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PURPOSE

The Joint UNDP/World Bank Energy Sector Management Assistance Programme
(ESMAP) is a special global technical assistance program run by the World Bank's
Industry and Energy Department. ESMAP provides advice to governments on
sustainable energy development. Established with the support of UNDP and 15 bilateral
official donors in 1983, it focuses on policy and institutional reforms designed to promote
increased private investment in energy and supply and end-use energy efficiency; natural
gas development; and renewable, rural, and household energy.
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Energy Department of the World Bank. The Director of this Department is also the
Manager of ESMAP, responsible for administering the Programme.
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Execuitive Summary

Energy and the Economy

1. Bulgaria is burdened by an industrial infrastructure originally built on the basis of cheap
energy supplies from the former Soviet Union (FSU). The industry is energy intensive, absorbing
more than half of all commercial energy supplies. The restructuring and streamlining of the
industrial sector is a matter of urgency, as imported energy prices are increasingly related to the
free market. This report describes the issues Bulgaria is facing in the area of natural gas supply
and consumption and makes recommendations regarding gas imports and a possible expansion of
the gas market. Emphasis has been put on issues related to gas demand, and attention has been
given to the major gas-consuming industries. For the steel, cement, and fertilizer industries, we
have taken advantage of the visits and studies made by our staff to also discuss issues in these
industries beyond questions of energy and gas consumption. These industry issues are discussed
in Annexes 3 to 5.

2. Bulgaria is energy-poor. Coal, principally poor-quality lignite, is the only significant
domestic energy resource in Bulgaria, with reserves of 2.6 billion tons, or about 75 years at
current consumption levels. The lignite is used mainly for minemouth power generation and for
manufacturing briquettes for household consumption. Oil and gas resources are insignificant,
although there is exploration activity offshore in the Black Sea and onshore. Russia is the major
supplier of oil and gas. A nuclear power plant (Kozloduy) supplies a third of the electricity.
However, four units at this plant, representing nearly 50 percent of its capacity, are considered
unsafe and are being reviewed for closure. District heating systems in various Bulgarian cities
provide about 25 percent of total final energy. In general, the prices for domestic coal, electricity,
and district heat, which are set by the government, are far below the average long-run marginal
cost of these industries.

3. The Bulgarian Gross Domestic Product (GDP) increased from 1984 through 1988 by
3.9 percent per year on average, before declining about 30 percent over the 1990-93 period. The
economy recovered somewhat in 1994 an,d 1995. Industrial production has also declined over this
period, but this decline has been mitigated by growth in the services sector, which increased its
share of GDP from 31 percent in 1990 to :53 percent in 1995.

4. The principal fuels used in the Bulgarian economy are domestically produced lignite
and imported coal for power generation and generation of heat for industrial and household use;
fuel oil for industrial steam raising and other industrial or domestic heating uses; natural gas for
district heating and industrial uses; and light oil products, briquettes, lignite; and other solid fuels
(mostly wood) for household consumption.

5. As a result of the energy-intensive economy and the very limited domestic energy
resources, most energy has to be imported. These imports consist of more than 99 percent of the
oil and natural gas used by the economy, about 30 percent of the coal on a heating value basis, and
100 percent of the nuclear fuel. Using the normal convention that treats nuclear power as a
domestic energy resource no matter what the source of the nuclear fuel, Bulgaria imports about 55
percent of its energy needs.

1



2 Bulgaria Natural Gas Policies and Issues

6. The pattern of energy use in Bulgaria is significantly different from that of the West
because gas is used almost entirely in the industrial sector and in power and heat generation, and
only a negligible amount is used in households and commercial establishments.

7. The main players in the energy sector are the National Electric Company (NEK),
Neftochim, Bulgargas, the Maritza East Mines, and the Sofia District Heating Company. In the
following, each is discussed briefly in its role as supplier of energy in the Bulgarian economy.

8. NEK is the state power company, producing about 85 percent of the electricity
consumed in the country. The remaining 15 percent is produced by combined heat and power
units (CHP) in district heating and industrial establishments. Nuclear capacity currently amounts
to 31 percent of total generating capacity. Production of electricity from nuclear energy in 1993
accounted for 37 percent of total production.

9. Neftochim is the state refining company operating the large oil refinery near Burgas.
The Neftochim refinery has a nameplate capacity of 12 million metric tons per year, of which about
7 million metric tons are effective capacity. The crude oil throughput in the refinery has dropped
considerably over the last five years.

