HEN P1411 BN

BALANCE PRODUCCION DE PRODUCTOS REFINADOS

AM0 1985

6. L. P.

(Hetros Cubicos)

(11) 12) 13)4) (5)
OEs REs At As At

REFINERIA Produccion C4/CS Petrolso S.C.M. Slop
Crudo Export.

* _ _____ 

Subre 2,069.1 0.0 1,200.3 0.0 0.0

Subtotal 2,069.1 0.0 1,200.3 0.0 0.0

Sata Cruz 219,920.0 (a)
413.0 lb)

12,957.0 (ci
27,601.0 0.0 13,293.6 0.0

Subtotal 232,190.0 27,601.0 0.0 13,283.6 0.0

Cochabauba 0.0 55,290.6 0.0 0.0 4,056.0

Subtotal 0.0 55,290.6 0.0 0.0 4,056.0

T 0 T A L E S 234,259.1 82,891.6 1,200.3 13,283.6 4,056.0

R E S U 11 E N

(13i (NlBI REFERENCIAS

- Produccion a(1)-(3)-(5) 229,002.8 1,440.4 Produccion de planta

- Otros productos a (2) 92,891.6 521.4 (a) Rio Grande segun 610
- Ib) Cadiri sequin DPL

(ci Colpa seguin OPL
TOTAL PRODUCCION tRUTA 311,894.4 1,961.9

- Perdidas en Refinerias . 3,075.0 19.3
- Oeeasias en Refinerias . 2,927.0 18.4
- Saldo en tanques-Refinerias al 111195. 1,545.7 9.7
- Salda en tanques-Refinerias a1 31112i85. 1,380.4 8.7

TOTAL PRODUCCION NETA OISPORIBLE s31,911.? 1,961.9

FUlEITE: Elaborado con inforaacion extractada dot. loviiuento de oroductas de 6.1.0. A;o 1995'

29-Jun-97
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PLAN NACIONAL DE ENERGIA
nEN PHUO ON

BALANCE PRODUCCION DE PRODUCTOS REFINADOS

AAO 1985

D I E S E L OI L

(Netris Cubicos)

(1) (2) (3) (4) (5) (6) (7) (a) (9)
DE: DES DE: DEs As As A: A: A:

REFINERIA Produccion 3asolina Kerosene Productos Petroleo Coubustible Fuel Oil Slop Combustible
Blanca Elaboridos Crudo Liquido

Sucro 19.4 ja,
12,613.4 81.2 733.5 861.5 60.4 0.0 14.1 0.0

Subtotal 12,613.4 81.2 733.5 19.4 861.5 60.4 0.0 14.1 0.0

Santa Cruz 1 5 1,280.2 199.2 0.0 65.7 0.0 0.0 73.8 0.0

532.8 _

Subtotal 132,055.1 1,613.0 199.2 0.0 65.7 0.0 0.0 73.8 0.0

Cochabamba 95,317.7 32,112.9 0.0 0.0 19.2 0.0 10,715.2 192.0 991.9

Subtotal 95,317.7 32,112.8 0.0 0.0 19.2 0.0 10,715.2 192.0 981.9

T 0 T A L 239,996.2 33,807.0 932.7 19.4 946.4 60.4 10,715.2 279.9 981.9

R E S U N E N

(13) (881L) REFERENCIAS

+ Est.No. 1.
- Produccion all)-(5)-(6)-(7)-(8)-t9) 227,002.4 1,427.8 (a) Fuel Oil

lb) 6asolina nedia
- Otros praductos u(210(3)(41 34,759.1 218.6

TOTAL PRODUmCIOHN RUTA 261,761.5 1,646.5
mzaa

- Perdidas en Refinerias . 174.9 1.1
- Demasias en Refinerias . 172.1 1.1
- Saldo en tanques-Refinerias al 1/1195. 23,339.4 146.8
- Sldo en tanques-Refinerias al 31112/95. 34,372.7 216.2

TOTAL PRODUCCION NETA OLSPONIBLE 250,725.4 1,577.1

FUENTE: Elaborado can inforeacion extractada del l"ovisiento de productos de 6.1.0. Ale 1985'

29-Jun-97
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PLAN NACIOINAL DE £NERGIA
hEH PNUO 611
EN- - -UD IN PALAtE PRODUCCION DE PRODUC7OS REFINADUS

F U E L O I L

i1) (2) (3) (4) (51 (6) (7)
DE: DE: DEs DEs DE: A: A:

REFINERIA Diesel Oil Basolina Kerosene Crudo Petrolto Petralto Combustible
Slanca Reducido Crudo Crudo

Sc._e 0._ _ _ef 4e.in __ . 9,94 se7 __.ee69

Subcre 0.0 5,440.6 0.0 9,945.7 0.0 35.6 682.9

Subtotal 0.0 5,440.6 0.0 9,945.7 0.0 35.6 682.9

Santa Crux 4,305.4 (c)
0.0 2,069.7 12,331.3 0.0 16,019.6 0.0

0.0

Subtotal 0.0 4,305.4 2,069.7 12,331.3 0.0 16,019.6 0.0

17,498.8 (c)
Cochabamba 29,,54.8 (d)

10,715.2 0.0 8,350.4 0.0 - 0.0 557.0

Subtotal 10,715.2 46,853.6 0.0 8.350.4 0.0 0.0 557.0

T 0 T A L 10.715.2 56,599.6 2,069.7 30,627.4 0.0 16,055.2 1,239.9

R E S U N E N

(N3S) (NIBLI - REFERENCIAS

- Praduccians 24)-(-M7 t3,332.3 93.9 (c) 6asolina Liviana
Id) Sasoliau liedia

- Otros productos 5 11)+(2)+C)+f5) 69,394.5 436.4

TOTAL PRODUCCION 8RUTA 82,716.8 520.3

- Perdidas en Reiinerias . 312.9 2.0
- Deeasuas en Refinerias . 383.3 2.4
- Saldo en tanoues-Refinerias at 111/95. 8.374.2 52.7
- Saldo en tanques-Refinersas al 31/12iB5. ll,120.7 70.0

TOTAL PRODUCCIQN NETA DISPON12LE q9,034.7 9503.4

FUETE E!bfj0 r%crf~.tat -q!-t- 4.1 ~1,llnt ! att-:_t:Ss ::2_S:
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I O L I Y I A
PLAN NACIONAL BE ENER6IA
NE" PNUD BR

BPLANCE PROUWCCIUN DE PRODUCTOS REFINADOS

Ago 1985

J E T F U E L

(netros Cubicos)

(1) 12) (3) (4)
DE: DE: A: A:

REFINERIA Produccion Kerosene Solvents Slop

Sucre 3,376.0 0.0 0.0 0.0
0.0

Subtotal 3,376.0 0.0 0.0 0.0

Santa Cruz 53,282.2 0.0 20.6 64.8

Subtotal 53,282.2 0.0 20.6 64.8

Cochabasba 44,488.7 0.0 0.0 5.B

Subtotal 4 ,488.7 0.0 0.0 5.8

T O T A L 101,146.9 0.0 20.6 70.6

R E S U n E N

IN3) (N8OL)

- Produccion 1)-(3)-(41 101,055.7 635.6

- Otros productos a (2) 0.0 0.0

TOTAL PPODUCCION BRUTA 101,055.7 635.6

- Perdidas en Refinerias . 151.0 0.9
- 0e.as:as en Refinerias . 112.4 0.7
- Saldo en tanques-Refinerias al 111185. 5,530.1 34.8
- Saldo en tanques-Refinerias al 3112195. 8,700.9 54.7

TOTAL PROUD'CCION NETA DISPONIcLE 101,017.1 635.4

FUENTE: Elborad con inforaictra -97rltala !:? r^ afo de di G.M. PO 1185'

:7-ona
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a O L I V I A

PLAN NbCIONAL DE ENERGIA
MEN PHUD on

BALANCE PRODUCCION DE PRODUCTOS REFINADOS

Ago 1935

a v 6 A S

(ttetros Cubicos)

(1) (2) (3)
DE: DE: A:

REFINERIA Produccion Isopentano Slop

Santa Cruz 4,414.0 553.8 27.0

Subtotal 4,414.0 553.9 27.0

Cochabasba 6,448.9 2,531.5 11.9

Subtotal 6,448.9 2,S31.5 1I.8

T 0 T A L 10,962.9 3,085.3 38.8

R E S U N E N
33S332UU2SU2S=#

(N3) (NSBLI

- Produccion M1)-(3M 10,824.1 68.1

- Otros productos (2) 3,095.3 19.4

TOTAL PRODUC10N BRIJrA 13,909.4 87.5

- Perdidas en Refinerias . 570.5 3.6
- Desasias en Refinerias . 159.7 1.0
- Saldo en tanaues-Refinerias al 1111/5. 1,B92.6 11.9
- Saldo en tanques-Refinerias at 31/12,95. 709.1 4.5

TOTAL PRODUCCICI NET4 DISPO'IILE 14.682.1 92.4
F Ec r x a v::a:rds::#sdH

FUEINTE. Elabarada con infarnacian extractada del Ilovi.iento de produetos de 6.1.D. Aio 1q85'
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0 O L I V I A

PLAN NACIONAL BE EtER6IA
HEN PROD BR

RALANCE PRODUCCIQU DE PROVWtCT0S REFINADOS

AgO 1985

GASOL I NA BLANCA

(Netros Cubicos)

(1) (2) l3) (4) (5) (6)
REPINERIA DE: DE: A: A: Ai A:

Produccion Sasolinas Petrolee Fuel Oil 6asolina Diesel Oil
liv y sed Crudo Especial

Sucre 22,406.7 0.0 2,719.8 5,440.6 17,256.9 81.2
46.3

Subtotal 22,406.7 0.0 2,719.8 5,440.6 17,303.2 81.2

Santa Cruz 14,070.8 9,031.5 0.0 0.0 5.6
0.0
0.0

Subtotal 0.0 14,070.8 9,031.5 0.0 0.0 5.6

Cochabauba 0.0 197.0 0.0 0.0 0.0 0.0
0.0 0.0

Subtotal 0.0 197.0 0.0 0.0 0.0 0.0

T 0 T A L 22,406.7 14,267.8 11,751.1 5,440.6 17,303.2 86.8

R E S U l E N

(N3) (3981)

- Produccion (1)4(2)-(3)-(0-(5)-(6I 2,092.6 13.2

- Otros productos * 0.0 0.0

TOTAL PROOLICCION BRUTA 2,092.6 13.2

- Perdidas en Refinerias . 39.3 0.2
- Deuasuas en Refinerias . 39.4 0.2
- Saldo en tanques-Refinerias al 1/l/95. 1,248.2 7.9
- Sald en tanques-Refinerzas al 31/12185. 1.021.? 6.4

TOTAL PRODUC810N NETA DISPONIPLE 2,319.0 14.6

ET El;boread con inioraaci'ln e!vritadi del 4"?vinerlto t? aroluctos de 6.I.D. A;o 199J



PLAN tIACIONAL BE ENBR6IA - 9

BALANCE PRODUCCI18: DE PRODUCTOS REFINABOS

S OL V E N T E

(ltetros Cubicos)

(1 12) (3)
DE: BE: Al

REFINERIA 6asolina Jet Fuel 6.C.N.
Llviana

Santa Cruz 489.1 20.6 505.8

Subtotal 489.1 20.6 505.Q

Cochabamba 45.4 0.0 45.4
0.0

Subtotal 45.4 0.0 45.4

T 0 T A L 534.5 20.6 551.2

R E S U H E N

{N33 (HOSt)

- Produccion = (1)+(2) 355.1 3.5.

- Otros Productos 0.0 0.0

TOTAL PRODUCCION BRUTA S55.1 3.5

- Purdidas un Refinerias 1.4 0.0
- Bemasias en Refinerias 0.2 0.0
- Saldo en tanques-Refinerias al M/i/S5 13.2 0.1
- Saldo en tanques-Refinerias at 31/12185 15.9 0.1

TOTAL PRODUCCION META 551.2 3.5

FULENTE: Elaborado con infornacion extractada de! Olovieiento de productos de G.I.D. Ano 19CS.4

29-Jun-97



PLAN NACIONAL DE ENERIA - 96

-ALANCE PROOUCCION CE FRODJCTOS REFINKAOS

A;O 1965

C O N I U ST I 3 L E L I Q U I D O

(Ietros Cubico5s

(1) 12) (3) (4) I5) 61 (7) (8) 19) (10)
GE: DE: OE: DE: GE: GE: A: A: A: A:

REFINERIA Diesel Oil Fuel Oil Slop Lubrieantes Basolinas Crudo Consumo Lubricantes Sequridad Slop
Liv v Red Reducida Industrial

Sucre 60.4 682.9 0.0 0.0 0.0 0.0 159.1 0.0 0.0 0.0
0.0

Subtotal 60.4 682.9 0.0 0.0 0.0 0.0 759.1 0.0 0.0 0.0

Cochabamba 981.9 557.0 3,363.6 19,412.4 10,524.2 1,070.1 34,931.9 28.5 11.0 41.5
0.0 0.0

O.C._______ ._ _ _ _______ 0_._ _ _ _.0 _ . _ _ _ _ _

Subtotal 981.9 557.0 3,363.6 11,412.4 10,524.2 1,070.1 34,931.9 29.5 11.0 41.5

T 0 T A L 1,042.3 1,239.9 3,363.6 18,412.4 10.524.2 1,010.1 35,691.0 29.5 11.0 41.5

R E S U N E N

(KS) (N98LJ

- Production.tI)412)+13)1+(4)45)+(6) 35,652.5 224.3

- Otros productos 0.0 0.0

TOtAL PRODUCCION 9RUTA 35.652.5 224.3
22*z.sa%,8v2*9X2--w *x

Perdidas en Refinerias . 2;.9 0.2
- Oejisias en Refinetias . 135.5 0.9

Saldo en tanques-Refinerias *1 111/95. I,sV&.6 9.2
- Saldo en tanqu-Refinerias &I 31/12185. 1.298. 8.2

TOTAL FROoUCCoN NETA DISPOIUBLE 35.7?2.0 4 225.0
2S833:w,:uusasz%ss"w

FUENTE: Elaborado con informacion e2tractada del 'Novimiento de productos de 6.1.D. Alo 1985'

29-Jun-97



pfIq PNUD I I9
_______------ - EALANCE PRODUCCION DE PRODUCTOS REFINADOS

M0 t985

C ON B U S T I 8 L E 6 A S E O S O

(fetros Cubicas)

(1) (2) (3) (4)
DE: DE: A1 A:

REFINERIA Nafta Produccion Consuso Lubricantes

Santa Cruz 24,492.8 0.0 24,492.8 0.0
0.0

Subtotal 24$492.8 0.0 24,492.8 0.0

Cochabamba 24,201 2 4,990.4 27,089.2 2,002.4
0.0 0.0

Subtotal 24,201.2 4,990.4 27,099.2 2,002.4

T 0 T A L 48,694.0 4,990.4 51,592.0 2,002.4

R E S U N E N

(N3) (ff9L)

- Produccion a (2)-(4) 2,983.0 18.2

- Otras productos a (1) 48,694.0 306.3

TOTAL PRODUCCIGN BRUTA 51,582.0 324.5u2S2U2:::=:5:|a:zsz:

- Perdidas en Refinerias . 0.0 0.0
- Deeasias en Refinerias . 0.0 0.0
- Saldo en tanques-Refinerias al 1/1185. 0.0 0.0
- Saldo en tanques-Refinerias aI 31112/95. 0.0 0.0

TOTAL FRODUCCION NETA 51,5382.0 324.5
--.=::ss--::zsggu

FLDENTE: Elaborado con inforgacion extractJd4 del *?oYipiento de aroductos de 5.1.D. Ano 1985'

29- !'on-97
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BOL I V I A

RIA NACIONAL BE ENERGIA
FNUD IN9BAtANCE PRODUCCION OE PRODUCTOS REFINADUS

AMO 1986

6ASOL [ NAS

("etros Cubicos)

ill (2) 43) (4) (51 (6) (7) (8) (9)DES OE: DE: As A: A: 4: A:RIFINERIA 6asolina Produccion 6asolina Butano Pet. Crudo Otros orod.Diesel Oil Fuel Oil KuroseneBlanca Iateredia Elaboradas Slop Elaborados
Slcre 0.0 0.0 921.2 13.8 (a'11,924.4 13,102.1 82.7 13,102.1 21.1 8. (b

Subtotal 11,924.4 0.0 13,102.1 0.0 903.9 13,102.1 13.8 21.1 8.8

Santa Cruz 13,986.2 63.2 (a)58,23.0 949.4 91.9 (b)64,322.1 (b)
15,523.4 (bl
3,175.9 407.3 (c1,197.0 (c
8,278.9 (c

Subtotal T 1 4,b 3 . Q T hfl51.0 0.0 0.0 0.0

oChabaaba 30,535.5 1,355.0 11355.0 (b92,124.6 (6
147 824.2 (b1,915.7 658.8 150.0 658.8 (c

3,104.3 4,779.3 (c
141.6 (c1,749.1 (d

Subtotal 1,748.1 275,645.9 2,013.9 4,929.3 0.0 2,013.8 0.0 0.0 0.0
f0 T A L E S 13,672.5 440,292.4 15,115.9 6,286.0 1,059.0 15,115.9 13.8 21.1 8.8

R E S U l E N

(113) Itl8LI . REFERENCIAS

Produccion al).(2)+(4)a(5)-(7)-(8)-(9) 459,138.2 2,888.0 la) Gasolina 92 Octanos.
(b) Gasoline Especial.Qtros productos a (3) - (6) 0.0 0.0 (c) Gasolina Presium.

'OTA~ BRUTA (d) Isopentano.'§Tk PRoDUCCION BRUT 459,138.2 2,888.0 (2) Productos intersedios:
awaszuu* u2z::===-= P1 atfornado,

Platformado redestilado,
6asoliaas media yf linianaPerdidas en Ref inerias . 2,557.6 16.1

DUasias en Refinerias . 1,764.9 11.1
- S4ldo en tanques-Refinerias al Il/86. 22,782.6 143.3

Saido en tanques-Refinerias al 31f12186. 13,622.1 85.7

At PR IJCCljBl ~VE4 1t8PNIMS 2.90fl.6

ITE: ElabaradO con infrtai:icn e-ttr2cta del *'? iqierte de Drodictts d! V.1.9. aO 1"8.



B0LIVIA -99-
RAN RACIONAL DE EIER6IA

_HUD on BALANCE POODUCCiO4 Of PROOUCTOS REFINAOOS

AA0 1986

K E R O S E N E

(tetros Cubicos)

(1) (2) D (31 4) As A6) (71t
BE: BE: A: At A: A: As

REFINERIA Produccian Productos Fuel Oil Petrolso Diesel oil Slop Jet Fuell
Elaborados Crude

Sucre U.8 (a)
20.8 (bI

5,112.1 0.0 191.8 2,087.0 6.0 0.0

Subtotal 5,112.1 29.6 0.0 197.8 2,087.0 6.0 0.0

Santa Cru2 17,495.2 0.0 1,445.5 10,059.5 51.3 69.5 0.0

Subtotal 17,493.2 0.0 1,445.5 10,05.5 51.3 69.5 0.0

Cochabauba 56,681.4 0.0 0.0 0.0 9,111.6 170.2 130.6

Subtotal S6,681.4 0.0 0.0 0.0 8,111.6 170.2 130.6

t 0 T A L E S 79,288.7 29.6 1,445.5 10,257.3 10,249.9 245.7 130.6

R F S U 1 E N

(13) MNBRI.) REFERENCIAS

- Produccion: (a)-M3)-(4-(M)-M 6)-(7) 56,959.7 359.3 () Gasolina
Especial

- Otras productos s (2) 29.6 0.2 (bh Jet Fuel.

TOTAL PRODUCCION BRUTA %5,989.' 358.5

- Perdidas en Refinerias . 276.7 1.7
- Deeasias en Rifinerias . 76.0 0.5
- Saldo en tanques-Refinerias al 1/1186. 14,646.7 92.1
- Sddo en tanques-Refinerias al 31/12/86. 4,335.5 27.3

TOTAL PRODUCCION DISPONIBLE 67.099.8 422.1

1IEIITE: Elaborado con infortacicv1 extr:ct1!! de! 'Flovstenta de praductos de 8.1.D. Alo 1986.
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n NRACIONAL BE ENERBIA

BALANCE PRODUCCION DE PRODUCTOS REFINADOS

A"O 1986

G. L. P.

(fetros Cubicos)

(1) 12) (3) 14) (5)
DE: DE: As Al * At

REFINERIA Produccion C4IC3 Petroleo O.C.n. Slop
Crude Export.

Sucre 1,088.1 14.4 931.3 0.0 0.0

Subtotal 1,098.1 14.4 931.3 0.0 0.0

Santa Cruz 212,612.7 (a)
315.7 (b)

10,844.6 (e)
29,966.0 0.0 4,000.6 0.0

Subtotal 223,773.0 29,966.0 0.0 4,000.6 0.0

Cochabamba 0.0 65,903.2 0.0 0.0 2,992.7

Subtotal 0.0 65,903.2 0.0 0.0 2,992.7

T O T A L E S 224,861.1 94,9883.6 931.3 4,000.6 2,992.7

R E S U 11 E N
222222s-s"i

(13) (iBlL) REFERENCIAS

- Produccion all)-(3)-(5) 220,937.1 1,389.7 Produccion de plantas:

- Otros productos a (2) 94,983.6 596.8 (a) Rio Grandt sequn 61D
- ~~~~~~(bl Caviri *eguin OPL

(C) CviPa sequn OPL
TOTAL PRODUCCION BRUTA 315,820.7 1,986.5

- Perdidas en Refinerias . 6,169.6 38.8
- Deeasias en Refinerias . 4,966.9 31.2
- Saldo en tanques-Refinerias al l/1186. 1 ,380.4 8.7
- Saldo en tanques-Refinerias al 31112/86. 7,403.1 46.6

TOTAL PRODUCCIQN META DISPONI9LE 309,595.3 1,941.1

FIJ1TE: Elaborado con inforqtcion extractaia del *oIviqiento de aroduttos de G.l.0. Ano 1996.
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O O L I V I A
KM NACIONAL BE EYER-IA

FNUD _ SBALANCE PRODUCCION DE PRODUCTOS REFINRAOS

AgO 1986

O I E S E L O l 

(Netras Cubicos)

(1) I2) 13) (4) (5) ()7 (8) (VI
DE3 DE: DE: GEs A: A: A: A: A:

REFINERIA Produccion hasolina Kerosene Productos Petroleo Combustible Fuel Oil Slap Coabustible
Blanca Elaboradas Crude Liquido

Sucre 10.1 (a)
13.8 (b)

12,507.7 94.4 2,087.0 367.0 61.6 26.8 9.2 0.0

Subtotal 12,507.7 98.2 2,087.0 10.1 367.0 61.6 26.8 9.2 0.0

Sant Cruz 675.5 Cc)
307.5 (d)

6.1 Cc)
128 675.8 0.0 51.3 100.5 93.2

Subtotal 128,675.8 6.1 51.3 983.0 100.S 0.0 0.0 93.2 0.0

Cochabaula 19,091.2 (f )
120,929.0 0.0 8,111.6 0.0 505.6 15,664.8 217.3 8.3

Subtotil 120,829.0 0.0 8,111.6 19,091.2 0.0 505.6 15,664.9 217.3 8.3

TO T A L E S 262,012.5 104.3 10,249.9 20,074.3 467.5 567.2 15,691.6 319.7 8.3

R £ S U l E N

(N3) (NBBL) REFERENCIAS

Produccion (1-(5I-l-(7)-(8)-(9) 244,!58.2 1,540.8 + Est.No. 1.
(a) Fuel Oil

- Otros productos *z(2)3)+14) 30,428.5 191.4 (b) 6asolina 90 octanos
-c) Jet Fuel
(d) Platformado

OIGAL PRODUCCION DRUTA 275,386.7 1,732.2 1e) 6asolina Media
If) Lubricantes

Purdidas en Refinerias . 139.6 0.9
' Deiasias en Refinerias . 69.7 0.4
*Saldo en tanques-Refinerian al 111/86. 34,372.7 216.2
Saldo en tanques-Refinerias a1 31/12/86. 16,697.5 10.0

T01AL PROGUCCION NETA DISPONIBLE 292.992.0 1.942.9

E: Elaborado con inforqacion ettractada del .o.'iMeanto de groductas de 6.1.0. Ao 1986.'

2?-Jun-97
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SO0L I VI A
no IACIONAL BE ENER6IA
No _PNU! an BALANCE PRODUCCION DE PRODUCTOS REFINADOS

Ao0 1986

F U E L O IL 

(Metros Cubicos)

(II 12) 13) (4) t5) (6) (71 IS) l
BE: DE: BE: BE: BE: AS A: A:

REfINERIA Diesel Basolina Kerosene Crudo Petroloo Petrol.o Combustible Oiesel Sloi
oil Blanca Reducido Crudo Crudo Oil

Sucre 21.1
1.3

26.8 8,141.2 0.0 9,693.1 2,582.3 11,964.4 324.1 10.1 0.

subtotal 26.8 8,162.3 0.0 8,693.1 2,593.8 11,964.4 324.1 10.1 0.

Snta Cruz 659.7
0.0 1,445.5 10,577.9 0.0 14,930.2 0.0 0.0 188.

Subtotal 0.0 659.7 1,445.5 10,577.9 0.0 14,930.2 0.0 0.0 108.

CKhabaaba 5,289.8

15,664, 0.0 7,529.5 0.0 0.0 0.0 0.0 506.

Subtotal 15,644.i lS,345.2 0.0 1,529.5 0.0 0.0 0.0 0.0 506.1

T 0 T A L E S 15,691.b 27,167.2 11445.5 26,800.5 .,SB3.8 26,894.6 324.1 10.1 694.7

R ' S U N E 11

(13) (INBL) REFERENCIAS

- Pratuccion (2).(4)-(6)-(7)-f3)t9) 26,044.2 163.8 (a) sasolina Especial
(6) Slop

- Otros productos 1)+(3)4+151 19,720.9 124.0 Ic) 6asolina Liviana
Id) 6asolina Media

TOTAL PRODUCCION BRUTA 45,765.1 287.9

- Perdidas en Refinerias 223.8 1.4
- emasias en Refinerias 171.0 1.1
- Saldo 2a tanques-Refinerias al 1/1186 11,126.7 70.0
- Saldo en tanques-Refinerias al 31112/86 9,454.2 59.5

T0tL PRODUCCIQN4 NMETA ISPON[SLE 47.384.8 298.1

FUENTE: Elaborado con inforsacion extrictaia lel l:Yiientn ie oroductos de 6.1.D. Aio 1986..
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8 OL I V I A
PIAN NACIONAL E ENER61iA

BALANCE PRODUCCION DE PRODUCTOS REFINADOS

nO 1986

JET FUEL

(hetros Cubicos)

(1) 1) is) (4) (5) (6)
DE: DE: Ai At A: A:

REFINERIA Produccion Kerosene Solvente Slop Kerosene Diesel
oil

Sucre 4,439.5 0.0 0.0 0.0 20.8 0.0
0.0

Subtotal 4,439.5 0.0 0.0 0.0 20.8 0.0

Santa Cruz 43,150.5 0.0 12.8 107.4 0.0 675.5

Subtotal 45,15.5 0.0 12.8 107.4 0.0 675.5

Cochabamba 44,442.4 130.6 0.0 6.2 0.0 0.0

Subtotal 44,442.4 130.6 0.0 6.2 0.0 0.0

T 0 T A L E S 94,032.4 130.6 12.8 113.6 20.8 6N5.5

R E S U i E N
S2=323333 22

- Produccion =(M)-(33-(4)-(5M-(61 93,209.7 596.3

- Otros productos a (2) 130.6 0.9

TOTAL PRODUCCION BRUTA 93,340.3 5B7.1
3a:3zz3u2sm=2G2aE22=

- Perdidas en Refinerias . 103.1 0.6
- Derasias en Refinerias . 207.2 1.3
- Saldo en tanques-Refinerias al I/1186. 8.700.9 54.7
- Saldo en tanques-Refinerias al 31/12/86. 7,347.8 46.2

TOTAL PRODUCCION NETA DISPONIBLE 93,444.4 597.9

-1E: Elaborado con inforeacien extrctfadi letl 'Povi.ento de eroductos de 6.1.0. Ao 1986."

29-Jun i97
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B O L I V I A

PLA NACIONAL DE ENERBIA
0E PNUD DR

_ND ------------------- BALANCE PRODUCCOJN DE PRODUCTOS REFINAOOS

M"O 198&

A V 6 A S

(Metros Cubicos)

(1) (2) l3)
DE: DE: A:

REFINERIA Produccion Isopentano Slop

Santa Cruz 2,678.4 456.5 0.0

Subtotal 2,678.4 . 456.5 0.0

Cochabamba 6,783.7 2,611.7 11.2

Subtotal 6,783.7 29611.7 11.2

T 0 T A L E S 9,462.1 3,068.2 11.2

R E S U N E N

4113) {(NOR)

- Produccion *(l)-M3) 9,450.9 59.4

- Otros productos * (2) 3,068.2 19.3

TOTAL PRODUCION 8RUTA 12,519.1 78.7

- Perdidas en Refinerias . 164.5 1.0
- esuasias en Refinerias . 206.5 1.3
- Saldo en tanques-Refintrias al 111/86. 709.1 4.5
- Saldo in tanques-Refinerias al 31/12/06. 850.6 5.4

TOTAL PRODUCCION NETA DISPONIBLE 12,419.6 78.1

g'JErE: Elaborado can inforuacion extractada det 'Novimiento de productos de 6.1.D. A;o 1986.

29-Jun-91
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PLAN NACIONAL BE ENERBIA

P FUD Dh
BALANCE PROOUCCION DE PRODUCTOS REFINAOOS

AXO 1986

6ASOLINA BLANCA

(Ietros Cubicosi

11) (2) 43) 44) (5) (6) 17)
DEs DEs A: As At A: At

REFIERIA Produccino Sasolinas Petroleo Fuel Oil Sasolina Diesel Oil Slap
liv y sod Crudo Especial

Sucre 22,81B.9 0.0 b,043.4 8,141.2 11,924.4 84.4 0.0
0.0

Subtotal 22,818.9 0.0 6,043.4 8,141.2 11,924.4 84.4 0.0

Santa Cruz 15,089.3 8,492.2 0.0 0.0 0.0 42.5
0.0
0.0

Subtotal 0.0 15,089.3 8,492.2 0.0 0.0 0.0 42.5

Cachabauba 0.0 144.3 0.0 0.0 0.0 0.0 0.0
0.0 0.0

Subtotal 0.0 14.3 0.0 0.0 0.0 0.0 0.0

T O T A L E S 22,818.9 15,233.6 14,535.6 9,141.2 11,924.4 84.4 42.5

R E S U N E N
-rT-223232:323332

(13) (nBBL)

- Produccion s 1)+2)-(31-(4)-(5)-(6)-(7) 3,324.4 20.9

- Otros productos a 0.0 0.0

TOTAL PRODUCCION BRUTA 3,324.4 20.9
X=2 2 _ 2U

- Perdidas en Refinerias . 8.2 0.1
- Desasias en Refinerias . 89.3 0.6
- Saldo en tanques-Refinerias al Ill/96 1,021.9 6.4
- Saldo en tanques-Refinerias al 31i12186. 729.0 4.6

TOTAL PRODUCCION NETA DISPONIBLE 3,698.4 23.3

FUNTE: Elaborado con inforeation extractuda del *Moviqiento -ie oroductos de .1 .D. Alo 1986.'
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PLAN NACIONAL BE ENER6IA

PNN PWBN BALANCE PRODUCCION BE PRODUCTOS REFINADOS

AMO 1986

S O L V E N T E

(Metros Cubicos)

42) (3)
OEs: OE A:

REFINERIA Sasollna Jet Fuel 6.C.N.
Liviana

Santa Cruz 424.5 12.9 421.2

Subtotal 424.5 12.8 427.2

Cachabiaba 13.1 0.0 13.1
0.0

Subtotal 13.4 0.0 13.1

T O T A L E S 437.6 12.9 440.3

R E S U X E N

{"3} {"BL)

- Produccion ' (1)+(2) 450.4 2.8.

- Otros productos 0.0 0.0

TOTAL PRODUCCION BRUTA 450.4 2.8

- Perdidas en Refinerias . 0.0 0.0
- Benasias en Refineriau . 0.0 0.0
- Saldo en tanques-Refinerias al 1I1/86. 15.9 0.1
- Saldo en tanques-Refinmnias al 31112186. 26.0 0.2

TOTAL PRODUCCION NETA DISPONIBLE 440.3 2.9

FUENTE: Elaborado con inforeacion extractada del *"ovisiento de productas de 6.1.D. A;o 1996."

29-Jun-97



3 0 L I V I A
PLAN NACIONAL BE ENER6tA - 107 -

BALANCE PRO3CWCION OE PRODUCTOS REFINADOS

AW0 1996

CONBUSTIBLE LIQUIDO

(fltros Cubico.l

(1) 12) (3) (4) (5) (6) (7) (9) (9) (10)
BEs DE: DE: DE: tE: DE: As A: At AsREFINERIA Dinel Oil Fiul Oil Slop Lubricantn Bashlina Crudo Consuso Lubricatn Sequridad Slap

Liv y Ned Roducido Industrial

Sucre 61.6 324.1 0.0 0.0 0.0 0.0 380.9 0.0 0.0 0.0
0.0

Subtotal 61.6 324.1 0.0 0.0 0.0 0.0 380.9 0.0 0.0 0.0

Cbhataba 50.6 0.0 1,264.1 6,814.7 274.9 18,t10.4 27,482-S 0.0 11.0 0.0
0.0 ').0

0.0
Subtotal 505.6 0.0 1,264.1 6,814.7 274.9 18,710.4 27,482.5 0.0 11.0 0.0

I O T A L E S 567.2 324.1 1,264.1 6.814.7 274.9 18,710.4 21,963.4 0.0 11.0 0.0

R E S U 0 E N

IN) NIOL)

- Produccieon(1)+(2)+(3)*(4)*(5)+(6) 27,955.4 175.9

- Otros producto 0.0 0.0

TOTAL PROWUCCION BRUT 27,955.4 175.9

- Perdidas on Rgfinerias . 311.1 2.0
-Oeasias on Refinerias . 339.7 2.1
-Saida tonques-Refinurias al 1116. 1,298.7 8.2
- Saldo n .tanques-Refinrias *I 3111V286. 1,418.3 6.9

TOTAL PRODUCCION NETA DISPONIBLE 27,863.4 175.3

FUENTE: Elaborado can informacion extractada del floviaiento de productas de 6.1.0. Ao 1986.'

29-Jun-97
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30L I V I A

PLAN NACIONAL OD ENER6IA
amII PNUD ON

BALANCE PRODUCCION OE PRODUCTOS REFIMADOS

A0 1986

C OM NB U S T I B L E 6 A S E O S O

(Metros Cubicos)

(1) (2) (3) (4)
DE: ODE: A A:

REFINERIA Iafta Produccion Consumm Lubricantes

Santa Cruz 25,211.2 0.0 24,211.2 0.0
0.0

Subtotal 25,211.2 0.0 24,211.2 0.0

Cochabasba 22,493.9 616.7 23,965.9 1,125.5
1,980.8 0.0

Subtotal 24,474.7 616.7 23,965.9 1,125.5

T 0 T A L E S 49,685.9 616.7 48,177.1 1,125.5

R E S U 11 E N

(113) (llBBL)

- Produccion =I1)+(2)-(4) 49,177.1 309.3

- Otros productos * (1) 0.0 0.0

TOTAL PRODUCCION BRUTA 49,177.1 309.3

- Perdidas en Refinerias . 0.0 0.0
- Duasias eo Refinerias . 0.0 0.0
- Saldo " tanquts-Refintrias al 111/96. 0.0 0.0
- Suldo en tanques-Refinerias aI 31/12186. 0.0 0.0

TOTAL PROOUCCION META OISPONIBLE 49,177.1 309.3
=mu===s_ 5::s:a=::==

FUENTE: Elaborado con inforsacion extractada lei Onovieiento de productos de 6.I.D. a;O 1986.

29-Jun-97s



6 A L i V I A
PLAu MCI"L II EllR61A
hid fLuD SN

.. .AC.EA8STICAS 6ENERALES BE OLEDDUCTOS, FPLISUCTOS V P&D?PIDOUCT8S DE V.P.F.3.

.,__.__........__...... _._ ..... _.___. . .. . ........... - - -- _ -- ---- ---------- - -- - ----------- -. ------ L-- - --- - - - ----------- .___ --- - ------- - ------

I ODSt Dcc DCCi DCV OCCO.P*OCOLP CCOL.? C? VSA DECH OPiSC OCi ESl.l fC6I' D.r I
2 CUi-CSi Ami6L SRC CI8-OR OE-LPZ aEF.R S ;

; Dlt iactiaciso Operands 8950 1150 1954 1956 .1951 8197 1966 i6S9 1I1l 1973 8967 li69 I9'5 1
; frno;&cte CRUD0 £U10 CBUN1 fCtD FhC0 t1UDO CR1O CtR1U,O CfiUO CEUDD CRu60 6i.? fEi :
t LoAgitod its) 522.59 71.24 2!1.14 164.10 208.40 271.70 971.0 59.e9 39.0 21.59 9.71 50.00 804.t2 ;
: Cotenida elirriles) 60,304.00 4,127.00 39,646.0 19,625.0i 24,923.00 14,118.00 369,121.00 5,602.00 3,56.65 3,53i.00 505.e7 s;o.00 3,38d.t.W ;

* (traPrgds)65/ .56411..16 4.1 
; Smamitro IPugadjes) 6.5/8 4.182 6.5/8 6.5/8 6.5/8 4.1/2 MIA2./ 6.518 4.l/ 6./I 4.1/ 2.3/8 '01/2 ;

10.3;4 5.V16 6.5/5
* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8.5/i 4.1/2

Esg,cidicacaon Calgria 11S-42 5i.1-42 5IK-42 5U-42 SLI-42 51. 5:.1-52 5LI-42 51IA 5KU 5ID 5L SL il L :
511-42 511-42

Ti: e er t.eria :O Cost. Sn Cost. Uia Cost. Sin Cest. Sin Cost. Sie Cost. Sin Cost. Sin Cost. Sil CEst. Sin Cost. Sim Cost. Sin Cost. E.c. ;
Faso llosipael 17.02 10.79 87.62 17.02 17.0? 86.79 37.45 17.02 10.79 16.97 10.79 3.65 5.5 S

;;.65 14.t2. 11.02 11.K0:
; 2i.0I 16.79 12.89
: 31.20

22.36
; Capacadd lnstalada 810 7,800.00 3,120.00 Is,0600.0 12,00.w 12,000.06 5,e00.60 x0600.a 11,00.60 1,00.00 9,000.00 7,000.00 sslni/ 3,700.0 :
: Cap. Fotenc. lacse. iPD 20,00.00 2,00.00 6,00.00 Z6,060.00

: b:ur,ro de Estaciennn 5 0 3 2 0 4 6 I I I I l I I
: Potuecia instalasa Iii 2s,522t.e 12.00 2,866.00 1,2N.50 0.00 1,44.00 12,725.00 706.A 560.08 Sil 120.0 50.00 340.06 1
I Pat.eal atil.actual.ilP 2,071.00 0.00 2,044.0e 12,725.u) 0i.00 560.00 611 120.00 50.00 540.6; :

2 1

DISC6Ilf;IO Di SISL6S:

OCC * Oleodatto Caclri - Cochaehiaa Tclel Longiqaud Dleduclosi 277.67 In
DCV s Oleooutto Casira - Vacuiba Total Loa4ituO tropannductsa 50.00 be
D'liLf £ Oleoc'ucto Cocabasb- -erar - La Pau
OCSZ a Bleoducto Casairi - Santa Cra2

OEiS * DIeodLCto Santa Ctut - Sica Sit - AricA
G;;ila Olooducto /curillos Chority
DiSC a Clioducto La PeUl - 5anta Cruz
OtC a Dlecticto Caigua - Tiluipa
P65v Fro*aodicto Caciri - Soygaib
OR r Foliducto Sucre - PoLosi

SllIa Ste Inforsacion
01-Jul-P7



EVALUACION ECONONICA DE CANFOS PRODUCTORES DE
HIDIOCAIBUROS LIGUIDOS

S 
VALGOB 

........ ... ... ... ......... ................ __ ....... ........ .............. ......... ...... ............ -.. .--. :

C;'.*O : auiri Hast& 1186 1111 1188 1198 1910 1991 1992 111 1994 1995 1196 1997 RESIDUAL

I FLUJCS3

I MM. Ell 0ES;AkOLLO fan N USSI 3,500 3,000 1,000

; COSTOS DE 0.1 B. lea B USI) 747 767 730 715 694 4,800

1 3,500 3,000 1,000 767 767 730 715 5,494 4,000 t

: FRLC.UC1flH (on NBA) III too 225 717 767 730 715 694 4,00 1

I66ES0S fen H US$) 1,890 1,700 3,025 13,031 13,031 12,410 12,155 11,790 81,600

:fELiJO NETO too N usii 1,6101 (1,3001 2,925 12,264 12,264 11,690 11,440 87,696 76,800

: -
a

: 
a

t Ererma de un buril en USS, 17
: 

:

-IM.MECRDCES ECOI,HCCOS: 
I

: ::::::::z::f:::::::::

I a) leliacion /C lasa de Descueato 01 lasa lsterna de Ratoran (TIRI:

1 122 141 162

:15.00 6.22 5.91 5.61 1.2.8. :

Precie $17.00 7.05 6.70 6.36 615.00 1212 S

I par 19.O00 7.98 7.48 7.11 Precio *17.00 1402 1

Bartil 821.00 8.71 6.27 7.96 por 819.00 1621 1

Daril 821.00 182J

ci Valor Actual Nato (VAN) 
S

: len t tles ao US$ Tasa de Descuento

* 5122 M4 162

* $15.00 52,536 46,384 41,051
Precio $17.00 60,982 53,831 47,721

par 811.00 61,229 61,276 54,383

Barril $21.00 77,575 68,721 61,044 

: 
:

.. ....... ............ ........ ......... ... ... . .. .... ......... ,_...... .......... .. .... ..... ..... _. .... ....... __ . . . ..... _. ...... __ __.. .. . . .. __

01-Ju1-87



DOL I VI
FL"ANd,ION4L DE EItER61A
NH INU3 lill

EVALUACIOM ECONONICA DE CWOS FRODUCTORES DE
HIDROCARWhOS LIOUIDOS

...... . ..... . ............ . ........ . __. .... ... ............ . ....... . ._ __ .. ._ ______

I VALOR 2
I CAIIPO: Cascabel Hasti 1986 1981 1988 1989 1990 1992 1993 159 1995 1996 1997 RESIDUAL I
S --- ------- ----------- …---- ----- - -…-…--.-- -…-…-

I FLUJOS:
2 ;usszzt: I
I [IWY. EN DESARROLLO le(o 1 USSI 6,600 9,600 5,300 1
I C0S0OSDE 0.1 N. IeA IIUS$ 982 n19 618 490 389 309 846 
1 6,600 9,600 5,300 962 119 13 490 389 1,155 846 :
: PBDUCCION lea MIIA) 982 779 M18 490 389 309 846 :
I lI6RESOS len N US$) 0 0 0 16,691 13,241 10,504 8,332 6,613 5,250 14,302 1

I FLUJO NETD lea N US$1 16,6001 49,600) 45,3001 15,709 12,462 9,186 1,842 6,224 4,941 13,536 2

: recio de un barril to US$ 17 
I I

5 po i.0 24 .5 21 rJI170 7
S ~~~~recio de va barril en us. 17 I~~~~~~~~~~~~~aril 2100 45

: INOICADORES ECiONOIICOSi I
e a::::lor:Ac:t::zSe (YA: 

: a) Ralacion 3/C de Ts e DOscuento II Ta laterna do Rt.'. (111):
: 1221 24 162 1
1 615.00 1.91 1.78 0.66 l.I. 1
I Procie $17.00 2.16 2.01 1.88 *15.00 321 2
: par 619.00 2.42 2.i5 2.10 Pncio 611.00 371 :
: 8arril *21.00 2.67 2.49 2.32 pr $19.00 412 2
: -- alril 62.00 452 
2 :
:cl Valor Actual Neto (\AIANI S

:- - -- -- --t len lliles de 25-) -asa de Bescuento :
:1J 712 14 162 1

: $~~~~~~~~15.00 14,108 11,168 8,763:
2 Preclo 617.00 18,062 14,577 11,713 2
t par 619.00 22,014 17,985 24,663:
: Buril 621.00 25,967 21,394 17,6l3 1

01-Jul-87



------------------------ ~~~~~~EVM.IiAt 103 ECCIE&NICA BE CANtOS PR3DUCIGRES BE
NISR0CAR5IUA0S LIOUJIOS

VALOR 
C.E,Escordido masta 1994 159 1999 1909 1990 1.991 1992 1993 1994 1195 1994 1997 RESIDUAL 

I 1;V. Eut DESAAI.LLO lea II US$3 13,S00 8,500 
COENTM5 DE O.li H. (en II USE) 0 0 73w) 1,376 1,055 891 712 672 464 3,800 1

I 13,500 6,500 730 1,376 1,095 891 712 672 4,464 3,800 I
I 1`0i~16MO (en W19 730 1,374 l,O05 191 712 472 664 3,oo 
I1:41HES (en N US$) 0 0 12,410 23,392 11,615 15,140 12,099 11,417 11,293 64,huu 

I FL-JD N.ETO (ea Ii USSI 113,5v01 18,500) 11,680 22,016 17,520 14,250 11,387 10,744 10,429 60,9(0 

Frcod w irl nUIa

* ) F?aIRBCT ePsvnoh ialtrid amfii

Fre ~ ~ ~ ~ ~~brrl $1.0 5.0 497 45 do r bdrtl e US6(7 

I a) n Hiies de US0 Tisa de Descuentohils InradoAtra41)
* 12K 14K IbK

Prcs $11.00 534.37 4.033 3.72$1.0050
prcar $19.00 4.882 450,3 4.,12 rco $70 9 
Darn 121t.00 775.4 60 .97 5064.9ur $.0 64

Barril $21.00 82,382 60,981 57,915ral $21.0 68

-- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - --- -- -- -- 



EV4LUACIGH ECONHOCA DE CIOS PRODUETORES DE
HIDROCARIEROS LIQUIDS

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~VALOR i CAMPO: HSi-Yapacani Huast 1996 1987 1988 1969 1990 19il 1992 1993 1994 1995 199U 1997 ESIDUAL I---------I--------- ------------ -------------------------- ------- - ---- ----- -------------- -: UiJOS: 

:
: Wli. EN DESAiROLL0 (en N US$1 15,000 9,000
I CSTOS BE .G N. fen US$) 0 . 0 343 342 331 317 296 269 275 3,172 1I 15,000 9,610 0 0 343 342 331 317 296 2Bq 3,447 3,172: FtwDUCC10N ten "0A) 20 292 343 342 331 317 2S6 269 275 3,172 ::Ik6fESDS len n US$1 0 0 3,553 4,956 5,831 5,614 5,627 5,314 5,034 4,905 4,677 53,924 I: 

IF fLUID tEIO (en N US$1 (15,000 19,000 3,553 4,956 5,488 5,472 5,296 5,067 4,738 4,616 4,402 50,752 1: 

:-3 =8 - = 3SS == ==:3 === = ==:_:5=::: :::::::_=:::::z..S== _ 3:=::

: :=:=:::::::

Frecio de un barril en US 17 
i

INltJiCADnE3 EC0,1C'1i2:;
:* =. ===: ===…

I iielacion iiC lass de Descuento bi lTa Interna de letorao (TIRI: I121 141 162 
I: $15.00 2.06 1.82 1.61 T.l*. I:recio $17.00 2.34 2.06 1.62 $15.00 241 1par 819.00 2.P1 2.31 2.04 Precia 117.00 27Z:Bauril $21.00 2.69 2.55 2.25 por $19.00 29: 

0aurirl l2.00 31S I
c c) Valor Actual Neto (VANI 

1: len Hiles de US$) Tasa de Descuento
* ~~~~~~~~~~~~~1^t 141 t6n 

$15.00 23,627 17,745 12,762 1frecio $17.0 29,i9l 22,497 17,280
por $19.00 36,155 28,249 21,77 

1Barril $21.00 42,319 33,501 26,276
: -… --- 

.-- __- .-- - - - - -. ~. -.---.- ….._..._._ __. ____

01 _,1,1 .il



hS .D:I OE I d6

PEJ Ph SN

EVALUACION ECON(ONICA DE CAlPUS PRODUCTORES iE
IIOIOCARBUROS LIQUID0S

: 
V^~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ULU9 I

CA1MO: La Paa Haiti 1956 198 1968 199 1990 1991 1992 m3 199 1995 1996 1191 EESIDUAL I
I FLUJOis

S LW. EN DESARROLLO (en N USit 0,000 
5I CeST0S DE 0.& n. lea 1 USSI 0 2,088 606 444 326 239 175 0 0 1S 8,000 2,08 0 0 0 606 444 326 239 175 0 0 1I FQ%CcIU lea NBAS 0 2,0ea 1,532 1,125 025 616 444 326 239 175 t: :.ES0S iea 11 U 0 35,4i9 26,049 19,117 14,023 10,300 7,551 5,540 4,063 2,9718 1: FW1 hEi0O (en A USII (8,600) '3,410 26,049 19,117 14,023 9,694 7,101 5,214 3,e24 2,803 0 0 1: 

I

1 : .iiEST0I 

I: Fricio de un baril en US$ 17 
:: 14DltCADW EC01lnCtCS; 

I
Ia) Eelacion 6IC Tan de DesuKnto 61 T l atn. de Retarmo TII;:: 

12! 14! 16Z 
I: Pnecig 411.00 7.38 7.13 6.08 0.l.R.

S Precio 017.00 0.37 0.09 7.00 
$15.00 343! I: par t19.00 9.35 9.03 0.72 freis $17.00 39S! :Barril $21.00 10.34 9.98 9.64 

per $19.00 4472 :: 
Iarril 821.00 4992

: c) Vaiar Actual heto IUAN 
a

: len Niles de USO) asa de Descuento 
:: ~~~~~~~ ~~~~~~~12Z 1 16Z 1 $15.00 61,212 57,044 53,270 
aPrecio $11.00 70,652 65,691 61,581I par $19.00 90,093 74,739 69,"1:

Barril $21.00 B9,533 83,566 78,201 
:

: 

_

01-Jul-87



h," avid BE ENA

ILH INLD 6i
EVALUACIODi ECONOIIICA DE CB OS PRODUCITOES E

HIMOCAROOROS LIUIDOi

IIALOR I
: Cf1iPO Nlooteaguda llast 1986 1987 098 1989 1990 1991 1992 IW3 1994 I195 19ff 1"7 RISIIJL :
--------------------- - --- ----------- -------- -- --------- - - - - - -- -- -

I FLUJO;i

IINV. ENi OESARROLLO len N USJI 3,000 2,000
: C5loS DO 0.D O1. fen n US$1 1,606 1,421 1,251 1,113 905 173 m 5,000 
: 3,000 2,000 1,606 1,421 1,251 1,113 905 In 5,112 5,000 
: FRu6uCC10 l n eM M O O 1,606 1,421 I,251 1,113 985 313 172 5,00 1

1liWEW.0S Iet N USJI 0 0 27,302 24,157 21,262 11,921 16,745 14,938 13,124 05,60 :
I 1

FLUJO NETO fen U US$) 13,0001 02,0001 25,696 22,736 20,01I 11,60a 15,760 13,965 92,352 90,000o

: :3

2 S;.FdS10z

:Frecio de un barril en USJ 17
: a

IIDICAD0FES ECONOUICOS:
3 ::::: 3333: 3333333::

: .1 Relacien SiC lass de Dkscuento hI Tis nterns de lletorso TIRI:
: 121 141 162
: v15.00 11.46 1W.MT 10.44 I.I.R.

Precim 117.00 12.99 12.40 11.63 115.00 1961 
pa.r 19.00 , 14.52 13.86 13.22 PrKcio J17.00 2141 :

:arril J21.00 16.05 15.32 14.62 por $19.00 2311 2
26uril $21.00 2481

1 cl Valor Actual Neto IVAN) t
2 len Niles de USJ) Iasa de Descuento

122 142 162 3
:15.00 109,563 96,684 05,628

: Precio J17.00 125,567 110,872 90,255
: aor 519.00 141,572 125,060 110,801

uBaril $21.00 157,576 139,249 123,508
: I

0l-Jul -07



# ^..vJ^ .a ;^la

A d P&LJ ii,
EVALUACION ECNW11ICA KE CANPOS PRODUCIORES DE

NlhOiCAfiWUDS LI1U1O0

I 
VALOR I

.,A0P Puarinjillas H1ta 199 its? 196E 1i69 i9co IS91 1992 1993 99 1995 1996 1 h97 RESIDUAL I

: FiL*2,S:-- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - --- - - - - - - -- - - - - - - -- -- - - - - - - - - - -

:: -W 

I 1'. Eld DESuiROLO (en n uISI 600 6,000
: C5ilCS DE 0.& B. (en N US$1 117 103 9I t0 71 42 55 49 43 177 :

600 4,000 III 103 91 90 71 62 55 49 220 177 :

i ri.`CcclN ten NBAi 47 117 103 91 9a 71 62 55 49 43 177 1

: lL3.ES03 len N Uill 799 1,9"f 1,749 1,544 1,3i5 1,204 1,054 937 925 731 3,uOY t

: 
:

iL3 tl hETO ten 1i US$1 (60al 15,2B11 1,96? 1,64t 1,453 1,265 1,133 992 802 77b 668 2,032 :

: 

:

:… :::::::::a:a2s:::33:32::n33z33:32323233Z:3

;Fr2ctz ae un barr:1 to USt 17
:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:

I§:A;ESCO@iOI1ICiS;

: -: -::::::: ::

: i; eatcien Bic Tasa de Descuento bi Tima Intern de Retwrno MMFI 

Ir~c us b :1 I15.0 173 1.22 1.17

: ~~~~~~~Precio 617.00 1.45 1.3B 1.312 115.00 III 

: ~~~~~~~~par 119." .5 1.54 I.iB Precia 117.00 Itl 

: But~~~~~Dril 1121.0 , 79 1.71 1.63 por 119.00 211:
Burril $21.00 2:

.: .'~E 
:CI0lCS

: ct.alr A:calheto lIVAN)
: a.A la~1Oen Nile$ de USLI lisa de Descuento a

; 615.00 1.2 14. 1.7 1

Preclo 5115.0 1.5 38E 32 
1

: i1.recio $17.00 I,tc 11t2 742
par 619.00 2,5;1 1,945 1,453

: Eurtil *21.0a 3,399 2,729 2,103

01-Jlu-07



.... ---.------------- ............ EVALUCIGN ECMlICA DE CAIIO5 Eio CIOREM CE
NIDROMIuRLWS L.lW11l0S

ViLOR 

MPU: Saa Roque Halta 1986 1957 1981 1989 1990 1991 1992 1993 1994 1995 1996 1Si7 RESIUAL 

: FLUM3:
5 :::3.:3 

3

Ite: . EN MESAMLU. ten n USI) 12,00 25,000 9,500 * I

M CKUS CiE .1A . ten A USI) 3,2223 1,007 131 6U 566 496 3T3 li
339 12,00 25,060 9,500 1,2:3 1,007 i;l 696 58a 496 14 181 t

IF"OtiOCIC lien IIE) 339 305 365 730 1,.;7 1,007 E31 696 566 49i6 433 181 I

: IiE-SGS ien Hi U5 5,703 6,205 6,2)5 12,410 20,78k 177,26 1 4,34i 112039 9,965 0,437 7,354 3,077

; I

FLU;iO 1ElO len n uS)) 5,424 15,795) 118,7951 2,930 19,53 U16,11 13,302 11,142 9,379 7,941 6,922 2,596 :

: 
:

: E';e.TOs
*: :::::::::.

F Frecto ce urn baril en UI6 II

I. 41Cti,,ES ECCUGIh1CG:sg

it ieatcian 61C lisa de Cescuento b) laga Interna de Retwrno (lS :

1N2 112 D12 .

; 115.00 1.57 1.51 1.45 T.1.8.

S Precti 117.60 1.7a 1.71 1.64 $15.00 48:

: par 119.00 I.Ni .il 1..3 Preci. 117.00 572

:arril $21.00 2.:0 2.11 2.03 par 139.00 662
Darrin $21.00 80x

: .-alcr tctuail Neto tY,VA
ten eiles de USS) Tsa de Descuento :

; 1^-t ~~~~~~~~~~~~~~~~~~~~~~~~~11't 16% 

$15.00 20,sai 17,256 14,508
recio 117.0 2i,125 24,139 20,757
par 1 19.iO 35,oi2 30,59a 27,006

:Brril $21.00 43,2'9 37,C56 33,255

01-Jul-87



----- - - -------------- EYALUACION ECONOHICA DE CANPOS PfiODUCTORES DE
HN1RDCAibURDS LIQUIDOS

VALOR I

CMFO8: Sirari Hats 1986 1967 1988 19uw 1990 199 1992 li3 1994 I9M5 1996 l397 RESiDUAL S

: LUJuS: I

INV. EN DESAfiROLLO len h USS3 5,500 15,500 13,000 1

CGiTGS EE 0.4 1. (en n USfl 135 lU 183 180 164 2,365 1
* 0 0 0 5,500 15,500 13,135 l 64 163 160 2,529 2,365 :

: ;Z,6dCC1011 len tl6A1 135 164 160 U64 2,365 :
: RE&SS (emn i UssI 2,295 2,788 3,103 3,G6 2,788 40,205 1

FLWO iETO lea n US$I 15,50i) (15,5M0) 110,E403 2,624 2,920 2,880 2.62' 37,840 

1:::z::::::a I 

: ir;:oa at un earril en 131 11
: :

: I.;:tn ECONCR1COS:
3::a::::::::=:::s:z:s:::s 
: v i1acuon i/C Tasa de Descuento b) Tasa Interna de fietrea IJIR)s I

:12 142 162
:lS.aO 1.03 1.00 0.96 T.lI.A. I

Preci * 617.00 1.17 1.13 1.09 $15.00 n 
per 619.00 1.31 1.26 1.22 Precia $17.00 l0o I

barril 621.60 1.44 1.40 1.35 por 119.00 13:
Barril 121.00 16 :

c) Vaior Atzual Aleta (1VAN
len Hiles de US$) Tasa de Destuento I

: ~~ ~ ~~~~~~~~~~~~~12 li% 16% 
$15.00 (4,Ml 1(6,2660 (7,332)

: ~~~~~~~~~Precis *17.00 11,6$5 13,5151 (4,86UI :

: p~~~~~~~~~or $Iq.sO 1,183 17631 l2,4011
: 6^~~~~~~~~brril $21.0O 4,261 1,963 64 I

------------------------...................... .. ._.._............................... - -------- -.-----------
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rid flUD U1
EYALUACIION ECONONICA DE CAIIPOS PfODUCTORES DE

NIDROCCARUROS LIUIDOS

VALOR I
CA61PDt Sonta Cruz 1967 1$68 1989 1990 1991 1992 1993 M994 1995 I996 1997 iESIDUAL :

I FLUJOS:

1 INV. EN LESARROLLO lea 1 USSI 17,500
: CGiTuS BE D.1 A. teo I USH 0 925 916 907 . 647 765 681 606 542 484 436 2,00 
I 17,500 925 916 907 647 765 681 06 542 4a 2,43 2,000 :
: f8&t3CCiON lea NBA) 526 525 916 917 847 765 6B1 oO6 542 484 436 2,040
: WiEBOS teon USs 0,940 15,729 15,574 15,419 14,394 12,i99 11,570 10,299 9,212 6,221 1,414 34,00
: 

:

FLUJO riETO lea n UiS$) 8,560 14,ao3 14,58 14,512 13,547 12,234 10,6Y0 9,693 8,670 7,736 6,978 32,000 :
* :

= :33u:.:::uz ;3::.:3:3s3u=;:a33353: A: : 2zs:u33: ;3::3:U2; 3s33:u: u: 3:g:Sa===;S *.:u::333 33S; ; ;;;;lgatw ;zz;:3g2=;a83:33S ;:;SSWt :~:3;;3;3;z= 525;3;: ;: S::= 

2Si3rUE5T3a 

Precio de uan barril en USt 17
: :

: INDICADOES ECOIiGOICOS:

al ielacion PIC tisa de Descuento hi Tisa Interna de Rettrno (TIkI) :
:122 14 162

: $15.00 4.00 3.75 3.53 T.1.I. :
Precio 817.00 4.53 4.25 4.00 ,t5.00 1333 2

* por 119.00 5.06 4.75 4.47 Precio 117.00 171Z:
barrul $"I.00 5.60 5.25 4.94 pm 519.00 2202 1

Barril 621.00 .251

cl Yalor Actual leto IYVAh
(ea Miles de US0 Tasa it Descuento

: ~~~~~~~~~~~~~~~~~12 14Z 161 
2 535.00 62,172 54,653 48,623
2 Precio $17.00 73,137 64,748 57,603

pan $19.00 84,302 74,644 66,584
Barril $21.00 107,978 98,723 90,665
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#a IV Id
r,... bdcJa14L e- EaLidI
REM PIWO ill

EVALUACIOG ECOrNICA DE CAN*OS PIaOOCTORES DE
NIDROCAR6UROS LIQUIDOS

2 IA~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~WLUR S

: CaOs Villraantes Masta IS86 1il7 1965 1189 1990 1l1 191i2 193 1994 1U5 199t 1997 iESIDUfil :

I FLJOSI 
I

IINY. EA IESARMOLLO len r US$3 7,100

2 COST0S BE 0.1, . (en r, US$) 1,607 2,172 1,629 1,228 916 687 515 387 290 218 1,232 J

: 7,100 1,007 2,112 1,429 1,223 916 67 515 397 290 1,450 1,232 S

:PfDUCCION leF "DA) 324 1,807 2,172 1,629 1,229 916 67 515 387 290 210 1,232 1

: Ie.0I;E5uSiSea II US$1 5,511 30,714 36,919 27,693 20,671 15,574 11,684 8,762 6,577 4,933 3,698 20,944 :

: 
:

* FLdJi hEID len r, US$3 11,5591 2a,907 34,747 26,044 19,643 14,609 1O,97 8,246 6,190 4,643 3,480 19,712 S

-:Zz8~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :

Frecio dt urn barril en 15$ .17 2

; bD1CAMIrES ECONOHICOS; 
I

A fi elicion BIC Tlsa de Descueato bi Tisa Interm de Rotor. (lTIRls:
121 141 161

$15.00 0.27 7.91 7.74 T.R. :

Prciti $17.(0 9.37 9.06 0.77 $15.00 11471 2

I por 119.00 10.47 10.12 9.10 Precia $17.00 18371 2

; barit 121.00 11.57 11.19 IO.P3 por 119.00 34781 
Barril $21.00 124031 :

cl Valor Actual Neto (YANI
: (ea( miles de US$3 Tasa de testuento :

:12 141 161

: $15.00 92,226 64,606 77,910
Precia S.00 106,215 97,500 89,849

: por $19.00 120,204 110,394 101,781

: Barrit 421.00 1314,193 123,2PP 113,712 :

01-Jul-87



dal I vIda
RtAO IACIO* DSE Ef ilE A
REN FIWD EN

EVALUACION ECONONICA BE CWOS MRODUCTORES lIE
HIDROCARIUROS LiaUIDOS

_- - - - - --- - ----- ___ -__

VALOR 
C;PO: Vuelta Grand& "ast 198l6 1987 1988 198 1990 1991 1992 1993 I94 19s 1991 1997 REIDUALI

; -- --------------------- -____ ___.__

FLUJOS:

I INV. EN DESARR0LlO lea 11 US$1 16250 15550
COST0S DE 0.6 N. Ien n UStl 400 2,602 2,891 2,596 2,254 I,63 1,716 1,515 1,324 1,169 25,000

I FPGDUCClOu len NSA) 350 400 2602.1 280".8 2596.1 2X53.8 1963.2 1115.6 1515.4 1324.1 1160.7 25000
1 tNGfiES0s (en NI US$1 5,950 6,800 44,2i6 49,144 44,134 '1,315 i3,374 29,165 25,762 22,510 19,865 425,000

FLUJO ,ETO (en N USil 110,3001 19,4501 41,634 46,253 41,53a 36,061 31,411 27,450 24,246 21,166 18,699 400,000

: SlliESTOI)

Precia de un barril en u1S$ 17

I INOICADORES ECOIIONICOSs

a1 Alelcien BIC Tasa de Descuento ti lasa Intern de Reterne (Tikls
122 14t 162

115.00 0.28 7.60 6.98 T.l.R.
Precio $17.00 9.30 8.61 7.93 115.00 112t

par tl9.00 10.49 9.63 0.84 Preio $11.00 129I
6arril 621.00 11.59 10.64 9.77 por 119.00 1482

larril $21.00 1682

cI Valor Actual Neto IVAN)
fee Miles de USll Tasa de lescuento

121 142 162
a15.00 319,143 270,614 230,552

Precio 117.00 3a7,541 312,163 266,431
por $19.00 415,939 353,712 302,31v

0arril 121.00 464,337 395,260 338,189

…----…------..…-…- - -------------- …-

01-Jul-87
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NATURAL GAS

Overview

Over 1986-2005, one can anticipate the cumulated domestic
demand for gas to be of the order of 0.9-1.3 TCF depending on develop-
ments in the economy. This represents about 252 of Bolivia's proven
reserves of 4 TCF. Should Bolivia continue to export about 215 MMCFD (to
Argentina and/or Brazil) during the same period, that consumption wouid
represent about 1.6 TCF. Thus it would use about 75Z of its proven
reserves in the next 20 years. It is only if potential exports beyond
1991 ezceed about 300 MMCFD that there would be grounds for concern
regarding Bolivia's reserves. But since Bolivia's gas reserves are
thought by all to exceed 4 TCF by a considerable margin, higher exports
would only entail an effort to confirm probable reserves, and possibly
undertake more exploration in gas prone areas. One can therefore
anticipate that the major challenge for Bolivia's gas sector will remain
on the demand side, i.e., the identification of economic outlets for the
gas, rather than on the supply side.

Gas Domestic Market Regional Analysis

For the purpose of regional analysis, Bolivia has been divided
into five main regions. For each, the present utilization of petroleum
products is examined, together with the potential for substitution by
natural gas. Gas can be mainly used to replace fuel oii, diesel oil,
kerosene, and LPG. 1/

La Paz, Oruro

This region in 1986 accounted for about 402 of the national
consumption of oil products replaceable by natural gas, but less than 8Z
of the natural gas consumption. The main reasons are that: (a) gas only
reached that market in 1984, with the conversion of the Cochabamba-La Paz
products pipeline to natural gas; (b) there is only one major gas
consumer, the SOBOCE cement plant; and (c) the mining industry which
accounts for about 602 of fuel oil use in the region has yet to convert.

1/ The consumption of these four products in 1987 at 4.2 million bbl
represented about 55Z of the consumption of oil products in 1986--
the balance consisted mainly of gasoline (37%) and aviation fuels
(52).
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At present there are only four users of gas in La Paz, all in
the El Alto area. 2/ In Oruro, gas is not being used for the time being
and the potential market outside the mining industry is not significant.
YPFB's Gas division, the Ministry of Energy and Hydrocarbons (MEH) with
the external support of the Organization of American States (OAS) have
made a particularly important effort to identify the market of the La Paz
region 3/ and define priorities for conversion to gas. Three major
industrial areas were targeted (El Alto, La Paz proper, and the
vicinity); in each, the industrial and commercial users of replaceable
liquid fuels were identified (down to hundreds of small businesses such
as bakeries) and the potential for substitution of each quantified. EL
Alto is by far the largest potential market for gas, with its
concentration of industries, followed by the city of La Paz and the
region. 4/ In all, the potential replacement market (which is not
necessartly economic) for La Paz can be estimated at 17.6 MMCFD and of
Oruro, excluding the smelters, at 3.7 MMCFD.

Cochabamba and Beni Pendo

This region represents about 22% of the market of fuels
replaceable by natural gas and presently accounts for about 8% of
national gas sales. In this region, only the city of Cochabamba
presently receives gas; the present consumers. comprise eight industries
including one cement plant. 5/ All the present users of liquid fuels
replaceable by natural gas are located in the city and not in the region,
which ought to facilitate the substitution program. Among the industries
slated for conversion are ceramics, canning, dairy, glass, textile, and
shoes. The oil refinery is also expected to pursue its conversion from
oil to gas (as main fuel). The potential industrial market for gas in
Cochabamba is estimated at 5.2 MMCFD.

2/ These are the CBN brewery, the Fanviplan glass factory, the Patria
detergents factory, and the SOBOCE cement plant.

3/ Guillermo Leon and Ricardo Bilboa La Vieja: Proyecto de Utilizacion
de Gas Natural en El Alto de La Paz, Bolivia (January 1987); Franz
Lino Alurralde: Sustitucion de Hidrocarburos Liquidos por Gas
Natural El Alto de La Paz (February 1987); and YPFB's Gas Division:
Market Survey for Depto. La Paz (1984-85).

4/ It is interesting to note that in El Alto and La Paz proper,
consumption of fuel oil and LPG is particularly high while in the
vicinity of La Paz, diesel oil becomes the dominant industrial fuel.

5/ These are as follows: Ceramil, Faboce, Ibocal: ceramics; Coboce:
cement; Iasa: vegetable oils; Quimbol: detergents; and Vidriolux:
glass.
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Santa Cruz-Camiri

This region accounted for about 25% of the national consumption
of replaceable liquid fuels and over 75% of natural gas sales in 1986.
The ENDE power plant represented over 80% of gas sales in the region
during 1986; industrial sales, however, still represented nearly 90% of
the sales in that category during the year. This situatiot, is explained
by the following factors: (a) Santa Cruz is located near the gas fields
and has been one of the first markets for gas; (b) the regional develop-
ment corporation CORDECRUZ has encouraged the use of natural gas in the
Santa Cruz i..dustrial park; and (c) the region haa erjoyed relative
prosperity in recent years. In all, approximately 20 industries are
presently using natural gas. In addition to the typical industries of La
Paz and Cochabamba, the three sugar mills in the vicinity of the city and
a number of farms are also gas users. As a result, consumption of fuel
oil has now become negligible but there remains a market for diesel
substitution estimated at 5.5 MMCFD.

Sucre-Potosi

Sucre was the first city in Bolivia to use natural gas; the
main user is a cement plant. The gas-fueled thermal power plant is no
longer in use since the city has been interconnected to the hydro-based
western grid in 1984. At present, there are three industrial consumers
in Sucre 6/ and two smelters at Potosi who use minor quantities of gas
for maintenance purposes. There remains a small potential for diesel
replacement in the industrial sector estimated at 5 MMCFD.

Bermejo-Tarija-Villamontes-Yacuiba

This predominantly agricultural area is located in the vicinity
of the gas pipeline to Argentina, and next to what could be a major gas
find. Gas is used mostly for power generation (Villamontes) and two
industries. 7/ A pipeline is under construction from Tarija to Puente,
site of a cement plant--commissioning is expected at end-1987.
Altogether, the potential for gas substitution in the industrial sector
is estimated at 2 MMCFD.

6/ These are two ceramics plants (Elvia and Mabe) and one cement plant
(Fancesa).

7/ At Bermejo, the sugar mill (Ing Azucarero Bermejo). At Villamontes,
an oil press (Fca. de Aceites).
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Market Development Strategy

With respect to exports to Argentina and Brazil, the outcome of

the negotiations is virtually impossible to predict. Both economic and
geo-political considerations will influence the decision of those

countries to import Bolivian gas. Until a decision is reached, it would

be wiser for Bolivia to avoid any large investments linked to export

projects ani concentrate on the development of the domestic gas market.

The strategy in place until now has been to develop the main

gas grid from the producing areas to the main markets and to connect the

larger users to the gas network. By the end of 1987, all the major

plants will use gas as a fuel. Furthermore, 11 urban centers in

Bolivia 8/ have access to gas through the main gas pipelines and capacity

use at present is below 30% and will only reach 50% around 1990. The

major task ahead is therefore, wherever economical, to build the

distribution networks and connect the remaining industrial, commercial,

and domestic consumers. However, it is essential to establish first the

economic cost of gas. Since the cost of gas in turn depends on the
demand, this becomes usually an iterative process. 9/ As long as the

netback of gas exceeds its cost of supply, conversion to gas deserves to

be pursued.

Average Incremental Cost of Supely

The cost of gas can be broken down into exploration,
production, and transport. One way to evaluate the cost of exploration
(or the cost of replacing gas reserves) is to assess the historical
investments in exploration and the corresponding discoveries. Over 1976-

85, YPFB invested US$357 million in exploration and discovered gas

reserves equivalent to 2,409 BCF. 10/ Assuming that the gas reserves are

produced from the fourth year after discovery, over a 20-year period, the

cost of exploration can be estimated, at a 12% discount rate, at

US$0.35/MCF.

8/ Bermejo, Camiri, Cochabamba, La Paz, Oruro, Potosi, Santa Cruz,
Sucre, Tarija, Villamontes, and Yacuiba altogether account for about

95% of the urban population and 35% of Bolivia's total population.

9/ Afsaneh Mashayekhi: Marginal Cost of Natural Gas in Developing
Countries (World Bank-Energy Department).

10/ In fact, 83% of the reserves were natural gas, and the balance,
crude oil and condensate. The gas reserves are expressed on a
calorific equivalent basis.
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The cost of production includes the capital costs of field
development and the operating costs. In connection with the preparation
of export projects, YPFB has investigated five scenarios, each providing
for a different volume of exports, from 200 MMCFD to 400 MMCFD. 11/ At a
12X discount rate, the production cost remains in the range of US$0.23-
42. As there is a degree of uncertainty about the optimal order in which
the fields ought to be developed for each scenario, and the estimated
cost of field development, the production cost can roughly be estimated
at US$0.30/MCF. In the event that no exports materialize, the
incremental cost of production is virtually nil, as the domestic market
can be supplied without further investments. The operating cost
(excluding depreciation) was derived from YPFB's accounts and estimated
at US$0.20/MCF. 12/

Regarding the incremental cost of domestic transport, three
scenarios were investigated, corresponding to the possibility of
installing the new power station in Cochabamba, Santa Cruz or Sucre. 13/
In the first instance, the incremental cost of transport turned out to be
US$0.09/MCF, while in the other two it was US$0.06/MCF and US$0.07/MCF.
They are low because most of the additional investments in pipelines are
required in more than 10-years' time. For the time being, it can be
therefore assumed that the incremental cost of transport is US$0.10/MCF.
In the case of exports to Brazil, the cost of the Santa Cruz-Puerto
Suarez (border town) pipeline has been estimated by YPFB at US$216 mil-
lion (200 MMCFD, 24", without compression) so that the transport cost in

11/ In view of the range of quantities for exports selected, and taking
into account that a provision was made for the domestic market, this
calculation in effect covers all reasonably conceivable production
levels. YPFB has appointed a firm of consultants, International
Petroleum Engineering Consultants (U.K.), to optimize the sequence
of fields development and gas transport. The study is funded by
IDB.

12/ YPFB estimated the 1986 cost of gas production at US$175.8 million,
less US$4.4 million for depreciation, US$59.6 million for purchases
from oil companies, less US$98.0 million for royalties and taxes,
which leaves US$13.9 million. The net production was 78.2 BCF Less
13.2 BCF of purchases, or 65.0 BCF. The production cost was there-
fore US$0.21/MCF.

13/ The calculation is necessarily very tentative and does not make an
allowance for load factors. Therefore, before the final decision is
made on the location of the next power plant, this analysis will
have to be made in detail.
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Bolivia will be of the order of US$0.30/MCF. 14/ In summary, the average
incremental cost of gas can be estimated as follows:

Table 1: AVERAGE INCREMENTAL COST OF GAS
(USSIMO7)

With Exports Without Exports

Exploration 0.35 0.35
Production 0.30 --
Operating Costs 0.20 0.20
Transport 0.10-0.30 0.10

0.95-1.15 0.65

Source: NEP estimates.

These low prices reflect: (a) the relative abundance of gas in Bolivia;
(b) the adequacy of the infrastructure of gas gathering systems and
pipelines in the producing areas, in relation to future needs; and
(c) the interconnection in place of all the consumption centers to the
pipeline network. The above calculation does not include the cost of
distribution mains and connection to consumers.

The average incremental cost of supply up to the city gate
calculated above confirms that natural gas is a far cheaper source of
energy to Bolivia 15/ than crude oil and oil products so that all efforts
should be made, whenever economic, to accelerate the replacement of
liquid fuels by natural gas, particularly since, even under the most
optimistic scenario, Bolivia would not exhaust its proven gas reserves of
4 TCF in the next 20 years.

For. gas pricing purposes, however, the incremental cost of
supply constitutes only one input. In order to build up the price of
gas, the following elements need also to be taken into account: (a) all
customer duties and taxes on equipment and materials from exploration
down to distribution; (b) royalties and other taxes on production;
(c) the cost of transportation in Bolivia; (d) the cost of distribution;
and (e) the prices of alternative fuels.

14/ Clearly, if the quantity transported were to increase significantly
beyond 200 MMCFD, the cost of transport could decrease to US20-
25C/MCF.

15/ US$0.65/MCF is equivalent to crude oil at about US$3.40/bbl.
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Priorities in Gas Use

Gas is not a freely-traded commodity so that its opportunity
cost to the economy (netback) can only be measured against that of fuels
it can replace. In the case of Bolivia, gas can essentially replace fuel
oil and diesel oil in the manufacturing sector, hydroelectric generation
in the power sector, and LPG and kerosene in the commercial and domestic
sectors. 16/ The opportunity value will necessarily depend on whether
Bolivia has a surplus or deficit in a parzicular fuel in a given year.
One can reasonably anticipate that supplies of gasoline and LPG will
match the demands, but deficits should be expected in diesel oil,
kerosene, and fuel oil. The relative ranking of fuels can thus be
estimated as follows:

Table 2: RELATIVE RANKING OF OPPORTUNITY COSTS

c.i.f. c.i.f.
Fuel Santos Transportation a/ Santa Cruz Distribution Total Equivalent

------ ------------------- USS/ton---------------------------- (USSJMCF)

LPG 1J) 150 45 b/ 195 4.34
Kerosene 137 85 222 20 242 5.73
Diesel 120 85 205 20 225 5.40
Fuel Oil 78 85 163 20 183 4.36

a/ Taken to be US$35/ton for transport in Brazil and US$50/ton for transport in Bolivia,
In line with recent quotes.

b/ The cost of LPG bottling and transport to distributors has been estimated by YPFB at
USS16.70/ton, and the cost of distribution at about BSO.06/kg (equivalent to
US$28.6/ton).

Source: NEP estimates.

As Table 2 above indicates, the netback of gas is highest when
it is used for kerosene and diesel replacement and lowest when it
replaces fuel oil. In allocating gas, as long as the cost of supply
(including distribution) is below the netback, substitution by gas will
remain advantageous to the economy.

In order to evaluate the opportunity cost of gas to the power
sector, three scenarios of future development plants were investigated,
including an all-hydra sequence, an all thermal sequence, and a mixed

16/ Replacement of wood and charcoal in the rural areas by natural gas
is not considered a realistic option in the foreseeable future.
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one. The netback of gas turned out to be US$l.7/MCF for the all thermal

sequence, and US$2.2/MCF for the mixed one.

Taking into account: (a) a marginal cost of gas to the economy
of the order of US$0.65/MCF; and (b) the large size of the gas reserves,
together with the high netbacks attained through the substitution of

liquid fuels, the construction of gas distribution networks is of the

highest priority. A key consideration is, everything else being equal,
to connect first the larger users in order to ensure early revenues, and
then gradually the smaller ones. This is the strategy Y?FB's gas
division will pursue in the coming years, with support from the private

sector.

YPFB 5-Year Gas Substitution Program

YPFB's Gas Division is presently involved in the preparation of

Master Plans and specifications for the gas distribution networks of the

different cities. For certain cities these have already been completed
(La Paz, Sucre, Tarija) while for others, they are at the basic design
stage (Cochabamba, Santa Cruz). It is anticipated that the plans will

all be completed by end-1987.

In order to ascertain the economic viability of the gas distri-
bution project, preliminary calculations were performed for La Paz (El

Alto Project), Tarija and the five-year plan as a whole. For this
calculation, it was assumed that the city gate cost of gas was

US$0.65/MCF; capital costs included the distribution mains, connection,
meters, as well as conversion on consumer premises. The result can be

summarized as follows:

Table 3: ECONOMIC RATE OF RETURN-DISTRIBUTION PROJECTS

Commercial

Industrial and Residential Combined

La Paz (El Alto) >100% 7% 77%

Tarija >100% 11% 80%

5-year Plan >100% 26% >100%

Source: NEP estimates.

The economic rates of return (ERR) of the distribution/
conversion projects of industrial consumers exceed 100% but this is

explained by their high levels of consumption together with the fact that
only the incremental costs (thereby excluding the gas pipelines) are

taken into account. Furthermore, they indicate that without the
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industrial consumers, the commercial and domestic sectors cannot support
a gas distribution project even on a marginal basis--this is because
their consumptions are low, and connection/conversion costs relatively
high. Therefore, provided that industrial consumers are integrated in a
distribution projeet, the ERR is adequate.

In all, the program appears to have been well designed and
reflects realistically the implementation capabilities of YPFB, and the
availability of financing (CAF has indicated its interest in providing
US$10-12 million for the program). The main constraints are likely to
be: (a) difficulties in YPFB in securing budget approvals for the gas
network in 1987; (b) delays in implementing the new institutional
framework for gas distribution; and (c) lack of financing for industrial
consumers for conversion and metering facilities. 17/ Lastly, the
present pricing framework may act as a disincentive to the commercial and
domestic sectors in converting to gas.

Long-Term Gas Demand Forecast

YPFB's Gas Division released, in September 1986, a 20-year gas
demand forecast, which, after review and updating, is presented here.
The approach is sector-wise, which is appropriate considering the small
size of Bolivia's market for liquid fuels and the considerable impact of
relatively small number of consumers can have on overall demand.

Regarding the industrial sector, an overall growth rate of 8.5%
was adopted, which is considered reasonable, taking into account that
between 1980-86, GNP declined, while industrial consumption at Santa Cruz
and Sucre (the only cities with long enough records) grew annually by 11%
and 32% respectively.

With respect to the domestic and commercial sectors, the
program is ambitious, with the target of connecting 100,000 consumers by
1995, and 300,000 by 2005. This would still represent only 30% of the
domestic and commercial market in that year, and, on the basis of
experience elsewhere, the target should be achievable provided that
pricing incentives are in place, and the institutional framework is
responsive to the requirements.

Regarding the cement industry, the growth of its demand for gas
will essentially depend on development in the economy. An 8% growth rate
is anticipated, on the assumption that the economy recovers.