10. The state monopoly Bulgargas operates a transmission system that is over 2,000 km in
length and runs from east to west with one branch through the Danube plain in northern Bulgaria
and an other through the Thracian plain in the central part of the country, both to the Sofia area.
The diameter of this pipeline system varies from 28 to 40 inches. Several smaller connecting lines
(4 to 20 inches in diameter) branch off from this ring structure to major industrial centers located
throughout the country.

11. As previously noted, the most abundant coTmmercial energy resource in Bulgaria is
coal. Lignite accounts for 90 percent of the coal reserves and is produced mainly in the
southeastern part of the country by the Maritza East Mines Company.

12. District heating plants currently supply about 25 percent of Bulgaria's household
consumption of heat and about 50 percent of industrial heat requirements. The heating plants
produce primarily steam and hot water, but some units also produce power in a CHP generation
process. The Sofia District Heating Company is by far the single largest supplier of district heat in
the country, accounting for a total heating capacity of 4,400 MW, corresponding to 33 percent of
overall heat production capacity, and a heat production of 31,400 MJ, equal to 16 percent of total
yearly generated district heat nationwide.

13. Several government organizations have responsibility for different parts of the energy
sector. The Ministry of Industry has responsibility for (a) Neftochim and two very small refineries
that are being decommissioned; (b) petroleum products distribution and marketing (Petrol); and (c)
marketing of household fuels (Toplivo). Bulgargas, the state-owned company responsible for gas
imports and transmission, is overseen directly by the Council of Ministers (CoM). The Committee
of Energy (CoE) has oversight and policy responsibility for: (a) the electricity subsector; (b) the
gas subsector beyond Bulgargas activities; (c) coal mining, and (d) district heating. The CoE is
independent of any rninistry and reports directly to the CoM. The Committee of Geology and
Mineral Resources (COMGEO), which has policy and oversight responsibility for oil and gas
exploration and production and for minerals exploration, is also independent and reports to the
CoM as well. The only organization that appears to be responsible for the sector as a whole is the
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so-called "Comrnmission to the Council of ,Ministers on Energy and Raw Material supplies for the
Country". This is a standing committee of the CoM and is composed of representatives of various
ministries and energy organizations.

14. The creation of a national energy agency, in which the policy functions of the total
energy sector would be centralized, has been proposed from time to time by various advisory
institutions. A draft Energy Law currently under review, and discussed in more detail below,
proposes the creation of a Ministry of Energy and an Energy Comnission.

15. Under the regime that existed in Bulgaria until the end of 1989, decisionmaking was
centralized largely in Sofia. Over the past few years, however, the top management of most
energy sector organizations has been given increased responsibility. However, responsibility and
authority within the energy sector organizations has to be delegated downward to a greater extent.
This process is underway but still has some way to go.

Gas Sector Overview

16. The domestic Bulgarian gas grid has a ring structure, with Russian gas received in the
northeast, and with the Sofia area as the westernmost point. Russian gas is also transported north
to south through eastern Bulgaria to Turkey at a rate of 5 to 6 bcm per year. A pipeline extension
to supply Russian gas to the Greek border has been completed, and plans exist for pipeline
connections to the former Yugoslavia.

17. In 1993, Bulgaria consumed 4.6 bcm of Russian gas, about 2 bcm less than the peak
consumption in 1990. By 1995 gas consurnption had recovered to 5.5 bcm. Virtually all the gas is
used in the industrial and power/heat sectlors, as household consumption is limited to a few pilot
projects only. Bulgargas owns and operates the pipeline systems as well as a sizable underground
storage (500 million cubic meter working gas).

18. Enduser gas prices are set administratively, currently at 70 percent of the import price
of high sulfur heavy fuel oil. This gas price level is significantly below the real gas import price as
well as below the value of gas relative to heavy fuel oil.