17/ This is reported to be the reason why a boa.ling plant in the
industrial park of Santa Cruz has not converted to gas.
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Regarding the power sector, the forecast reflects the WASP III
analysis of the least-cost solution to expand the power sector, which has
concluded that the all-gas sequence was more attractive than installing
hydroelectric schemes. The forecast is based on two major cor.1ponents,
i.e., the continuation of the growth load at Santa Cruz, and the
commissioning of a new gas-based power plant at Cochabamba, Santa Cruz or
Sucre. The optimal solution will depend on the incremental cost of gas
transport for each location, as well as purely technical consideration
(stability of load, reliability of supply, impact of altitude on gas
turbine efficiency, etc.).

Regarding the smelters, the forecast assumes that they will be
converted to gas and in operation by 1988, and that their demand will
grow by 3.5% from 1990, which should be achievable if the tin industry
recovers.

YPFB is presently initiating a CNG program, whose first step is
the preparation of a detailed master plan. 18/ YPFB anticipates that by
2005, this market could reach 9 MMCFD representing 1,600 bbl/day of
gasoline.

Regarding fertilization, such a project today would, if
anything, be even less viable than it was at the time of the energy
assessment 19/ considering the drastic fall in international prices. An
economic analysis should be carried out if a concrete proposal is
advanced. YPFB's forecast thus anticipates a demand from that sector of
6 MMCFD by 1991, which seems early, but could be justified by 1995 if the
economic environment warrants it.

A high and low density polyethylene plant is under study by
YPFB which could use 15.5 MMCFD by 1992. Again this does not appear
realistic, so early, but could be in place by the mid-1990s, if the
circumstances are right.

The long-term gas demand forecast can thus be summarized as
follows:

18/ Preparation of the master plan is to be financed under a World Bank
Project Preparation Facility (PPF).

19/ Bolivia, Issues, and Options in the Energy Sector, April 1983.
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Table 4: LONG-TERM GAS DEMAND FORECAST
(MMCFD)

1985 1990 1995 2000 2005

Industrial 4.0 12.5 18.0 22.7 28.3
Con/Dom -- 1.6 6.0 13.9 24.0

Cement 3.1 6.3 9.4 13.8 20.3
Power 11.8 18.2 44.8 84.8 113.4
Smelters -- 4.8 6.8 9.7 10.3

CNG -- 0.8 2.5 4.7 9.0

Petrochem. 18.4 21.5 21.5

YPFB 22.3 27.6 33.9 34.5 36.6
Sub-total 41.2 71.8 139.8 205.6 263.4

Losses, Flares 21.3 23. 31.4 27.8 22.6
TOTAL 62.5 94.9 171.2 233.4 286.0

Source: YPFB and NEP estimates.

As a result, by the year 2005, the power sector will still be
the main user of gas accounting for nearly 45% of total gas use. In
addition, should the gas export project to Brazil materialize, an
additional demand of 14 MMCFD could be anticipated from a steel mill
located near the Brazilian border (which is not included in the above
forecast).

A regional breakdown of the anticipated gas demand indicates
that Santa Cruz will remain the main market for gas, accounting for 60%
of the total consumption if the new power station is located there, or
45% otherwise. La Paz would represent about 8% of the total market and
Cochabamba another 10%.

A number of gas consumption forecasts have been made in recent
years. The Energy Assessment report 20/ anticipated a 1990 demand
between 82 MMCFD ("baseline") and 136 MMCFD. This now appears on the
high side. GDC's forecast (1982) anticipated a 1991 demand of 69.8 MMCFD
to which the above forecast seems closer. By the year 2005, the above
forecast is higher than GDC's and YPFB's (because of a higher anticipated
demand from the power sector) and at the same level as the Energy Assess-
ment's (about 280 MMCFD by 2005).

20/ Bolivia, Issues and Options in the Energy Sector, April 1983.
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ctr1a 8 29 39 33 35 4217,649 80517 9,750 90 2172 1,70' 14,309 14,600 1416

Electricidad I.2 ,0 4 1,01 0 2 1 5 16040 2050 16 90 -7lx 316

Cos. y to 14 1o .4 26 i7 51 160 b0 350 450 34Z 721
;~~~~~~~ ---- ------ ------ ------ ------ -- - - - - - - - - - - - - - - - - -

. tatil 19,523n 12,490 13,743 12,242 13,620 14.593 17.534 28,360 20,730 23,010 21,670 91 5Z
: 1'1. 1cre

CE,nr 1,G'7 1,395 1.72: 1.30' 7.. 1.41 1-376 1.70 4,000 2,1 2,1'0 5r 12;
Eleustria 8 39 ;J 13 13 ;5 42 41200 53 670 750 NX 1067
ELe,sr;cidad I .6 E i I , 7068 il44 1.f0bl 0 2 1 5i 100 200 3;;!, 0 -71'. TI 312Z

a LOS. 'I uOI~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 I5) 2,4 

; otal . :; 1001C 1s-9 2s4f.' §432 175 1,,1i 13? 1 2 1070 2.650 T,120 3,400 - 11 24r.

a -~~~~~~~1 -I? 44 2,0 ,1
a L~~~CfltO 1~.I2 1,92 192 13 1. I .6 1 .8: s ,:s 4 *J~a 3.

I'.. ia-r6,a/Yllam-tntes

tc-esnto 1'0 2?41 4ao

industria 2,71 24,61 30 56 ;j 4 l 41 i60 1 2 12,30 7 146Z
Electrmidad 2 9 113,4 1 112 1L 120 517,1 1, 67.
Cos. y uos 970 1 5.

otai1, 1, 100 143 1605 !8, 137',.1 24,) 33,02,0?0 2,730 9 147
Tot…l

IL1TE: C?^entO 1.0'7 I.Q32ion deT;$ 18a.2 1. 05 ',t'' '.u'l ,^ a J_51 5,75r 6.250
In9uustria 2 ,;13 i.45ii 4,361 2.;45 4i4. ;f 4.,71 6.AA2 17,142 ll.!c? 12. 50 71 "L 9
Ectric! S, i 0 2 ,w5 9.926 Wi,546 QQ^1.U21.1 14,i7Q 17,10O 19.i5c, IEW(;; 64 X 

o -.Om y Boa q 14 16 2; '76 ;7 JIl !6j) BI- 1.171(j 1,570 TSZ 1-,6I

' IQ~~~~~~1,238 15,6C06 16,22? 14.EI? 16ez)65 1.8.93 22,521 26,7r!2 1.3,302 3?,45i 9;.3?9 9X 14Z 

Ex.cluye consueo interno de YPFF y fundiciones

Fl'''TE: r'F8 - Division de rias Natural

7;;-



60LIVIA
PLAN NACIONAL DE ENER61A
NEH fNUD in PhR6IhAIIA DE SUSTIIUCION DE GAS NATURAL

fLAN DUINDUENAL

---------------------Sector Inaustrial -------------------- Sector DomestEc-ceercial - lotal -:

: 6as natural Eq. en Comb. liquidos Gas natural Eq. en Coob. Laquidos Uas natural Eq. en Comb. Liqrndos

Sustituable D.0 F.0 tIEk GLP 5Cittituible ;EFR 6LP Sastituible 0.0 F.0 LER 6LP;

IA; IP1CD Obi/aim biblaio GhlIado lon,a;o IfCo fblIa;o Ionlaio lPCOD Gilaio Ibla;o BblIaio Ton/a;o

; 

;

I 925.89 1776.91 2d536.44 4164.60 2152.37 0.00 u.UO 0.00 925.08 1776.97 28536.44 4764.60 :152.37

1851.78 3553.94 57072.09 9529.20 4.u4.75 O.uO 0.00 0.00 1851.78 355.4 5702.8 952S.2 4ui.75

3 3103.56 7107.89 114145.78 ,1u5d.40 b609.50 N0O. W 1007.18 2263.04 4003.56 1107.89 114145.78 20065.'B lv-*;.\54

4 1 74u7.12 14215.77 2.f291.56 3Ill6. 8u 11'19.Ou 1OU.0O 2J5O.10 5327.10 8107.12 14215.77 2K6291.56 4'.466.1' s 4i. .1"

J5 11S99.uO 2i644.69 363651.74 60i71.27 27426.61 12vu.uO 4028.14 9132.18 12999.O i.o44.69 3b365.14 074b.01 .: : ;

6 1227Q0.9v 25'50.4B 371917.81 63145.96 26525.75 1500.00 5u35.92 11415.2: 13770.0i 2:.55.. 48 318197.81 LL-lbl.b1 i ;t 40. :

1 1:;11.b0 24492.50 393325.72 65611.00 .. 6oo.76 1530.00 513o.64 11613.52 14291.80 24492.50 9335.12 l.u16.44 41 !.v.30 :

8 132712.27 24172.20 4U1U58.75 66298.67 308u3.45 156u.Ou '239.31 11116.40 14832.27 25412.20 4.0458.75 71353.04 4/12;.6l5

9 138J3.16 26491.08 4:5$:1.10 71030.61 3;267.59 1591.81 5344.16 12113.92 15;94.97 2o491.08 425421.10 7314. 1 ; 4.1.51 ;

10 14355.29 27550.73 44:41.9 13611.b4 33311.09 1623.65 5451.04 12356.20 15976.94 27550.73 44J437.94 75322.86 4. J:.-

11 14929.50 28657.76 4601b5.46 7DBD6.71 34705.94 1656.12 55o0.07 12603.33 16585.62 28652.76 460135.46 830b.7b 4,.;'.2 ;

12 15526.6B 29198.87 417510.08 79899.78 36094.11 1689.24 5671.21 12055.39 17215.92 29719.87 476540.8B B5711.05 4., 4%.Jo

1: 16147.75 3099i0.02 401662.51 83uS5.71 ;7537.94 1713.03 5764.b9 13112.50 17110.7B 30990.82 497662.51 OUB8u.46 4¢: .J;

14 16793.66 3223v.45 517S89.82 86419.60 39u39.46 1757.49 5900.39 13374.75 16551.15 32230.45 517589.B2 92319.99 5 414. 1 :

I 1s 17465.40 3;519.6) 538293.41 89670.39 406ol.04 1792.64 6018.39 13642.24 19258.04 33519.67 53B293.41 95694.7 54 ;.:o :

1 lo IE164.02 3466U.46 559825.14 Si471.44 42225.06 1028.49 6138.76 13915.09 19992.51 34860.46 559825.14 99610.21 5c1;0.17

: 17 188'0.58 30254.B8 582218.15 97210.30 43il4.08 1865.u6 6261.54 14193.39 20755.64 36254.89 58221B.15 103471.B4 5EIt'1.47

10 IB 19646.20 37705.07 6b5506.08 101098.71 45670.64 1902.36 6366.77 14417.26 21548.56 37705.07 605506.B8 101485.4 B 6v14.9u

19 20432.05 39213.21 629727.15 105142.66 47491.47 1940.41 6514.50 14766.80 22372.46 39213.27 629727.15 111657.16 62: 4.7 ;

2u 21249.33 40781.81 654916.24 109348.37 49391.31 1979.22 6644.79 15062.14 23228.55 40781.81 654910.24 115913.16 645T.51 ;

FUENTE: YPF6 - Division Ie as hatural
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F2.M 0ACIOIIOL DE ENEEGIA FAOVECCIOII DE LA DEI9NADA A LARGO PLAID - FOR CIUDOAD
NIEd 1880 it --- - - - - - - - - - - - - - - - - - - - - - - -

* L4 Pat Oruro Cotnabamba CocOa. urPotiCso

Inld. Ind. Net lotal lAw. (Iec. IpEB Total CO9ocE Ilia. Elec. IPfo total Indl. bet fotal lnd. 12cc. lotal

* 1966 2.61 0.76 U.00 3.25 3.95 1.12 1.42 .05 0.6! 2.09 DMv 0.00 0. 45 0.43

* 1901 2.09 0.20 0.2u 1.66 0.viO 3.153 5.19 1.40 1.91 0.10 0.61 2.69 0.10 1.35 1.45 V.46 0.io

* 969 4.34 0.25 2.10 2.95 2.25 0.00 3.93 6. k1 1.52 2.50 0. 2w 0.63 3.33 0.15 1.41 l.o2 0.11 0.47

* 19619 4.69 0.35 2.91 3.22 24.55 0.00 4.15 6.110 lv6i 2.'4 6.30 0.64 3.98 0.19 I.og 1.19 0.02 v.48 0.50

* 1990 5.40 0.49 3.05 3.53 2.93 0.00 4.S0 1.4 1.74 3J11 0.4w 0.65 4.16 0.29 1.14 2.03 0.04 0.49 C.15

* 1991 6.12 0.55 3.424 3.19 3.63 0.00 4.60 81.23 2.0 3 .06 0.Su 0.o6 4.24 0.34 1.to 2.24 0.01 0.50 0.511

* 1992 .1.5 0.68 3.44 4.12 3.98 0.00 4.69 8.61 21.15 3.26 0.56 0.61 4.49 0.42 2.01 2.49 0.09 0.52 0.c.l

* 1993 9.04 0.94 3.65 4.50 4.36 0.00 4.19 9.15 2.32 3.44 S. 1 0.09 1.19 0.52 2.25 2.19 0.m 0.55 0.66

1 994 9.90 2.04 3.60 4.92 4.11 80.v 4.90 9.67 2.49 3.64 5.1 06 02 .S 24 .0 01 .1 0.711

12995 9.63 2.29 4.12 5.41 5.23 0.00 15.00 10.231 2.69 3.95 9.91 0.10 13.46 0.91 2.61 3.48 0.11 0.60 0.f1

1996 10.39 2.51 4.31 5.94 5.13 0.00 5.1'S IMB1 2.15 4.09 12.05 0.11 16.85 0.90 2.91 3.81 0.19 0.60 0.1q

* 1991 11.19 1.90 4.64 6.51 6.21 0.00 5.09 11.31 2.;3 4.34 15.31 0.12 2Y.44 1.00 3.11 4.11 0.22 i. o0 0.62

* 1998 12.06 2.31 4.93 7.24 6.88 4.00 -.14 12.02 2.91 4.61 19.99 0.13 24.23 1.12 3.45 4.51 0.25 0.60 0.85

199 13.00 M.I 5.2t,4 9.04 1.53 0.00 5.19 12.12 1.99 4.90 22.60 0.14 26.24 2.24 3.16 5.vO 0.:1 0.o0 0.M

* 206 14.01 3.42 5.56 8.91 9.25, U.00 5_.4 131.49 3.vI 5.20 2o.52 0.15 321.41 1.39 4.10 5.49 0.33 0.v0 0.nj 

* 2001 14.90 3.93 5.68 9.i0 9.99 0.00 S..4 14.22 3..:4 5.64 29.11 0.16 34.51 1.55 4.10 5.15 0.36 0.ovb I..

* 2.4~ 15.95 4.53 S.:9 10.32 9.18 0.00 5..4 It.u2 3.41 6.1 2.0 0.11 3a.69 1.13 4.1 I .3 0.9 074 1h i

* 26w3 16.86 5.21 5.9 11.13 10.64 0.00 5.214 IS.998 3.oO 6.62 31.549 0.18 38.99 1.94 4.20 6.04 0.42 0.92 9.24

* 2004 11.94 6.01 b.v.4 12.'14 11.518 0.00 5.24 20.82 3.19 71.2 33.48 0.19 41.45 2.28 4.20 4.29 0.46 0.90 1.:.o

* 2uoS 19.08 6.92 0.16 22.08 I12.61I 0.00 5.24 11.85 4.00 7.18 355.49 0.90 44.01 2.44 4.10 6.54 0.50 2.00 1.50

* El PueLte larana Vallasoates berm-Vic Santa Cruz 1119 2Caepos2 Total por Sectcor fatal Ilesanwa

Inld, Ind. (Icc fatal lnd. (kcc lotal led, lnd. (lec. 9119 Total led net ElIe. rtPFiacl. VIP Ladl. 9116

* 19016 0.20 0.11 0.21 0.00 3.23 23.86 2.51 19.59 16.11 8.23 0.00 14.41 22.49 45.18 22.10

1981 0.21 .27 0.11 0.12 0.213 0.00 3.76 14.14 2.62 20.52 19.91 11.56 1.35 14.92 26.69 54.41 21.73

MeOB 0.13 0.45 0.4w 0.95 0.22 0.13 0.25 0.34 4.26 16.00 2.14 23.00 19.48 16.30 4.17 11.20 26.68 64.315 37.61

1 989 0.29 0.62 0.50 1.12 0.13 0.24 0.27 0.39 4.53 19.03 2.97 25.43 19.91 18.31 4.41 19.45 26.51 69.90 442.'C

* 199w 0.49 0.82 0.10 1.52 0.16 0.25 0.31 0.41 4.69 16.43 3.00 24.22 19.46 20.63 4.19 19.917 21.61 71.24w 4-.59

1 992 0.6 1 230 0.6'i 2.10 0.29 0.20 0.39 0.95 7.30 2Q.05 3.14 31.09 22.23 26.10 5.14 22.05 30.22 84.11 5!.69

* 1992 0.92 1.29 0.82 2.12 0.20 0.212 0.42 1.69 8.64 24.66 4.66 31.96 22.41 30.56 5.51 26.79 32.43 95.29 62.96

* 993 0.91 1.29 0.95 2.14 0.21 u.24 0.45 3.38 10.23 21.65 5.80 43.69 21.70 35.11 5.91 32.36 32.91 206.95 73.08

199 1.16 1.29 0.91 2.16 0.22 0.21 0.49 6.13 12.11 30.13 1.22 5u.01 22.05 43.05 b.33 39.36 33.86 222.60 91.14

1 995 2.49 1.28 0.90 2.18 0.23 0.30 0.53 13.41 14.34 34.10 9.00 51.44 29.22 54.32 6.19 44.01 33.91 139.93 105.92

* 1996 2.40 2.39 0.92 2.3 0.26 0.32 0.58 24.08 25.35 31.79 9.20 62.24 19.41 59.20 7.28 51.48 34.24 151.32 21.06

1 991 1.40 2.50 0.94 2.44 0.30 0.34 0.64 24.19 16.44 41.92 9.20 67.45 29.31 62.29 1.91 59.06 34.32 163.39 229.06

* 1919 1.40 1.62 0.96 2.58 0.34 0.36 0.10 15.53 217.60 46.21 9.30 13.T 29.22 66.63 8.39 61.01 34.39 116.41 142.022

* 99 2.40 2.16 0.9 2.13 0.39 0.38 0.11 16.30 260.5 5t.02 9.40 19.25 19.11 712.45 9.00 75.51 34.44 290.46 MM.w

i 2M0 2.40 1.90 2.00 2.90 0.45 0.40 0.95 17.12 2o.18 56.25 9.50 85.93 19.01 16.10 9.66 84.11 34.5w 205.63 111.13

* 21.01 1.40 2.05 2.02 3.07 0.49 o.42 0.91 11.24 21.42 59.62 9.60 90.64 29.30 92.19 9.71 89.84 34.90 225.10 1lw.9v

* 2002 2.40 2.21 2.04 3.5 0.53A 0.44 0.917 11.37 22.14 63.20 9.10 95.64 29.59 96.05 9.89 95.21 '35.30 226.46 191.26

* 2600 2.40 2.39 1.06 3.45 0.5 0.46 1.03 11.49 24.24 4.9 9.90 100.93 29.9 92.30 20.01 200.?1 35.73 231.96 202.21

* 2004 2.40 2.59 1.09 3.o66 0.63 M.4 1.10 11.61 25.63 12.0 9.90 106.54 20.22 90.98 10.14 206.95 36.25 250.22 214.01

* 2u05 2.40 2.19 1.10 3.88 0.o8 v.50 2~~~~~~.29 11.14 27.22 15.21 10.00 112.48 20.55 103.24 20.26 213.3 36. 9 2 3.33 26.76

27 S 1.4 2.-l.0ea80-IU.0S65l, L
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BOL I VI A
PLANd NACIIINAL DE ENERSIA
NEW FHelD ON3

CAPACIDAD. ACIVAL V FREVISTA DE 6ASODUCIOS

13i3PCD31

--- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- --- --- -- -- --- -

*Oruro - La Paz Parot-Oruro Parot-CIIOUCE Coch - Parot Nduayn-Parot Iduay-Coch lip.-RIui 33o-I3uayo larab-lap

* ~~~~Instal Adicc. lasta AdcEc. 3nsta Adicc. IRSta AdICE. loista AdICE. lasta losta losta Adicc. Instal
2Lapactdad 14.80 4.28 24.40 1.76 4.20 0.00 7.00 0.00 29. 00 13.51 33.50 11.50 31.40 11.11 31.50…-

IS359 1.7 ..67 7 0.0 1.12 0.Ou 2.79 0.00 0.00 0.Ou 6.74 6.74 0.00 0.00 6.74
2 3597 2.09 ~~0.00 2.29 0.00 1.40 0.00 3.69 0.00 0.00 0.0 99 999 .0 0.0 .9

3968 4.34 0.00 7.29 0.00 3.53 0.00 5.42 0.00 3.39 0.00 33.50 11.50 3.36 0.00 11.50
1989 4.69 0.00 7.91 0.00 1.62 0. 00 4.90 0.00 4.73 0.00 33.50 31.50 4.73 0.00 31.50
3990 5.40 0.00 9.93 0.00 1.74 0.00 4.07 0.00 6.60 0.00 33.50 31.50 6.60 0.00 11.50

MI9 6.72 0.00 30.51 0.00 2.00 01.00 3. 2I 0.00 9.24 0.00 13.50 33.50 9.24 0.00 33.50 2
I;J2 7.35 0.00 31.47 0.Ou 2.35 (1.0(i 2.63 0.0u 3('.90 0.0( 131.50 33.50 10.80 0.00 33.50 I
1993 9.o4 0.00 12.54 0.00 2.32 0.00 2.35 0.0(1 12.51 0.00 33.50 33.50 12.51 0.00 33.502
3194 8.90 0.00 13.72 0.0(, 2.49 0.00 1.93 0.00 34.38 0.00 33.50 13.50 34.38 0.00 11.50
3995 9.63 0.00 15.04 0.00 2.69 0.00 1.27 0.00 16.45 0.00 33.50 33.50 36.45 0.00 11.50

2 3,96 MO.3 0.00 16.32 0.00 2.75 0.00 0.7' 0.00 16.35 t. 00 13.50 11.50 19.35 0.00 31.50
2 997 13.39 0.00 17.74 0.00 2.93 0.0( 60.33 0.0) to. 44 01.00 33.50 33.50 20s.44 0.00 33.50 
2 1999 12.06 0,00 19.30 0.00 2.91 0.00 0.52 0.0'1) 2.3 00' 3.0 3.0 2.3 00 15

1999 13.00 0.00 21.04 0.00 2.99 0.00 1.22, .OM 25.25'j v.00 33.50 33.50 25.25 0.00 33.50
2 2'M 14.01 0.00 22.90 0.00 3.07 ('.0DO13.99 u.0(' 3.o 0.00 13.50 31.50 28.04 0.00 33.50 

'Al3 3iu 4.00 0.10 24.40 0.33 3.24 0. #00 2.72 0.00 29.00 1.46 33.50 31.50 30.46 0.00 13.50
ILL&0 34.90 1.05 24.40 1.77 1P. 4 0.0 35 0.00 29.00 4.10 33.50 11.c0 31.40 3.70 33.50 

2 2uO3 14.00 2.06 244.40 3.59 3. 60 0. 60 4.38 0.00 29.00 6.97 33.50o 33.50 31.40 4.5? 33.50
2004 34.90 3.34 24.40 5.59 3.79 0.0(a 5.32 0.00 219.00 30.30 13.50 31.50 31.40 7.70 31.50

2 205 34.90 4.29 24.40 1.76 4.00 0.M 6.35 0.00 29.00 3 3.3 3 1.50 31.50 33.40 31.13 33.502
Ca.Prosedio I

* ~~~~Sucre-Pat Tarab-Sucre Cerr- larab Mont - err Cauiri - Cerr Taquip - Caaar Tar-EIPu Villaaont Uhhr 0t1aada 2

Instal AdIEC. lasta AdIEC. Insta Adicc. fInsta Adice. Insta Adacc. lnsta Adicc. Instal Insta AdaEE.
2apacidad 7.30 0.00 34.20 36.43 245.70 36.41. 6.00 0. ui0 22.00 0.00 212.00 0.00 2.00 4.60 0.69

1986 0.00 G.3I0 2.09 0.00 8.92 0.00 6.00 0.00 2.82 0.00 3.27 0.00 0.00 0.00 0.00 7
3597 1.45 0.00 4.34 0.00 13.02 0.00 6.'(10 0.00 7.02 0.00 7.48 0.00 0.00 0.27 0.00 4(

2 1599 1.62 0.00 4. v5 0.00 16.45 0.00 6.00 0.00 30.45 0.00 30.92 0.00 0.33 0.98 0.00 451

1589 3.78 0.00 5.66 0.00 37.36 0.00 6.00 0.00 11.16 0.00 33.66 0.00 0.29 1.41 0.00 422

2 1990 2.03 0.00 6.19 0.00 17.69 0.00 6.00 0.00 13.69 0.00 12.24 0.00 0.48 2.00 0.00 532
2 1991 2.24 0.00 6.49 0.00 17.99 0.00 6.00 0.00 11.98 0.00 12.55 0.00 0.67 2.77 0.00 lis
2 1992 2.49 0.00 6.99 0.00 19.49 0.00 6.00 0.00 12.48 0.00 13.09 0.00 0.91 2.92 0.00 5172

2 1993 2.79 0.00 9.97 0.00 21.47 0.00 6.00 0.00 15.47 0.00 16.32 0.00 0.97 3.11 0.00 642
2 1994 3.30 0.00 13.34 0.00 24.84 0.00 6.00 0.00 36.94 0.00 39.55 0.00 3.16 3.32 0.00 721.
2 1995 3.4 0.00 14.20 6.97 25.70 6.97 6.00 0.00 22.00 0.00 22.00 0.00 1.40 3.58 0.00 7E2

1 996 3.93 0.00 34.20 7.32 25.70 7.32 6.00 0.00 22.00 0.00 22.00 0.00 1.40 3.70 0.00 601

2 997 4.37 0.00 34.20 10.41 2570 30.41 6.00 0.00 27.00 0.00 22.00 0.00 1.40 3.04 01.00 932
2 3598 4.57 0.00 34.20 34.60 25.70 34.60 6.00 0.00 22.00 0.00 22.00 0.00 1.40 3.99 0.00 662

1 999 5.00 0.00 14.20 19.04 25.70 39.04 6.00 0.00 22.00 0.00 22.00 0.00 1.40 4.33 0.00 902 2
2 L 2(00 5.49 0.00 34.20 23.75 25.70 23.15 6.00 0.00 22.00 0.4i0 22.00 0.00 3.40 4.30 0.00 942 I
2 2003 5.65 0.00 14.20 25.95 '25.70 25.95 6.00 0.00 22.00 0.00 22.00 0.00 1.40 4.47 0.00 971

2 2002 5.83 0.00 14.20 28.31 '25. 70 218.31 6.'j0 0.00 22.00 0.00 22.00 0.00 3.40 4.60 0.05 971.

2 2003 6.04 0.00 14.20 30.83 25.70 30.83 6.00 0.00 22.0 0.00 22.00 0.00 1.40 4.60 0.25 982
2 2o:4 6.28 0.00 14.20 33.52 25.70 33.52 6.00 0.00 22.00 0.00 22.00 0.00 3.40 4.60 0.46 9922
2 21005 6.54 0.00 34.20l 36.41 25.10 36.43 6.00 0.00 22.00 0.00 A22.00 0.00 3.40 4.60 0.68 992

29-Jun-97



Ia0 t IIIA a
PLANt I"CIOlbAL:: EkRIAh1
tEN ttUoD 91 COSIO BE IRAANSPORIE BE GAS INAIURAL

tUOSO/I2PC 2

; RUTA Orur-tIhaz Par-rur. Par.-COB COB-Par. Hui-far Nua-CU lip-Hui Rio-Niu larb-lap SuEre-Pot larb-Suc Eerr-lara float-Cerr Cami-Eert 1aq-1 mi iar-ECIle Vel-Tar lotal

Leaoqtud 0i*l 200 128 27 34 253 12 249 4 4 13 114 44 IB0 65 62 :5 8t 190 2139.64
2 Capraciad NIFCDt 14.80 24.40 4.20 1.00 2.0 11.50 11.50 31.40 Il.SuJ 1.30 14.20 25.70 6.00 22.0 22.00 2.0u 4.0o
: Costo de Inversion 8.38 5.31 0.61 1.44 30.00 0.39 8.35 52.0O 1.24 2.02 2.56 9.10 M.oI 2.58 i.91 1.48 3.52 134.64 

C osto Anual 1.16 0.74 0.09 4.20 4.14 0.05 1.15 7.11 0.17 0.28 0.35 1.25 0.50 0.36 0.26 0.20 0.49 IB.:7 ;
: Coloit A?cacul 0.44 0.l8 0.02 i.11 2.04 0.01 0.29 1.16 0.04 0.29 0.11 0.I8 0.22 0.01 u.-5 0.80 0.51 0.h5
: Ai de Oxpansieo 2000 2000 2005 2utS 2000 2MI2 2u05 1994 1994 2005 2005 2h5 201:

........... a.....s.a.aa:aaaa:a:aaaaaa aaaa= s aas.a
: ;

: 6tl6 Orur-Lftz far-ara. Pat.-COt tB6-Par. Hu-lfu Hua-CAb lap-Nua Rio-Nu la b-lip Sucre-Pot larb-SeL aenr-Iar hoet-Ctrr le-Cent laq-(aai lan-Elfe Vel-lur 2otFl :

1996 1.89 1.21 0.7 0.20 0.0 0.02 0.41 0.00 0.07 0.00 0.4U 0.39 0.23 0.35 0.22 0.00 2.24 ;
: 19B9 1.52 0.B9 0.I8 0.15 O.O 0.02 0.36 0.00 0.05 0.53 0.23 0.26 0.23 0.14 0.10 0.00 4.9i l.BS :
: 296B 0.13 0.20 3.5 0.01 0.27 5.82 0.04 0.47 0.20 0.21 0.23 0.09 0.07 4.30 1.36 1.35
: 1989 0.69 0.26 .6 V.11 2.40 0.02 0.21 4.25 0.04 0.4S 0.17 0.20 0.21 0.09 0.06 I.93 0.54 1.2 

: 21990 0.59 0.23 0.15 0.I3 1.72 0.01 0.27 2.98 4.04 0.38 0.26 0.19 0.23 0.08 0.0 2.2A 0.a 2.1 :
: 2992 0.41 0.29 0.3 0.21 2.23 0.01 0.21 2.13 0.04 0.3 0.15 0.29 0.23 0.08 0.06 u .13 0.49 0.94 :
; 992 0.43 0.19 022 0.19 1.05 0.01 0.21 2.12 0.04 0.32 0.24 0.9 O. 03 0.09 0.06 069 0.45 0.94 ;
; 2993 0.39 0.16 0.12 0.2 . 0.01 0.21 1.51 0.04 0.27 0.10 0.12 0.23 0.00 0.04 0.51 0.45 O.9 2

1 299 0. 0.2S 0.20 0.30 0.19 0.01 0.21 1.317 0.04 0.25 0.01 0.24 0.23 0.05 0.04 0.48 0.4w 0.59
: 19S5 0.33 0.13 0.09 0.43 0.69 0.01 0.21 2.29 0.04 0.22 0.01 0.13 0.23 0.04 0.03 0.40 0.37 0a.:
; ISS 0.32 0.12 0.09 0.15 0.02 0.01 0.27 1.01 0.04 0.20 0.07 0.13 0.23 0.04 0.03 0.40 0.37 0.4a ;

1 2997 0.29 0.12 0.09 4.21 0.55 0.01 0.271 .0. 0.04 0.28 0.07 0.13 0.23 0.04 0.03 0.40 0.35 0.57 :
: 2999 0.26 0'.11 0.09M 2.uS 0.50 0.01 0.27 0.06 0.04 0.1 0.07 0.13 0.23 0.04 0.o3 0.40 0.33 O.3s :
2 1997 0.09 0.45 0.45 0.02 0.21 0.19 0.u 0.25 0.01 0.23 0.23 0.04 0.03 0.40 0.32 0.33
: 2000 0.23 0.09 0.O8 0.21 0.40 0.01 0.27 0.10 0.0 0.14 0.01 0.13 0.23 0.04 O.ii 0.t0 0.30 O. J
: 2001 0.22 0. 08 0.20 0.39 0.Ou 0.21 0.64 0.o4 0.14 0.01 0.13 0.23 0.04 0.03 0.40 0.30 0. B 
: 2002 0.21 0.09 0.07 0.25 0.39 0.01 0.27 0.63 0.04 0.13 0.01 0.13 0.23 0.04 0.03 0.40 0.29 0.21 :
1 2003 0.21 0.09 0.07 t.l2 0.39 0.02 0.27 0.63 0.04 0.13 0.07 0.13 0.23 0.04 0.03 0.40 0.29 O.25 
: 2004 0.21 0.09 0.07 0.10 0.39 0.01 0.27 0.63 0.04 0.22 0.01 0.13 0.23 0.04 0.03 0.40 0.29 0.24
: 2005 0.21 0.01 0.06 0.09 0.39 0.01 0.21 0.63 v.O4 0.12 0.01 0.13 0.23 0.04 0.03 O.40 0.29 0.22 2

-.-- - - - --- -__ ___ _ ------ - ------- -_-__ -- --------- -_
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Nueva PIanUa de Energna Electrica en Sucre
.3p.

-- -- -- - - - ----- - - -- - - -- - - - - ---- - --------- -_-- - - -- ---- - - - - - -_-- -- - - -- - - -- - ---- - - - - -- - - -- - - -- - - -- - - -- - - -- - - -- --.- - - - _- - -- - --_- - -

---IDIAL ------;

: ta orur - La Paz tigot-0rute. Paret.-COIOCE CBl-Patot Huay-Parot RAo-luays Sucrt-Pot latab-Sucre Cert- lorre ftnt - Cert Casri - terr lipiap - asirm Liuil lov.

: Caui Ad. low. Caudal Ad toy. Caudal Ad In. Caudal Ad liv. Caudal Ad Ian. Caudal Ad Inv. Caudal Ad Inv. Caudal Ad Inv. Caudal Ad Inv. Cauval AC lnv. Caudil Ad Inv. C"doal Ad Inv.
: 4188PCD1 tiDilOusl (MIF'DI Pillusa {ilOtD) IMIUSl IIVIPCDI InMuss IWED) iMIusl IMPC IrCii lusl¶EPCD) tINusi (MElDN ilNual (HIECD) (MlSIi IIfCD) Mlniii mILD) IfilFti IIPLI (1ine) IMI'ED limuil

;- ----- '-------- I--, ------ ---------- -- ------ ------------ -- ---------- ----------------------- ------------ ------------------ ------ ----------- ------------------------- ---- -------------------------------------------- -----------T-

i ;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

1986 0.00 0.00 0.00 0.00 0.00 O.UU 0.uo0 0.00 ..OO 0.00 O.00 0.00 0.00 O.uv .

1901 0.00 0.00 0.00 0.00 0.00 0.00 0.O. 0.Ou 0.00 0.00 O.A O.Ou 25.02 v..-'v ;
li9 0.00 0.00 0.00 0.00 v.-u 0.00 0.00 0 0 0.00 0.00 0.00 0.00 0.04 O.00
1969 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 Mw o1.U2 0.0 ;

1990 0.00 0.00 0.00 6.nQ 0.00 0.VO 0.00 0.00 0.CO 0.00 0). v 0.00 13.4.9 0.(.a,
1991 0.00 0.00 0.00 v.(p 0.00 0.00 0.0o 0.00 0.0 U.00 0.0e 0.00 83.68 O.'u ;
199 0.00 0.0 .00 0.00 v. .00 0.0., 0.00 0.00 0.00 0.00 0.00 0.00 92.61 6.~0
;193 0.00 0.00 0.00 0.00 ov00 0.00 0.0) 0..o 1.28 0.00 3.91 0.00 0.(N 0.00 110.18 5.12
1994 0.00 0.00 0.00 O.Ou 0.00 0.00 0.00 0.00 1.21 0.00 3.91 0.00 O.UO 0.00 12i.81 5.12
1995 0.00 0.00 0.00 0.0l 0.00 0.00 0.00 6.91 1.21 0.91 3.91 0.00 0.00 0.00 151.E5 5.12
:99S 0.00 0.00 0.00 0.60 0.00 0.00 0.00 1.32 7.32 0.00 0.00 0.00 164.37 0.00
a "9t 0.00 0.00 0.00 0,0w- .OM 0.00 0.00 10.41 10.41 0.00 0.00) 0.00 11a.9D 0.&v

:19980 0.0 0.00 0.00 0.o. 0.00 0.uO 0.00 14.00 14.60 0.00 0.(.0 0.00 13.32 0.00
:1IS9 0.00 5.72 0.00 3.51 0.00 0.0u 0.00 5.317 0.00 0.00 19.04 19.04 0.00 0.00 0.00 211.31 14.e :

:2000 0.00 5.12 0.00 3.10 0.00 0.00 0.00 5.37 0.00 B.93 0.00 23.15 23.75 0.00 0.00 0.00 230.15 23.b1 :
: j 2001 0.10 5.72 0.11 3.18 U.00 0.00 1.46 5.31 0.0U 8.93 0.00 25.95 25. 0.00 0.00 0.00 243.65 23.80
: O2 1.05 1.17 0.00 0.0 4.10 1.10 8.93 0.00 28.31 28.31 0.00 0.00 0.00 251.60 8.93

I Zoo0 2.06 3.59 0.00 0.00 6.77 4.57 0.00 30.B3 30.93 0.00 0.00 0.00 272..6b 0.0

:2004 3.14 5.58 0.00 0.00 10.10 1.10 0.00 33.52 33.52 0.00 0.CIO 0.00 ,0B.94 0.00
:2005 4.20 7.16 0.00 0.00 13.51 11.11 0.00 36.41 36.48 0.00 0.00 0.Oh 3ub.5B 0.W0

I Costo Inu"eC tai Prosedio de Iransporte: S0.01 per NPC
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Nueva Pudnt. de Laerq.a Electric& en CocIiabaaba

Ahta Otur - LS PA? Parat-Oruro. P&rot.-COBOE CIA-Parot Inay-parot AID-Wtays Sucri-Fot liar3-6Sucre ert,- torre Buot - Cef. Easint - Eert 1a4uip - Eaiary Caudal lay..

Caudal Ad. law. Caudal Ad lav. Caudal Ad lav. Caudal Ad Iay, Caudal id IOV. Caudal 40 lay. Ceudal fid IRV. Caudal Ad low. Caudal Ad low. Laucal Ad lav. Caudal Ad low. Caudal Ad Inv.

(IIK¶'OI tSiusi IIPCOI Illiusl ENIICO3 SulIIIPCI(MuI HIIs (Sal(PIO IllulIMCI fflu.2NW D Iawa IP8)(MustnW'CI(Mnh MCO fioalIItIINul bPE,IfNua 

1966 0.00 0.00 0.00 0.00 0.wlO 0.00 0.00 O.M 0.00 0.00 0.00 0.00 0.00 0.00

I 961 w.Oa 0.00 0.00 0.00 0.00 0.00 v.00 Omu 0.00 0.00 0.00t 0.00 25.0Ot 0.00 -

1968 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.Ou 60.g 0.00 qi.00 0.00 60.94 0.00 0

1 9;i8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.62 0.00

1990 0.00 0.00 0.00 0.00 0.00 0.00 V.00 0.00 0.00 0.00 0.00 MDO 71.69 0. .0

2 993 .U 0. 00 0.00 0.00 0.00 0.00.0 0. 0O 0.00 0.00 0.00 0.00 0.00 95.00 0.00

21992 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 vi. 0 0.00 92.&1 0.00

1 993 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 103.04 0.00

2 1994 0.00 0.00 0.00 0.00 1.01 0.00 1.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12M.5 6.15

1991 0.00 0.00 0.00 0.00 1.01 0.00 1.14 0.00 12.01 0.00i 0.00 0.00 0.00 0.004 0.00 140.39 20.16

[q9 0.00 0.00 0.00 3.46 1.01 0.14 1.14 0.00 12.01 0.00 0.00 0.00 0.00 0.00 0.00 15.14 20.1o

1 991 0.00 0.00 0.00 1.30 1.81 3.47 12.01 0.00 0.00 0.00 0.00 0.00 0.00 119.21 12.01

1991 0.00 0.00 0.00 11.36 13.59 9.19 0.00 0.00 0.00 0.00 0).0 0.00 200.89 0.00 I

1999 0.00 5.12 0.00 3.79 0.00 15.11 11.74 35.341 0.00 0.00i 0.00 0.00 0.00 0.00 224.19 9.50

2000 0.00 5.12 0.00 3.16 0.00 20.51 241.36 21.96 0.00 0.00 0.00 0.00 0.00 0.00 249.26 9.50

2003 0.10 1.12 0.11 3.19 0.00 22.16 28.31 25.91 0.00 0.00 0.10 0.uO 1.82 0.00 0.00 0.00 261.14 12.U2 

I 302 3.05 Ill1 0.00 24.91 321.51 30.15 0.00 0.00 0.10 0.00 1.62 0.00 0.00 0.00 282.30 2.12

22003 2.04 3.19 0.00 21.54 31.13 34.13 0.00 1.16 0.10 3.16 1.82 0.00 0.00 0.00 303.85 2.52

I 2004 3.34 5.511 0.00 30.29 42.01 39.6? 0.00 - .69 1.69 0.00 0.00 0.00 320.5.1 0.VO

22001 4.28 1.16 0.00 33.24 41.40 43.00 0.00 2.52 2.12 0.00 0.00 0.00 340.46 0.00

I Cosat Iau.uotlI Promedia dlt XtaftSporttl S0.09 Per NPC 

--- - - - -- - - - - - - -- - - - - - - - - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -; - -- - - - - - - - - - - -
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Itueva Planta de Evergia Clectrits en Saola Eruz

Bu rat - La Pat Picot-Oruroa. Parot.-CONOCE £80-Pirok Itujy-Parot Wm-lluaym Sucre-Pot ltari-Sucre Corr- orre float - Eerr Edair - Cerr latuip - Easmir Caouda Isv.