Natural Gas Demand in the Industrial Sector

19. The continuous decline in gas demand from 6.7 bcm in 1990 to 4.6 bcm in 1993 would
probably have been even greater had a full-cost/full-pricing regime been in effect, at the expense of
the state budget. It is clear that the three principal gas-consuming industries-steel, cement, and
fertilizer-have benefited greatly both in the domestic market but especially in the competitive
export markets from government-subsidized energy prices, including natural gas. Questions worth
examining include whether these industries are making economic use of this gas, and whether
perhaps the gas should be redirected using the existing good infrastructure to more economic uses
in other applications such as light industry or power generation, using market-based pricing (i. e.,
true cost) as the mechanism. In its industry visits the mission did not discuss these issues, nor did
it attempt to evaluate the long-erm financial viability of these industries. Based on current
knowledge, however, an attempt has been made to project future gas demand for the three
industries.

a. Steel. The Bulgarian steel industry was developed in the 1950s and 1960s, primarily to
supply the domestic market. It was modernized during the 1970s and 1980s and
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generally made Bulgaria self-sufficient in steel products. About 3 million tons were
produced at the peak in 1989. The steel industry managed impressively to shift to
exports when the domestic market collapsed in the early 1990s. This shift has been
accompanied by improvements in operations that result in international competitiveness
at least in the short term. Gas consumption in the steel industry (about 500 million
cubic meters in 1994) is closely linked to developments in steel demand, composition
of products, and investments in new technology. Overall, natural gas consumption was
expected to increase in 1995, due to increased steel demand, and subsequently to
decrease and level out at about 500 million cubic meters per year from 1996 when the
new, efficient production equipment is in place at Kremicovci, the major plant.

b. Cement. This is the second of the large gas-using industries in Bulgaria, consuming
about 440 million cubic meters in 1994. This is an industry in need of substantial
restructuring, which will influence its energy use dramatically. Bulgaria's six cement
plants are underfinanced and in great need of capital for modernization. None of the
plants possess truly modern manufacturing technology, and they operate predominantly
according to the inefficient wet process that was abandoned in the west several decades
ago. The combined impact of a depressed financial situation, low demand and prices,
antiquated equipment, high manufacturing costs, and noncompetitive cement quality
has put the industry in a situation where it appears inevitable that the number of plants
will be reduced from the present six to perhaps four or even fewer. Bulgaria's cement
industry is gas-based due to historically cheap gas prices. However, as gas begins to
be priced to reflect true cost, cement plants located where coal can be made available are
looking into that alternative, as cement producers in the West have done for many
years. A gradual increase in demand may stabilize or even increase gas consumption
slightly for a couple of years, but gas is forecast to be almost entirely phased out of the
sector and replaced by coal and oil around the turn of the century.

c. Chemicals and petrochemicals. This group of industries consumed about 40 percent
(2.0 bcm) of all natural gas in Bulgaria in 1993, with fertilizer production dominating
the gas-based part of the industry. The fertilizer industry consumed 1.2 bcm. Most of
the feedstock gas is used to produce ammonia. Except for some export quantities, the
ammonia is further processed into mainly three fertilizers: urea, ammonium nitrate
(AN), and liquid fertilizer urea/ammonium nitrate solution (UAN). AN is mostly used
domestically, whereas UAN is targeted at export markets. There is ample room for
investments to modernize the ammonia production processes in Bulgaria, which will
affect energy consumption. Three of the major plants have such investment plans.
With investments, and with the benefits of improving markets, feedstock gas
consumption in the fertilizer industry may recover from its 1.2 bcm level in 1993 to 1.5
bcm in the second half of the 1990s.

Gas Demand Outlook

20. Industrial gas demand is projected to decline from a peak of 4.8 bcm in 1990 to about
4 bcm in 2010, due primarily to reduced demand in the steel industry but especially in the cement
sector (where oil and coal are expected to substitute for gas). Reduced industrial demand could be
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offset by new residential/commercial demand by 2010, given appropriate market conditions and
market incentives.

Supply Security

21. Russia is currently the sole supplier of natural gas to Bulgaria (except for negligible
domestic supplies). Bulgaria is thus linked to a supply source that physically will be available for
generations. Dependence on one supply source, however, raises questions about security of
supply in the technical and political senses, and it also raises questions about commercial
vulnerability. These questions come to the forefront when decisions are made about any expansion
of gas distribution into the residential and commercial markets. The means to alleviate security of
supply concerns are: multiple gas sources, dual firing, and gas storage.