(audil Ad. Inv. Caudal Ad lisv. Caudal Ad Inv. Caudil Ad Inv. Caudal Ad Inv. Caudil Ad Inv. Caudal Ad Inv. Caudal Ad lW. Caudal Ad low. Caudal Ad liv. Caudal Ad Inv. EludOi Ad isv.

2 3trFC03 MitOuel IElKOI tMIsiOC tIUICOI 41111SusI EIWIPKB IMIuhi INIipteB WIIus IIMICO) tiRLASI,s tflhPCOi tltttuui (ItIFEBI Ifitlusl IMPER) IMSUSi c0(0 IflNsuuJ fipo IIP(81tlttuil (NMPUI (fiMui l111ED) sMau 

3966 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 v.00 0.00 0.00 0.00 (P.O 00 .60

2 98) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.00 LUG 25.02 (i.60

tio8 0.00 0.00 0.00 0.00 0.00 v.00 0.00 0.00 0.00 0.00i 0.00 0.0(V 60.04 0.600

21909 0.00 0. 00 0.00 0.00 0.00 0.00 0. W 0.00 .0.u 0.00 0.00 0.00 61.62 0.00

1920 0.00 0.00 0.00 0.00 0.00 0.00 11.00 0.00 0.00 0.00 0.00 0.00 715.69 &.600

393 6.30 0.00 0.00 0.00 0.00 0.00 0.00 000.00.gO .0 0.00 05. 00 29.tr

1q99 .000 ,o0.000 .000 0.00 0.00 0.0.00 00 26 .. 

a199 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 92u.63 0.110

1994 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 109.03 0.10

1993 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 109.60 0.011 

1996 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 11.104 0.00 

2191 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Ila.23 0.00

23998 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.110 0.00 342.29 0.00

31999 0.00 5.72 0.00 3.18 0.00 0.00 0.00 5.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 159.11 14.917

2000 0.00 5.12 0.00 3.19 0.00 0.00 0.00 5.31 0.00 8.96 0.00 0.00 0.00 0.00 0.00 0.00 373.29 2;.33

22003 0.10 5.12 0.31 3.18 0.00 0.00 1.46 53.1 0.00 9.9k 0.00 0.00 0.10 0.00 3.92 0.00 0.00 0.00 184.62 24.33 

22002 1.05 3.11 0.00 0.00 4.10 1.10 B.9a 0.00 0.00 0.10 0.00 3.92 0.00 0.00 0.00 19c.0 TO31.48

2003 2.00 3.59 0.00 0.00 6.90 4.51 .0 1.56 0.10 3.5 3.02 0.406 0.00 0.00 2111.39 2.52 

2 004 3.14 5.58 0.vO 0.00 30.20 1.70 0.0 .69 1.6, 0.00 0.00 0.00 224.61 0.00

2 205 4.20 1.16 0.00 0.00 13.51 33.13 v.00 2.52 2.52 0.00 0.00 0.00 23b.80 0.00

Costau lMrtfefital ffsmsdio Ot rinasperts: dO.uh par N0C
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: Alternativa - 200 IIHPCD

:1996 1981 198B 1989 IS39 1991 1992 1993 1994 1995 19S 3997 199 199 2000 2001 2002 2003 2004 2005
I - -4~~~~~-- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

1. Export. a la rpontias 215 215 215 215 215 215 215
-----------------
11. Consume Interno 45 50 55 60 65 70 75 80 85 90 95 100 100 105 110 110 115 120 120 325 

…-----…------
li. Export. ai Brasil I
------------ - ------

lapacini tO 60 60 60 60 60 60 60 60 60 30 30 s0 30 30:
: Rio Crande 60 s0 80 80 80 80 Be 80 80 80
IVuelta 6rade 130 330 130 130 13u :
; Escoodido 60 60 60 60 60 60 60 60 60 60 40 40 40 40 4t:

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ _ --- --- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ --- --- --- --

Subtotal 0 0 0 0 0 200 200 200 20 200 200 200 200 200 200 200 200 200 200 200:
: :

: lotal IIIIPCDI 260 265 270 275 2B0 485 490 28u 205 290 295 300 300 305 310 310 315 320 320 325 :
: :

kciaulado INW)PC) 95 392 290 391 493 670 849 951 13055 1,161 1,268 1,378 1,407 1 ,5S 1,712 1,025 1,940 2,057 2,114 2,292
: :

: Program& de lnversiones
S tsillcn de ts.l ;

1986 997 1988 13989 MO 3991 1992 1993 1994 1995 3996 1991 3998 19 2000 2001 2002 2003 2004 2003 :
: ~ ~ ~ ~ ~ ~ ~ ~ . . . . -- - - - -- - - - -- - - - -- - - - -- - - - - -- - - - ----- --- --- --- ---

: 'aspo:
: :

:Tpacani 10.5 18.5
aio 6rands

: VuIta 6rande t0.0
I Escondkdo 31.8 12.8

…………… -- - - -- -- --- -- -- --- -- -- --- -- -- -- - --- --- --- ---

Subtotal 0.0 0.0 0.0 30.3 33.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0 0.0
4 4

lner. Nemo en Ventas se 6as l11CI 0.91 3.83 2.74 3.65 77.6 718.48 0.91 1.83 2.74 3.65 4.56 4.36 5.48 6.39 6.39 7.30 9.21 8.21 9.13 1

Costa Incremental Prosedia a 0.42 lus/lPC, baja los supuestas del 121 de iotsres, uas auevas inversIoas o desarrollo de campos y
pars Ia exportacson de 200 IUIPCD

29-Jun-97
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ELECTRIC POWER

Electricity Demand Projections

ENDE's planning unit recently prepared demand projections by
sectors, regions, and companies for 1986-1995 after substantial
consultation and discussion with the World Bank's mission which appraised
the Powcr Rehabilitation Project, and with other units at ENDE. The
projections are based, by and large, in empirical procedures using
desegregated demand information. The projected annual rates of growth by
sectors for the period 1986-1991 are:

Residential: 9.5%
Industrial: 5.3%
Mining: -2.5%
General: 7.3%

The National Energy Plan team carried out an independent
analysis of the demand projections using regression models based on
demographic and economic explanatory variables. The analysis was based
on data for the period 1975-1985 which includes a period of normal
development (1975-1980) and a period of crisis (1980-1985). A sector and
a global analysis was carried out based on national statistics. A
regional analysis was not attempted due to lack of reliable regional
economic and demographic statistics.

In general, simple regression models using GDP or value added
as explanatory variables give poor results, as shown below:

DTOT = 2.75*10^(6)*GDP^1.71 R-Squared = .75
DIND = 277.1*VAIND^.015 R-Squared = 0
DMIN = 656.2*VAMIN^(-.04) R-Squared = .04

Where DTOT, DIND, DMIN are total, industrial, and mining
demand, and VAIND, VAMIN are value added in industry and
mining.

This is not surprising for both the mining and industrial sectors were
subject, beginning in 1981, to a severe crisis with a substantial drop in
production, and the GDP statistics are distorted by the presumably large
participation of the informal economy.

The introduction of time as explanatory variable resulted in
substantial improvements over the models mentioned above and over trend
models, as shown below:

DTOT = 1.87*E^(.046*T)*GDP^.53 R-Squared = .98
DIND = 0.13*VAIND^.76*E'0.78*T R-Squared = .97
DMIN = 11.6*VAMIN'.37*E^.034*T R-Squared = .95



- 151 - Annex 3
Page 2 of 16

These models were used to project de:..and for these sectors, based on two
scenarios for the projection of GDP and value added growth of 3.5% p.a.
(prepared by UDAPE and adopted by the Bank), and a lower growth of
2% p.a. The results are shown in tables, and are compared with ENDE's
projections. The main conclusions are:

(a) For the total demand, the results are consistent with ENDE's
projection assuming a 2% p.a. growth of GDP.

(b) For the industrial and mining demand, the model projects
substantially higher growths (about 10% and 4%) than ENDE (+5%
and -3%). This can be explained by the fact that, on one hand,
ENDE's projections for these sectors assume that no recuper-
ation would take place in the near future, while on the other
hand, the regression model is driven basically by a trend
component, which was necessary to fit the historic curve and
compensate for a very large drop in value added in the 1980s.

For the residential sector, a regression model using population
and income per capita as explanatory variables gave very good results
(R-Squared = .99, Durwin Watson = 1.5). The model projects a 10% p.a.
rate of growth which is consistent with ENDE's projection.

For the general sector (commercial, government), a regression
model using value added in commerce and population as explanatory vari-
ables also gave results consistent with ENDE's projection. For the other
sectors (public lighting and others), simple trend models were used.

Finally, a projection for total consumption was prepared based
on the individual projections by sectors. This projection results in a
growth of about 10% p.a., which is much higher than projected by the
global model (6.6%). This reflects the impact of a very high growth for
the industrial and mining sectors discussed above, and raises some
questions about the regression model used in these cases. If we use
instead ENDE's projection for these sectors, the projected total
consumption would be consistent with the global model. In light of the
above, and taking into account the grim prospects for the mining
industry, one reaches the conclusion that ENDE's projections for these
sectors are more realistic.

Regarding the demand projections by regions, ENDE is projecting
the following rates of growth:
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Table 1: ANNUAL RATE OF GROWTH

Annual Rate of Growth

1986-1990 1990-1995

() 

Central 2.8 4.7
South 2.6 4.0
North 5.6 6.0
East 13.0 10.1
Isolated 1.9 2.6
Total 5.6 6.3

Source: ENDE.

This projection is consistent with a low rate of growth projected for the
industrial and mining sectors, which affects mainly the Central and
Southern systems, and a high rate of growth for the residential sector
.;hich affect the Eastern system. In this case, the NEP estimates
confirmed the growth of residential consumption based on the new
connections planned by the distribution company and on reasonable
assumptions regarding annual consumption per consumer.

Summarizing, the demand projections prepared by ENDE are
reasonable, taking into account major uncertainties in future economic
development. However, the following matters need to be investigated
further:

(a) In the case of residential consumption, the impact of substi-
tution of gas for electricity in water heating and cooking, the
impact of required large increases in retail tariffs (ENDE is
now projecting an increase of about 70% in the bulk tariffs to
distribution companies in a three year period), and the possi-
bilities of implementing load management programs to reduce
peak load. This analysis is necessary specially in the case of
the Eastern region which has by far the largest consumption per
residential consumer.

(b) In the case of the mining and industrial sector, ENDE should
gather information regarding the use of electricity in these
sectors, cogeneration possibilities, the potential of substi-
tution of gas for electricity, and major plans for the
rehabilitation and expansion of the tin industry. This
information is essential for implementing needed improvements
in forecasting electricity demand for these sectors.
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The Central East Interconnection

Background

The Central East interconnection project consists of the inter-
connection of the Central System (La Paz-Cochabamba-Oruro-Sucre) with the
Eastern System (Santa Cruz) through a 9 km, 115 kV single circuit line
from the Santa Irabel hydro plant to substation San Jose, near
Cochabamba, and a 335 km, 230 kV single circuit transmission line
connecting this sub;tation to substation Huaracachi in Santa Cruz. The
project also includes the construction of a new substation at San Jose
with 3 x 20 MVA transformer capacity (115/230 kV), the expansion of
substations Santa Isabel and Huaracachi, and the installation at
Huaracachi of a 3 x 20 MVA transformer capacity (230/69 kV).

The interconnection project has been under execution for about
six years. The need for this interconnection was established by ENDE in
the National Electrification Plan of 1976, and the feasibility study was
completed in the late 1970s. The project was appraised by the World Bank
at that time and ENDE proceeded with the design and bidding of the trans-
mission line in 1980. The Bank's loan was never approved due to country-
related problems, and the ENDE awarded in 1981 contracts for the supply
of all the materials for the line (Brazilian suppliers, CACEX financing)
and its construction (ICE-Bolivia). The materials were supplied in 1982
and have been in storage ever since. The switching, control, and
protection equipment for the substations were supplied by ASEA in 1984
under a grant of the Swedish Government. The contract with ICE was
cancelled in 1982 when it was clear that the World Bank's loan would not
be approved, and other sources of financing were unlikely due to the
economic recession in the 1980s.

ENDE resumed the execution of the project in 1986 with a
US$10.5 million loan from the CAF (Corporacion Andina de Fomento). It
requested bids from contractors in the Andean countries and received in
late 1986 three bids, two locals and one from a Peruvian contractor.
Unfortunately, the lowest evaluated bid is about 34% over the cost
estimate, and ENDE is now evaluating the cost estimate with the
assistance of a foreign consultant, to determine if it is adequate.
Concurrently, ENDE has requested proposals for the supply and financing
of transformers and reactors for the substations. ENDE expects that
these problems would be resolved shortly and the contracts could be
awarded by mid-1987. Taking into account a construction period of about
two years, the earliest date for its commissioning would be in late 1989.

After all these delays, the basic assumptions used to justify
the interconnection have substantially changed. First, the inter-
connection was planned to substitute surplus hydro energy for gas-fired
thermal energy in the Eastern region, and to meet future demand with
hydroelectric plants, assuming a cost of gas of about US$3.6/MCF; now the
cost of gas is US$1/MCF and there would not be surplus hydro energy by
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the time the project is commissioned. Second, the interconnection was
planned before the severe decline of the mining and industrial loads, and
the fast development of the Eastern region. And third, the project cost
has increased substantially over the original estimate. This -section
analyzes the role and timing of the interconnection project under the new
conditions, as well as its economic justification.

Economic Justification

Under the current demand projections, and considering that the
earliest date for commissioning the interconnection would be in late 1989
and that the most attractive alternative for generation expansion are gas
turbines, the interconnection would not result in major benefits in
traditional areas like fuel substitution, development of large projects
(economy of scale), reduction of reserve requirements, and improvements
in reliability, because:

(a) By 1990, both the Central-North-South (C-N-S) interconnected
system (hydro-based) and the Eastern system (thermal-based)
would require additional generation to meet peak demand.
Furthermore, the hydro surplus in the C-N-S system would be
almost nil after 1990.

(b) The most attractive projects are now small gas turbines which
have a low capital cost and can be adapted very well to follow
the small demand increases (about 30 MW/year). There are not
large hydro schemes that could be competitive in the near
future.

(c) The reserve requirements are now modest due to the fact that
the largest unit is now 20 MW. Improvements in reliability are
questionable because the system would be more vulnerable
operating with a single line interconnection.

The interconnection, however, is interesting from the following
point of view:

(a) Complementing the hydro generation in the C-N-S system with the
large thermal base in the Eastern system during dry years and
dry seasons.

(b) Providing the means to transport gas (as electricity) from the
gas fields in the Eastern region to the load in the central
regions.

(c) Providing high flexibility for generation expansion in case of
major changes in the cost of gas or in the cost of hydro-
electric alternatives.

(d) Reducing the need for power expansion in 1990 when both the
C-N-S and the Eastern systems would require additional
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generation, and utilizing a small hydro surplus in the C-N-S
system in that year.

The NEP focused in the analysis of points (b) and (d) in the

above paragraph. The analysis of point (a), complementation of hydro
generation, was not feasible due to the lack in ENDE of a good operation
planning model that considers hydrology as a random variable. To

complete the analysis of points (b) and (d), the following cases were
considered: (i) a delay of one year in commissioning the inter-
connection; and (ii) cancellation of the project, and use of materials in

storage for other purposes.

To this end a simplified expansion program for the C-N-S

system, the Eastern system, and the interconnected CNSE system was
prepared based on 22 MW gas turbines located in Santa Cruz and
Cochabamba. The major differences between the two locations are the loss

of output capacity caused by altitude, and the loss of efficiency and
output capacity caused by temperature (Cochabamba: 2,558 m.a.s.l. and
18°C; Santa Cruz: 416 m.a.s.l. and 24.5°C). The net effect is that in

Santa Cruz the turbine delivers 19.5 MW @ 13 CF/kWh, whereas in

Cochabamba it delivers 16 MW @ 12.66 CF/kWh. The generation expansion
was determined by the peak demand requirements and the adopted reserve
criteria (about 10% or the largest unit).

The economic analysis was based in the following assumptions:

(a) A cost of gas in Santa Cruz of US$1/MCF and in Cochabamba of
US$1.1/MCF.

(b) An investment cost for gas turbines of about US$385/kW
installed. An incremental investment of US$22 million to
complete the line, and an additional investment of US$3.9 mil-
lion in 1992 to expand the capacity at the substation to
120 MVA.

(c) A salvage value of 80% of the original face price for the
materials and equipment in storage, for the no-interconnection
case. This investment is considered a sunk cost for the inter-
connection case.

(d) Sensitivity to the salvage value (0%) and the price of gas in
Cochabamba (US$1.2/MCF) was considered.

The results of the analysis are sumnarized below in Table 2:
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Table 2: INTERCONNECTION ECONOMIC ANALYSIS

----Net Present Value…
1990 1991 No Interc.

(US$ Million)

Base Case 164.8 167.4 161.7

Salvage Value (0%) 164.8 167.4 168.3
Gas Cochabamba

USSI.2/MCF and
salvage value 0% 164.8 167.5 170.0

Source: NEP.

Based on these results, the major conclusions are:

(a) The benefits of delaying one year the investment are out-
weighted by the additional fuel costs and investment in new
generation. It is not, therefore, economic to delay the
interconnection one year.

(b) In the no-interconnection case, the additional cost of
transporting gas to Cochabamba and the loss of output of gas
turbines in this city are not sufficient to compensate for the
additional investment in the interconnection, unless the
salvage value for the materials in storage is not considered.
The difference in net present values of total costs is,
however, less than 2%.

In spite of the negative result in (b) above, the intercon-
nection should proceed, based on the following additional arguments:

(a) This simplified analysis does not take into account either the
benefits related to the complementation of hydro by thermal
during dry periods, nor the benefits related to a reduced
reserve margin for the interconnected system, which would
compensate for the small difference in net present values.

(b) An interconnected system is much more flexible in adjusting to
changing conditions in gas cost and generation expansion
alternatives.

It is important, however, to negotiate with the lowest evaluated bidder a
reduction in its bid price.
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Netback of Gas for Power Generation

Gas consumption for power generation would increase from
current levels of about 14 MMCFD to about 22 MMCFD by 1990, mostly to
operate existing and ongoing expansion of gas turbines in the Santa Cruz
region. The price of gas for power generation is currently at
US$0.88/MCF, which is very close to the incremental cost of gas estimated
as US$1/MCF. In the short term, if the supply of gas for power
generation were interrupted, the only viable alternative would be to use
diesel oil in the existing gas turbines. On the other hand, there are
not opportunities for converting existing thermal plants to gas, except
for some small diesel engines in isolated areas, where natural gas is not
available. In effecL, although in 1986 50% of the installed capacity in
thermal generation were diesel engines (installed in small isolated
systems), and only 9% of gross generation in thermal plants was non-gas
generated, the only practical opportunity for increasing gas consumption
for power generation is to install new thermal power plants.

At the current cost of US$1/MCF for gas, gas turbines operating
in base load are the most economic solution for power generation. The
lower fuel costs related with improvements inefficiency of combined cycle
plants are not compensated by their higher capital costs, and only a few
small hydroelectric plants would compete at that cost level. On the
other hand, fuel oil fired thermal plants are out of the picture due to
the scarcity and high costs of residuals in Bolivia. It is evident,
therefore, that the netback of gas for power generation would be
determined, by and large, by hydroelectric alternatives.

The calculation of the netback in this case requires a careful
analysis of the optimum expansion plans and the operation of the system
under different scenarios of gas consumption. Such an analysis was
carried out in 1986 by ENDE staff who estimated the netback at US$2.2/MCF
based on the comparison of an all-thermal expansion and an all-hydro
expansion. 1/ An independent analysis was carried out to confirm this
conclusion, due to the fact that there were some hydroelectric
alternatives that were not considered in this analysis (the Zongo River
expansions).

The analysis focused on three basic cases: (a) an all-hydro
expansion plan; (b) an all-thermal expansion plan; and (c) an expansion
plan where a limited number of gas turbines were considered. In all
three cases, the existing gas turbines operated utilizing gas. The
scenario of zero gas supply was not analyzed for it is, in our opinion,

1/ "El Papel del Gas Natural en la Planificacion Energetica y la
Seleccion de Inversiones de Equipamento Electrico," by Marcelo
Valenzuela dated November, 1986.
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only of academic interest. 2/ For each case, the expansion program for
1987-2000 was optimized using the WASP III program, constraining the
solution to the most attractive hydroelectric projects with a feasibility
study already completed, and to gas turbines of 22 MW. The netback of
gas was calculated based on the results for the three cases. The details
are summa:Lzed below in Table 3.

Table 3: POWER GENERATION GAS NETBACK

Case Gas Consumption Netback

(MMCFD) a/ (USS/MCF)

All hydro 24.6 
Mixed 41.0 2.2
All thermal 88.5 1.7

a/ This is the peak consumption in a
single year.

One should take into account the following q-ilifications and
comments on these results:

(a) The decrease of the netback with higher gas consumptions
reflects the fact that initially the most expensive
hydroelectric projects are displaced, and later, the most
efficient.

(b) The expansion of the system was optimized using the opportunity
cost of gas (US$l/MCF). This facilitated the calculation of
gas consumption and the comparison of gas turbines and combined
cycle plants.

(c) The results may be considered an upper bound for the netback of
gas, for it was obvious from the results that the plant factor
of the hydroelectric alternatives was not optimized for a low
cost of gas, and as a result, the hydroelectric projects
displaced a substantial amount of gas-fired thermal generation
which does rot make economic sense when the fuel cost is only
13 mills/kWh.

2/ Assuming that the existing dual fuel gas turbines would be operated
with diesel oil at an opportunity cost of US$226/ton, the fuel cost
would be about US$76/mills/kWh and the netbat.k of gas, disregarding
differences in operating and maintainence costs and other effects in
availability and econonic life, would be about US$5.8/MCF.



(d) On the other hand, the capital cost used for ga' Lur:rkes
(US$387/kWh), derived from the cost of ENDE's. e5ctAting
turbines, is in the high range, and underestimates the etback-

(e) Investments required to strenpthen the interconnection system
were not considered in this preliminary analysis. We assumed
that the investment costs in tl,e Iransmission system at the
interconnection level would ' common to all alternatives.
This is not correct, however, .1 the alternative with thermal
plants based at Santa Cruz mo. t 1;kely would require lutrther
strengthening than the others.

Marginal Electricity Costs

The objective of the marginal cost preliminary analysis was to
letermine .entative values for the marginal costs of electricity at
different voltage levels and consumer categories, in order to identify
major deviations in the existing tariff structure and to define a
reference for tariff levels for bulk and retail consumers. The analysis
used the best data available on the generation, transmission, and
distribution systems. However, the results should be considered
tentative for there are still major gaps in the information which are
dlscussed below. For the generation, transmission, and sub-transmisssion
systems, ENDE was considered basically responsible for the development of
these systems. For the distribution system the case of ELFEC was
selected since it is the only utility which has available a long-term
expansion program and a minimum of information necessary to carry out
this preliminary analysis.

Power Generation

It is important to highlight some peculiarities of the
generation system, which determine the approach taken to the marginal
cost analysis. First, there would not be available a well-detined Power
Development Plan until late 1987; therefore a tentative expansioni prograrm1
had to be prepared for this marginal cost anaLysis. Second, .. til 1990,
when the Central-East interconnection is commissioned, there would be two
large systems, the Eastern and the Centr-J, which are substantially
different in marginal costs: the Central system with hydro surplus and
the Eastern System with gas-fired thermal generation. In -his regard,
the two systems are analyzed separately for the period 1987-1989. Third,
both the Central and the Eastern systems are demand constrained and their
expansion programs are determined by peak demand requirements. Firther-
more, for botli systems, gas turbines operating with cheap gas (US$1/MCF)
are one of the most 11rective expansion alternatives. And fourth, the
Central system ha a i.. reservoir with annual regulation. Thcrt ure,
it is necessary carefully the operation of the rcper r in
calculating the g gy Cos, s.
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Regarding the demand curve, the .53 annual load factor for the
system demand is very low, and has been decreasing during the past years;
it reflects the decline of the industrial and mining sectors and the
increasing participation of the residential sector (38% in 1986).
Seasonally, there is not a major variation in peak demand (<10%) and it
has been neglected for this analysis. Daily, the load curve for most of
the distribution companies have only a pronounced evening peak from 18-
22 hours.

Regarding the power expansion plan, the following generation
expansion program for 1987-1995 was prepared and summarized, as shown in
Table 4 below:

Table 4: POWER GENERATION PROGRAM, 1987-1995

Year Project Addition Capacity Reserve

- (MW) (%)

1987 Gas Turbine 22 a/
1988 Gas Turbine 22 --
1990 Gas Turbine 22 7
1991 Gas Turbine (2) 44 9
1992 Gas Turbine 22 6
1993 Zongo River Hydro 61 12
1994 Gas Turbine 22 6
1995 Gas Turbine (2) 44 6

a/ The two systems have not been interconnected.

Source: ENDE and NEP.

This expansion program is almost identical to one recently prepared by
ENDE, except for the addition of two gas turbines to keep reserves at
minimum acceptable levels. 3/ It includes the most attractive projects
identified at this time, but it has not been optimized yet (for example,
the sizing of the turbines). In our opinion, it is a reasonable base to
estimate average incremental costs and marginal costs for generation in
this horizon.

For the period 1987-1989, all the proposed gas turbine
expansion would be seated at the Eastern system. The capacity and energy
balances analysis show that although the Central system has a hydro

3/ The analysis carried out for a mixed expansion program using the
WASP program, shows that a reserve of about 10% required to have a
LOLP<5.3 days/year.
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surplus in this period, it would have to operate a jet gas turbine
(Karachipampa) at peak to meet the projected demand. The Eastern system,
on the other hand, would keep a satisfactory reserve.

Average Incremental Cost

The generation average incremental cost for the proposed
expansion program was estimated at 23.5 mills/kWh. This is based on an
average fuel cost of just 13 mills/kWh and is consistent with a power
development using gas turbines.

Marginal Energy Costs

Regarding the Central System and the interconnected system
after 1990, the marginal energy costs for this hydrothermal system are a
function of the fuel costs and the probability of having to operate the
gas turbines. Normally, one would expect a seasonal variation of the
marginal energy cost due to the dry and wet hydrological seasons. There
are about 250 MW installed basically in two basins (Zongo and Corani),
with a large 450 GWh reservoir at Corani. Based on a simple simulation
program, the frequency distribution of the regulated hydro generation was
analyzed, and concluded that with the Corani reservoir it is possible to
regulate the seasonal variations. Additionally, the probability of
requiring thermal generation is about the same in both seasons, as shown
below in Table 5:

Table 5: PROBABILITY OF USING THERMAL

Wet Season Dry Season

1987-1989 0 0 a/

1990-1995 1 1

a/ This value has been approximated to 0.

Source: NEP,

These results simplify the calculation of the marginal energy
cost. On the one hand, there is no need to differentiate between wet and
dry seasons; on the other, the Central system has a zero marginal energy
cost for the period 1987-1989 for the probability of operating thermal is
zero in that period, 4/ and the interconnected system after 1990 and the
Eastern system before the interconnection, would have a maraginal cost
equal to the variable production costs of the gas turbines. These costs

4/ Thermal, generation would be needed, however, during peak hours; this
is a capacity-related cost and does not affect this calculation.
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are estimated at 13.5 mills/kWh. 5/ Summarizing, the marginal energy
costs are shown in Table 6:

Table 6: MARGINAL ENERGY COSTS

C-N-S System Eastern System

(mills/kWh) (mills/kWh)

1988-1989 0 13,5

1990-1995 13.5 --

Source: ENDE and NEP.

Marginal Capacity Costs

The marginal unit to meet peak demand is a gas turbine inx all

cases. The reserve margins are low, and peak load units are required to

meet demand. The most economic option for this purpose so far are gas

turbines. 6/ The capacity cost is estimated at US$70/kW-year (assuming a

22 MW installed turbine, 19.5 MW-effective, 7/ additional derating of 10%

to account for outages, investment cost of US$8.5 million, fixed O&M

operating costs of US$0.35/kW/month, 20 years economic life, and 12%

discount rate).

Transmission and Sub-transmission

In this case, the average incremental costs are used as a proxy

for the marginal capacity cost. It consists of 115 kV lines and 69 kV

lines. ENDE normally delivers to the distribution companies and major

industrial clients at the low voltage end of 115 kV or 69 kV

substations. To estimate the incremental cost, the Central-East inter-

connection, the only major transmission project in the period 1987-1995,
and also ENDE's substation program were selected. The average

incremental cost for the selected transmission expansion was estimated at

US$35/kW-year.

5/ Gas consumption: 13 CF/kWh; gas cost: US$1/MCF; variable O&M costs
estimated at US$0.5/MWh.

6/ The capacity expansion of existing hydroelectric plants may result
in a lower cost; however, a component of the Zongo river expansion

meets this condition and the improvement in cost is marginal.

7/ Derating caused by attitude and temperature.
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For subtransmission, the average incremental capacity cost was
used, and selected a sub-transmission project of about 120 kms of 69 kV
and 25 kV lines to connect the area of Telemayu and supply energy to
private mining companies that now use diesel engines. The incremental
cost is calculated as follows:

Investment: US$4.2 million
Demand: 4.5 MW

Annual Cost US$.62 MM (25 years, 12%, 2% OEM)
Incremental Cost: .62/4.5 = US$137.8/kW-year

The marginal energy and capacity costs at the generation,
transmission and sub-transmission levels were calculated based on the
previous results, and on the following values as shown in Table 7 for
transmiission and sub-transmission losses, estimated by ENDE for 19865

Table 7: POWER SYSTEM LOSSES

Energy Demand a/

Transmission 3.1% 4.0%
Sub-transmission 4.1% 4.1%

a/ Estimated assuming a load factor of .53

for transmission and 1.0 for sub-trans-
mission.

Source: NEP.

Distribution

In this case also, we used the average incremental capacity
costs as a proxy for the marginal costs. As it was mentioned before,
ELFEC's system was selected for the analysis. ELFEC's distribution
system consists of 25 kV lines and 10 kV lines. The 25 kV lines are used
in rural areas and to supply large consumers, and 10 kV is used for urban
distribution. ELFEC purchases energy from ENDE at the low voltage end of
115 kV substations. Customers are classified as follows in Table 8:
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Table 8: CUSTOMERS CLASSIFICATION

Consumer Class Number Voltage Description

13 3 MV Large Industrial
12 and 11 1,238 MV Medium and Small ind.

C2 2,934 MW Large Commercial
C1 8,074 LV General
R 80,362 LV Residential
AP LV Public Lighting

Source: NEP.

It was important, therefore, to analyze the incremental cost
for MV customers connected to primary lines, and for LV customers
connected to secondary lines. To do so, we analyzed the demand and costs
for the primary and secondary systems. The 1987-1995 investment program
prepared by ELFEC had sufficient detail to identify the investment in the
MV and LV systems. The peak demand for the secondary system was
estimated using the following procedure:

(a) use as a basis the peak demand projections prepared by ELFEC
for the 10 kV and 25 kV systems net of I3 customers' demand;

(b) estimate the peak load for I2 and Il, and C2 consumers based on
annual load factors for these consumers and projected
consumption. For the C2 consumers, however, as there are not
typical load curves available, we used as a proxy the system
load factor;

(c) estimate the diversity factor for the Il, I2 consumers based on
the analysis of daily load curves fortypical feeders, and
calculate the peak coincidental demand for these consumers
using the estimated diversity; and

(d) estimate the peak demand for the secondary system as the
difference between the peak demand in (a) and the estimated
demand in (b).

Based on the estimated peak demand for the MV and LV systems,
and the corresponding investment, the average capital incremental costs
were estimated as shown in Table 9:



- 165 -

Annex 3
Page 16 of 16

Table 9: AVERAGE CAPITAL
INCREMENTAL COSTS

US$/kW-year

Primary 40.7
Secondary 66,5

Total a/ 86.6

a/ Estimated on the basis of total load and total investment.

Source: NEP.

Finally, the marginal capacity and energy cast at MV and LV
levels were calculated using the previous results 8/ and the distribution
losses thac ELFEC has estimated for the MV and the LV systems based on
sample measurements and feeded models. These results were also used to
calculate the marginal capacity and energy costs for the major consumer
categories based on an analysis of coincidence factors. They should be
considered as tentative for the information available to estimate load
factors and coincidence factors corresponded to "typical feeders,"
basically for residential areas (North feeder) and industrial areas
(Quillacollo line), and for many consumer categories there was no
information available and a "typical" value was used in this case for the
load factors and coincidence factors. The use of feeder's load averages
the individual consumers; in this regard, the marginal cost for
residential was estimated on the basis of the characteristics of the
consumer class represented by a typical residential feeder. The results
of the average cost per consumer category, assuming a load factor, and
based on the estimated marginal capacity and energy costs are:

Table 10: AVERAGE COST PER CUSTOMER
CATEGORY

Category Load Factor Avg. Cost

I%) (mills/kWh)

13 75 30
12 and 11 51 41
C2 48 39
Cl 48 55
R 45 69
AP 40 83

Source: NEP.

8- The marginal cost at the transmission level is taken as the purchase
energy cost for ELFEC, which is much higher than the current
electricity rate charged by ENDE.
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ESTADISTICA DE DEMANDA

VENTAS TOTALES (ONH)

SISTENA 1975 1976 1977 1979 1979 1980 1981 1982 1993 1984 1985 1986

SISTEMA CENTRAL

fINERIA 207.5 214.8 237.3 235.7 243.6 249.2 257.7 250.8 242.9 234.1 217.2 178.9
INDUSTRIA 44.1 61.9 91.0 101.3 105.9 134.5 142.2 138.0 133.2 139.9 121.3 102.7
RESIDENCIAL 38.0 41.6 45.5 52.7 61.3 66.7 73.3 77.3 84.3 92.5 101.6 119.7
GENERAL 25.3 25.2 19.0 20.9 19.9 21.6 21.3 21.0 16.9 16.6 19.4 25.5
ALUMBRADO PUBLICO 4.0 5.4 6.3 7.5 11.4 12.7 13.5 14.8 15.9 16.4 12.4 12.3
OTROS 5.0 5.7 5.6 6.4 6.9 7.7 8.2 8.7 9.7 12.4 12.0 12.3
SUBTOTAL 323.9 354.6 403.7 424.5 449.0 491.4 516.2 510.6 502.9 511.9 482.9 451.3

SISTEMA SUR

HINERIA 82.2 82.4 98.6 97.7 90.2 96.5 108.6 104.2 103.3 99.8 98.4 82.3
INDUSTRIA 8.5 12.3 11.1 15.7 17.6 17.4 22.5 29.5 22.8 16.5 23.8 21.6
RESIDENCIAL 8.5 8.9 9.7 11.3 13.4 15.2 17.0 17.8 19.5 22.4 24.2 30.2
GENERAL 5.1 5.6 6.3 7.0 7.9 8.1 8.9 8.9 8.9 9.2 8.0 9.0
ALUABRADO PUBLICO 1.6 2.0 2.2 l.7 1.8 2.3 2.4 2.4 2.5 2.7 2.4 2.6
OTROS 0.0 0.0 0.1 0.7 0.9 0.5 1.6 2.5 1.5 1.9 1.9 2.1
SUBTOTAL 105.9 111.2 128.0 134.1 131.8 140.0 160.9 165.3 159.5 151.5 158.7 147.8

SISTEMA NORTE

NINERIA 16.2 16.4 18.0 17.8 16.7 18.0 20.0 21.5 21.0 21.2 20.5 9.2
INDUSTRIA 55.1 59.7 68.4 71.3 79.3 89.9 89.1 75.4 74.0 66.2 63.3 69.6
RESIDENCIAL 141.2 142.8 147.7 157.2 169.3 177.0 188.6 186.2 191.3 198.2 211.5 236.2
GENERAL 50.4 54.6 58.4 63.3 69.3 70.5 77.8 74.3 67.3 68.4 67.9 75.5
ALUMBRADO PUBLICO 6.8 7.1 7.6 8.3 9.1 9.6 10.2 10.5 9.5 10.7 11.2 12.4
OTROS 0.0 0.0 0.0 0.0 0.0 0.6 2.4 4.3 5.3 5.9 6.5 7.3
SUBTOTAL 269.7 280.6 300.1 317.9 343.7 365.6 388.1 372.2 358.4 370.6 380.9 409.1

SISTEfA ESTE

HINERIA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
INDUSTRIA 25.3 35.1 43.3 54.6 61.4 73.4 83.7 90.2 89.3 76.3 66.7 70.9
RESIDENCIAL 25.4 32.6 38.8 49.8 61.9 75.3 86.9 87.1 108.2 120.7 134.3 161.8
GENERAL 13.0 15.1 17.2 20.9 22.3 26.6 31.2 34.4 34.1 41.5 55.3 62.1
ALUMBRADO PUBLICO 3.9 4.6 4.9 5.9 8.7 10.8 12.2 12.9 12.9 12.9 13.0 13.0
OTROS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SUBTOTAL 67.6 87.4 104.2 131.2 154.3 186.1 214.0 224.6 244.5 251.4 269.3 307.8

SISTENAS AISLADOS

HINERIA 90.0 95.9 94.7 103.3 98.9 103.1 105.1 96.6 94.9 95.7 95.7 88.0
INDUSTRIA 52.2 54.9 62.5 65.1 66.4 70.0 71.1 69.1 69.3 68.4 68.5 67.3
RESIDENCIAL 10.4 15.6 19.7 20.2 23.9 27.8 30.0 30.6 31.7 34.4 34.7 35.9
6ENERAL 2.3 6.4 7.3 8.0 10.0 10.8 11.7 11.2 11.2 11.5 13.4 13.7
ALUMBRADO PU9LICO 2.0 3.8 3.0 3.5 4.0 4.4 4.6 4.6 4.4 5.0 5.5 5.6
OTROS 0.0 0.0 0.0 0.1 0.3 0.7 1.7 2.2 3.1 3.0 3.0 3.0
SUBTOTAL 156.9 176.6 186.2 200.2 203.5 216.8 224.2 214.3 214.5 218.0 220.8 213.5

TOTAL

HINERIA 395.9 409.5 44a.6 454 5 449.4 465.8 491.4 473.1 462.0 450.8 431.8 357.3
INDUSTRIA 185.2 223.9 276.3 308.0 330.o 385.2 408.6 402.2 388.6 367.3 343.6 332.1
RESIDENCIAL 223.5 241.5 260.4 291.2 329.9 362.0 395.8 399.0 425.0 468.2 506.3 593.9
GENERAL 96.1 106.9 107.2 120.1 129.4 137.6 150.8 149.8 138.4 146.2 163.0 185.8
ALUMBRADO PUBLICO 18.3 22.9 24.0 26.9 35.0 39.9 42.9 45.2 45.2 47.7 44.5 45.9
OTROS 5.0 5.7 5.7 7.2 8.1 9.5 13.9 17.7 19.6 23.2 23.4 24.7
SUBTOTAL 924.0 1010.4 1122.2 1207.9 1282.3 1399.9 1503.4 1487.0 1478.8 1503.4 1512.6 1529.5
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KM NPCIOHP DE ENER6IA

ESTADISTICA DE DE)tWDA

TASAS DE CTECIMIENWO MUAL

SISTE9 1976 1977 1978 1979 1990 1981 1992 1993 M 191985 1986 75-80 80-86 75-So

SISTErA CamRR

NlSIA 3.57 10.5O -0.77 3.42 1.9Z 3.87 -2.72 -3.12 -3.62 -7.22 -17.72 3.62 -5.32 -1.32
INDUSTRIA 40.42 47.02 11.32 4.S5 27.0Z 5.7n -3.02 -3.52 5.0o -13.37 -s.3x 25.02 -4.42 8.07
RESIDCOCIAL 9.52 9.42 15.89 16.37 8.87 9.92 5.52 9.1 9.72 9.82 17.82 11.9X 10.22 11.02
6IEM. -0.42 -28.62 16.12 -4.8X 8.52 -1.42 -1.47 -19.52 -1.82 10.92 38.62 -3.12 2.82 0.17
ALLIDRADO PUELIO 35.0X 16.12 19.02 52.02 11.42 6.3X 9.62 7.42 3.1X -24.42 -0.82 26.02 -0.52 10.82
OtRQS 14.02 -1.92 14.32 7.82 11.62 6.57 6.12 11.52 27.82 -3.22 2.52 9.02 8.12 8.57
SUBTOTAL 9.52 13.82 5.22 5.87 9.42 5.02 -1.17 -1.52 1.8 -5.7 -6.52 8.72 -1.42 3.1Z.