22. In theory, Bulgaria has several options to diversify its gas supply:

* Developing domestic production

* Purchasing (Algerian) LNG at the terminal in Turkey

* Purchasing LNG at a terminal to be built in Greece

* EPurchasing LNG at a terminal envisioned at the Black Sea coast for deliveries to
Romania and Bulgaria

Purchasing pipeline gas from lran/Turkmenistan via Turkey

* Purchasing pipeline gas from Turkmenistan via Russia.

23. However, none of these alternatives seem promising at the moment, including new
domestic gas production. Of the foreign companies working in the Black Sea offshore Bulgaria,
only a Texaco-operated consortium has discovered gas, and this discovery, made in August 1993,
is modest in size. An offshore licensing round in 1995 drew little industry interest. The LNG
alternatives are burdened with political problems relating to supply and transportation routes, as
well as the likelihood of high supply costs and dependence on several project-sponsor countries.
A pipeline project from Iran/Turkmenistan to Europe via Turkey probably depends on large anchor
customers in Western Europe and changes in the political climate. Purchase of Turkmen gas via
the pipeline system of the FSU would 'at best provide a commercial diversification, although
Russia presumably would only let such gas through its pipeline systems if Russia needed to
reroute limited quantities to markets more lucrative than Bulgaria.

24. Except for larger parts of the chemical industry, dual firing is an appropriate security-
of-supply measure for the industry and, in some cases, it would be used as a routine cost-saving
instrument to take advantage of fluctuating energy prices. Gas supply contracts to the industry
would contain clauses about varying degrees of interruptability.

25. Since Bulgaria is a transit country for Russian gas to the expanding Turkish gas
market, and potentially also to Greece and the former Yugoslavia, Russia's Gazprom has a solid
interest in fulfilling contracts for gas deliveries to Bulgaria. Bulgaria should try to benefit
contractually from its transit role by demanding that gas deliveries to Bulgaria have equally high
priority as transit shipments in cases of Russian underdelivery caused by emergency or any other
reasons.
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26. Where this leaves potential residential and commercial gas customers depends largely
on how Bulgarian authorities assess the security-of-supply issue. It seems reasonable to allow an
economically sound expansion of gas supply into residential and commercial sectors, given the
potential for dual firing and an appropriate interruption system for gas supplies to the industrial
sector, a domestic gas storage capacity of 500 million m 3 , and Bulgaria's strategic transit country
status. Since the development of gas distribution systems is a time-consuming and costly activity,
it should be many years before gas volumes to these new sectors would reach levels where security
of supply became a major concern.

Gas Transit

27. Russian gas is transported north to south through eastern Bulgaria in a separate pipeline
system to Turkey. In 1995, 6 bcm/yr was transmitted to Turkey. These volumes are expected to
double by 2002, starting with a 2 bcm increment in 1997. Transit of Russian gas to Greece is
planned at 2.4 bcm/yr. The pipeline to Greece is finished, but the Greeks have not finished
construction on their side of the border. The gas is expected to start flowing in the third quarter of
1996. The construction of the pipeline to Macedonia is finalized in Bulgaria with an annual transit
capacity of 1.5 bcm. On the Macedonian side, however, the pipeline is not in place. Finally, a
connection with Serbia is currently in the design phase with potential volumes of 1.5 bcm/yr.

28. For transit services, Bulgargas receives a fee that is paid in kind. In addition, and more
significantly, Bulgargas has been receiving a substantial proportion of its total gas imports in kind
as payment for previous pipeline construction. Together, these two elements accounted for about
60 percent of Russian imports in 1994. This barter arrangement under the Yamburg Agreement
expires in 1996, with potentially serious price consequences.

Prices

29. In competitive gas markets such as the United Kingdom, Canada, and the United
States, prices at the wellhead are freely negotiated between buyers and sellers; in some markets
gas-to-gas competition exists and wellhead prices have dropped as a result. Prices to gas
consumers, meanwhile, can be regulated, but this is usually not the case for industrial customers
and power plants that normally have the capability to burn alternate fuels such as residual fuel oil or
coal, because if gas prices get too high, consumers will switch to the alternate fuel. However,
where customers do not have dual-firing capacity (e.g., residential consumers), regulators may
protect the interest of these captive customers by approving the prices the gas distribution
companies can charge for gas.