SISTEMA SUR

NIEIA 0.2% 19.72 -0.92 -7.72 7.02 12.52 -4.12 -0.92 -3.42 -1.47 -16.42 3.32 -2.62 0.02
INWSTRIA 44.7 -9.82 41.42 12.12 -1.12 29.32 31.17 -22.72 -27.62 44.2Z -9.22 15.42 3.72 8.92
RESIDeCIAL 4.72 9.02 16.52 18.6Z 13.4X 11.82 4.77 9.62 14.92 8.02 24.9Z 12.32 12.12 12.27
seek 9.82 12.52 zl.11 12.92 2. 5 8.62 1.1Z 0.02 -7.97 -2.42 12.52 9.n 1.92 5.3Z
ALLIIMW UJIL1W 25.02 10.0: -22.72 5.92 27.89 4.37 0.02 4.22 8.02 -11.12 8.32 7.52 2.17 4.57
OTRO 600.02 28.6. -44.4Z 220.02 56.3X -40.0 26.72 0.0 10.52
SUBitTAL 5.02 15.12 4.82 -1.72 6.2Z 14.9% 2.72 -4.12 -4.42 4.82 -6.9 5.72 0.9Z 3.1Z

SISTEMA ITE

INERIA 1.22 9.8Z -1.12 -6.2Z 7.8Z 11.1Z 7.5Z -2.32 1.02 -3.3Z -60.02 2.12 -12.32 -6.02
IN1USTRIA 8.32 14.62 4.22 11.22 13.4X -0.92 -15.42 -1.92 -10.57 -4.41 9.92 10.3n -4.22 2.12
RESIDEOCIAL 1.1X 3.42 6.42 7.72 4.5Z 6.61 -1.32 -2.67 9.3Z 6.7Z 11.72 4.62 4.92 48
GEIERM 8.3Z 7.02 8.U4 9.52 1.72 10.42 -4.52 4.42 1.6Z -0.72 11.1Z 6.92 1.12 3.72
ALl ROW PUDLICO 4.42 7.02 9.22 9.62 5.5Z 6.22 2.92 -9.52 12.62 4.7Z 10.42 7.12 4.32 5.62
OtRDS 300.07 79.22 23.32 11.32 10.22 11.
SU8TOTAL 4.02 6.9% 5.92 8.12 6.42 6.27 -4.12 -3.77 3.4 2.8a 7.42 6.32 1.92 3.92

SISTE BTESIE

MIERIA
INUSTRIA 38.72 23.42 26.12 12.52 19.57 14.0Z 7.89 -1.0O-14.6Z-12.6Z 6.3Z 23.72 -0.62 9.8Z
RESIDEMIAL 28.32 19.02 28.42 24.32 21.6Z 15.42 0.22 24.22 11.62 11.32 20.52 24.32 13.62 18.32
GEBL 16.2 13.92 21.52 6.7 19.3 17.32 10.3Z -0.92 21.72 33.37 12.3Z 15.42 15.22 15.32
AL WO PUBUCO 17.92 6.5Z 20.4 47.5Z 24$.12 13.0Z 5.72 0.02 0.07 0.92 0.02 22.62 3.12 11.62

SUBTOTAL 29.3Z 19.22 25.9I 17.6Z 20.6Z 15.O 5.0Z 8.92 2.8Z 7.12 14.32252 8.M 14.92

SISTEMS AIS.ADS

MINERIA 6.62 -1.32 9.12 -4.3Z 4.22 1.9Z -8.12 -1.92 0.9n 0.02 -8.02 2.82 -2.6Z -0.22
INDLETRIA 5.2 13.8Z 4.22 2.02 5.42 1.62 -2.62 0.32 -1.32 0.12 -1.92 6.02 -0.72 2.32
RESIDDEIAL 50.02 19.92 8.02 18.32 16.3Z 7.92 2.02 3.6Z 8.52 0.92 3.5Z 21.72 4.42 11.92
6EtaL 178.32 14.12 9.62 25.0 8.02 8.3 -4.3 0.0l 72 16.52 2.27 36.32 4.02 17.62
ALLhI0 P1O 90.02 -21.1% 16.72 14.32 10.02 4.52 O.2 -4.3Z 13.62 10.02 1.92 17.12 4.12 9.8z
OTROS 200.02 133.32 142.92 29.4 40.9 -3.22 0.07 0.02
SUBTOTAL 12.6Z 5.42 7.5Z 1.6 6.52 3.4Z -4.42 0.12 1.6 1.32 -3.32 6.n -0.3Z 2.98

TOTFL.

lHERIA 3.42 9.52 1.32 -1.IZ 3.6b 5.57 -3.72 -2.3Z -2.42 -4.2Z -17.3Z 3.3Z -4.3X -0.92
INDIZIRIA 20.92 23.4Z 11.52 7.3Z 16.52 6.12 -1.62 -3.42 -5.52 -6.52 -3.3Z 15.92 -2.42 5.52
RESIDCCIAL 8.17 7.85 11.82 13.3Z 9.8Z 9.32 0.92 6.5Z 10.22 9.12 15.32 10.12 3Z 9.12
6E?ERAL 11.22 0.3 12.02 7.n 6.32 9.62 -0.7% -7.62 5.62 11.52 14.02 7.42 5.12 6.22
ALLRD RADOPW C 25.1X 4.2 12.12 30.12 13.72 7.8X 5.42 0.02 5.52 -6.72 3.12 16.92 2.42 8.72
OTROS 14.02 0.07 26.3Z 12.52 17.32 46.37 27.3Z 10.72 18.42 0.92 5.4 13.72 17.22 15.62
SUBTOTAL 9.47 IL.1Z 7.62 6.2 9.22 7.4 -1.12Z-0.6Z 1.72 0.62 1.1Z 9.n 1.5 4.77
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PLAN NACIONAL DE ENER61A
NEH PNUD on

ESTADISTICA DE DEnANDA

PARTICIPACION DE LA DEMANDA SECTORIAL
EN LA DENANDA TOTAL

SISTENA 1975 1776 1977 1978 1979 1990 1981 1982 1983 1S84 1985 1986

SISTEIA CENTRAL

NINERIA 64.1Z 60.6% 59.81 55.5% 54.3% 50.5% 49.?9 49.1% 48.3% 45.7% 45.0% 39.6b
INDUSTRIA 13.6Z 17.51 22.5Z 23.92 23.61 27.4% 27.51 27.0% 26.51 27.31 25.11 22.89
RESIDENCIAL 11.7Z 11.7% 11.3X 12.41 13.7X 13.6X 14.2% 15.1% 16.8% 18.1% 21.0% 26.5%
GENERAL 7.81 7.1I 4.5% 4.91 4.4% 4.4% 4.1% 4.1% 3.4% 3.21 3.8% 5.71
ALUMBRADO PUBLICO 1.2% 1.5% 1.oZ 1.8% 2.5% 2.6X 2.6b 2.9X 3.2% 3.2% 2.6% 2.7%
OTROS 1.5% 1.6% 1.4% 1.5% 1.5 1.61 1.6% 1.71 1.9% 2.4% 2.5% 2.7%
SUBTOTAL 100.0 100.01 100.0 100.0% 100.01 100.O% 100.0% 100.0% 100.0% 100.0% 100.OZ 100.0%

SISTENA SUR

HINERIA 77.6% 74.1% 77.0% 12.9% 68.4% 68.9% 67.5% 63.0% 65.2% 65.9% 62.01 55.7%
INDUSTRIA 9.0Z 11.1% 9.7% 11.7% 13.4Z 12.4% 14.01 17.8% 14.41 10.9% 15.0% 14.6%
RESIDENCIAL 8.0% 8.0% 7.6% 8.4% 10.2% 10.9% 10.6% 10.8% 12.3% 14.9% 15.2% 20.4%
GENERAL 4.8% 5.0% 4.9% 5.2% 6.0% 5.8% 5.5% 5.4% 5.6Z 5.4% 5.0% 6.1%
ALUnBRADO PUBLICO 1.5% 1.9% 1.7% 1.3% 1.4% 1.6% 1.5% 1.5% 1.6% 1.8% 1.5% 1.8%
OTROS 0.0% 0.0% 0.1% 0.5% 0.7% 0.4% 1.0 1.5% 0.9% 1.3% 1.21 1.4%
SUBTOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0 100.0% 100.0% 100.0% 100.0% 100.0%

SISTENA NORTE

NINERIA 6.0% 5.8% 6.0% 5.6% 4.9% 4.9% 5.2% 5.B% 5.9% 5.7% 5.4% 2.0%
INDUSTRIA 20.4% 21.3% 22.8% 22.4% 23.11 24.bX 23.0% 20.31 20.6% 17.9% 16.6% 17.0%
RESIDENCIAL 52.4% 50.9% 49.2% 49.4% 49.3% 48.4% 48.6% 50.0% 50.6% 53.5% 55.5Z 57.7%
GENERAL 18.7% 19.5% 19.5% 19.9% 20.2% t9.3X 20.0% 20.0% 18.89% 19.5 17.9% 18.4%
ALUMBRADO PUBLICO 2.5% 2.5% 2.5% 2.6% 2.6% 2.6% 2.6% 2.8% 2.7% 2.9% 2.9% 3.0%
OTROS 0.0% 0.0% 0.0% 0.0% 0.O0 0.2% 0.6% 1.2% 1.5% 1.6% 1.7% 1.8%
SUBTOTAL 100.0% 100.0% 1OO.O0 100.0% 100.0% 100.0% 1OO.O0 100.0% 100.0% 100.0% 100.0% 100.0%

SISTENA ESTE

MINERIA 0.0% 0.0% 0.0% 0.0 0.0% 0.0% 0.0% 0.0% O.0% 0.0% 0.0% 0.0%
INDUSTRIA 37.4% 40.2% 41.6% 41.61 39.8% 3?.4% 39.1X 40.2% 36.5% 30.4% 24.8% 23.0%
RESIDENCIAL 37.6% 37.3Z 37.2% 38.0% 40.1% 40.5% 40.6% 38.8% :4.3% 48.0% 499 52.6X
GENERAL 19.2% 17.3% 16.5% 15.9 14.5X 14.3% 14.6% 15.3% 13.9% 16.5% 20.5% 20.2%
ALUIBRADO PUBLICO 5.8% 5.3% 4.7% 4.5% 5.6% 5.8% 5.7% 5.7% 5.3X 5.1% 4.8% 4.2%

OTPOS ~~~~0.0% 0.0% 0.0% 0.0% 0.071. 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
SUBTOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%Z 10o.0% 10.o0 100.0% 100.0% 100.0%

SISTENAS AISLADOS

MINERIA 57.4% 54.3% 50.9% 51.6% 4e.6% 47.t. 46.9% 45.1% 44.2% 43.9% 43.3% 41.2%
INDUSTP.IA 33.3% 31.1% 33.6% 32.51 32.6% 32.3% 31.7% 32.2% 32.3% 31.4% 31.0% 31.5%
RESIDENCIAL 6.6% 8.8% 10.0o 10.1% 11.7% 12.8% 13.4% 143% 14.8Z 15.9% 15.7% 16.8%
GENERAL 1.5% 3.6% 3.9% 4.0% 4.9% 5.0% 5.2% 5.2% 5.2% 5.31 6.1% 6.4%
ALUNBRADO PUBLICO 1.3% 2.2% 1.6% 1.7% 2.0Z 2.0% 2.1Z 2.1% 2.1% 2.3% 2.5% 2.6%
OTROS 0.0% 0.0% 0.0% 0.0% 0.1% 0.3% 0.8% 1.0% 1.4% 1.4% 1.4% 1.4%
SUBTOTAL 1OO.0% 1O0.07 100.0% 100.0% 100.%OZ IOO.O 100.0Z 100.0 100.0% 100.0% 100.0% 100.0%

TOTAL

NINERIA 42.8% 40.5% 40.0% 37.6% 35.0% 33.3% 32.7% 31.8% 31.2% 30.0% 28.5% 23.4%
INDUSTRIA 20.0% 22.2% 24.6% 25.5% 25.8% 27.5% 27.2% 27.0% 26.3% 24.4% 22.7% 21.7%
RESIDENCIAL 24.2% 23.9% 23.2% 24.1% 25.7% 25.9% 26.3% 26.8% 29.7% 31.1% 33.5 3H.2%
GENERAL 10.4% 10.6% 9.6% 9.9% 10.1% 9.9% 10.0% 10.1% 9.4% 9.7% 10.9% 12.1%
ALUNBRADO PU6LICO 2.0Z 2.3% 2.1% 2.2% 2.7% 2.8Z 2.9% 3.0% 3.1% 3.^% 2.9% 3.0Z
OTROS 0.5Z 0.61 0.5 0. 6% 0.6X u.7% 6.9% 1.2% 1.3Z 1.51 1.5% 1.6%
SUBTOTAL 1OO.O0 100.OZ 100.0 100.0Q 100.07. 100..OZ 1OO.OZ 100.0% 100.0% 100.0 100.0% 100.0'
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a o L I V I A
PUW NAC1OR DE BERsA

II PNUD an

ESTADISTICAS 6EKiWdES

CO mTO I95 1976 1977 1978 1979 1980 1981 1982 1983 1984 1995 1986

VEKTAS TUTALES (1O
MINER'A 395.9 409.5 448.6 454.5 449.4 465.8 491.4 473.1 462.0 450.8 431.8 359.7
INNJSTRIPL 185.2 223.9 276.3 300.0 330.6 385.2 40e.6 402.2 3B.6 367.3 343.6 330.3
RSIDECIAL 223.5 241.5 260.4 291.2 329.8 362.0 395.8 399.0 42.0 468.2 506.3 578.7
EKRPL 96.1 106.9 107.2 120.1 129.4 137.6 150.8 149.8 138.4 146.2 163.0 181.2

ALL DOW P9L10 18.3 22.9 24.0 26.9 35.0 39.8 42.9 45.2 45.2 47.7 44.5 46.9
OTROS 5.0 5.7 5.7 7.2 8.1 9.5 13.9 17.7 19.6 23.2 23.4 30.9
SU8TOTAL 924.0 1010.4 1122.2 107.9 1223 139.9 1503.41487.0 1478.8 1503.4 1512.6 1527.7

POBLPCI4I (000) 4894.4 502L.9 5163.3 5303.8 5449.3 5599.6 57.1 5915.8 60e1.7 6252.7 6429.2 6612

C SIDORES FSIDKIALES (000) 151.1 159.9 16i.0 192.8 220.7 246.2 265.0 221.7 286.2 312.4 321.0 330.3
Prondia anual (000) 147.3 155.5 162.5 178.9 206.7 233.4 25.6 243.3 254.0 299.3 316.7 325.7

c aS4 PER CAPITA (WlIHAPO) 18.8 201.0 217.3 227.7 235.3 250.0 261.2 251.4 243.2 240.4 235.3 231.0

CNI RESIUDeciAL (K4B/DOO) 1516.9 1553.1 1602.8 1627.7 1595.4 1550.8 1548.6 1639.7 1673.5 1564.5 159.7 1777.0

TASA DE ELECTRIFICACIHN IX) 11 18.5Z 19.11 19.2Z 21.82 24.31 26.41 27.62 22.5 28.2Z 30.0Z 30.02 30.02

TARIFA PRODIO {SIDE IAL
(USills/kwh 1986) 32.1 40.0 39.7 37.5 32.4 28.8 30.5 21.7 12.9 8.9 17.9 23.7

PFCIO UP (US$/tmi) 145.7 136.1 128.9 120.8 124.6 160.2 131.8 43.1 29.2 10.4 53.4 138.5

PIe (NII9/80) 105049 111457 116150 120052 1249 122946 123375 119905 110.50 111054 109113 105233

Valor Pgregado Nineria (MU/MO) 14180 14180 14519 1311&) 12299 12679 12133 10635 10689 9565 6852 4796

Valor Aqregado Indstria IRMO5/80) 1383 15039 16064 16940 17750 17974 16664 14344 13387 11814 10729 11105

Valw Agreqado Cocio M1M80) 11865 12455 12766 13155 1354B 13261 14360 1359 13055 I 4 13195 12997

IGICE DE PFCIOS CWWIID(R tPoa) 317.9 332.2 359.1 396.3 474.5 698.6 923.1 63.5 7750.3 107058.2 12686008.0 47722694.7

TASA DE CAMhIO (B$1lS5) (Prom) 20.0 20.0 20.0 20.0 20.4 24.5 24.5 129.6 247.0 2791.7 452077.7 1916230.0

1/ Asulendo b personas par fauilia.
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PLRN ICI t DE M1 IA
%9 PoID a"

GTP&ISTICAS e1SE s

TASAS DE =CRINIE O NM

1975 1976 1977 1978 1979 10 1981 192 1983 194 1985 1996

VENTAS TOTRLES 1O
NIteIA 3.4U 9.51 1.3Z -1.11 3.61 5.51 -3.7X -2.31 -2.4Z -4.21 -16.71
INWTSRIAL 20.n9 23.41 11.57 7.3Z 16.51 6.11 -1.67 -3.4 -5.57 -6.57 -3.9X
RESIDEIAL 8.1IZ 7.87 11.87 13.3. 9.8Z 9.37 0.87 6.57 10.2 8.1X 14.37
6ESam 11.2 0.37 12.0ZI 7.7Z 6.3X 9.67 -0.77 -7.62 5.67 11.57 11.27

LUs RDORICO 25.1Z 4.87 12.1Z 30.1Z 13.77 7.87 .4Q 0.0. 5.57 -6.77 5.4U
OTMS 14.07 0.07 26.3Z t2.5 17.3Z 46.3 27.37 10.77 19.47 0.97 32.1
SJBTOTN 9.4Z 11.17 7.61 6.7 9.2 7.47 -1.17 -0.67 1.71 0.67 1.07

PQEIUCIDN WQOO) 2.77 2.7Z 2.77 2.77 2.87 2.87 2.97 2.89 2.87 2.87 2.97

CONlQM CESfIDNCIALES (000) 5.87 3.27 16.87 14.57 11.6X 7.67 -16.37 29.17 9.17 2.87 2.97
Pradio anual (000) 5.57. 4.51 10.1. 15.51 12.9X 9.51 -4.8X 4.4 17.87. 5.87 2.87

NSUO PER CWITA (K*U4IA) 6.57 8.17 4.87 3.31 6.23 4.57 -3.87 -3.37 -1.17 -2.2% -1.8Z

COt RESIENCIdAL (ONAMDO) 2.47 3.27 1.6Z -2.0N -2.87 -0.1. 5.9n 2.17 -6.57 2.27 11.27 -

TASA DE ECTRIFICACION 11) 1/ 3.07 0.57 13.71 11.47 8.67 4.77 -18.6Z 25.67 6.27 0.07. 0.0

TARIFA PRDl.10 RSIDlEIPL
(LUSills/kwh 1986) 24.67 -0.77 -5.5Z -13.67 -11.17 5.97 -28.91 -0.67 -31.07 10!.I 32.67

FECIO GLP (US$/ton) -6.6Z -5.37 -6.37. 3.17 21.67 -17.77 -67.37. -32.37 -64.47 413.57 157.41

PlB (.N15/80) 6.17 4.27 3.47 1.97. 0.67 0..% -2.8. -6.61 -0.97 -1.77 -3.6Z

Valor Agreqado Mineria (WlEt/BO) 0.07. 2.47 -9.27. -6.77 3.17. -4.31 -1237. 2.47 -21.3Z. -20.OZ -30.07

Valor Aqregado Indutria (M119/) 8.77 6.9Z 5.3Z 4.8 .1.37. -?3X -13.9X -6.77 -I.87 -9.27 3.5X

Valor Agregado Coscio (19/SO) 5.07 2.57. 3.0X 3.07 -2.1It 8.3X -5.3Z -4.0X -1.0X 2.1Z -1.5l

INDICE CE PFECIOS C(N8lIDR (Pro) 4.57. 8.1IZ 10.47 19.77 47.27Z 32.17 123.5Z 275.6Z 1281.37 11749.67 276.2X.

TASA DE CANID IB5/USS1 (Pro) 0.0N 0.0Z 0.0Z 2.21 19.97 0.0Z 429.87 90.67 1030.22 16093.97 323.97



BL V IA - 173 -

K1M PtaD MIA PROYECCttW EC DE"!I!A
ESCEM1O BASIW

provectim ase de UAP 19896-1995

BNcIEnlTo (Z
R2 199 1997 1998 1999 1990 1991 1992 1M 1 1995 86-91 91- 96-

I Pie InS/OD) 105233 107969 111413 116159 120783 12%41 127651 132463 13T722 14323 3.62 3.32 3.
3 Valor A0ruqado Ninari (IU$/90) 4976 489 4756 S205 5561 5992 644 6966 7546 9156 3.82 9.1X 5.
5 Valor Aqreqado Industria (NtS/90) 11105 11327 11667 12250 12740 13S 1347 1412 14619 15131 3.61 3.42 3.
7 Valor Agrebado Courcio (IBO0) 12997 13309 13841 14603 15333 160M9 16421 16914 17506 18119 4.42 3.02 3.
9 Poblician 1000) 6612.2 6800.6 6994.5 7194.2 7399.7 7611.4 7929.3 9053.7 8294.7 9522.6 2.92 2.92 2.

11 Ingruso Per Capita (8$-SO/capita) 15.91 15.98 15.93 16.15 16.32 16.49 1b.30 16.45 16.62 16.90 0.72 0.52 0.
13 Tiepo 13 14 15 16 17 18 19 20 21 22 6.7Z 5.1 b6.
14
16
17 DMDT (85.36E1P(.0577'T)) 0.94 1898.9 1916.3 2030.1 2150.7 2278.5 2413.8 257.2 2709.0 2170.0 3040.4 5.92 5.92 5.
19 D00T (=1.8685.EXP(.045742#T).PIBA.5337) 0.99 1622.6 1722.0 1933.1 1962.1 2097.1 2241.0 2366.9 2527.1 2700.9 2B86.8 6.72 6.5Z 6.
21 TOMT I OB*35.91#EXP(.03315MT)*IIE.5W9) 0.94 1623.2 1723.4 1835.6 1965.9 2102.5 2248.2 237S.6 2538.0 2714.3 2903.1 6.72 6.6Z 6.
23 D00 (xs.098P1Ar.3094DTOt-1)D^.869) 0.99 1504.6 1496.1 1503.7 1529.5 1570.1 1623.7 1678.1 1744.3 1922.7 1913.3 1.52 4.22 2.
25 OT0T (9e 1529.6 1594.0 1684.1 1794.5 1909.0 2027.9 2151.5 2283. 2426.1 2579.2 5.82 6.22 6.
26
29 DRB 0-5.16E-12.O 3.50ralt^.5144) 0.99 S36.5 591.3 653.7 726.6 806.5 895.2 982.5 1089.7 1210.0 1343.7 10.92 1o.7 1o.
31 DRES (4206.30EIPU.0737.in) 0.-3 537.8 578.9 623.2 670.8 722.1 M.4 836.8 900.8 969.7 1043.9 7.62 7.62 7.
33 ORES (Et&E) 583.8 647.9 713.7 793.1 850.8 916.9 9.42
34
37 01ND (:.1265VA1ND0.76020EP(.0775fT)) 0.97 412.1 452.1 499.6 6.3 623.9 694.4 767.5 951.3 944.2 1047.4 11.02 10.8Z 10.
39 Ol10 lBIDE) 332.1 341.4 356.8 378.4 403.3 431.3 5.4U
40
43 E1v14 (:11.5754WMI1r.3652E1P!.0337#T)) 0.95 401.8 413.2 422.9 452.0 479.9 50.7 540.8 575.4 612.8 6520 4.82 6.42 5.
45 0tIN (IEE) 357.2 330.3 319.2 316.4 314.3 314.7 -2.52
46
49 DCEC14 .5432EWAWr1.0162.POa1.37 0.99 162.3 172.8 1l7.0 205.3 24.3 245.1 260.0 278.6 300.0 32.1 8.62 7.2 8.
51 DGEN I (3.929E1Pf.06007*T)) 0.95 183.3 194.6 i .6 219.4 233.0 247.5 262.8 279.0 296.3 314.7 6.2Z 6.22 6.
53 DEN (IQIDE) 165.8 199.6 213.3 229.5 247.2 264.6 7.32
54
57 M 60.3 66.4 73.0 90.4 98.4 97.3 107.0 117.8 129.6 142.6 10.02 10.0Z 10.
59 DWiDDE) 45.9 49.2 52.4 56.0 59.9 64.0 o.9Z
60
63 DOTROS (*3.1504.EXP1.1761MT)) 31.1 37.1 44.2 52.7 62.9 75.0 89.4 106.6 127.2 151.7 19.32 19.32 19.'
65 DOTROS (ME 24.7 26.6 28.7 31.0 33.6 36.4 8.12
66
69 DTOTI (LIIEAS 31+37443+51+57+&) 1626.4 1742.3 1669.5 2035.7 20 9.22400.3 2604.4 2831.0 379.9 352.3 8.12 9.72 8.42
71 DTOT2 (LINEAS 29+37+43+49+57+63) 1604.2 1732.9 1889.4 2Y77.2 2294.8 2515.7 2747.2 3019.4 3323.8 3660.5 9.42 9.82 9.
72 OTMT3 (LINEAS 29+39+45+49+57+63) 1479. 159.3 1633.9 1759.9 1899.7 2058.5 6.69

PROYECCIMS DE DWD E lE

A) POR SETOR
MIIERIA 357.2 310.3 319.2 316.4 314.3 314.7 -2.5Z
IN TRIAL 332 1 341.4 356.8 378.4 403.3 431.3 5.42
RESIWDICI 583.8 647.9 713.7 783.1 950.8 916.9 9.42
6DE}iAL 185.8 199.6 213.3 229.5 247.2 264.6 7.32

I= PIM.ICO 45.9 49.2 52.4 56.0 59.9 64.0 6.92
OTRNS 24.7 26.6 26.7 31.0 33.6 36.4 9.12
TOTAL 1529.5 I154.0 1684.1 17944 1909.1 2027.9 2151.5 2283. 2426.1 2579.2 5.82 6.22 6.0

B) POR FE;ION
SISTA CBITML 451.3 449.4 460.3 49.8 502.3 524.8 M8.3 572.8 598.4 625.1 3.12 4.52 3.7
SISTEM SIR 147.8 149.3 152.7 158.5 164.4 170.5 176.9 183.5 190.4 197.5 2.92 3.72 3.
SISTE N1ORTE 409.2 430.9 455.3 482.8 511.9 542.7 575.5 610.2 646.9 686.0 5.82 6.02 5.7
SISTEMA ESTE 307.8 349.2 396.7 448.3 501.7 556.1 610.9 671.2 737.9 811.5 12.6Z 9.92 11.4
SISTMS AISaDOS 213.5 2!5.2 219.1 224.1 228.7 2.8 239.Y 246.1 252.5 259.1 1.89 2.6Z 2.22
TOTAL 1529.b 1594.0 1684.1 1794.5 1909.0 2027.9 2151.5 233.8 2426.1 2579.2 5.82 6.22 6.0

1/ CcOiciente de correlacian



PIAP NACIOML OE EM;IA - -
Ha PiD BR FROYECIO!ES tEC DEA

ESCENAPID FESIMISTA
Creciuebnto del PI9 a 22 anual

TAmn r-
1/ CRECIflIEN.0 (2)
R2 1986 1987 1968 I 190 1991 1992 1993 1994 1995 e6-91 91-95 86-9

1 PIe UNSI80) 105233 107T.8 109484 111674 113908 116196 118509 120880 123297 12763 2.07 2.07 2.0
3 Valor Agreaado lineria tIIt1UO) 4976 5076 5177 5291 5386 5494 5 5716 5830 5947 2.0% 2.0% 2.0
S Valor Aqreqado Industria MlM/80) 11105 11327 11554 11785 12020 12261 12506 12756 13011 13272 2.0X 2.0% 2.0
7 Valor Agregado Coercio ( /S/80) 1297 13257 1322 13793 14068 14350 14637 14 15228 15533 2.0% 2.0% 2.0
9 Poblacion 10C0) 6612.2 6800.6 4994.5 7194.2 7399.7 7611.4 7829.3 8053.7 929.7 8522.6 2.9Z 2.9. 2.i

I1 Ingreso Per Capita (9$-80/capita) 15.91 15.78 15.65 15.52 15.39 15.26 15.14 15.01 14.88 14.76 -0.8% -0.8% -0.o
13 Tiempo 13 14 15 16 17 18 19 20 21 22 6.7X 5.1% 6.0
14
16
17 OTOT ( e54.36EXP(.05rfT)) 0.94 189.9 1916.3 2030.1 2150.7 WU85 2413.8 2557.2 2709.0 2B70.0 3040.4 5.9% 5.9% 5.9
19 DTOT (s1.86bIGEAP(.045742*t)4PIBA.5337) 0.98 1622.6 1716.6 1816.1 1921.3 2032.5 2150.3 2274.8 2406.6 254.0 2693.5 5.8% 5.81 5.M
21 OTOT 1P0*35.91.EXPG.03315.t)*III.=389) 0.94 1623.2 1719.0 1818.4 19M4.7 2037.1 2156.3 22.4 2415.9 2557.2 2706.9 5.87. 5.9% 5. 
23 OTOT (:.098#PlBA.30920T0T(-1)A.6269? 0.99 1504.6 1493.4 1493.3 1502.4 1519.3 1542.8 1572.1 1606.5 1645.6 1689.0 0.5% 2.3% 1.s
25 OTOT (ElDE) 1529.6 1594.0 1684.1 1794.5 1909.0 2027.9 2151.5 2283.8 2426.1 2579.2 5.8Z 6.2% 6.v
26

Q9 MES (s5.16E-12f*^3.507#1EfAi.5144) 0.99 536.5 589.5 647.9 712.0 782.6 860.2 945.6 1039.6 1143.0 126.8 9.9% 9.9% 9.S
31 DOES (I206.30EZP(.0737,f)) 0. s Si7.8 571.9 623.2 670.8 722.1 m.4 836.8 900.8 969.7 104L9 7.6% 7.6% 7.6
33 DRES (E0DE) 583.8 647.9 713.7 783.1 650.8 916.9 9.4%
34
37 DIND I=.12654VAINfr..7602'EXP.07750T)) 0.97 412.1 452.1 4S5.9 544.0 596.9 654.7 7!8.2 7M7.8 864.2 948.0 9.72 9.7% 9.71
39 DIND IEIE)) 332.1 341.4 356.8 379.4 403.3 431.3 5.4
40
43 DIIN (l:1.57jv'AHII.3652WEXP(.0337fT)) 0.95 4r1.8 418.6 436.1 454.4 473.4 4?3.2 513.8 535.3 557.7 581.0 4.2% 4.21 4.
45 DlIN (EKiE) 35i.2 33.3 319.2 316.4 314.3 314.7 -2.5%
46
49 OGCEI (5=.54.2E7.E PCOltr1.0162.f81.3837) 0.99 162.3 172.1 192.6 193.7 205.5 218.0 231.3 245.4 260.4 276.3 6.1Z 6.1% 6.1
51 DO6N (43.92919EP(.060070T)) 0.95 183.3 194.6 206.6 219.4 233.0 247.5 262.8 279.0 296.3 314.7 6.21 6.2% 6.-
53 1B- (ea) 165.8 198.6 213.3 229.5 247.2 264.6 7.3X
54
57 DAP(x17.4074E1P(.0956T) 60.3 66.4 73.0 80.4 88.4 97.3 107.0 117.8 129.6 142.6 10.0% 10.0% 10.0
59 OM1ENDE) 45.9 49.2 52.4 56.0 59.9 64.0 6.1Z
60
63 DOTROS (:3.1504#EXP(.1761jT)) 31.1 37.1 44.2 52.7 62.9 75.0 89.4 106.6 127.2 151.7 19.3% 19.3X 19.3
65 OIRos (EGM) 24.7 26.6 29.7 31.0 33.6 36.4 8.1Z
66
b9 DTCMI ILIIEAS 31+37+43+51s57+63) 1626.4 1747.7 1979.2 2021.8 2176.7 2345.0 2352.0 27'27.4 2944.7 3181.6 7.6% 7.9% 7.i
71 DTOT2 (LIIAS 29+37,43+49+55763) 1604.2 1735.9 1679.8 2937.3 2209.6 2399.4 2605.4 2832.6 3082.1 3356.4 8.4% 8.8% 8.5X
72 DTOT3 (LIEAS 29+39+45449+57+63) 1479.5 1536.9 1623.7 1733.6 1857.0 1996.5 6.2%

PROiECCIl!<ES DEWA DE EICJE

A) FP. SECTOR
1INERIA 337.2 330.3 319.2 316.4 314.3 314.7 -2.52

INlEUSTRIP.L 332.1 341.4 356.8 378.4 403.3 431.3 5.4X
FE3IDENCIPL 583.8 647.9 713.7 783.1 8h0.8 916.9 9.4%
Ge1e 185.8 198.6 213.; 229.5 247.2 264.6 7.31
LUlSO FUBLICO 45.9 49.2 52.4 56.0 59.9 64.0 6.9%

OTF.OS 24.7 26.6 28.7 31.0 33.6 36.4 8. 1Z
TOTAL 159.5 1554.0 1684.1 1794.4 1909.1 2027.9 2151.5 2283.8 2426.1 2579.2 5.8Z 6.2% 6.0Z

8) fOR RE1CN
SISTE?A CENTRAL 451.3 449.4 46U.3 40.6 502.3 524.8 548.3 Sr,.8 5998.4 625.1 3.1% 4.5Z 3.7%
SISTE A SL 147.8 149.3 152.7 158.5 164.4 170.5 176.9 183.5 190.4 197.5 2.9Z 3.7% 3.3l
SI5TEIA NtkTE 404.2 430.9 455.3 4e2.8 '11.9 542.7 575.5 610.2 646.9 686.0 5.5X 6.0 . 5.9%
SISTErA ESTE Y,7.8 349.2 3;6.7 448.3 5f1.7 556.1 610.9 671.2 737.9 811.5 12.6Z 9.9% 11. 42

I5;7ifAs AISLAS 213.5 215.2 219.1 224.1 228.7 233.8 239.9 246.1 252.5 259.1 1. OX 2.67. 2.2%
TOTAL :5:?.6 1' .0 1b84.1 1794.5 19'9.0 O027.9 2151.5 2283.8 2426.1 2579.2 5.8% 6.2% 6. 0%

1/ Coei!ciente de correlacion
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B O L I V I A

lIH ftll en

FR06PJS t; EXS04lN SI'lflCA

A) SISIEP CM-S

RE IIENTM 1RiTO PFECTO9T W It '-- IA OISY0N1CNIE (6M)-':-CuACIDAD DISPONI LE(W- l I- I
1ERSIA C*PACIDAD MMS LINID - TM - - TER - -CAPACIDAD- EEIA

AMO M1 PM HIDO EXIST. RUA TOTAL HIDRO EXIST. NLEVA MTAL % G M

1986 1162.1 246.0 1421 142.5 163.5 251 23 279 401
1987 1186.3 251.2 1421 142.5 1563.5 251 28 279 377
199 1231.2 260.7 1421 142.5 1563.5 251 2B 279 332
1989 1293.3 273.9 1421 142.5 1563.5 251 28 279 270
1990 1358.6 287.7 Turbina a sa5 2 1421 142.5 160 1723.5 251 28 32 311 23 8 365
1991 1427.4 302.3 Turbin a gas 4 1421 142.5 320 13.5 251 29 64 343 41 137 456
1992 1499.7 317.7 Tubina a gas 5 1421 142.5 400 1963.5 251 28 BO 359 41 13% 464
1993 1575.9 W3.8 Turbina a gas 6 1421 142.5 480 2043.5 251 28 96 375 41 12Z 468
1994 1656.0 350.8 Turbina a gas 7 1421 142.5 560 2123.5 251 28 112 391 40 11 468
1995 1740.3 36 .7 Turbina a gas 8 1421 142.5 640 2203.5 251 28 128 407 38 107 463
1996 1828.9 387.5 Turbna a gas 10 1421 142.5 W00 2363.5 251 28 160 439 52 13 535

O) SISTEIA ORIENTAL

RE9IRUENTO ERUTO PROYECTOS No ;-OlIA DISP0tiBLE (6r4)-: -CAPACIDAD DISPONIBLE(W)-1:- E £a - :
ERIA CWPACIDAD NLEvOS LHID - TEhI - - TUE - -CAIDP-- AE?A NIA

AMO GH 3W HIDF' EXIST. W.VA TOTAL HDRO EXIST. MA TOTAL IN I a1m

198 355.0 81.9 487.5 487.5 97.5 97.5 16 19? 132
1987 402.9 92.9 610.0 610.0 126.0 126.0 33 36 207
1988 457.6 106.6 727.5 727.5 145.5 145.5 39 36Z 210
1989 517.1 121.7 727.5 727.5 145.5 145.5 24 20? 210
1990 578.7 137.6 Turbina a oas 1 727.5 97.5 85.0 145.5 19.5 165.0 27 20Z 246
1991 641.4 152.5 Turbina a gas 2 727.5 155.0 q22.5 145.5 39.0 184.5 32 217. 21
1PM 704.6 107.6 Turbina a gas 3 727.5 292.5 1020.0 145.5 59.5 204.0 36 22Z 315
1993 774.2 184.1 Turbina a oas 4 727.5 3^0.0 1117.5 145.5 78.0 223.5 39 21? 343
1994 BS1.1 202.4 Turbina a cas 5 71.5 487.5 1215.0 145.5 97.5 243.0 41 20Z 364
1995 936.0 222.6 Turbina a gas 6 727.5 f5.0 1312.5 145.5 117.0 262.5 40 18? 377
1996 1029.8 244.9 Turbina a gas 7 727.5 682.5 1410.0 145.5 136.5 282.0 37 15 380

C) SISTEA C+S-0

VkDERIHIENTO 8fUTO PRPETOS No - IERGA DISFEt1BLE (14-: :-CPACIDAD D1SFONIBLEII(W- - M EW(E-.
ElIA CAPPCIDAD KM LUNID - TER1O - - TM - -CfACID*- EfiESIA

AMO GM HIDRO EXIST. MEU'A TOTAL HIDM EXIST. ItEVA TOTAL 3W 1 6m1

19% 1517.1 319.7 1421 630.0 205l.0 251 125.5 376.5
1987 158.1 M.' 1421 752.5 2173.5 251 154.0 405.0
1988 1688.7 3M8.1 1421 870.0 2291.0 251 I17.5 424.5
1989 1810.4 385.7 1421 870.0 291.0 251 173.5 424.5
1990 1937.3 414.7 Turbina a gas 1 1421 870.0 97.5 2388.5 251 173.5 19.5 444.0 29.3 7n 451
1991 2068. 443.5 Turbina a gas 3 1421 870.0 292.5 25e3.5 251 173.5 58.5 483.0 39.5 9n 515
199;2 2204.4 473.1 Turbina a gas 4 1421 870.0 3°0.0 2681.0 251 173.5 78.0 502.5 29.4 6? 477
1993 2350.0 505.0 Turbina a gas 7 1421 870.0 o62.5 2973.5 251 I17.5 136.5 561.0 56.0 112 623
1994 2507.1 539.4 Turbina a gas 9 1421 870.0 877.5 31S8.5 251 173.5 175.5 600.0 60.6 112 661
1995 2676.3 576.5 Turbina a oas I 1421 870.0 10,2.5 Z33.5 251 173.5 214.5 639.0 62.5 112 681
1996 2856.7 615.4 Turbina a caa 14 1421 67B.O !365. 0 -5b.0 251 173.5 273.0 697.5 82.1 13? 79919% V256~~~~~~~~. 7 1.4 ubn is' 1
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PlM. NACIONRL DE IA
toH M E1 INTEIRCUN CENTPPL-ESTE

ANiSIs ELCK"1CO

CAO I

1:- INTERCEION EN 1-:- i NT C EITCMION EN 191 -0 SIN NiE :IO -
1/ 2 3/ 4/ 5/ 6/ 7/

:-IWNERS0Ia- IWER COSTO :IM COSTO IWDEN COSTO C5 50 -1i NR 5 COST O COSMTO
AD LINEA 60ER TOTAL CON CtI TOTIL LIIEA MO 70TAL cm CM TOTAL LIEA W TOTaL En 0@ MTAT

1996 0.0 4.6 0.0 4.6 0.0 4.6 0.0 4.6 0.0 4.6 0.0 4.6
1987 0.0 5.2 0.0 5.2 0.0 5.2 0.0 5.2 -3.0 -3.0 5.2 0.0 2.2
1998 11.1 11.1 6.1 0.1 17.3 0.0 6.1 0.0 6.1 -3.0 -3.0 6.1 0.0 3.0
1M 11.1 11.1 7.0 0.2 19.3 11.1 11.1 7.0 0.1 18.2 -3.0 -3.0 7.0 0.0 4.0
1990 8.5 8.5 6.7 0.4 15.6 11.1 26.5 37.6 8.0 0.8 46.3 26.5 26.5 8.0 0.5 M3.0
1991 17.0 17.0 8.4 0.7 26.2 3.1 J.1 8.4 0.8 12.3 26.5 26.5 9.0 1.1 36.5
199I 3.9 8.5 12.4 10.2 0.9 23.5 3.9 8.5 12.4 10.2 1.0 23.6 17.5 17.5 10.3 1.4 29.2
1993 25.5 23.5 12.1 1.5 39.0 25.5 tS.5 12.1 1.5 39.1 17.5 17.5 12.2 1.8 31.5
1994 17.0 17.0 14.1 1.8 32.9 17.0 17.0 14.1 1.9 33.0 17.5 17.5 14.3 2.1 33.9
1995 17.0 17.0 16.3 2.1 35.4 17.0 17.0 16.3 2.2 35.5 17.5 17.5 16.6 2.5 36.6
1996 25.5 25.5 18.7 2.6 46.8 25.5 25.5 18.7 2.7 46.9 26.5 26.5 19.1 3.0 48.6
1997 19.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
1998 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
1999 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2000 18.7 2.6 21.3 18.7 2.7 21.4 19.1 .0 22.1
2001 18.7 2.6 21.3 19.7 2.7 21.4 19.1 3.0 22.1
002 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1

2003 19.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
204 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2005 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2006 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.l
2007 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
20 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
209 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2010 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2011 18.7 2.6 21.3 . 19.7 2.7 21.4 19.1 3.0 22.1
2012 18.7 2.6 21.3 15.7 2.7 21.4 19.1 3.0 22.1
2013 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2014 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2015 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2016 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2017 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2018 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1
2019 18.7 2.6 21.3 18.7 2.7 21.4 19.1 3.0 22.1

VAN:tasa destc 12 63.2 91.7 9.8 164.8 15.1 47.7 64.8 2.-5 10.2 167.4 -6.5 6.0 56.5 94.0 11.2 161.7
Valor Residual 80Z

Valor Residual 07. 63.2 91.7 9.8 164.8 64.8 $2.5 10.2 167.4 63.0 94.0 11.2 168.3

Costo miateriales 11.41
Costo gas Sta Cuz 1.0 USS/
Costo gas Cbba 1.1 US$/iC

11 Incluye inversion adicional requirida para comletar la linea v nueyo transforeador en 1993.
2/ Inversiones en generacian adicional; 19.5 lte en turbinas a gas a MMt 8.5 par unidad.
3/ Costo de codautible estimado iqual al precio del gas indicado y 13 IftUKH.
4/ Costa de 0&N estifado cm 1 de la inversion en la linea de transeision y 27 de la invrsion en nuevas turbinas a gas.
5/ lncluye el valor residual de los materiales de linea en alnacen.
6. Incluye turbinas a gas en Santa Cruz tndicadas en 2/ y 16 iIe en turbinas a gas en Cochabamba a MWS$ 9 por unidad.
7/ Costo de ccbustible estimado iqual al precio del cas indicado y 13 ?fC/W para

turbinas a gas en CochabaWa.
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AAIS1S ECCqOIICO

CASO 2

00 ~INTSUERINO FM EN1 : NE W 191 -,SIN INtEK IN *- -H
1/ 2/ 3/ 4/ 5/ 6/ 7/

0INERS1O-11 INS WSM tSM MSIO HAMM IM1VR MtO MSTO ERISTO 1-lNYRSWI 1 WER TO COSTO CSTO
AO LINEA 6E TOTAL M 06N TOTAL LINA MO TOTAL CoS 061 TOTAL LINA b1E TOTAL COB Om TOTAL

1986 0.0 4.6 0.0 4.6 0.0 4.6 0.0 4.6 0.0 4.6 0.0 4.6
1987 0.0 5.2 0.0 5.2 0.0 5.2 0.0 5.2 -3.0 -3.0 5.2 0.0 2.2
188 11.1 11.1 6.1 0.1 17.3 0.0 6.1 0.0 6.1 -3.0 -3.0 6.1 0.0 3.0
1989 11.1 11.1 7.0 0.2 18.3 11.1 11.1 7.0 0.1 10.2 -3.0 -3.0 7.0 0.0 4.0
1990 8.5 8.5 6.7 0.4 15.6 11.1 26.5 37.6 8.0 0.8 46.4 26.5 26.5 6.0 0.5 35.0
II 17.0 17.0 8.4 0.7 26.2 3.1 3.1 8.4 0.8 12.3 26.5 26.5 9.0 1.1 36.6
1992 3.9 9.5 12.4 10.2 0.9 23.5 3.9 8.5 12.4 10.2 1.0 23.6 17.5 17.5 10.4 1.4 29.3
1993 25.5 25.5 12.1 1.5 39.0 25.5 25.5 12.1 1.5 39.1 17.5 17.5 12.4 1.8 31.7
1994 17.0 17.0 14.1 1.8 32.9 17.0 17.0 14.1 1.9 33.0 17.5 17.5 14.6 2.1 34.2
1995 17.0 17.0 16.3 2.1 35.4 17.0 17.0 16.3 2.2 35.5 17.5 17.5 17.0 2.5 37.0
1996 25.5 25.5 18.1 2.6 46.8 25.5 25.5 18.7 2.7 46.9 26.5 26.5 19.6 3.0 49.1
1997 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
1998 19.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
1999 B1.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2000 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2001 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2002 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2003 18.7 2.6 21.3 19.7 2.7 21.4 19.6 3.0 22.6
2004 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2005 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6

IM06 19.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2007 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2008 18.7 2.6 2!.3 18.7 2.7 21.4 19.6 3.0 22.6
2009 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2010 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2011 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2012 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2013 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2014 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 2^.6
2015 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2M16 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2017 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6
2Q18 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 2.6
2019 18.7 2.6 21.3 18.7 2.7 21.4 19.6 3.0 22.6

VAN:tasa descc 127. 63.2 91.8 9.8 164.8 15.t 49.7 64.8 YZ.5 10.2 167.5 -6.5 63.0 56.5 95.7 11.2 163.5
Valor Residual 80DA

Valor Residual 0. 63.2 91.7 9.8 164.8 64.8 92.5 10.2 167.4 63.0 94.0 11.2 168.3

Costo materiales 11.41
Costo oas Sta Cruz 1.0 USSIfC
Costa gas Cbba 1.2 USR/HIC

1/ Incluye inversion adicinatl reqmrida para coeoletar la linea y nuevo transtoruador en 1993.
2/ Inversmnes en qeneracio adicional I.5 mW en turbinas a gas a M2Ji$ 8.5 oor umdad.
3/ Casto de ccebustible estihado iqual al precio del oas indicado y 13 ?KC/I.
4/ Costa de 06M estiudo cow 1 de Ia inversion en Ii linea de transhision y 2I de la inversimn en nuevas turbinas a gas.
5/ Incluve el valor residual de lo uateriales de linea en almacun.
6/ Incluye turbinas a gas en Santa Cnu indicadas en 2/ y 16 PWe en turbinas a gas en Cochabada a .1S$ 9 por unidad.
71 Costo de coitustible estisado iqual al precio del gas indicado y 13 ft/VI para

turbinas a gas en Cachabaaba.
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… 
TRANSPORTE DE ELECTRICIDAD VS. TRANSPORTE BE 6AS

ANALISIS ECON'lMICO

@::- -- - TRANSPORTE DE ELECTRICIDAD ----------- TRANSPORTE DE GAS ----- 1
I/ 2/ 3/ 5/ 4/ 6/ 71

---INVERSION--- INVERSION COSTO COSTO COSTO COSTO INVERSION COSTO COSTO COSTO
AO LINEA 6ENER TOTAL COMBUST PERDIDAS O&n TOTAL GENER COISUST O&M TOTAL

- - b _ - ------ - - -

1986 4.6 0.0 4.6 4.6 0.0 4.6
1987 5.2 0.0 5.2 5.2 0.0 5.2
1988 11.1 11.1 6.1 0.1 17.3 6.1 0.0 6.1
1989 11.1 11.1 7.0 0.3 18.4 7.0 0.0 7.0
1990 8.5 8.5 6.7 0.0 0.5 15.7 26.5 9.0 0.5 35.0
1991 17.0 17.0 8.4 0.0 0.8 26.2 26.5 9.0 1.1 36.5
1992 3.9 8.5 12.4 10.2 0.0 1.0 23.6 17.5 10.3 1.4 29.2
1993 25.5 25.5 12.1 0.1 1.5 3'.2 17.5 12.2 1.8 31.5
1994 7.0 17.0 14.1 0.1 1.9 33.1 17.5 14.3 2.1 33.?
1995 17.0 17.0 16.3 0.1 2.2 35.6 17.5 16.6 2.5 36.6
1996 25.5 25.5 18.7 0.1 2.7 47.0 26.5 19.1 3.0 48.6
1997 18.7 0.1 2.7 21.5 19.1 3.0 22.1
1998 18.7 0.1 2.7 21.5 19.1 3.0 22.1
1999 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2000 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2001 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2002 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2003 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2004 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2005 18.7 0.1 2.7 21.5 19.1 3.0 22.1
200Q 19.7 0.1 2.7 21.5 19.1 3.0 22.1
2007 19.7 0.1 2.7 21.5 19.1 3.0 22.1
2008 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2009 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2010 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2011 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2012 18.1 0.1 2.7 21.5 19.1 3.0 22.1
2013 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2014 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2015 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2016 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2017 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2018 18.7 0.1 2.7 21.5 19.1 3.0 22.1
2019 18.7 0.1 2.7 21.5 19.1 3.0 22.1

VAN (12%) 63.2 91.7 0.4 10.2 165.6 63.0 94.0 11.2 168.3

Costo del gas en Santa Cruz 1.0 US$/NPC
Costo del gas en Cochabasba 1.1 USSIMPC

1/ Incluye la inversion adicional requerida cara coepletar la linea y un nuevo transforeador en 1993.
2/ Inversiones en generacion adicional: 19.5 "We en turbinas a gas a un costo de MnUSS 9.5 por unidad.
3/ CostD del gas estimado, considerando el precao indicado v un cansueo de 13 PC/KWH.
4/ Costa de 0&N estimado cono 1I de la inversion en la linea y 2% de la inversion en nuevas turbinas a gas.
5/ Costa de la oeneracion adicional requerida para cospensar-las perdidas en transuision.
61 Incluye las turoinas a gas en Santa Cruz indicadas en 2/ y turb inas a gas de l6Mwe en Cochabamba,

a un Costo de nMUSs 9.0 oor unidad.
7/ Costa del gas estimado consideranco el orecio irdicade Y un consuao de 13 PCIKWH para turbinas

en Santa Cruz y 12.66 C/MkH oara turfonas en Cochabanoa.
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COSTOS PROMEDIO DE 6ENERACION TERHICA

TURBINA A GAS TURBINA A GAS CICLO COMBINADO
STA CRUZ COCHABAMBA STA CRUIZ

.--- Precia del gas --- U--- Precto del gas --- 1--- Precia del gas --- 1

1.0 1.5 2.0 1.0 1.5 2.0 1.0 1.5 2.0
UNIOAD USS/"PC US$/MPC UStMPC US$I/PC US$INPC USS/HPC US$/IPC US$/NPC US$/NPC

Capacidad Instalada NW 22.8 22.8 65.6
Capacidad Firse INW 19.5 16 S9
Costa de Inversion "RUS5 8.50 9.00 38.30
Periodo de ConstrucciOn AA0S I 1 3
Costa de O&h Z INV 2.0% 2Z 3%
Costo de O&M MMUSS p.a. 0.17 0.18 1.15
Vida Economica A;OS 20 20 25
Coebustible GAS
Consumo de Combustible PC/IIH 13.00 12.66 8.60
Costa Actualizado de inversidn MIMUSS 8.50 9.00 43.08
Costa de Capacidad USSIKN 435.9 562.5 730.2
Costo de Capital + O&M MIUSS p.a. 1.31 1.38 6.03
Costa de Comoustible MILLS/KWH 13.0 19.5 26.0 12.7 19.0 25.3 8.6 12.9 17.2
Costo Total MILLS/KWH

lOOOh 90.1 86.6 93.1 99.2 105.5 111.9 110.8 115.1 119.4
2000h 46.5 53.0 59.5 55.9 62.3 68.6 59.7 64.0 68.3
3000h 35.4 41.9 48.4 41.5 47.8 54.2 42.7 47.0 51.3
4000h 29.8 36.3 42.8 34.3 40.6 47.0 34.2 38.5 42.8
5000h 26.4 32.9 39.4 30.0 36.3 42.6 29.0 33.3 37.6

Costa Total US$/KW-aao
100CIh 80.1 86.6 93.1 99.2 105.5 111.9 110.8 115.1 119.4
2000h 93.1 106.1 119.1 111.9 124.5 137.2 119.4 129.0 136.6
3000h 106.1 125.6 145.1 124.5 143.5 162.5 128.0 140.9 153.8
4000h 119.1 145.1 171.1 137.2 162.5 187.8 136.6 153.8 171.0
5000h 132.1 164.6 197.1 149.9 181.5 213.2 145.2 166.7 189.2

Nota: Se considera 12% ctoa tasa de descuento para el cAlculo de valores anualizados y futuros.
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PREPA DE EXPXISW DE DC!ERACICN

CM£TERISTICAS DE MJITAS

A) CMMOSTItMS BE PLM!A IENICPS

NM CAR6A CAtA MOM CNW CMT TASA DC IMM COSTM DE fIM
aIBillEREUICACION ESTADO TIPe DE MINNM MMI EN DCARA I i. CON SlUM PIEWNI. FIJOS VAI1.

lINIDB fININA tBS/ F A USV/ WS.
I/ KCal/KA Ka1/KuA Ilt al Dia Kw-us Id

Kwrachipaqa P019 EXIST. T.6. 1 9.0 16.4 3430 2244 397 3.9 73 0.35 0.50
Nwrbwr Su E EXIST. DIESEL 3 1.5 2.6 2893 1838 462 8.0 76 0.94 O.AC
vwt'ingtos SON EXIST. DIESEL 2 1.7 2.8 3770 1774 462 8.0 76 0.94 0.60
H ,-aucari STACRUZ EXIST. T.6. 5 9.0 19.5 4600 2376 380 5.0 73 0.35 0.30
Turbina a gas STA CMI FWURO T.6. 9.0 19.5 4600 2376 380 5.0 73 0.33 0.50
Cido Cadinado STA 1IIZ FUTRW T.6.L. 12.0 59.0 3024 2076 380 7.8 73 .8v 0.50

B) CARACTISTICAS DE PJMXTAS HIDElETRICAS

CA°RCIDAD FED0A -Ir CUATRIPESTFE- -20 CUATRIMESTRE- -'r CJATRItSTF- -o CUATRIESTtE- S6EC.
NM INSTAUDA DRDA GEEPC. FOTE)IA 6EEIC. POTENCIA 6EMEAC. POTENCIA GDEIRC. POTEICIA PFOI£

EACION PRMID FIFE PR ID0 FIRE PRDIIO FIlE PROIO FIlE XW
(6th) I z) IAh) l(W) (Gh) (1%) (lAh) (I) (Ih)

Exist. lgrandes) 233.0 328.8 231.4 313 217.4 299.2 217.4 289.6 231.4 1230.6
Exist. pquenas) 29.0 52 29 49 29 40 29 50 29 191
San Jose Fase 1 84.6 1994 170.3 84.6 151.3 84.6 149.6 84.6 166.4 84.6 637.6
San Jose Fase II 42.3 1994 86.3 42.3 36.4 42.3 32.5 42.3 26.5 42.3 181.7
Sakhahuaya 76.0 1992 142.4 76 76.8 76 76.9 76 86 76 38I.1
Iolineros 79.0 1997 110.6 79 111.5 79 116.1 79 112 79 452.2
Palillada 110.0 1996 204.8 110 121.6 110 106.5 110 127.1 110 560
Fasel ICuticucho/
Santa Rosa/Zanqo) 20.4 1991 29.1 19 20 19 15.7 19 29.6 19 94.4
Fasell (TiqWuni/
Botijlaca) 13.0 1992 6.8 13 9.1 12 10.4 12 7 13 33.3
Fase III ( iji 3.O 1992 47.4 28 34 20 . 27.3 20 48.3 28 157

1/ T.6.: turoina a gas; T.6.V.u Cosbinacion de turbinas a gas y vapor.
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PRO0RANA DE EXPANSION DE SENERACION

A) EXPANSION HIDROELECTRICA

11 21 3/
DElANDA PROSRAMA CAPACIDAD RESERVA INVERSION VALOR COSTO COSTO COSTO

A;O HAXIMA DE INSTALADA RESIDUAL COMB o&N TOTAL
(NW) EXPANSION (NW) 1) "musS Must "R NUSS mmusI "muss

1987 335.5 405.0 21% 0.00 1.87 1.87
1988 358.1 424.5 19% 0.01 1.87 1.88
1989 385.7 424.5 10% 0.03 1.87 1.90
1990 414.7 1 TS 444.0 7% 8.50 0.96 8.30 2.78 18.63
1991 443.5 1 T6 *Fase I 482.5 9% 27.79 5.56 8.98 3.01 34.22
1992 473.1 Fase III 502.5 6% 43.39 11.03 8.52 3.17 44.05
1993 505.0 Sakhahuaya 578.5 15% 156.69 44.66 5.31 3.52 120.06
1994 539.4 578.5 7% 0.00 0.00 7.33 3.59 10.92
1995 576.5 Fase lI+San Jose 1- IT6 655.6 14% 149.93 53.74 1.27 3.77 101.24
1996 615.4 - I TS 636.1 3% 090 0.00 3.30 3.76 7.06
1997 o57.0 San Jose II 678.4 3% 52.56 23.68 4.14 4.04 37.06
1998 701.3 Palillada- I TS 768.9 10% 198.45 100.20 1.19 4.51 103.95
1999 748.6 769.9 3% 0.00 0.00 3.54 4.59 8.13
2000 799.2 Holineros - I TS 828.4 4% 153.76 97.52 1.12 4.91 62.26
2001 799.2 828.4 4% 0.00 0.00 1.12 4.91 6.02
2002 799.2 828.4 41 0.00 0.00 1.12 4.91 6.02
2003 799.2 928.4 4% 0.00 0.00 1.12 4.91 6.02

Valor Actual Neto 4/ 297.48 113.58 26.12 23.24 233.27

I/ T6:Turbina a gas; Fase I: Cuticucho, Santa Rosa y longo; Fase II: Tiquisani y Botuilaca; Fase III: Huaji
2/ capacidad firse de reserva sobre la demanda uaxima.
31 Precio del Gas: 1.0 USS/NPC.
4/ Tasa de descuento: 12%
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PR06RAIA DE EXPANSION DE GENERACION

B) EXPANSION TERMOELECTRICA

I/ 2/ 3/
DENANDA PRDSRAHA CAPACIDAD RESERVA INVERSION VALOR COSTO COSTO COSIO

AIO HAXINA DE INSTALADA RESINUAL CODB O&N TOTAL
(#I) EXPANSION (NW) (2) Nnus$ NUSS K"USst nnus MUSt

1987 335.5 405.0 211 0.00 0.00 1.87 1.87
1988 358.1 424.5 19% 0.00 0.01 1.87 1.88
1999 385.7 424.5 102 0.00 0.03 1.87 1.90
1990 414.7 1 TB 444.0 72 8.50 0.96 8.30 2.78 18.63
1991 443.5 2 T6 483.0 92 17.00 2.38 10.35 3.01 27.98
1992 473.1 2 TG 522.0 *OZ 17.00 2.90 12.32 3.25 29.67
1993 505.0 2 t6 561.0 11 17.00 3.49 14.57 3.49 31.58
1994 539.4 2 TS 600.0 112 17.00 4.14 16.57 3.73 33.17
1995 576.5 4 TB-1 TB 658.5 142 34.00 9.75 18.89 3.94 47.08
1996 615.4 4 T76- TS 717.0 172 34.00 11.39 21.36 4.27 48.24
1997 657.0 2 TB 756,0 152 17.00 6.61 23.77 4.53 39.69
1998 701.3 4 T6-1 TS 814.5 162 34.00 15.13 26.41 4.98 50.16
1999 748.6 3 TB 873.0 172 25.50 13.19 29.31 5.24 46.66
2000 799.2 4 TB-i TB 931.5 171 34.00 20.17 32.31 5.60 51.74
2001 799.2 931.5 171 0.00 0.00 32.31 5.60 37.92
2002 799.2 931.5 172 0.00 0.00 32.31 5.60 37.92
2003 799.2 931.5 172 0.00 0.00 32.31 5.60 37.92

Valor Actual Neto 41 98.38 30.01 92.30 24.50 185.17

1I T6:Turbina a gas; Fase 1: Cuticucho, Santa Rosa y Lonqo; fase 11: Tiquiaani y Botijlaca; Fise III: Huaji
21 canacidad firee de reserva sobre la deeanda saxima.
3/ Precio del Bas: 1.0 US$/nPC.
41 Tasa de descuento: 12Z
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4G6RAMA DE EXPANSION DE GENERACION

A) rIPANSION NIXTh TERMO-0UDROELECTRICA

1/ 2/ 3/
DENANDA PROBRAHA CAPACIDAD RESERVA INVERSION VALOR COSTO COSTO COStO

A9D MAXIMA DE INSTALADA RESIDUAL CONB O&N TOTAL
(NM) EXPANSION (M) (2) NI)USM mNUSS "nuss "Huss NMus$

1997 335.5 405.0 21t 0.00 0.00 1.87 1.87
1998 359.1 424.5 19I 0.00 0.01 1.87 1.88
1989 385.7 424.5 10 0.00 0.03 1.97 1.90
1990 414.7 1 TS 444.0 71 8.50 0.94 8.30 2.79 18.b3
1991 443.5 1 T8+ Fase 1 492.5 92 27.79 5.56 8.99 3.01 34.22
1992 473.1 1 t6+ Fase II 514.0 92 21.59 4.78 10.37 3.22 30.40
1993 505.0 2 T6 553.0 101 17.00 3.49 12.67 3.46 29.65
1994 539.4 2 TS 592.0 1O0 17.00 4.14 14.96 3.70 31.52
1995 576.5 San Jose I - I T6 657.1 142 136.95 49.05 8.05 3.77 99.62
1996 615.4 San Jose 11 - I T6 679.9 102 52.56 21.12 7.90 3.97 43.31
1977 657.0 1 T6tFase 1" 719.4 92 51.89 22.85 8.40 4.21 41.66
1998 701.3 Sakhauhaya - I tS 775.9 112 156.69 79.12 6.51 4.53 88.61
1999 748.6 Palillada 988.9 182 198.45 112.31 3.56 5.09 94.79
2000 799.2 - I T6 866.4 92 0.00 0.00 6.10 5.10 11.19
2001 799.2 864.4 82 0.00 0.00 6.10 '.10 11.19
2002 799.2 866.4 82 0.00 0.00 6.10 5.10 11.19
2003 799.2 866.4 92 0.00 0.00 6.10 5.10 11.19

Valor Actual Neto 4/ 23q.17 96.92 44.47 23.69 210.42

1/ T6:Turbina a qas; Fase 1: Cuticucho, Santa Rosa y Zongo; Fase 11: Tiquisani y gotijlaca; Fase III: Huaji
2/ capacidad firne de reserva sabre la desanda saxima.
3/ Precio del Gas: 1.0 USS/MPC.
4/ Tasa de descuenta: 122
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PRECID DE INDIFERENCIA DEL SAS NATURAL
PARA LA GENERACION DE ELECTRICIDAD

1--- EXPANSION HIDRO R ---- -- - EIPANSIDN TER ---- -------- EXPANSION MIXTA ------
INYERSION VALOR CONSUNO COSTO INYERSION VALOR CONSUNO COSTO INVERSION VALOR CONSUNO COSTO

RESIDUAL CONDUST o&n RESIDUAL CONDUST 0&N RESIDUAL CONBUST OlN
11Uss KNUSs WHPC Mmuss M"USS MnUSS NNPC "NUSs MmUSS ""USS NPC muSS

1987 5239.2 1.87 0.00 5239.2 1.87 0.00 5239.2 1.87
1989 5957.2 1.87 0.00 5957.2 1.87 0.00 5957.2 1.87
1989 6752.5 1.87 0.00 6752.5 1.87 0.00 6752.5 1.87
1990 9.50 0.96 8299.2 2.78 8.50 0.96 8299.2 2.79 9.50 0.96 8299.2 2.78
1991 27.79 5.56 8977.9 3.01 17.00 2.38 10345.4 3.01 27.79 5.54 8977.9 3.01
1992 43.39 11.03 8515.3 3.17 17.00 2.90 12320.7 3.25 21.59 4.78 10372.0 3.22
1993 156.89 44.66 5306.1 3.52 17.00 3.49 14574.0 3.49 17.00 3.49 12674.6 3.44
1994 0.00 0.00 7332.8 3.59 17.00 4.14 16574.5 3.73 17.00 4.14 14958.5 3.70
1995 149.93 53.74 1267.7 3.77 34.00 9.75 18890.4 3.94 136.85 49.05 6050.2 3.7
1996 0.00 0.00 3300.0 3.76 34.00 11.39 21351.6 4.27 52.56 21.12 7898.7 3.97
1997 52.'6 23.68 4141.4 4.04 17.00 6.61 23770.8 4.53 51.89 22.85 8404.9 4.21
1999 198.45 100.20 1186.4 4.51 34.00 15.13 26407.7 4.88 156.69 79.12 6511.4 4.53
1999 0.00 0.00 3540.5 4.59 25.50 13.19 29310.5 5.24 198.45 112.31 3563.8 5.09
2000 153.76 97.52 1117.4 4.91 34.00 20.17 32314.1 5.60 0.00 0.00 6097.3 5.10
2001 0.00 0.00 1117.4 4.91 0.00 0.00 32314.1 5.60 0.00 0.00 6097.3 5.10
2002 0.00 0.00 1117.4 4.91 0.00 0.00 32314.1 5.60 0.00 0.00 6097.3 5.10
2003 0.00 0.00 1117.4 4.9t 0.00 0.00 32314.1 5.60 0.00 0.00 6097.3 5.10

NPY 112%) 297.5 113.6 41148.5 23.2 98.4 30.0 107330.4 24.5 239.2 96.5 59504.0 23.7

CALCULO DEL PRECID DE INDIFERENCIA

EXPANSION
HIDRO TERIO 11XTA

VAN ICapital4Oi) MUSS 207.1 92.9 165.9
VAN (consuo de gas) nWPC 41148.5 107330.4 59504.0
Consuao uxim de gas WEPCD 24.6 88.5 41.0

Precio del gis (US$INPC) 1.7 2.2
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F906R DE EXFA61IO FPARA EL CLClLO DEL COSTO I F kTA

SISTEM1 C- {-E

RE0LERIIE14TO 6UTO :-ElEBACIG PRMIOI(GW4)-t -- CWACIDAD FIRE t?W) l 9 NC E-
AMO DeRIA CAPACIDD FROIECTO MES - TO1M- -TEIm - -PCIDAD- EEIA

61H l li HIMRO EXIST. MEVA TOTAL HIOM EXIST. 3E TOTAL MN x G1M1

196 1517.1 319.7 1421 0 251 251 126 37
1987 1589.1 335.5 Turbina a gas (1) 1421 675 98 2194 351 135 20 405
I 16BB.7 38.1 lurbina a gas l1) 1421 675 195 M91 21 135 39 42
1989 1810.4 35.7 1421 675 195 2291 MI 135 39 425
1990 1937.3 414.7 Turbina a gas 11) 1421 675 293 2389 251 135 59 444 29.3 71 451
1991 2068.8 443.5 Turbina a gas 12) 1421 675 488 284 251 135 98 48 39.5 9Z% 51
1992 2204.4 473.1 Turbina a gas ;; 1421 675 585 2681 S1 135 117 503 29.4 6Z 477
1993 2350.0 505.0 Rio lonqo 1706 675 55 2966 302 135 117 554 48.5 10 616
1994 2507.1 53?.4 Turbina a gas (1) 1706 675 683 3063 302 135 137 573 33.6 61 556
1995 2676.3 576.5 Turbina a gas 12) 1706 675 878 3258 302 135 116 612 35.5 61 S82

odta:
Todos los datos corresoonden al Sisteaa Interconertado C-+S-E asuuendo un factor de diversidad de 1.025.
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CGStO FROGEIO 1NCReBAL DE 6 CION

INtESION COSTO 1-MM tSTIE 41-: CMSTO Wf r O)PC G1DA DEM X MSTO Si
ZONIE STA CRUZ TATL AtJI ACUI OM INC MOC CSTO CaTo TOTAL iTA INC rAX11A INC FROEDI0

fSP GAS 1/ 2/ 3/ (1) TTAL INC (RN) (I) (N) (IN MILLS/V.%

357 4.64 1517.10 319.7
1987 7.42 7.42 0.9 0.99 0.15 403 5.24 0.59 1.73 189.10 72.00 5.5 15.8 24.09
1988 8.50 8.50 1.14 2.13 0.32 458 6.10 1.46 3.90 1698.70 171.60 358.1 38.4 22.76
1989 0.00 0.00 2.13 0.32 517 7.00 2.36 4.81 1810.40 293.30 385.7 66.0 16.39
1990 12.20 8.50 20.70 2.62 4.75 0.61 516 6.71 2.07 7.43 1937.30 420.20 414.7 95.0 17.68
1991 24.40 17.00 41.40 5.24 9.98 1.19 648 8.42 3.78 14.96 2068.80 551.70 443.5 123.8 27.11
1992 18.30 8.50 26.80 3.36 13.34 1.55 783 10.19 5.54 20.43 2204.40 687.30 473.1 13.4 29.73
1993 6.10 6.10 0.74 14.08 1.61 644 9.37 3.73 19.42 2350.00 832.90 505.0 185.3 23.32
1994 6.50 8.50 1.14 15.22 1.78 801 10.41 5.77 22.77 25D7.10 990.00 53?.4 219.7 23.00
1995 17.00 17.00 2.28 17.50 2.12 970 12.61 7.97 27.59 2676.30 1159.20 576.5 256.8 23.80

VANQi) 33.t3 42.32 75.95 38.37 4.67 16.52 59.57 232.78

CIO FRMIID1O IKFENTPL lails/Ki) 23.52 6/

Notas:

Tasa de descuentom 1.OZ

Precio gas (US/PMC) 1.0

1/ Valores anualizados de inversidn asuuiendo 20 anos para turbinas a gas y 40 aos para plantas hidroelctricas.
2/ Valares acumalados de la inversim anualizada.
3/ Costos de OM calculados cmo 12 v 4Z de la inversidn acululada en olantas hidroelectricas y turbinas a gas respectivawfte.
4/ Costa de combustible para turbinas a gr-as asu2tendo un canso de 12.55 FC/KI y el arecio del gas uencionado.
5V Costas Preadio basados en los costos totales acuaulados y los valores de ceneraci6n increental.
6/ Costo Procedic Increental basado en los Valores ktuales Netos del costo total y la generacion incremental.
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teH FHJD M

C1E?C! r1 EE FLINTAlS T!1ERiAS

S16STVA lNTEFCO'ECTAM C-N-S-E

1587 19S.8 156? 19 in 1991 1992 1973 1994 1955
COiWC£TO _ _

LWY ECO LN S'C0 LLU'/ SEML 0 UWSECO UK W SECO LLW SECO LbUr rECO LLUV SESO LWY SECO

Ceneracion Bruta reuenrida tC*) 488 692 !Z;12 718 523 754 -0 1170 829 1207 885 126 943 1371 1'YJS 1462 1073 1561

Penue1as Existentes (Hzdro) B5 106 8, !C6 85 06 85 106 85 106 65 ICS6 85 106 95 10&6 85 106
sijbtotal 404 566 417 61 43k 648 45 102t4 744 '101 eo0 1180 8e 1265 921 136 M 1455

Prroabilidad de que la generacien
hidroelktrica exeeda los
reqtierieetoDsI/ I' 1 o .9 1 0,65 0.8 0 0 0 0 0 0 0 0 0 0 0

Probabilidad de aue se
requiera gmneracion termica O 0 0.1 0 0.15 0 0.2 1 1 I 1 1 1 1 1 I I

1/ Calculada tn base a la curva de distribucicn de or -aIilldv-es de la aefreracion hidrome!ktrica siauiente.
2/ Supone que la intercamiexion Ceentral CQienta1 inicia su coerac:rn al principio de la ecoca seca de 1?90.

fFRD-rAB :-F'.fA LLUIIn:.4cr ,'1- EPnCA S.ECA I1

EXCED :-EIIST-: ZtGtO :-T0TAL-::-EX1ST-: ZfG0 :-TOTAL-:
M 4.M P4 N M 1M RH W fl Eif

IOz It' 571 A2 19 7:2 7 W1 89 ? :0 ie 963
201 145 55 40 I8 1 671 148 758 ? 177 q7
:R 143 516 40 1S : 6S 143 732 29 171 879
*01 143 516 3? 1?7 i65 142 729 29 170 875
507 13'? r.')4 37 178 644 142 729 28 170 872
60.7 Iq 5R4 I' 17 43 141 7.4 28 169 868

17- 178 'a 176 6g '41 MI 27 1'7 860
M 128 S :.83 1 e66 10 l719 27 167 8.5
9%T 1!5 417 37 152 5!~, 131 674 26 1 s, F29

Notas:
FF.RO'AP E:KED: frcta-h1lidad o:e el va!.-r ircir ve -.a e-ceiec.
EXIST: Erandes Pl2ntas Hidrc.41ectritcs emsteotes ICxrvni. sta !ss E ;I io hew
La oeneracicn de la- Plantas r-'!stentes tca M. vue"t Ics ect s Ce la reeulacidm del rEservorio.

Icdos I s valcres mq rP indtcan _r^.... Fvrcaksn,
23IG: Eynans0n pro.ueista de l s !tants d5 -!C :: .
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BOLIVIA
PMA NPCIONP OE E#R6IA

COST0 FIUEDIO INCRETPL DE TFRIEIDSION

I IO N U It ) BDOM DEN1 W C810
INTEIBV CWPAE S/E I S/E 11 TOTPL MA ACt OM1 INC TOTAL Mil1A ]IC FODI1

AM C - E AUL INi) (IUI US$/KN
4/ 7/ 8/ 9/ it 2I 3/ 5/

319.7
1987 9.9 0.9 0.B 0.1 11.7 :.4 1.4 0.2 1.7 33.5 15.8 106.4
19S8 7.4 0.3 0.6 8.3 1.0 2.5 0.4 2.9 30.1 38.4 74.8
1989 7.4 0.9 8.3 1.0 3.5 0.6 4.1 M.7 66.0 61.7
1990 1.2 1.2 0.1 3.6 0.6 4.2 414.7 9.0 44.6
1991 1.2 1.2 0.1 3.8 0.6 4.4 443.5 123.8 35.5
1992 1.0 1.0 0.1 3.9 0.6 4.5 473.1 153.4 29.6
1993 0.6 0.6 0.1 4.0 0.6 4.6 505.0 185.3 25.0
1994 0.2 0.2 0.0 4.0 0.6 4.7 539.4 219.7 21.2
1995 0.0 0.0 4.0 0.6 4.7 576.5 216.8 18.2

WM(iW 19.9 1.0 0.7 3.5 2.2 3.1 17.1 2.8 19.8 56.2 28.4

COSTO PRMIO IWcR204rPL (USS/Kw-ao) 33.16/

Notas:

TASA E DES(0EWTO 12.01

IECID BEL. GAS 1U5$/I9C) 1.0

I/ Valcres anualizados de inversidn waiendo 30 aaos de vida util. -
2/ Valrer iados de la inversi6n anualizada.
31 Costos ac MRI cali *ados cam a de los valores de tnversion acuzuiada.
4/ Unea de Intercone)..n Central Este.
S/ Costos Praedio basados in los costos totales acuaqlados y los valres de desanda elxiem incretental.
6/ Costo Prouedio Incremental basado basado in los Valors ktuales Netos de del costo total y la desanda alia i
7/ Unea de transaision al C0avare.
8t Expansidn de sebestaciones Fase 1.
9/ Exnansitn de subestaritnes Fase 11.
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COSTOS NARGINALES DE ELECTRICIDAD

1GENERACION Y TRANSHISION)

A) COSTO MARGINAL BE ENERGIA (MILLS/KWH)

… --------- SISTEMA C-N-S -------- ' '--- SISTEMA ESTE --- :
PERIODO 1/

6ENERACION TRANSiIS. SUBTRANSM. 6ENERACION TRANSHIS.
…----------------------------- …------------- …--

1968-1989 0.0 0.0 0.0 13.5 13.6

1990-1995 13.5 13.9 14.5

Pirdidas 31fl 4.1X 0.52

B) COSTO MARGINAL DE CAPACIDAD (USS/KW-NES)

.------- SISTEMA C-N-S-E ---
CONCEPTO/NIVEL

GENERATION TRANSMIS. SUBTRANSN.

6eneracidn 5.B 5.8 6.1 6.3

Transaisidn 2.9 3.0 3.2

Subtransaisidn 11.5 11.5

Pirdidas 4.OX 4.1I

Nota:
1/ Los valares corresconden al sisteea C-N-S-E lueao de la puesta

en operac'dn de la linea de interconexi6n Central-Este.
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COSTO PROIEDIG lNCREMENTAL DE DISTRISUCION (ELFEC) 4/

INVERSION (NNUSP) --I COSTO COSTO DEANDA DEIN MAX COSTO
A;O TOTAL ANUAL ACCUN INC &IN TOTAL MAXIMA INC PRONEDIO

11 2/ 3/ ("N) (nW) US$IKW-4AO

45.3
1987 2.4l 0.31 0.31 0.06 0.37 48.1 2.8 131.3
199B 2.29 0.29 0.60 0.12 0.72 51.2 5.9 121.5
1999 1.46 0.19 0.79 0.15 0.94 54.4 9.1 103.2
1990 1.46 0.19 0.97 0.19 1.16 57.8 12.5 93.0
L991 1.71 0.22 1.19 0.23 1.42 61.5 16.2 87.8
1992 1.44 0.18 1.37 0.27 1.64 65.3 20.0 82.1
I993 1.59 0.20 1.58 0.31 1.89 69.4 24.1 78.2
994 1.53 0.20 1.77 0.35 2.12 73.8 29.5 74.3
1995 1.99 0.24 2.01 0.39 2.41 79.5 33.2 72.5

VANIli 9.66 5.45 1.07 6.52 75.33

COSTO PROIEDIO INCREMENTAL lUSS/KW-aoil 96.6
COiTO PROtEDIO INCREMENTAL IUSS/K)l 679.0

Notas:

Tasa de destuentoa 12.01

If Valores anual:Zados de inyersion asumiendo 25 anos de vida util.
2/ Valares acuaulados de la inversidn anualizada.
3/ Costos de DIN calculados CDoo 2.51 de la inversion acueulada.
4/ hatos eftraetidos del proaraua de inversiones preparado oor ELFEC en 1986

excluyondo inversiones en subestaciones.
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COSTOS IW6INRES DE ELECTRICIDAD

IDistribuci6i - ELFEC)

A) MMID NMIL. BE O?PCI (US$/kw-us

CWVTONIVELII ELFEC INIlU V) Bv (220V)
I/ 2/ 3/ 3/

Generacidn v Transoisidn 9.1 8.9 9.1 9.9
MY( 1I( Kv I 25 Kv) 3.4 3.5 3.8
DV (22D V) 5.5 6.2 7/

TO1.L 12.6 19.8

Pirdidas 2.71 8.31

B) COSTO rM6ItL D E1IR1I 1uills/kWH )

COCEPTONIIE EaFEm IVIIO21V) BV I220v)
4/ 3/ 3/

Costo de Energia (mills/kmh) 13.9 14.2 15.0

P#rdidas 2.01 5.51

C) COSTOS ISIWLES POR CTEGORIA DE C W61

CCEPTG\CATEMRIA ELSEC Industrial Industrial Ceaercial Coercial Residmncial Alukbrido
MME) 13 12 & 11 C2 Cl el Piblico

niVEL Transaision Transaision NV N Yv BV BY

Responsabilidad en la punta 0.975 0.975 0.8 0.7 0.7 0.9 I
Costa de CanacidadlUS"W15/ 8.9 8.9 10.1 8.8 13.9 17.9 19.8
Costo de Energia Wulls/kMi) 13.9 13.9 14.2 14.2 15.0 15.0 15.0
Factor de Carga 0.48 0.75 0.51 0.48 0.48 0.45 0.40

Costo prouedio (sillsIkhh 6/ 39.3 30.1 41.2 - 39.3 54.5 69.2 82.8
Capaudad 25.4 16.2 27.1 25.2 39.6 54.3 67.8
Energia 13.9 13.9 14.2 14.2 15.0 15.0 15.0

I'tas:
1/ Costo correspondiente al 'Ite de Concepto'.
2/ Ccnsidera Fartw de Caincidenciaz0.975 .
3/ Cmosidera pirdidas al nivel corrrsm'diente de acuerdo cmn los porcentajes sostrados en la linea final de la tabla.
41 Costa wqinal de emnrga a niwl de transaisidn.
51 Calculado com el costa total de capacidad al nivel correspondiente, wItiplicado par el valor respectivo

de repansabilidad en la punta.
61 Costo prouedio calculado en base al factow de carga sostrado en Ia linea anterior.
71 Las perdidas para los sisteeas pfisariw y secundario fuaeron aplicadas a este caso, pues el costo

increental del sisteea secundario fue estimado en base a Ia deuanda final en las subestaciones.
BlLos walores cwrrespondientes a la cateaoria residencial. fueron estiuados en coniunto, en base a las caractertsticas

del alinentador Norte. El valor de 0.9 de responsabilidad en la punta, se adapta considerando que la curva de carqa
de esta categorta, coincide con Ia deunda mxina del sistems.
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RURAL ENERGY

Geographical Divisions

The nine political departments of Bolivia comprise a diverse
range of social, cultural and physical resources. The traditional
geographical descriptions of Bolivia divide the country into three
physical regions that share climatological and geographical attributes--
the Altiplano, the Valleys, and the Tropics. Even within these areas,
clear political, social, and cultural differences exist. The contrasts
in climate and availability of energy resources between the high valleys
and the low valleys (Yungas) are notable. The Tropics consist of regions
as diverse as the Amazonas department ot Pando and the dry Chaco in the
southern part of the department of Santa Cruz. For the purposes of the
National Energy Plan of Bolivia, rural energy strategy will be defined on
the basis of the three geographical regions defined above. Specific
variations in energy issues within ea^h of the three regions will be
noted where appropriate. The data on energy demand and supply are
primarily received according to department, therefore departments are
grouped into three regions, even though some departments may contain
elements of all three regions. Where possible, data were reallocated to
correspond with the three regions.

Table 1: DEPARTMENTS BY REGION

Region Departments

Altiplano La Paz
Oruro
Potosi

Valleys Cochabamba
Chuquisaca
Tarija

Tropics Santa Cruz
Beni
Pando

Definition of Rural Areas. No clear lines distinguish rural
areas from urban or smaller urban (larger rural) 'enters. Rural areas in
the Altiplano tend to consist of subsistence farms. 'Valley rural areas
are characterized by small farming plots. Rural areas in tL > Tropics are
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dedicated in general to cattle-raising, with some commercial farms. For
the purposes of collecting data and developing regional energy plans, the
National Statistical Institute (INE) defines rural areas as towns
containing fewer than 2,000 inhabitants. The INE estimates that the

rural population in Bolivia in 1985 was 55% of the total national
population. The INE criteria will, of necessity, be used in estimating
rural energy consumption in the three regions.