30. In Bulgaria, gas prices are not determined competitively. The Pricing Commission sets
prices for industrial customers and district heating plants at 70 percent of heavy fuel oil with 3.5
percent sulfur. In turn, prices of fuel oil are currently tied to the Mediterranean spot prices of high
sulfur (3.5 percent S) heavy fuel oil. The bi-monthly adjusted high-sulfur fuel oil price in Bulgaria
equals the sum of (a) the average Genoa spot price for that commodity over the past half month,
(b) the transport cost from Genoa to Burgas for fuel oil, and (c) the relevant excise duties. To
convert the resulting US$ amount into leva, the average exchange rate of the past half month is
applied.
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31. The Committee of Energy has indicated it would like to see gas prices rise and actually
exceed the parity price for heavy fuel oil because of the premium qualities of gas reflecting
environmental and convenience factors. ]In other countries, the market value of gas where it
competes with fuel oil would be 10 to 20 percent higher due to higher efficiency and environmental
factors. In industries where gas is compeling with diesel oil or LPG, the market value would be
double or more that of fuel oil. In residential and commercial sectors, gas is generally competing
with heat provided by district heating, electricity, LPG, and other fuels. These fuels all have a
high market value, and consequently the market value of gas would be high.

32. The market value of gas in Bulgaria is calculated at approximately $90/lOOOcm, where
it competes with fuel oil (including a 20 percent premium), and higher in other uses. This is close
to the estimated cost of importing ($80lOOOcm) and transmitting($11/1000cm) the gas, but
substantially exceeds the Price Commission's fuel-oil-based value, estimated at $53/lOOOcm.

33. Gas prices today are lower than they will be at the end of 1996, when the Yamburg
Agreement for the barter arrangement with Gazprom expires and substantial volumes of in-kind
gas will no longer be available. Raising the consumer gas price for all volumes to international
levels at the border is a serious problem for the country and recognized by all the parties met by the
ESMAP missions because of the impacits on consumers living on fixed incomes and some
industrial consumers. Most people, however, recognize that subsidies for the entire country, paid
for by the government, are not sustainable in the longer term.

Natural Gas in the Residential and Commercial Sectors

34. Bulgaria is the only country in Central and Eastern Europe that uses gas only for large
industry and power and heat generation. The residential and commercial sectors, as well as small-
and medium-sized industry, currently have no access to gas. With but a few exceptions there are
no gas networks in cities, residential complexes, or industrial areas. Any gas distribution network
will thus have to be built from scratch.

35. The final energy consumption of the household sector amounted to 3.33 rnillion toe in
1994 (i.e., an average consumption of 395 kgoe per capita). Households thus represented 31
percent of the final energy consumed in the country. Nearly half (43 percent) of the energy
consumption in this sector consisted of secondary energy (electricity and district heat). The
balance was met by solid fuels, mainly brown coal briquettes, and oil products. Although gas is
widely used as primary energy for heat generation, no gas is directly consumed by households.

36. The average energy consumption per household amounted to 11.8 Gcal per year, a low
figure by Western standards. Neither energy supply nor energy appliances meet the real energy
needs of the households. Although most energy products are still heavily subsidized, limited
income hampers the access of households to energy, and suppressed demand is considered
significant.

37. Electricity is by far the major source of final energy. In addition to captive uses, such
as lighting and electric appliances, 42 percent of urban households use it for space heating, either
as a single source (25 percent) or in combination with solid or liquid fuels (15 percent) or even
district heating (2 percent). Although district heating is not as widely used as in other Central and
East European countries, it supplies 25 percent of the urban households. The balance of 33
percent of urban households is supplied by solid fuels and oil products.
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38. From a general standpoint, typical gas uses in the residential and commercial sector are
space heating, water heating and cooking. Two major technical options can meet all or part of
these needs in dense urban areas.

Option A consists in installing a gas boiler for each apartmentblock, or a group of
apartment-blocks, called a block boiler. This option is clearly cheaper where buildings
are already pre-equipped with hot water piping. Gas is used for space and water
heating, but not cooking. The major drawback of the option is that it does not allow for
individual billing, thus preventing households from feeling accountable for heat
expenses.

* Option B is a fully decentralized system whereby gas is used for space heating, water
heating and cooking. Gas piping supplies gas to each gas appliance. Capital
expenditures for this decentralized option are higher than for block boilers discussed
above. However, it gives the household full control over the use of gas and the gas
bill. In addition, the system's global efficiency is slightly better than in Option A since
no heat is lost in the water piping located inside the building.