Altiplano

Overview

The Altiplano constitutes an estimated 19% of the national
superficial area. Most rural residents of the Altiplano, which is

estimated at one-half of the total national rural population, live at an

altitude of about 4,000 meters. Rural areas in the Altiplano are
dominated by subsistence farming. A recent survey estimated that over

36% of the farms in the Altiplano contained less than one hectare of land
(MACA-USAID, 1978). Rural inhabitants in the department of Potosi, whose
lands have suffered severe droughts in recent years, often supplement
their inadequate land resources by working part-time for the mines. The
mine closures begun in the early 1980s, due to declining international
markets for Bolivia's metal products, have resulted in abandonment of
agricultural lands by rural farmers and caused them to migrate to urban
centers, principally La Paz.

High precipitation in the Lake Titicaca region over the last
two to three years raised the level of the lake. The resulting high
flows into the Desaguadero River, which drains Lake Titicaca and feeds
Lake Poopo in Oruro, caused the salt water of Lake Poopo to flood and

damage farmland adjacent to that lake, a process which is continuing.
These circumstances have exacerbated the existing difficulties of
subsistence farming in the departments of Oruro and Potosi.

The inadequacies of the present transportation networks, which

consist for the most part of gravel roads and poorly maintained dirt
roads, is a major impediment to develQpment and distribution of
commercial energy supplies in the rural Altiplano and other areas in
Bolivia. Energy supplies for most households are poo---the consumption of
fuelwood per inhabitant in the Altiplano is the lowest of the three
regions. Electricity supplies from 0-10% of energy needs in rural areas
in Altiplano provinces. The cumulative effects of deforestation and high
levels of current consumption have forced families in rural areas to rely
on dung and small shrubs for household cooking and heating needs.

Potable water and water for irrigation are in short supply in
the Altiplano (with additional problems in Oruro) due to the contamin-
ation of the water table with salt water. The lack of irrigation has
restricted increased productivity of farms in all three regions of
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Bolivia. Approximately 88,800 hectares were irrigated in Bolivia in
1976. In 1986 approximately 109,000 hectares were irrigated, out of
2.9 million hectares under cultivation. In 1995, 133,280 hectares could
be irrigated out of an estimated 4.1 million hectares under
cultivation. Over half of the national irrigation needs are in the
Altiplano.

Fuels for Cooking and Rural Industry

Fuelwood. Much of the Altiplano was deforested in the
19th century to provide fuel for the operation of the railroad from Chile
to La Paz. The poor condition of the soil and the lack of irrigation in
much of the Altiplano has resulted in stunted growth of fuelwood
species. The principal source of fuelwood in the Altiplano is the shrub
thola, with minor consumption of the shrub yareta, and quisuara (a tree
species). In the 19th century, thola purportedly grew to heights of one
to two meters. However, field visits showed that thola is currently
collected at relatively short heights above ground of between 30 and
60 centimeters, reflecting a short growth period of only two to three
years before the plant is harvested. The use of thola and dung as
cooking fuels in many parts of the Altiplano reflects the increased
shortage of fuels for household cooking. Rural residents generally
devote one day to collecting a week's supply of thola, although in some
households fuelwood is collected daily. Thola is generally collected in
a radius of a few kilometers from households.

Thola burns very quickly, and thus it is not an ideal cooking
fuel. In addition, as indicated above, it is relatively slow-growing,
and its supply in many parts of the Altiplano is inadequate. However, in
many areas in the Altiplano thola and dung are the only cooking fuels
currently available. Thola is a hardy specie and has grown relatively
well in the Altiplano, whereas the few experiments with imported tree
species have not been successful. The growth patterns of thola in the
Altiplano and its use as a cooking fuel in households deserve further
study and evaluation.

Quantitative data on total available fuelwood supply in Bolivia
was based on satellite studies (ERTS program, 1978). The ERTS estimates
showed that approximately 51% of the superficial area of Bolivia, or
almost 57 million hectares, was covered by woods in 1978, This
constitutes approximately 5.211 million m of wood (Von Borries, 1986).
The estimated 1987 supply of fuelwood in the Altiplano is 7.2 mil-
lion tons of oil equivalent (toe). l/

Most rural households in the Altiplano use a combination of
dried animal dung and fuelwood (consisting to a large extent of thola)

1/ This includes 5.9 million toe of forest and 1.2 million toe of
shrubs.
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for cooking fuel. Some areas in Orurct especially near the salt lake
Poopc, where there are virtually no trees or shrubs, use pure dung.
Puelwood is generally consumed 5.n rural households in an enclosed two-pot
mud "kery" stove, with no flue, usually located inside one of several
living structures in a family compound. The stoves have an estimated
heat efficiency of 9-14%. 2/ The stove can be constructed in various
sizes, and one stove is used for burning both thola and dried dung. In
general, families use their stove for two to three meals per day. Little
would be gained by further improvements in stove efficiency in the
Altiplano, although a study of the possible application of the Kery stove
in the Valleys and Tropics, where the relatively inefficient three-stone
stove is used, would be justified.

Historical fuelwood consumption in the Altiplano was estimated
using data from household s..rveys. The survey results were confirmed
u%ere possible by visits to rural areas, of daily fuelwood consumption
per person per day. 3/ For the Altiplano, an average of
2.05 kg/person/day was used. 4/ The proportion of Altiplano residents
that uses predominantly fuelwood (including trees and shrubs) for cooking
was approximately 47% (Saal, 1986). Consumption of fuelwood in the
Altiplano was estimated at 210,808 toe, or 37.5% of the 1985 national
total rural household fuelwood consumption. Fuelwood consumption was
based on rural population for each year from 1980-1985 and the average
rate of growth in household fuelwood consumption for the Altiplano for
that period reflected the rate of population growth, or about 1.6%.
Projected household demand for fuelwood in the Altiplano was der.ved from
projec%.ed national rural population growth obtained from INE. This
analysis yielded an expected demand of 245,213 toe in 1995, a 16%
increase over 1985, the last year for which historical population data is
available.

Energy consumption for thermal uses in rural industry consists
primarily of alternatives similar to those for household cooking fuels:
fuelwood, kerosene and LPG. There is relatively little small industry in
rural areas in the Altiplano. One of the key small industries in rural
areas in many developing countries is brickmaking. Although brick
factories open occasionally in the rural Altiplano to meet periodic
needs, brickmaking factories are not generally found there because
virtually all structures are built with dried mud or adobe. In Oruro,
especially near Lake Poopo, there are a number of lime kilns, most of
which consume fuelwood, but data cn consumption patterns was

2/ JUNAC Study.

3/ The average family interviewed on mission field trips to the
Altiplano had five persons.

4/ Results from CONNAL survey of rural households in the north of the
department of Potosi (1982).
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unavailable. No data on i dustrial fuel consumption in rural areas has
been collected in Bolivia, however, s,mall rural industry probably
consumed 10% of the total rural fuelwood demand in the Altiplano in 1985,
or about 23,423 toe.

The annual natural growth rate of fuelwood supply (from trees)
for the Altiplano was estimated at 2,620 .. /year, or 134,982 toe/
year. 5/ Based on growth rate and projected consumption for the
Altiplano, the 1992 fuelwood supply was estimated at 6,766,000 toe, a
decrease of 6.1% from 1987. Doubling the consumption rate to
4.00 kg/person/day resulted in 5,174,000 toe in 1992. The projections
described above do not project deficits in fuelwood supply in the short
term, although in the long term the supply will clearly be
exhausted. 6/ As noted above, these projections do not include increases
in the supply of shrubs (thola, for example), for which annual growth
data were not available.

Data were sought on commercial fuelwood prices in the
Altiplano. Fuelwood is, for the mcst part, not commercialized on a
household level in the rural Altiplano. In the sparsely populated
(dispersed) rural areas, wood is collected by each household for
individual consumption. Field trips did reveal a few cases of
commercialA.te fuelwood, often in small rural towns, which do not have
adequate supplies of fuelwood or dung (although most small towns visited
in the Altinlano used LPG and kerosene for cooking). Some bakeries in
small towns use fuelwood that must be purchased, and data on the price of
wood for b=eries provided most of the rural price information for
fuelwood. "Ae range of prices obtained are assumed to reflect the
marginal cos'.s of cutting and transporting wood to the place of sale.

As co;ed earlier, there have been no known successful wood
plantation or reforestation projects in the Altiplano, except ror the
eucalyptus stands in the well-watered area near Lake Titicaca. Pilot
projects in Oruro (eucalyptus) yielded trees with stunted growth.
Sources indicate that hardier trees with faster growth rates might be

5/ This assumes an average density of 0.8 MT/m3 and calorific value of
.35 toe/MT. Growth rates were estimated for forests only (no data
were available for estimation of shrub growth).

6/ The net growth rate in fuelwood supply in the Altiplano should
decrease with diminished total fuelwood supply, leading to accel,r-
ated exhaustion of fuelwood supply. However, this was not accounted
for in the estimated total projected supply due to lack of data.
The projections estimated here for total fuelwood supply are,
therefore, high.
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suitable for the Altiplano. 7/ There is no evidence of any studies of
species appropriate for use as fuelwood and capable of sustained and
rapid growth in the Altiplano. A visit to a farm near Oruro did reveal
an interesting pattern. Farmers in that area rotate crops every two year
for six years, and then let the land lie fallow. Thola grows naturally
on the fallow land and is used as fuelwood. As noted earlier, thola
growth patterns should be further studied.

The opportunity cost of a hypothetical Altiplano eucalyptus
plantation was estimated at about 84 mills/1,000 kcal, 8/ or 930 mills/
1,000 kcal useful energy. 9/ These costs reflect the fact that planned
plantations in the Altiplano would be, for the most part, dedicated
almost to energy end uses, so that 100% of the reforestation cost can be
attributed to energy. In the short term, the high opportunity cost of
plantation fuelwood in the Altiplano makes it an unfavorable alternative
for household cooking fuel.

Dung. Because of the short supply of fuelwood in many parts of
the Altiplano, dried dung is commonly used as the primary cooking fuel.
It is burned in the "Kery" stove, described earlier. Dried dung has a
lower estimated calorific value than fuelwood (no laboratory measurements
are available in Bolivia), and therefore a greater quantity by weight is
required for the same thermal output. For the purpose of the NEP, a
consumption of 2.6 kg/person/day of dried dung in the Altiplano, compared
to 2.05 kg/person/day for thola. Given an estimated calorific value of
3,500 kcal/kg for Altiplano fuelwood, dried dung has an implied calorific
value of 2,760 kcal/kg to meet the same thermal needs for household
cooking. Using a methodology similar to that used for escimation, for
the years 1980-1985, dung consumption in the Altiplano (about 95% of the
estimated national dung consumption) was 152,058 toe in 1985.

7/ For example, there is a hardy species of eucalyptus that grows in
parts of Australia that has been recommended as appropriate for
study in the Altiplano. Another possibility is the Albezia
Lophanta, which grows at altitudes of about 4,000 meters in Papua
New Guinea. The Canadian International Development Agency (CIDA) is
experimenting with hardy rapid-growth eucalyptus species near
Lake Titicaca.

8/ This estimate was based on a 5 m3/hectare/year yield and
3,500 kcal/kg average calorific value. For the purposes of this
evaluation, it was assumed that there was no opportunity cost of
wood used for fuel, because in most cases wood used as fuel is not
used for other purposes (for example for forest industry
products). In addition, land used for plantations is assumed to
have no opportunity cost, given that most plantations are planned
for land not suitable for farming or other uses.

9/ Based on 9-14% estimated efficiency for the "kery" stove.
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Farmers interviewed in the department of La Paz on field visits
use about half of their collected dung supply for cooking, and the other
half is returned to cultivated land as fertilizer. Many farmers in the
Altiplano purchase urea (rich- in potassium) commercially to supplement
the nitrogen-rich dung for fertilizing crops. In fuelwood-poor areas
visited in Oruro, there are indications that the need ior dung as a
cooking fuel (because of the almost total absence of wood or shrubs
appropriate as cooking fuels) is restricting its use as natural
fertilizer, although no such tendency for the Altiplano as a whole was
quantifiable. However, experience in other developing countries suggests
that increasing energy demand in households and decreasing fuelwood
supplies (indicated by the collection of small plants for fuelwood) will
increase the use of dung as a fuel where other alternatives are not
available. This deprives farmers of an important source of fertilizer,
which would make their cultivated land more productive. 10/

Projections for dung consumption through 1992, based on
expected population growth, showed a demand in 1992 of 169,642 TOE, an
increase of almost 8% over the expected demand for 1987. There have been
no studies in the Altiplano relating the consumption of dung as cooking
fuel to nutrient (fertilizer) deprivation of farmland. Such deprivation
could result in restraints on additional production of agricultural
products, or, if fuelwood supplies are very low, insufficient fertilizer
for present production. For the purposes of the NEP, it has been assumed
that the supply of dung exactly meets demands for cooking and fertilizer,
and that projected increases in dung demand will be met by increases in
animal stock. This must be confirmed through further study. If there
are deficits in fuelwood supply, the subsequent need for additional
cooking fuel could come from dung currently used for fertilizer. Little
is known regarding the relationship between agricultural productivity and
necessary quantities of natural fertilizer (dung) in the Altiplano. This
relationship requires further evaluation before definitive conclusions
can be reached on the impacts of fuelwood shortages in the Altiplano.
There is reason to believe, however, that in areas where there is a
deficit of fuelwood, and where dung is used as a substitute cooking fuel,
agricultural productivity will eventually suffer from deficits in
supplies of natural fertilizer.

Petroleum Products. The primary petroleum products consumed in
rural households, small industry, and commercial establishments in the
Altiplano are LPG and kerosene. LPG is used as a cooking fuel in
dispersed rural areas primarily during the rainy season, when unprotected
wood or dung (usually stored uncovered outdoors) become damp. Rural
towns appear to have less fuelwood or dung available, and so use greater
shares of petroleum products, particularly LPG.

10/ Although no price of dung for use as a cooking fuel was available, a
price of sheep dung for use as fertilizer was about 17 mills/kg.
This figure was obtained in Copacabana, in the department of La Paz.
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LPG and kerosene are available at YPFB distribution centers in
Oruro, La Paz (including El Alto and Rio Seco), and Potosi. Delivery of
LPG (usually in 10 kg bottles) and kerosene to small towns is usually
undertaken by private contractors and truck owners, so that costs in
rural towns include transport from the YPFB distribution centers. LPG
and kerosene are also often available at the revolving regional markets.
In order to obtain LPG for household cooking use, residents must travel
with their empty cannisters, usually by bus, to the nearest town with
available LPG. This often involves a day of travel and, in La Paz and
elsewhere, long lines at the YPFB distribution centers. Rural LPG users
are usually charged for transport of bottles as well. Rural cooperatives
often save costs by sending a collective vehicle to markets for LPG.

Consumption in households varied from one bottle per week to
one bottle per month, or 10-40 kg per month during the rainy season
(December through March). Larger towns use LPG or kerosene as primary
cooking fuels and therefore use larger quantities, about 30 liters of
kerosene per month. In general, distribution of LPG to rural areas was
not considered reliable, and delayed deliveries often leave households
without energy supplies, especially in larger rural towns, which are more
dependent on petroleum products.

In all areas visited in the Altiplano, kerosene delivery was
reported to be regular and reliable. In the dispersed rural households,
kerosene is used almost entirely for small home-made kerosene lamps, and
typical consumption per household is 1 liter/month. In some households,
kerosene is used to light fuelwood, increasing consumption in households
visited to approximately 10 titers/month. 11/

LPG prices were very much dependent on the distance from major
distribution centers. In Achacachi, 12/ for example, which is 98 km from
La Paz, LPG prices ranged from US$2.85710 kg bottle, compared to the YPFB
price of US$1.43/10 kg bottle in La Paz, an implied transportation cost
of about 1.5C/km/10 kg bottle. The picture is further complicated by the
way most rural residents obtain LPG (described above), making the final
LPG price dependent on bus or truck fares to the nearest town or market
that sells LPG. Although consumers are assumed to choose the cheapest
source of LPG, this often does not occur, possibly because there are
other reasons for trips to markets. The full cost of trips to markets
cannot be charged to the cost of LPG if, for example, food supplies are
also purchased. The long lines for LPG at YPFB distribution centers

11/ A Danish study of LPG (Haff and Over Caard, 1983) estimated total
national rural consumption of LPG at about 10% of the total national
consumption, which would have been 196,400 barrels in 1986.

12/ Private haulers bring LPG and kerosene into Achacachi. Kerosene is
sold by a distributor and LPC is sold in various shops (which also
sell gas stoves).
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imply further social costs. In general, however, LPG prices for most
rural households are at least twice the YPFB price. Unlike LPG, kerosene
was almost consistently priced at US$0.24/liter.

Charcoal. Estimates of charcoal consumption in the Altiplano,
all of which is imported from the Valleys and Tropics, and from
Argentina, show that most of the national production is consumed by
National Metal Smelting Company (ENAF) as a reducing agent, mostly in the
Vinto Smelter in Oruro, with relatively limited uses as a cooking fuel.
Charcoal is available in markets in the major cities, and use is limited
to grills in restaurants. 13/

Supplies of charcoal at urban markets appear to be ample.
Prices obtained by NEP inquiries are summarized below. These prices are
more than double the unit price for charcoal delivered in bulk to the
smelters in Oruro.

Table 2: CHARCOAL PRICES IN ALTIPLANO MARKETS

Approximate Distance
Market Price From Source

(US$/kg) (kms)

Mercado Rodriguez
(La Paz) 0.36 164

Rio Seco 0.42 164
Oruro 0.48 n/a

Source: NEP estimates.

Biogas. The MEH signed an agreement with OLADE in 1980 to
build nine biodigestors in Bolivia, three in each of the Departments of
La Paz (Altiplano), Cochabamba (Valleys), and Beni (Tropics), with the
main objective of promoting technology transfer. The plan called for
each department to have one of each of the following biodigestor
designs: China, OLADE-GuatemaLa, and Mexican. INER, the predecessor of
COFER, was selected to coordinate the program in Bolivia. From 1980,
construction of about 23 biodigestors was begun in the various regions of
Bolivia by various public organizations and private concerns, including
the OLADE-MEH project, with various stages of completion and no apparent
coordination.

13/ Charcoal is available by bags o. rpproximately 2.5 kg, or cans of
approximately 4.5-5.5 kg. The cLarcoal in the La Paz markets are
brought from Alto Beni and Carrasco.
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Only two biodigestors were built in the Altiplano, a modified
OLADE-Guatemala in Oruro, and a Chinese biodigestor in Oronco (department
of Oruro). The Altiplano, with average annual temperatures between 7°C
and 11°C, is less than optimal for biodigestor operation. 14/ A solar
hot water heater would be required to maintain temperatures in the
biodigestor, with additional possible need for insulation of the bio-
digestor walls. 15/ These entail extra costs (estimated at US$500 or
more) for the Altiplano biodigestor. The Altiplano is, in one way,
uniquely suited for biogas digestors, in that dung is currently being
collected in enclosed corrals where animals are kept each night, for
cooking fuel and fertilizer. There is no consistent collection of dung
in the Valleys and Tropics.

At approximately 3 m3 gas production/day, or .125 m3/hour, the
gas from biodigestors could probably satisfy cooking and lighting needs.
The opportunity cost for biogas from a one-family biodigestor was
estimated at 51 mills/1,000 kcal, or 102 mills/1,000 kcal useful
energy. 16/ With an additional $500 capital cost for a solar heater, the
opportunity cost of biogas is 57 mills/1,000 kcal, or 114 mills/
1,000 kcal useful energy. A cheaper alternative would be construction of
a greenhouse over the biodigestors for maintaining operating
temperatures.

Because of the lack of data on existing biodigestors in the
Altiplano and absence of a cohesive pilot program, the technology cannot
be recommended for commercialization in the short term. However, the
rising costs of petroleum products, especially in remote areas, suggest
that biogas could be an economically competitive technology in the
future, if technological and social barriers can be removed. This
warrants the creation of a well-organized pilot program and feasibility
study for the region.

Household Lighting

Kerosene. The useful energy price of kerosene for lighting in
rural households in the Altiplano was estimated at 311 mills/1,000 kcal,
with an opportunity cost of 281 mills/1,000 kcal, based on an estimated
efficiency for the crude household kerosene lamps most commonly used
("mecheros") of 8.6%.

Electricity. Electricity is the only current alternative to
kerosene for lighting in rural areas. Rural electric lines in the

14/ Optimal temperatures for biodigestor reactions range from 25-35°C.

15/ CTZ, in coordination with the University of Cochabamba, is building
a small experimental biodigestor with a solar heater.

16/ This assumed a biogas efficiency of about 50%.
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Altiplano, where they exist, are underutilized. Discussions with rural
residents cited high connection costs, estimated at US$400-800 17/ (in
dispersed areas; connection costs in towns would be lower), as a barrier
to electric service. Rural towns with diesel generating units supply
power for illumination and little else (most of these units run approxi-
mately 3-4 hours every night). A great number of these units have been
shut down due to high expenses. The marginal costs of rural electricity
was estimated at between 120 and 370 mills/kWh, or 139-430 mills/
1,000 kcal. However, for most homes in rural areas, electricity is
simply not available, and for the few rural areas where there is a power
line, connection costs are prohibitive. The opportunity cost of
electricity for rural households indicates that it may be more costly
than kerosene. Furthermore, expansion of electric grids to rural areas,
or installation of local diesel electric generators or hydroelectric
plants, is not recommended if there are no productive end uses for the
power. Household illumination is not considered sufficient reason for
the introduction of electric power. This analysis holds true for the
Valleys and Tropics as well.

Irrigation

The lack of irrigation, as discussed earlier, is a major
problem in the Altiplano. Additional irrigation could significantly
increase agricultural production in that region. Alternatives for water
pumping for irrigation are reviewed below.

Solar. Because of the high insolation rates in the Altiplano,
due in part to the high altitude, solar energy has the greatest potential
of the three regions in Bolivia. Daily insolation rates range from 400-
725 cal/cm2, with 2,360-2,530 hours of sun per year. The major appli-
cations include solar greenhouses, crop drying, solar hot water heaters,
and solar (photovoltaic (PV)) water pumps for crop irrigation and potable
water supply.

The use of PV water pumps, with the panels alone costing
approximately US$10/watt, is currently an expensive alternative to diesel
or gasoline pumps, where irrigation by gravity alone is not possible. A
possible exception would be for low-power output PV pumps (that is, low
head and low capacity) in remote areas, where the costs of diesel and
gasoline are high. The opportunity costs of a PV water pump have been
estimated at 120 mills/m3. This is high compared to wind and diesel
water-pumping costs.

Electricity. A recent meeting of farmers in Los Andes province
in the department of La Paz, sponsored by COFER, is seeking funding for

17/ Costs for 200-600 kVp transformer capacity in Chuquisaca.
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rural electrification in the province. Farmers were especially
interested in electricity for water pumps, for irrigation, and water
supply. However, connection costs and potentially high marginal costs of
electric service make this a poor alternative for water pumping, unless
there are multiple productive end uses for electricity.

Wind. Wind regimes in Bolivia can be characterized, in
general, as low to moderate in terms of applications for wind energy.
This virtually eliminates cost effective use of wind energy for electric
generation. In addition, the technology for generation of electricity by
wind is currently beyond the capabilities of manufacture in rural areas
in Bolivia. However, the application of wind to water pumping is
promising at certain locations, and windmills for water pumping have been
used in the past in Bolivia, especially in the Lake Titicaca area in the
Altiplano. Furthermore, there are a number of local wind machine
technologies, advantageous because of their low cost, ease of maintenance
by the user, and availability of spare parts.

Most currently installed windmills in the Altiplano are in the
northern part of that region, and most were installed for pumping water.
The minimum start-up power needed for such pumps require minimum wind
speeds of 1.5-2 meters/second, and no more than. 15 meters well depth.
Optimal wind speeds for water pumping are between 3 and 8 meters/second.
The disadvantage imposed by the Altiplano for wind energy consists of the
low air density at 4,000 meters above sea level. Estimated efficiencies
of components of an Altiplano wind machine are shown below.