* Option C, suitable for individual houses, has also been considered.

39. Data are lacking on Bulgarian household energy use. Specific household gas
consumption has therefore been estimated with figures commonly used by West European utilities
operating in similar climatic conditions. As a result, net energy demand for space heating and water
heating is estimated at 11,220 and 10,560 Mcal/year for Options A and B, respectively.

40. The cost of construction is made of three main components: the street pipeline network,
the service line to the dwelling, and the gas appliances. Costs are extremely sensitive to urban
density, which varies significantly. The following figures are thus intended to give a tentative
average cost estimate. The appliances represent the largest share of the investment. For Option A
total investment cost amounts to US$1,150 for an apartment in a typical medium-size
apartmentblock where heat is supplied by a block boiler connected to an existing hot water system.
For Option B the cost is estimated at US$1,410, and for Option C US$1,820 for a double-family
house.

41. Economic benefits of residential gas distribution will vary significantly depending on
the energy sources that will be displaced. Among them, district heating and electricity are used by
66 percent of the urban households for space heating. Because gas can be used directly in the
dwellings (Option B) or close to them (Option A), substituting natural gas for the currently very
inefficient district heat systems or electricity would generate significant savings of primary energy.
However, to the extent that some existing district heating systems can be economically
rehabilitated-for example, in Sofia-some of these hypothetical savings would not be achieved.
Since these projects are expected to significantly improve the global efficiency of district heating
systems, competition between gas and district heat may remain limited to remote districts located
far from the main heat source or to areas where the technical conditions of the heat network make it
more economic to interrupt heat service and replace it with direct gas.

42. Based on various technical assumptions, the average yearly savings of primary energy
generated by shifting from the current gas-based district heating to direct natural gas are estimated
at 1,030 cm of natural gas per dwelling, or about $110 per household.
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43. Primary energy savings that could be achieved by shifting from electricity to natural gas
are likely to be even larger because the overall efficiency of electricity is even lower than for heat
systems. Substituting gas for electricity would save about 1,100 kgoe of fossil fuel per household
per annum. Although it is not possible to allocate electricity consumers to any particular primary
energy source, a major benefit from substituting natural gas for electricity would come from
reducing the load of the hazardous units of the Kozloduy nuclear power plant.

44. Energy prices to the residential sector remain far below true economic cost. For
example, in mid-1994 the yearly bill of a typical household using electricity for space heating and
water heating was about 4,200 leva ($85), less than one-quarter of the economic cost. The gap
between the price and the economic cost of district heat is even larger because households are
charged a flat rate, regardless of the amount of heat actually consumed. It is clear that natural gas
cannot currently compete with subsidized energy sources without marketing incentives to facilitate
household access to gas, including financial assistance for the service line and the purchase and
installation of gas appliances.

45. The current potential residential market for natural gas consists of 29 large and medium-
sized cities that are already connected to, or located close to, the Bulgargas transmission grid
These cities comprise 3.7 million people and close to 1.2 million dwellings, representing 65
percent of the urban population of Bulgaria. The penetration of natural gas will depend on several
factors, most importantly the ability of the potential market to afford both the price of gas and the
cost of the up-front investment.

46. In mid-1994, the yearly energy bill for an average household ranged from $33
(briquettes) to $85 (electricity), $119 (district heat), and $222 (fuel oil) At current price levels, gas
would be unable to compete with the sources of energy that are heavily subsidized. If full
economic costs were charged, however, yearly bills would amount to $356 for district heat and
$384 for electricity, close to the $366 and $392 for gas Options A and B, respectively. Improved
quality of service is likely to provide ihe incentive that gas would require to trigger market
penetration.

47. The second obstacle with which gas distribution will have to cope is the ability of
households to pay for the up-front investment, ranging from about $800 to $1,400 per household,
depending on gas options. Both the rapidity and the magnitude of gas penetration, and thus the
utilities' revenues, will clearly rely heavily on the market incentives that will be offered to the
potential customers to finance this expenditure.

48. Assuming these pricing and financial obstacles can be overcome, gas penetration in the
residential sector could be expected to reach about 30 percent of the potential market at the end of a
eight to ten year build-up period, and up to 45 to 50 percent in the longer term, similar to West
European countries that also import most of the gas they consume. Gas penetration is expected to
be easier and quicker in areas where district heating is used.