Table 3: CONTRIBUTIONS TO SYSTEM EFFICIENCY
FOR WIND MACHINES IN THE ALTIPLANO

Component Efficiency

- ~~~~~~~~~~~~~(%)
Effects of altitude (4,000 m) 66.0
Windmill 25.0
Pump/piston 70.0

System 11.5

Source: NEP estimates.

This system efficiency was used to estimate pumping capacities for a
number of wind sites in the Altiplano for which monthly average wind
speed was available.
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Table 4: WIND WATER PUMPING CAPACITIES FOR SITES IN THE ALTIPLANO

Wind Pumping

Site Velocity Power Capacity Cost

(m/s) (w/m2) (m /hr) (mills/mr5)

Desaguadero 1.52 0.26 2.1 174
Oruro 1.79 0.42 2.4 152

Charana 2.77 1.56 3.6 101

Belen 3.19 2.39 1.7 215

El Alto 3.34 2.74 1.4 261

Guaqui 3.93 4.47 1.3 281
Huarina 4.50 6.71 5.2 70

Calamarca 7.79 34.79 6.4 57

Source: NEP estimates.

Each site would have to be evaluated to determine whether the
need for irrigation exists, and to ascertain the local: crop requirements.
Estimated cost for a local wind machine, with an estimated life of five
years, is about US$1,000/kW. 18/ Long run costs of pumping are given
above for each site. An improvement is needed in the current system of
distribution of wind data from the National Hydrologic and Meteorological
Service in La Paz. Furthermore, collection of reliable data at promising
wind sites should be implemented.

Comparison of Alternatives. For locations with sufficient wind
velocity, wind is the favored technology for water pumping. A cost
comparison of water pumping alternatives for micro-irrigation systems was
based on 20 m /day irrigation requirements, a 5-meter pumping head, and
irrigation for 0.5 hectares of land.

18/ Provided by IAI in Oruro.
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Table 5: WATER PUMPING COST COMPARISON

Technology Cost System Efficiency

(mills/m') (%)

Wind 71 11.5

Diesel
Opportunity cost 83
$0.30/liter 86
$0.40/liter 88
$0.50/liter 90

Photovoltaic 120

Source: NEP estimates.

In the Altiplano, only the sites at Calamarca and Huarina have
sufficient measured wind velocity to be competitive with diesel. Despite
the great resource of solar energy in the Altiplano, its use for photo-
voltaic pumps is currently too costly, although if diesel costs greatly
exceed US$50/liter in very remote locations or is not available, PV might
be considered, where wind is not sufficient to justify wind machine water
pumping. PV might be reinvestigated in the future when the panel costs
are reduced.

Other Uses

Electricity. Electricity can provide power for a variety of
productive end uses in the rural Altiplano. At present, the major
sources of electricity, other than rural electrification through
expansion of the major electric grids, are diesel generators and hydro-
electric plants.

There are major differences between implementation of large
hydroelectric plants ,iId small hydroelectric plants. 19/ The large
hydroelectric plants require a more sophisticated technology, more

detailed feasibility studies, and in general imply much greater
environmental impacts, attributable to the large reservoir required for
the plant to operate. Small hydroelectric plants can accomplish two
goals. One, these plants can facilitate the decentralization of power
supply, in order to better meet local end uses and reduce transmission
costs. Second, small hydroelectric (PCH) potential is often available in
remote underpopulated areas with electricity needs, where there may be no
economic justification for extension of the central power grid. As noted

19/ The standard classification of small hydroelectric plants is as
follows:

Micro < 50 kW
Mini 50-500 kW
Small 500-5,000 kW.
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earlier, the underutilization of power extensions in rural areas is well
documented. Experience in Bolivia suggests a 15-kilometer radius limit
of extension of small hydroelectric grids. 20/

The Altiplano contains part of three major drainage systems,
the Beni River system (part of the Amazon drainage basin), the Pilcomayo
and Bermejo River basins (part of the Plate River system), and an
internal drainage system. 21/ Current small hydroelectric plants have an
approximate installed capacity of over 55 MW, all in the "mini" or
"small" range. 22/ The 14 projects identified in the Altiplano, out of
139 small hydroelectric projects identified in Bolivia, have a combined
potential of 14,024 kW, or approximately 41,231 MWh/year. Estimated
total cost for these projects is US$26 million with a total small
hydroelectric power available in Bolivia of 807,000 kW. The 139
identified current projects have a total potential of 63,592 kW, less
than 8% of the total estimated small hydroelectric potential.

A typical small hydroelectric plant in the Altiplano was
estimated to have a potential of 105 kW, for 100 meters head. Two costs
were calculated based on estimation methodology for total small hydro-
electric plant cost. 23/ The cost of conventional small hydroelectric
technology in the Altiplano was US$2,376/kW, and the cost for non-
conventional technology was US$1,427/kW. Estimates gave long run
marginal costs of 120 mills/kWh for conventional technology and
73 mills/kWh for non-conventional technology. 24/

Non-conventional hydroelectric units have an economic advantage
over diesel generators even at the opportunity cost of diesel. The
following data permits comparison between small hydroelectric plants and
thermal (diesel) generating units.

20/ Costs of a 24.9 kV line are approximately US$8-8,000/km.

21/ The Altiplano system covers approximately 145,081 kin2, an area
encompassing 13.2% of the total superficial area of Bolivia, and
includes the salt Lake Poopo (in the department of Oruro) and the
salt flats of Uyuni and Coipasa.

22/ Of these plants, some are running at reduced capacities, and for
some no information exists on whether they are in operation or not.

23/ The cost formulas used were extracted from an OLADE report on small
hydroelectric plants, for conventional and non-conventional (local
or appropriate) technology.

24/ The estimates assumed operating for 8 hours/day, or 2,920 hours/
year, a 40-year plant life, 12% discount rate, and an increasing
schedule of maintenance sosts.
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rable 6:

Technology Cost

(mills/kWh)

Hydroelectric (non-conventional) 73
Hydroelectric (conventional) 120
Diesel (opportunity cost) 113

Diesel (USM30/1) 133
Diesel (USj40/1) 166

Source: NEP estimates.

The conventional hydroelectric units are nearly competitive
with diesel at the opportunity cost of diesel fuel, but are less costly
than diesel in remote areas, where the costs of diesel fuel are higher.
The great variability of site development costs, stream flows, heads, and

diesel costs must be studied at particular sites when considering
installation of a small electric gener -ion plant. In addition, as
mentioned earlier, productive uses for the electric power must be avail-
able for long-term success of such projects.

No manufacturers of small hydroelectric turbines were
identified in Bolivia. The group operates on a budget of US$5,000/year,
and turbine costs are in the range of US$1,200-1,500. For steam flow
rates of 5 liters/second, Pelton turbines are available for a range of 4-
70 m head (a 40 m head, 60 kW turbine costs US$500-600). In addition,
SEMTA is developing 10 kW micro-turbines for approximately 7 m minimum
head and small stream flows in their El Alto plant.

Charcoal as a Reduction Agent. As noted earlier, most charcoal
produced in Bolivia is consumed in the smelters of Oruro. The poor price
of metal products on the international markets has resulted in dramatic
declines in smelter production in Oruro, resulting in decreased demand
for charcoal (about 80% from the most recent peak of 13,308 TOE in 1981-
85), and resulting decline in charcoal production in the Chaco. Expected
1987 production by the Vinto smelter in Oruro is 8,403 MT of metal
product, which needs about 8,000 MT of charcoal. 25/

Charcoal is supplied in bulk to the smelters of Oruro.
Although in the past the charcoal arrived from the Chaco by train via
Argentina, much of the Bolivian charcoal is currently delivered by

25/ About 1 MT of charcoal is required to process 1 MT of metal
product. About 100 MT of charcoal are now imported annually from
Argentina.
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truck. Prices for Bolivian charcoal obtained from ENAP by CUMAT for
charcoal delivered to Vinto in Oruro by truck are as follows:

Table 7:

Route Price

(US$/MT) a/

From Santa Cruz 130
From Chaco via Santa Cruz 140
From Chaco 150

a/ Includes transportation.

Source: NEP estimates.

Although transport costs were estimated at US$80/MT, transport
costs clearly vary with distance from the place of Charcoal manufacture,
with variation in costs of charcoal production (about US$70/ton) assumed
to be minor. OAS estimated show transportation costs of 70-80% of the
price of charcoal at the Vinto in Oruro. Charcoal imported from
Argentina costs US$82/MT at Villazon, plus US$52/MT transportation to
Oruro. 26/

Regional Institutional Issues

Regional Development Corporations. The regional development
corporations of the Altiplano (CORDEPAZ, CORDEOR, and CORDEPO) are
involved in a wide range of development activities in their respective
departments. However, energy plays a relatively small role. CORDEOR and
CORDEPAZ are planning a number of small hydroelectric projects (PCH) in
their respective departments. None of the three Altiplano development
corporations have collected data on energy consumption in rural areas.
There is very little coordination or contact among the regional
development corporations of Bolivia. Most of the financing for the
corporations, as mandated by national law, consists of a percentage of
corporate profits from major departmental industries. CORDEOR, for
instance, receives financing from the Vinto smelter. The downturn in
smelter operations has resulted in loss of financing for CORDEOR, which
also owns a brick factory outside of Oruro, and other business interests
dedicated to departmental development. The national government must act
to improve financing for the poorer regional corporations (a national
issue currently subject to great controversy vis-a-vis the natural gas
royalties). Furthermore, the corporations should be encouraged to create

26/ There is an additional 20% tax.
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energy departments, with assistance from the MEH, that will allow them to
plan global energy strategies for their respective departments. Greater
coordination on enerSy issues and technologies with other regions should
be encouraged through the Ministry of Planning (to which the corporations
technically report) and the MEH.

Small Rural Development Organizations. There are a number of
rural organizations in the Altiplano which have integrated energy into
their rural development plans, including the earlier-mentioned Plan de
Padrinos (and related Club de Madres), SEMTA (La Paz), and the IAI in
Oruro. The IAI is developing a number of solar technGlogies and wind
machines for rural areas. CORDEOR has maintained no ties at all with the
IAI, although they are currently seeking improved relations. In general
there is very little coordination between the regional development
corporations and small rural organizations dedicated to rural develop-
ment. The regional development corporations involve themselves, in
general, in larger-scale projects.

SEMTA has implemented a variety of development projects in
62 rural communities in the department of La Paz. Part of their work
involves development and implementation of alternative energy
technologies, including solar greenhouses, solar water heaters (for
public baths and public laundries), windmills, and small hydroelectric
turbines. SEMTA maintains a factory in El Alto (Villa Tunari) near La
Paz. The organization, which is non-profit, is funded by a number of
international organizations, including UNICEF (which funded the public
laundry projects), the Inter-American Fund, and GATE/GTZ of West Germany.
SEMTA usually works with rural cooperatives in implementing development
projects in rural communities. Projects are financed through a revolving
fund. The cooperatives pay installments to the SEMTA revolving fund out
of collective finances (SEMTA has worked frequently with seed cooper-
atives, for example). The revolving fund has expanded and this allows
financing of a greater range of rural development projects.

The MEH and regional development corporations should provide
better coordination and support for rural development organizations.
These organizations are the only entities in touch with needs and
development methodology of rural areas in Bolivia. SEMTA in particular
has developed an apparently successful means of financing rural
development projects, where more global organizations have failed.
Furthermore, SEMTA maintains relations with areas where they have
projects ongoing, in order to ensure their continued success. As noted
earlier, many projects in rural energy (biogas is a notable example) have
failed because of poor coordination of technology, poor knowledge of the
rural social environment, and poor or nonexistent follow-up. Rural
development corporations and the MEH should implement the development of
organizations like SEMTA in rural areas where energy needs have been
identified and no such organizations exist.

Rural Cooperatives. Small agricultural cooperatives do exist
on a small scale in parts of the Altiplano, but they are generally not
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involved in energy planning on a provincial, departmental or regional
level. Discussions with cooperatives in the field in the Altiplano
indicated that they utilize the benefits of common trucks for
transportation of products to and from markets, resulting in some
savings. One cooperative planned a small common gravity irrigation
project. The cooperatives take advantage of pooled resources to finance
projects beneficial to members of the cooperatives. All capital costs
for equipment must, in general, be paid up front, because rural
agricultural loans are in general nonexistent. Diesel-fueled electric
generators, used to supply electricity for illumination in small rural
towns in the Altiplano (similarly in the Valleys and Tropics) are
operated by electric cooperatives, who also must fund capital costs by
pooling financial resources.

The MEH and regional development corporations should encourage
relations between regional development organizations (patterned after
SEMTA) and rural cooperatives. These relationships will allow technology
transfer, financing, and follow-up -for rural energy plants in the
Altiplano, and the potential for these plants and productive uses for
power produced should be investigated.

Recommendations

(a) Investment into fuelwood plantations cannot at this time be
recommended due to the very high opportunity costs. The very
high cost of reforestation in the Altiplano is attributed to
poor growth of currently identified species, attributable to
the relatively poor-quality soil and dry climate. Initiate
studies on current life cycle ot thola and other hardy fast-
growing species in various parts of the Altiplano and on the
appropriateness of other local or imported species for
Altiplano climate and soil conditions need to be initiated.
Based on these studies, long-term prGjects for reforestation in
the Altiplano need to be assessed.

(b) Initiate site studies of irrigation needs for cultivated land,
and possible expansion of irrigation systems. Compare wind,
electricity, diesel and gasoline pumping technologies on a
sLte-specific basis.

(c) Continued investment into small hydroelectric plants is
recommended, in areas where there is an advantage over diesel,
and where a productive use for electricity is available.
Considerable cost advantages may be realized if the central
government were to finance development of locally manufactured
turbines and other equipment, with international assistance.
There are very few "micro" hydroelectric plants in the
Altiplano, and the potential for these plants and productive
uses for power produced shoudl beinvestigated.
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(d) Coordinate current information on the applicability of the
various solar technologies in the rural Altiplano. Recommend
and initiate studies which will lead to implementation of
appropriate solar technologies in the long term. The
recommended technologies include solar greenhouses for small
farms, crop drying, and hot water heaters for industrial
applications.

(e) Analyze Altiplano biogas data obtained so far, with the goal of
reducing costs and eliminating technological barriers. Invest-
igate possible sites. Take advantage of information for
successful biogas network in Guatemala to study ways of
improving the local application of the technology.

(f) The following recommendations should be considered in addition
those specified in the main text:

Valleys

Overview

The valleys contain about 31% of the 1985 total rural

population, and 12% of the total area. The Valleys have a greater

resource base than the Altiplano, due to the more temperate climate and

the wide range of agricultural activity that this implies, in addition to

the greater availability of gas and petroleum products. However,

penetration of these products and other commercialized forms of energy

into rural areas has evidently been small, in spite of the fact that

rural electrification has been reported to be as high as 20% in some

provinces in the Valleys (OAS, 1986). Although the rate of deforestation
in the Valleys is not known, a number of reforestation projects
underscore the perceived fuelwood shortages in certain areas. The

dramatic deforestation in the valley of the departmental capital of

Tarija, which occurred centuries ago, and subsequent erosion problems,
are well-documented. Consolidation and further development of rural
agriculture and agro-industry activities are major development goals in

the Valleys.

Fuels for Cooking and Rural Industry

Fuelwood. The estimated wood supply for the Valleys in 1987,
estimated from data from the ERTS program as for the Altiplano, was

333 million TOE. Visits to the department of Tarija revealed that in the
valley in which the city of Tarija is located, where terrain was marked
by deep erosion, fuelwood from naturally growing trees is consumed for

cooking by virtually all rural residents. Households interviewed
indicated that approximately one day each week was spent accumulating a

week's supply of fuelwood. Fuelwood is also used to fire furnaces at the
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brickmakers in Tarija, and by selected bakeries in town. Households
along the way to Entre Rios, 100 km east of Tarija in the subtropical
lower valleys, indicated the use of fuelwood for cooking, to the
exclusion of other energy resources. There was no evidence of fuelwood
supply problems in the lower valleys. Adequate fuelwood supplies were
available in the immediate area. Only two areas in the Valleys are
considered to have shortages in fuelwood supply, in Tarija and in the
province of Yamparaez in the department of Chuquisaca.

Visits to households in rural areas near Tarija showed sole use
of three-stone stoves. Most stoves were located outdoors. There was
considerable variation in hyusehold fuelwood consumption. However, the
survey results 27/ gave an average of 2.67 kg/person/day which was used
to estimate household fuelwood consumption in the Valleys based on rural
population similarly to the methodology used for the Altiplano. This
gave 199,464 TOE fuelwood consumption in 1985, or 36.5% of the national
rural fuelwood consumption. 28/

The UNDP is financing a joint Bolivian-Brazilian program to
improve the efficiency of wood-burning household stoves and foster the
development of fuelwood plantations. 29/ The project is a demonstration
program for both stove improvement and fuelwood plantations. In the town
of Lavadero, in the province of Yamparaez (department of Chuquisaca),
32 families have been chosen for installation of efficient stoves
developed in Brazil, to be constructed entirely from local material. The
site was apparently selected for reforestation and the stove program
because of the small supplies of fuelwood. Twenty-five hectares will be
reserved for the 18-month project. 30/ Discussions with local
consultants participating in the project indicated no plans to study
either the Altiplano "Kery" stove, or to introduce stoves that have been
highly successful in the past in rural areas (the Lorena stove, for
example, developed in Guatemala and exported to Honduras with great
success). The introduction of the Altiplano stove to the Valleys could
result in an annual savings of 66,468-113,945 TOE of fuelwood consumed in

27/ OLADE-MEH surveys of Yungas and valleys in 1981.

28/ A small area in Cochabamba was estimated to consume dried dung for
household cooking fuel, about 8,774 TOE in 1985.

29/ "Plantacion y Eficiente Utilizacion de la Lena como Combustible en
Areas Rurales de Brasil y Bolivia." The UNDP will provide US$28,730
for the project. The program will be coordinated by the MEH, the
Fundacion Centro Technologico de Minas Gerais (CETEC), and the
United Nations Environment Programme (UNEP).

30/ Nurseries at Sirichaca (CDF) and Cieneaa (CORDECH) will be used for
the purposes of the project, presumably for the selection of
appropriate species.
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households in the Valley, or 43-67% of current consumption. Economic
costs indicate that for Yamparaez and Tarija, the most cost-efficient
policy choice would be to improve the delivery of LPG to those areas.
For other areas in the Valleys, there appear to be sufficient fuelwood
supplies to warrant their continued use. Therefore, investment in
reforestation in most areas in the Valley cannot be recommended.

The charcoal producers of the Valleys (in Chuquisaca and
Tarija) consumed 3,507 TOE of fuelwood ion 1985, 46% of the national
commercial consumption of fuelwooc. for charcoal. This reflected an 84.7%
decrease from the most recent peak in 1981 of 22,874 TOE, a function of
the reduction of smelting activities mentioned earlier. The 1985
consumption was 11% of the total rural fuelwood consumption in the
Valleys. The charcoal industry of the Chaco consumes a hardwood species,
"Quebracho colorado," unique to the Bolivian Chaco, with no replanting.
Charcoal is a by-product of Quebracho colorado, the main use of which is
railroad ties. The costs for the manufacture of charcoal are, therefore,
marginal costs.

The sugar industry in the province of Arco in the department of
Tarija consumes relatively insignificant quantities of fuelwood (compared
to consumption by the sugar industry in Santa Cruz) in furnaces in the
sugar refining process. In 1985, 15 TOE of fuelwood was consumed in
Tarija, 2.7% of the total national fuelwood consumption by the sugar
industry for that year, and 86.2% below the most recent peak in 1984.

Projections to 1992, estimated similarly to those for the
Altiplano, estimated an increase of 1.8% to 338,944,000 TOE. Doubling
the consumption rate of 2.6 kg/person/day still results in a net increase
of supply over 1987. The estimated supply in 1992 suggests that the
Valleys will not have a fuelwood deficit even in the long term, if
current growth rates are stable.

Current commercial prices for fuelwood were sought in Tarija.
As in the Altiplano, fuelwood is generally not commercialized in rural
areas in the Valleys. Prices obtained from brickmakers and other
consumers of fuelwood in Tarija averaged US$0.04/kg. Wood is brought
into Tarija from a distance of approximately 5-20 km. The price of
fuelwood in Tarija is representative of relatively fuelwood-poor areas in
the Valleys. Prices for fuelwood in areas in the Valleys where fuelwood
is relatively abundant was not available.

A great deal of attention has been given to reforestation in
the eroded valley of the city of Tarija. PERTT, FAO, and the CDF run
reforestation projects in the department of Tarija (the CDF has
established a nursery in Entre Rios). The PERTT program is considered to
be the most advanced, and the only one which has planned multipurpose use
of reforested areas, including for supply of fuelwood, as well as the
primary objective of erosion control. The program is run by GTZ and
financed by the government of West Germany. The first stage of the GTZ
program, which began in 1984, will end in 1988, and was directed
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primarily towards developing planting methodologies in eroded areas.
PERTT has begun to work with rapid growth local species in addition to
Eucalyptus. Species are being studied for nitrogen fixation and for use
as fuelwood. PERTT has targeted the Camacho River drainage basin between
Concepcion and Padcaya for reforestation. Activities in the second stage
of the project will be directed toward a massive implementation of the
methodology developed in the first stage, with an initiaL goal of
reforesting approximately 500-1,000 ha/year, with a final goal of
reforesting 240,000 ha of eroded land, by a direct seeding program.
Local farmers contribute 30-40% of the labor needs with no direct
compensation from the program.

PERTT estimates that native species grow at app oximately
5 m3 /ha/year, with an expected consumption of wood of 0.5-1 m /ha/ rear.
Eucalyptus and other rapid-growth species grown at about 10-15 m Iha/
year. For native species, 240,000 ha would yield approximately 42,000-
84,000 TOE of fuelwood/year.

The FAO and PERTT are conducting a joint reforestation project,
financed by the Government of Norway, in the upper drainage basin of the
Guadalquivir River.

Reforestation costs in the Valleys were estimated at 270-
349 mills/1,000 kcal. Other than the PERTT program in Tarija (mostly
dedicated to erosion control) and plantation programs in the province of
Yamparaez, reforestation programs in the Valleys were, for the most part,
not concerned with production of fuelwood. However, thinning operations
for these plantations could contribute a sufficient supply of fuelwood
for local use, if a shortage of fuelwood exists. In Tarija, for example,
if energy uses for the PERTT plantations contribute 10% of the cost of
reforestation, the opportunity costs of fuelwood would drop to 27-
35 mills/ 1,000 kcal, much lower than the price of wood delivered from
longer distances. On this basis, continued investment in reforestation
projects is recommended in Tarija in the long term.

Petroleum Products. As in the Altiplano, LPG and kerosene
penetrate rural areas as, respectively, cooking fuel and fuel for
illumination, although kerosene is also used by some households to light
fuelwood similarly to the Altiplano. In Tarija, distribution of LPG is
poor to areas just outside of the city limits, and little LPG is
consumed, although in the city of Tarija, LPG is the predominant house-
hold cooking fuel. LPC and kerosene prices were similar to those
obtained in the Altiplano, and were similarly dependent on distances from
distribution centers. In general, LPG distribution problems in the
Valleys are considered to be similar to those in the Altiplano.

Charcoal. There is virtually no household, small industrial or
commercial consumption of charcoal for energy purposes in the Valleys,
other than insignificant consumption for grilling meats in restaurants in
the larger towns and cities. Charcoal is produced commercially in the
Chaco region of Tarija and in Chuquisaca for use as a reducing agent in
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the smelters of Oruro. Data showed a total capacity for production of

1,263 MT in the Valleys, 64% of the estimated total national capacity.
ANICARVE, se trade association of the charcoal industry (approximately
54 members), provided data indicating that the kilns used an average of
6.78 MT wood/ ton of charcoal product, or 14.8% by weight conversion,
between 1978 and 1982. This is equivalent to about 32% thermal
conversion. This compares with conversion of the commercial, albeit more
costly Missouri beehive kilns (available in Brazil). At an estimated
cost of US$12,000 (about US$3/ton of charcoal product), the conversion of
the Missouri kiln is about 1 MT of charcoal/6 m wood charge. This is
approximately 17% weight basis conversion, and about 36% thermal
conversion. 31/ This would seem to suggest that the technology used in
the Bolivian Chaco is fairly efficient, although the data on which yields
for those kilns were based may not be reliable. Life cycle costs must be
considerably higher for the Bolivian kilns, because they last anywhere
from six months to a year or two (no reliable data is available). The
Missouri beehive has an average life of eight years.

The costs without transport were US$83.24/MT for eucalyptus-
based charcoal and US$37.72/MT for native wood-based charcoal. The
eucalyptus forest is probably a plantation, hence the higher costs.
Costs for Bolivian charcoal given replanting were estimated in an OAS
study in Quime (department of La Paz) estimated the costs of eucalyptus
plantation-based charcoal, including transpcrt to the Vinto in Oruro, was

about US$108/MT (Quime is much closer to Oruro than the charcoal
producers in the Chaco, which are 1,000-1,500 km away). 32/

Opportunity costs of charcoal for charcoal produced from wood

plantations were estimated in an OAS study (Von Borries and Walker,
1986). The following costs were estimated:

31/ Thermal yields v^ry somewhat with the thermal content of the wood.

32/ The charcoal produced from native hardwood in the Chaco region has a
density that varies between 0.53 and 0.78 g/cm3. Although this
density range is suitable for the use of charcoal as a reducing
agent in the smelters, it is considered too high for use as an
energy source. The lower density of eucalyptus-based charcoal is
probably more appropriate.
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Table 8:

Description Cost

(USS/ton)

Cost of wood transport 8
Cost of carbonization 3
Cost of loading and unloading kiln 2

Total 13

Source: OAS,

The estimated opportunity cost of wood from plantations in the Valleys
was US$58/m3 , or about US$72.50/ton of wood. This gives total
opportunity cost of charcoal of US$290/ton, 33/ or 40 mills/1,000 kcal
(approximately 186 mills/1,000 kcal useful energy). This is nore costly
than the charcoal produced in the Chaco (without replanting), but the
cost of transportation to the smelters in Oruro would be considerably
less.

Biogas. Of the 25 biodigestors in Bolivia, 14 were located in
the Valleys, all in the department of Cochabamba, most of which were not
completed or have been shut down because of poor coordination and super-
vision. The Valleys have the required resources for optimal biogas
production: temperate climate, adequate water supply, and availability
of animal dung. Dung is produced amply by small pig farms in all three
departments in the Valleys. Biogas might be appropriate in those areas
of the Valleys where there is not sufficient fuelwood supply, and where
LPG is costly or not available. The plants would be also suitable for
dairy farms. The fertilizer slurry product could be used for cultivation
of "hortalizas." The biogas product is recommended for cooking and
lighting fuel, and, if there is sufficient supply, for water pumping, in
those areas where the opportunity costs of other fuels is higher than
that for biogas. A pilot program and program of education in rural
areas, coordinated on a national level, may be justified if biogas is
found to be competitive in a number of areas in the Valleys.

Comparison of Cooking Fuels. The relatively low opportunity
cost of LPC makes it the recommended fuel for fuelwood-poor areas like
Tarija and the province of Yamparez in Chuquisaca. However, areas where
fuelwood is abundant suggests continued use of fuelwood as a cooking fuel
and fuel for rural industry.

33/ This assumed 5 m3of wood/ton of charcoal.
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Irrigation

Solar. GTZ is planning to install photovoltaic panels for
water pumping at three sites in the department of Tarija. There is no
indication that such units would be competitive at current PV costs with
diesel water pumps.

Wind. Wind machines in the Valleys, with elevation above sea
level ranging from 1,000-3,000 meters, face approximate losses of 18% due
to lower air densities. Average annual wind velocity based on known
sites is about 1.77 meters/second, corresponding to a power density of
0.5 w/m . The best wind potential is in the department of Tarija, for
water pumping, as follows.

Table 9: WIND POTENTIAL FOR WATER PUMPING IN TARIJA

Average Wind Water Pumping

Location Speed Power Density Capacity Cost

(m/s) (w/m) (m5/h) (milis/m)

Yacuiba 2.73 3.6 3.6 101

Tarija 2.26 2.5 2.5 146

Source: NEP estimates.

Neither site is competitive with diesel water pumping, and the
Tarija site would be more appropriate for PV than for wind. Unless
further data on wind sites in the Valleys indicate potential for economic
water pumping, wind machines cannot be recommended as an alternative in
the Valleys. GTZ is studying data from an experimental wind machine for
water pumping near the city of Tarija.

Other Uses

Small Hydroelectric Plants. The first small hydroelectric
plant in Bolivia was built in the 1920s in Epizana in the department of
Cochabamba. It was a privately built plant and the power was used by the
mining industry. There is over 10 MW total installed small hydroelectric
capacity in the Valleys, including 6 mini hydroelectric plants (about 11%
of the total installed capacity) and the balance small hydroelectric
plants. There are no micro plants. Projects currently underway have a
total potential of 33,502 kW.

Costs for a typical small hydroelectric plant was estimated,
similarly to those for the Altiplano. 34/ The results gave US$2,716/kW
for conventional plants, and US$1,619/kW for non-conventional plants
with, respectively, 138 and 83 mills/kWh long run marginal costs. The
conventional plant of the Valleys is less competitive with diesel than
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the conventional plant of the Tropics. With respect to rural
electrification, conditions hold the same as analyzed in the Altiplano
section previously.

Agricultural Production Drying. Agricultural product drying is
one of the major issues in the predominantly agricultural rural sector in
the Valleys, and aji is one of the major crops that requires drying.
Chuquisaca is the leading Bolivian producer of aji, with an estimated 80-
90% of the national annual aji production of 3,215 MT in 1983. 35/ In
the past, the peppers used to produce aji were dried in the sun, a
process that required 10-15 days for the product to reach the required
moisture content of 13-20%. Considerable effort is devoted to turning
the aji every three days. Because of the time required for drying, large
losses often occur due to spillage (30-40% losses due to handling,
spoilage, poor drying and other causes). Losses during humid weather can
reach 70%. CORDECH furthermore estimated an unsatisfied demand for aji
greater than 1,000 MT/year. The study recommended that five communal
aji-drying plants be built, two of them with mills for preparation of
powdered aji, in Luis Calvo province in the department of Chuquisaca.
The plants will be designed to operate 10 hours daily and process 24 MT
of aji in 60 days. 36/

The only operating plant for drying and grinding aji in
Chuquisaca, installed in 1978, is in San Miguel, between Monteagudo and
Muyupampa, and processes aji grown on about 40 ha. The plant operates
56 days/year, with two LPG-fired ovens (32.4 m3 each). The ovens charge
aji at 85% humidity, and in 24 hours reduces humidity to 16%. A second
drying period (5 hours) reduces humidity to 3%. The process requires
110,000 kcal/hour (about 10 kg of LPG each hour). 37/ Sources indicate
that with improved irrigation, aji could be cultivated and processed
6 months/year.

Cost estimates of the LPG drying process were not available,
nor were conversion efficiencies. However, rough efficiencies estimated

35/ Estimated production for 1986 was 3,382 MT.

36/ Investment costs are approximately US$235,280, with an expected
internal rate of return of approximately 54%.

37/ The plant began operating with fuelwood in 1978, and operating
problems forced a changeover to electric burners and diesel grinding
machines in 1980. Further operating and safety problems brought the
change to LPG burners in 1981.
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for consumption of LPG and wood in furnaces allowed calculation of useful
energy costs of 43-54 mills/1,000 kcal for LPG. 38/

Table 10:

Year Number of Aji Producers AJi Processed

(kg)

1983 17 14,400
1984 36 33,200

1985 a/ 27 24,900

a/ 1985 was a very sunn-! year and some producers

preferred natural drying.

Source: NEP estimates.

Solar drying of agricultural products has been used with some
success in Peru. Both natural convection and forced convection systems
are available commercially in Peru and elsewhere. The systems have been
used for drying rice, corn, fish, yucca, bananas, cereals, vegetables,
and aromatic herbs. The efficiencies and drying capacities of such
systems depend primarily on ambient temperature, ambient humidity, and
the product being dried. Given these constraints, the cost for a natural
convection unit for a drying capacity of approximately 300 kg of product
would be approximately US$150, for a reduction in moisture content from
30% to 80%. Based on limited data available, pilot studies of small-
scale solar driers are recommended, and continued use of LPG driers on
for larger-scale operations. The feasibility of drying other
agricultural products in the Valleys should be studied.

Regional Institutional Issues

Like the three regional development corporations of the
Altiplano, CORDECH, CODETAR and CORDECO have not in general focussed on
energy problems in their development activities, with the exception of
electric power. CORDECH has, w;th the aid of the OAS, set up an energy
department, and is currently putting together a budget for a five-year
energy plan. All three regional corporations are financially well-off
relative to the Altiplano corporations. Both Tarija and Chuquisaca are
gas-producing departments, and so receive substantial contributions to
finance regional projects.

38/ This assumed the JUNAC estimate of 38% thermal efficiency for
industrial LPC heaters.
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CODETAR has plans to initiate studies of potential small hydro-
electric sites in the department. CODETAR also intends to study sites
for possible biogas plants. A number of wells were drilled by CODETAR
for use by farmers in the dry Tarija valley. CORDECH and CORDECO have
been involved with reforestation projects, the latter with the
cooperation of the Swiss firm COTESU.

The energy plan for Chuquisaca should be evaluated, and energy
departments and long-term energy plans should be integrated into
development activities in the regional development corporations, in
coordination with the implementation by the MEH of the National Energy
Plan. As with the corporations of the Altiplano, the corporations should
encourage and support the work of rural development organizations (like
SEMTA in the Altiplano), largely absent in the Valleys.

Recommendations

The following recommendations should be considered in addition
to those specified in the main text:

(a) Improve the distribution of LPG to 'rural areas in those parts
of the Valleys where fuelwood is in short supply (Tarija and
Yamparaez province in Chuquisaca).

(b) Examine, on a site-specific basis, the needs for irrigation in
the Valleys and compare costs of pumping alternatives.

(c) Study in various parts of the Valleys, the need and
appropriateness of drying of agricultural products, based on
experience with aji drying and the energy requirements.

(d) Initiate studies on productive end uses for small hydroelectric
power on a site-specific basis. Investments in current hydro-
electric projects in the Valleys total US$67 million (to be
spent within the next ten years). Electric needs for agro-
industry and the cattle industry should be investigated in the
Valleys. As in the Altiplano, the promotion of more "micro"
plants should be studied.

(e) Coordinate with the UNDP program regarding cooking stoves in
rural households.

(f) Study patterns of dung handling on pig farms, ranches, and
dairies, and assess the possibilities for application of
biogas. Study end uses of biogas and compare to opportunity
costs of other energy resources. Recommended sites for pilot
biodigestors as follows:
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Table 11:

Location Department Number of Plants

Valle Bajo Cochabamba 2

Rosario del Ingre Chuquisaca 1

Palos Blancos Tarija I

Tropics

Overview

The Tropics, with 17% of the 1985 estimated rural population of
Bolivia, occupies 69% of the total land mass. Santa Cruz is the
principal center of industrial and agricultural activities (including the
forest products industry). The recent surge in development of the
department of Santa Cruz is due principally to the development of natural
gas fields and increased trade with Brazil. Tropical Beni and Pando have
relatively untouched forests, and potential for development of petroleum
resources. These two departments are the most unpopulated and
undeveloped departments in Bolivia. The naturally treeless pampas of
central Beni supports a major cattle industry. Whereas Santa Cruz is
expanding its cultivated areas, Beni has less than 4% estimated land
developed for agricultural purposes. This is due in part to the annual
floods in Beni. Transportation in Beni is largely by water all year
round (including portage of diesel from Cochabamba to Trinidad and other
towns). The few population centers in Pando can only be reached by
plane. Major products in Pando include natural rubber, bananas and other
fruits, and chestnuts.

Fuels for Cooking and Rural Industry

Fuelwood. The three departments of the Tropics have by far the
greatest per capita supply of fuelwood in Bolivia. There is no
indication of fuelwood shortages. However, well-founded fears of future
shortages are supported by the high speculated rate of clearing for
cultivation, poor management of the forest industry, and high estimated
consumption rates in rural households. Estimated fuelwood supply in the
Tropics is approximately 1.849 million TOE in 1987. Projections for 1992



- 226 - Annex 4

Page 31 of 34

yielded 1.875 million TOE, an increase of over 1%. 39/ This indicates a
relatively small increase in supply for 1992, due in part to aggressive
land-clearing and to poor forest industry practices.

Although no reliable data is available, it has been estimated
that the Institute for Colonialization and Agrarian Reform, with
activities focussed on the Tropics, may be deforesting areas at over
80,000 ha/year. If one assumes an availability in the Tropics of about
.5-1 m3 availability of native species for fuelwood/ha, colonialization
activities could be responsible for the loss of over 12,000-24,000 TOE/
year, or 8-16% of the 1985 estimated household consumption in the
Tropics.

Rough estimates indicate 40-50% losses in cutting, and 40-60%
losses in processing by the forest industry, all of which could be used
as fuetwood. This implies that of approximately 20-25% of forest volume
cut, only 5-10% is utilized.

The consumption of fuelwood for cooking in rural households was
estimated similarly to that for the Altiplano and the Valleys, using a
coefficient of 4.55 kg/person/day. Although enclosed bread-baking ovens
are periodically fired-up, most cooking is done outdoors in three-stone
stoves. Even in the pampas of Beni, sufficient wood is gathered from
within 1-2 km of the households.

Fuelwood is also consumed by the charcoal-producing industry in
the department of Santa Cruz, and by the sugar industry, also in Santa
Cruz. The charcoal kilns of Santa Cruz have a total installed capacity
of 710 TOE (corresponding to 65 kilns). In 1985, the charcoal industry
consumed 4,115 TOE of fuelwood, 54% of the national consumption, and down
81% from the most recent peak in 1982. The sugar industry consumed
547 TOE of fuelwood in 1985, an increase of 34% over 1984, and 97% of the
total national consumption of fuelwood by the sugar industry.

There are few reforestation efforts in progress in the Tropics.
All known projects are in the department of Santa Cruz. The project at
Samaipata grows E. Grandis and other species, on 250 ha. Other projects
in Santa Cruz grow pines on about 110 ha, for a total of 360 ha.

Prices of fuelwood in Trinidad, where LPG is the principal
cooking fuel, range from 9.5-12.7 mills/kg. Wood is brought to Trinidad
from approximately 10 km away. Long run marginal cost of wood from

39/ This included an estimated 326,250 m3/yeir forest industry losses,
which yielded approximately 176,000 m fuelwood losses (from
branches in tree cutting operations, and unused sawdust and other
waste in the processing operations), or approximately 52,875 TOE/
year. The calculation did not include losses to agricultural
expansion.
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plantation, based on a study for a wood combustion plant in Trinidad, a
fuelwood deficit area, was estimated at 233 mills/1,000 kcal.

Petroleum Products. Field visits to Beni indicated that LPG
and kerosene are consumed in and near the larger cities and rural towns,
but that supply is poor. Similar supply problems exist for diesel oil.
Prices for LPG ranged from US$0.21-0.29/10 kg bottle, and for kerosene
from US$0.24-0.48/liter.

Charcoal. The charcoal industry in the Tropics is based in the
Chaco area of the department of Santa Cruz, adjacent to the charcoal-
producing zone in the Chaco of Tarija. An estimated total of 65 kilns
are located in the department of Santa Cruz, with estimated production
capacity of 710 MT of charcoal. Virtually all production is delivered to
the Vinto in Oruro for metal reduction. A possible future market may
exist for charcoal as a reducing agent for the planned development of
steel industry in the department of Santa Cruz. Use of charcoal as an
energy source in the Tropics is considered negligible. Charcoal
production costs are similar to those for the Chaco in the department of
Tarija.

Biogas. Biogas plants may be an alternative in Beni, due to
the great supply of dung from the cattle industry. Unfortunately, local
practices allow cattle to graze freely until they are sent to markets in
Cochabamba or Santa Cruz (ranch owners often do not know how many head of
cattle they possess). The lack of nightly corraling makes the prospects
of collection of sufficient dung for biodigestors dim. Construction
began on a pilot biogas plant near Trinidad but it has not been
completed.

Irrigation

Wind. Wind energy has greater potential for development in the
Tropics than in the Valleys, due to the higher average wind velocities.
The data below shows that Magdalena and Santa Ana are marginally
competitive with diesel for water pumping. Other sites in the Tropics
must be evaluated for wind speed to compare the economic costs of water
pumping.

Table 12:

Power Pumping

Site Density Capacity Cost

(w/m ) (m .5 hr) (m i I IVW)

Trinidad 3.25 2.0 182
Magdalena 5.20 4.0 91
Santa Ana 5.20 4.0 91

Source: NEP and AASANA estimates.
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Precipitation data, also obtained from AASANA, allowed

comparison of rainfall, and indicated lower irrigation needs and wind

speed. This data indicated that wind speeds in Santa Ana and Magdalena
are fairly constant all year, and that, if economically viable, wind

energy could supply water in the dry winter season.

Other Uses

Small Hydroelectric. Small hydroelectric potential in the
Trtpics is substantial, although costs are high due to the low available

heads. Current known in3talled capacity consists of one 50 kW plant,
with capacity of projects underway totalling 16,066 kW. Calculations for

a typical plant, with 10 meters head, l,300liters/second average stream

flow, and 97.5 kW potential capacity, gave costs of US$3,457 for

conventional technology, and US$2,061 for non-conventional technology.
Although these costs are high relative to the Altiplano and the Valleys,

the cost of the competing source of electricity, diesel generation, is

also expensive in rural areas, especially in Beni and Pando, due to the

high costs of transportation. Even so, the conventional hydroelectric
technologies are probably not competitive with diesel generators in

remote areas. The non-conventional technologies, if available, would be

economically favorable. With respect to rural electrification,

conditions hold the same as analyzed inthe Altiplano section previously.

Regional Institutional Issues

The regional development corporations of the Tropics have very

different financial resources. CORDECRUZ has more than sufficient
funding for a variety of projects, due to a large extent to the

profitable natural gas industry in the department of Santa Cruz. They

are aware of rural energy problems within the department, and have
cooperated in studies of alternative energy projects (wind, wood

gasification, and especially small hydroelectric projects). There has

been, as in most departments of Bolivia, little collection of energy data
in rural areas. The problems of deforestation are not being dealt with,
nor does data apparently exist detailing rates of deforestation.
CORDEBEN and CORDEPANDO (especially the lattfr) are drastically short of

funds. CORDEBEN initiated a study several years ago which collected data
in rural areas in four provinces, including energy 4nformation (currently

out of date). CORDEBEN's main problem is to cope with development in the
department given the yearly flooding of large portions of the central

pampas.

Recommendations

The following recommendations should be considered in addition

to those specified in the main text:

(a) Continue support of hydroelectric program, especially in



- 229 -
Annex 4
Page 34 of 34

Northern Beni, where such technologies have lower opportunity
costs than diesel plants. Such projects must be tied into
productive uses of electricity. Suggested productive end uses
in the Tropics include the cattle industry (including
refrigeration), the wood industry, 40/ and other small rural
industries where electric power would be appropriate.
Expenditures on current small hydroelectric projects in the
Tropics total US$41 million.

(b) Conduct studies of wind regimes. At locations where wind is
sufficient for water pumping during the dry season, consider
implementation of a pilot program.

(c) Explore possibilities of changes in dung-gathering i.nfra-
structure for possible implementation of a biogas program.
This could also relieve pressure on wood supplies.

40/ Sources suggest that power from small hydroelectric plants may not

be adequate for high start-up power required for some forest
industry equipment.
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BOL I V I A
PLAN NACIONAL DE ENERGIA
MEH PNUD BK
-------------- ------- POBLACION RURAL

DEPARTAIIENTO 1980 1981 .1992 1983 1984 1983
! --__-- --- ---- -------- -------- ________

La Paz 891,030 905,444 921,036 934,265 948,755 963,956
Oruro 168,035 168,974 169,958 170,590 171,285 171,945
Potosi 549,024 557,148 565,812 574,044 582,834 591,920

* ____.--…… __ -- ---- - --- ___ -- ___ ___ -_ _ - _ -- - ---

TOTAL ALTIPLANO 1,608,089 1,631,566 1,656,706 1,67e,899 1,702,874 1,727,221

I Cochabasba 517,909 525,910 5'4,038 541,735 549,?46 558,326
.Chuquisaca 325,123 3'9,584 3;2,240 339,069 343,615 348,208

' Tarija 136,645 139,469 142,766 145,290 148,298 151,394

TOTAL VALLES 979,677 994,963 1,008,644 1,026,093 1,041,859 1,057,928

* Santa Cruz 387,733 394,956 402,338 409,658 417,204 424,998
I Beni 99,926 101,924. 103,459 105,388 107,047 109,084
* Panda 35,539 36,526 33,071 39,138 40,793 41,944

1 TOTAL TROPICO 523,198 533,306 543,868 554,184 565,044 576,026

TOTAL NACIONAL 3,110,964 3,159,835 3,209,218 3,259,176 3,309,777 3,361,175

FUENTE: Estimacion Propia

01-Jul -87
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B 0 L I V I A
PLAN NACIONAL DE ENERGIA
MEH PNUD BM

ESTI?ADO DEL H!E-. C - '.iECTFEt-'-.

CUENCA DE DRENAJE AREA DG 'RTH.ENTO FOTENICIAL MkW) ENERGIA AN AL
(lillon kWH)

Amtazonas

Rios Itenez 201,100 Santa Cru: 90,000 264
y Hanlre C3chai ha a

aeni
Fendo

Rio qeni IQ2,400 Fntoai 6 1,922
d3 i

I R.o ie Ia Piati 
-- - ---------- 

Rio Pil:02avo 41,700 P:tcsi 46,0!Nd 137
* y Ric Berreji Santa Cru:

ITerii 

Iltiplano 31,?60 Potusi 171,0'(" 5;!
---------__ CrurT

La Faz

TOTAL NACIONAL 4'4,9b0 ?7T: i,73

…
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9 0 L I V I A
PLAN NACICNAL DE ENER6IA
MEH PNUG BD

…--------------------- CONSUMO DE LA P0BLACI04 RURAL

LENA ESTIERCML SE; HIORGCARBUROS FOBLACION RURAL
DE.PARTAN Z Consumidares X Consutidcres X Consumidares Z Hab.

.

ALTIPLAN0

La Paz 40% 384,618 41% ::9,,17a 19 180,260 100% 963,956
Oruro 36X 62,589 3?Z 66,71' 25% 42,642 100% 171,945
Potosi I1% 357,749 d2 118,2a4 ,,, 115,307 100 591,3240

-!ALLES

Tarija 36. 54,502 07. d4% 6,8?2 100% 151,394
Chuqui 55% 190,644 0% 0 '5% 157,564 0iG% 349,209

1 Cochab 65% 360,120 k% :3,Q' 30% 164,706 IV�% 5568,326

TRePTCO

Santa 44% 186,999 0% G S'" 237,9¢9 100' 424,9;6
Beni "0% 76,632 OX d 30% 32,452 10.i% 109,084
Pando 93% 3q,008 07 % 0 7' 2,936 10'0% 41,944

30-Jun-87
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8 0 L I V I A
PLAN NACIONAL DE ENERSIA
MEH PNUD BK

CONSUMO DE LENA EN LA INDUSTRIA DEL CARBON VE6ETAL

D DEPARTAZENTO 1980 1981 1982 1983 1984 1985

Santa Cruz
TN 55,447 49,667 72,763 37,975 2.,927 13,716
TEP 16,634 14,900 21,629 11,392 6,578 4,115

* Chuquisaca
TN 21,560 32,958 17,574 13,140 8,529 5,336
TEP 6,468 9,6V7 5,272 3,942 2,559 1,601

* Tarija
Tn 25,669 43,2iO 20,001 15,201 10,150 6,353
TEP 7,701 12,987 6,00t 4,560 3,045 1,906

1 Total
TN 102,676 1'5,915 110,338 66,316 40,606 25,405
TEP 30,6D3 37,774 33,101 19,895 12,182 7,621

CDNSl'NO DE LEgA EN LA IhOUSTRIA DEL AZUCPR

1 DEPARTAtNENTO 190a 191 19K 1593 1984 1585

Santa Cruz
TN 9,931 9,943 5,1BS 3,560 1,359 1,823
TEP 2,979 2,984 1,556 1,068 408 547

Tari2a
: TN 42 42 122 83 363 50

TEP 13 13 37 25 109 15

Total
TN 9,973 9,990 5,309 3,643 1,722 1,873
TEP 2,992 2,997 1,592 1,093 517 562

FUENTE: Estudio de la OEA

01-Jul-27
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a o L I V A A
PLAN NACIONAL DE ENERBIA
MEN PNUD BM

CONSUH0 iNDUSTRIAL DE CARBON VE6ETAL

DEPARTAMENTO 1980 1581 1982' 1983 1984 1985
-- - -- - --- -- - -- - -- - -- …- -- - -- - - --- ----- -

ENEF
TM L4,i59 1E,356 16,137 9,752 5,989 3,747 1
TEP 10,e45 13,3DB 11,659 7,070 4,342 2,717

HINERIA
a TH 135 217 136 0 0 0

TEP ~~~ ~~134 15-7 99 O O O I

TOTAL
TH 15,144 13,573 1',-273 5,752 5,989 3,747
TEP 10,379 13,465 11,798 7,070 4,342 2,717 1

a a

FUEViE: ANICARVE, E'i;F

01-.aull-37
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BOLIVIA
PLAN NACIONAL DE ENERSIA
MEH PNUD Bt
---- --~ ~------------- Si:FERFICIE ?wC S IRICACION EN BOLIVIA

(0icierbre 1978)

AREA (Hectareas)

1.- Sistemas de irrigacion bajo el control de 5;~rt
a) Sistema Nacional de irrigacion N:.l 'La An;a-tLra' en Cochabasba 6,5900
b) Sistera Nacional de irrigac:ien Na.2 'Tac3gua' en Oruro 3,500

10,000

2.- Pequenos sistesas de irrigacion en otras areas, b0jo el control de
comunidades y asosiaciones campesinas
a) Sistelas de Micro-irrigacion en el A!tipl2no 5,C00
b) Otras areas rurales en el norte, centro y sur de! A!tiplano 5 ,0o0
c) Peque os sistemas en los Valles de La Paz 4,000
d) Pequenos siste4as en los Yalles d? C£cchtal-ba 21,000

l e) Peque.os sisteras en los Vailes de Chuq,'isaca 15,000
f) PequeFos sistemas en las Yalles d3 r^tosi 8,0 0oc

I n) Pequegos sisteas en lcs 'Jall2- le Tartja 3,000
h) Otros sistenas en las areas trccicales 7,000

6 _000

3.- Otros provectos de sistetas de Mr!ros-irr;i-cian e" diferentes partes 10.000
del pais impliientadas por el Eervicio l:-i^nal re Eesarrollo de la
Cotunidad.

4.- El proyectn ee Villa2cntes, con el datr i-ia de 1- Corp.racion Ec!iviEna 4C-
I de Fol;ento

5.- El proyscto de 53ao -lzv:oq (qat . .. r zr 

6.- Area a'ie incluye al proyecto I-ia-vi cA, d- (2) ! :s;ue ertenecen
a los caapesincs (La Paz)

AREA TOTAL BAJO IRRISACION 5* :1.O

FUENTE: Ismael Moantes de Oca, FtfAc-rs:s -lati-a!l es de rolivia',
La Paz, Bolivia. 19K2.

0! - llt' 1-57
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B O L I v I A
PLAN NACIONAL DE ENER8IA
'IEH PNLUD B

PROtECCiON DEL DEFICIT DE IRRIs4CION EN AREAS
CULTIVAUAS

' DESERTPCI0N I976 1986 1995
-_________ ------ ------- -------

Area Cultivada (1,000 hectareas) 2,979 4,100 5,284

Psblacion Total (1,000 nersonas) 4,613 6,612 8,523

Area cultiv da/persuna (has./personi 0.62 0.62 0.62

I Tasa de creciaiento 3.661 2.86%

Areas cultivables bajo irrigacian 89 109 133

Deficit 2,791 3,991 5,151

NOTA: Se asume que el espacia cultivable cer capita permanece constante
Se asute que MACA y el Servicio de Desarrolio de la Comunidad
ampliaran sus sistecas de irrigacion a tasas de crecieiento constantes

(1-Jul-67
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B O L I V I A
PLAN NACIONAL DE ENERBIA
HER PNUD am

COSTO DE REFORESTACION - PLANTACION

I COMPONENTE 1987 1990 1995 2000 2005 2009
… - - - - - _- _

O PLANTACION 0 246 56 70 63 70
O CANINOS FORESTALES 0 18 s 4 4 4
O TALADO Y CONVERSION 0 64 63 83 63 83
: TRANSPORTE 0 122 120 87 87 87
I ALMACENAJE Y DESPACHO 0 23 34 34 34 34
t ADM. Y ENTRENANIENTO 165 383 150 111 163 III
O AREA FORESTAL 0 0 0 0 0 0
I I

* I

O FLUJO NETO DE CAJA (1986 US$1 310 1610 803 732 816 732
1 t

* I
O PRODUCCION (131 0 28400 46400 48400 48400 48400
I I

* I

I I

TASA DE DESCUENTO RATE 10Z 16Z
I I

VALOR PRESENTE NETO 11860 8964
: I

CHLP (WV131 40 50
I I

O CHLP (HILLS/KWH) 11 14
O I

O ENERGIA UTIL.(MILLS/KWH) 190 238
* I

FUENTE: ENDE Estudio de la Planta de Combustion de Le;a en Trinidad

30-Jun-87
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PLAN NACIONAL DE ENEPSiA
HEH PNUD ?1"

INVENTARI13 "E pEn.!,JE0 P2CHEti U1.': EL^t,ITZ2s - 1997

' PROYECTO RIG DEFARTMENT3 CAPACIDA1 EBTADO ACTUAL ORGANIZACION

A LTIPLANO

Apolo S/I La Paz lI;l Pajo Estudio MIN PLANEAMIENTO
P. Acosta S/I La Paz 14,! ,aio Estudio COFER
Fatina S/I Tarija 200 Eajo Estudio COOP.FATIMA LTDA.
Ulla Canuta La Pa: 2>') Vatibili.aj COFER
V. Cangalli Cip:tan La Paz 29) daj Estudio FERRECO

* Lonlava Charazani La Paz 544 cattbi1idad COFER
Todos Santos Todes S&nto. eruro - a ;actibilidad CCRDEDR-CDFER
Sapotwni Saoucuri L Pa: a') Prafact;iilidad IC. MAYO LTCA.
Gritado 5ritada Li Pa: 1400 3iseo Final FEPRECO
Yolosani Y01os3ni La Paz !i!(l Frefactibilidad ENDE
Caranavi S/I La aPz 2 e) iajo Estudio Publico
Janico Jaque Challana La Paz .5 Frefactibilidad ENDE
Churihumani Tiruani La Fa. EIV' -i eactibilidad ENGEI

VAILLES

* Arcue Ballia cchaba^ba S/I

I Tarvita El Salto Chucuisecl 4; ?a)3 Estudi3 COR.ECH
: Poro2a Pangorasi chucuisaca 40 .a:o Estudio CORDECH

Azurduy 'isca Mayu ChXuuisaca 12 e2ajs Estudio COq5rCH
Entre Rios Salinas Cochabaiba 1-' ./! S/I
Chakheri Chakheri Cchaba-ba 44 F2c'ibi1ida2 ENDE
Tapera Mi:que Cocb2araba ES; Fresactibilidad ENKK
Azero Azero Chuquisaca 15r? Factibilidad C(RDECH

* Incachuasi Pcde^ Khocha Chu!2uisaca 17.da) .a EstuJdia CQRDECH
San Jerniiao Hiziue Cochaba-ba !714 Factibilidad ElDrE
Acuas Blancas Ber:ejo Tarija 15' Frf3ctibiiiv5 ES;E

San TelAo Sin Telac Tarija i0 ;ractibi1icad eEI

TFIFICO

Chcchis 5!! Eerta c: ; i . t_
San Isidro S./I .ta Cruz tOY CC'E"-!
San Javier S/I Santa Cruz 12') risetz Final CHRHECRiZ

: Concepci6n i/I Santa Cru: 170- iss5:: ;inal C-RCECzUZ
Valle Grande S/I Santa Cr,,uz 3.) Firia! C PUZECFUZ

: San Ignacio S/I Santa Cre: .Si Sa!O Estudi3 CCR-rECPZ
S.B. Ventura Maije Beni-La Paz 5e,O Pavo Estudio CnFER
Robore S/I S2nta Cru: 5iI CORDECPIUZ
C. Esperanza Beni Seni 5?i Pre'a:tibi!idad ENEE-COPHSEEi1

FCEi .'7: ' r-'ali* :.r2,.... !-.;. --. a._

5nYEt,r, -;al .- : r------ -,-- -- ---
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SQ0L I V I A
PLAN NAClUIOAL DE ENERSiA
HSHH PNUD on

INYENTARIO DE hOLINOS rE VIEATo - i5.7

ITEM LOCALIZACION PROVIIICIA PEPTO. rif4JTRG TIfO CHARACTERISTICAS COMMENTARIO
DEL PrTOR DEL ROTOR

I Batallas Los Andes La Paz Bo;beo de aqua Multiaspas horiz. Fuera de opera.
2 4uatajata Oeasuyos La Pa: ' Botbeo de aqua Multiaspas horiz. Sin infor. add.
3 Chua Col. Nac. Munecas La Paz t Aereo Motor Sin Inform. Id.
4 Pillapi La Pa. Boabeo de aqua Kultiaspas horiz. Id.
5 Curahuara,San Pedro de Sualberto Vil arierl La Paz s;n inf. Eaabeo de aqua Sin Inform. Id
6 Tiquina H.Vapac La Pa- sin inf. Eoobeo de aqua Sin Inform. Id
; raliutacaCQRDEPAZ) Murillo La Paz 3 Aereo 6enerador Multiaspas horiz. Fuera de opera.
E Patac20aya Aroma La Pa: sin in4. Pambeo de aqua Sin Inform. Sin Infor.add.
? Sicasica AroP3 La Paz Sin inf. Eoabeo de aqua Sin Inform. Sin Infor.add.
1. Viacha Ingavi La ra: sin inf. 5oobeo de aqua Sin 1nfors. Sin infor.add.
11 Penas Los Aindes La Pa: 1.2 eeneradar D.C. Multiaspas horiz. Fuera de opera.
12 Ulniv.Tec.gruro Cercado Cruro Boebeo de aqua Multiaspas hori2. En servicio 1
i3 Calonia mefonita Andres luanes Zia. Cr':z Pos4o de aqua Multiasoas horiz. En servicia
14 UMSA UMirillo La Pa: s:m in;. Bogbeo de agua SAPONNLS Sin infor. add.
15 Santa Ana Yacuqa Eeri 2 53teo de agua Multiassas horiz. Fuera de opera. I
16 Racienda Ganadera Yacuvia Beni I.t Seneradnr NC-AC 2 - aspas, horiz En serviio

FL-ENE: nfcr.acion Pe:cpi!ada pnr Ira. Jorge Zarate (1537)

CO"E!NTARIO: Contactos en Sarta ena ee Yaoi,a, repDrtan Pue up .;ro ;nc i
de Yacuwa. estan cperaido 10 genradores eclicos
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