49. In addition to the residential sector, the so-called commercial sector includes a wide
range of buildings, publicly or privately operated, such as hospitals, schools, holiday and sports
centers, retail stores, restaurants, and office buildings. The commercial sector should not be
overlooked, since it is likely to represent a significant share of the potential market, although both
public and private services are far frorm being as developed in Bulgaria as they are in fully
industrialized countries. The limited information available on commercial sector energy
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consumption indicates that it is about 20 percent of the residential sector. However, whether gas
penetration in the commercial sector would follow that of the household sector is not easy to
predict.

50. Our forecast of potential gas consumption in the residential sector at plateau (after an
eight to ten year build-up period) in 29 cities totals some 700 million cubic meters per year, with
slightly more than 400,000 households connected (a penetration rate of about 33 percent of the
total number of households of the cities concerned). Gas demand in the commercial sector has
been assumed at a flat 20 percent of the residential demand, or 140 million cubic meters per year.

51. The amount of gas needed to supply the residential and commercial sectors would total
840 million cubic meters per year. However, since gas is already largely used in less-efficient
district heating systems, converting even a limited number of district heating customers would
actually translate into substantial gas savings. Incremental gas demand would thus be limited to
613 million cubic meters per year. In addition, 300,000 toe of solid and liquid fuels would be
saved from converting individual fossil fuel consumers to gas.

52. Other energy savings would result from about 210,000 households shifting from
electricity to natural gas. Assuming a specific consumption of 6,000 kWh per year per household
for the three domestic uses, the electricity savings would near 1.5 TWh per year in both the
residential and the commercial sectors when plateau is reached. In terms of peak demand, savings
would amount to 773 MW of net electric capacity, which is more than the capacity of one older
tranche of the Kozloduy nuclear power plant.

Industry Structure and Institutional Setting

53. The Bulgarian natural gas industry structure is dominated by state-owned Bulgargas,
which is under the direct supervision of the Council of Ministers but is not regulated under any
specific law. The company has no official supply monopoly for gas, although it is currently the
only importer of natural gas and has a monopoly for high-pressure transmission gas to district
heating companies and industries. Its transmission capacity for domestic consumption (i.e.,
excluding transit gas) is 7 bcm/year (which could be increased to 10 bcm), whereas consumption is
only 5.5 bcm, resulting in excess capacity. Currently there are no plans for the privatization of
Bulgargas or other companies in the energy sector.

54. Gas distribution companies have been established in several cities to promote the
construction and the operation of future residential and commercial gas networks. However, these
companies have remained idle, as further development is currently hampered by the lack of an
institutional and regulatory framework within which both financing and operations could get
started.

55. A joint-venture investment company, Topenergy, has recently been formed with
Russia's Gazprom with the objective of modernizing the transit pipeline system. Internal
transmission and gas distribution will not be part of its business, and there will be no change in
ownership of existing pipelines. The company plans to invest $300 to 500 million in infrastructure
for transmission, in particular for transit of gas to Turkey, Macedonia, Serbia, and Greece. As of
January, 1996 the ownership of the share capital of 120 million levas was as shown in Table 1:
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Table 1: Ownership of Share Capitol of Topenergy

Company Share (%c)

Gazprom 50

Bulgargas 25.1

Multigroup 8.25

Overgas 8.25

Bulbank 3.2

First Private bank 3.2

Himimport 2

In addition to its 50 percent share of the capital, Gazprom also owns 50 percent of Overgas, whose
objective is to distribute gas.

Recommendations

56. The World Bank/ESMAP recommends the following with respect to industry structure:

* In the near term, maintain Bulgargas as a merchant pipeline until

a. Alternative gas supplies are available. (This could be domestic production, or
supplies from sources other than Gazprom, such as LNG or supply from
neighboring countries.) or;

b. Privatization becomes an issue.
* In the longer term, privatize Bulgargas, but strictly as a hybrid pipeline, which

incorporates some of the operating characteristics of both merchant and open-access
pipelines, and with separate merchant and transportation subsidiaries. ESMAP would
not recommend privatizing the company as a merchant pipeline because of the potential
for abuse of its monopoly power. When the Government is willing to privatize, we
think most Western investors would not want to acquire Bulgargas until they know,
among other things, the regulatory rules, that prices reflect costs, and that consumers
are paying their bills.

* Encourage a policy for diversifying gas supplies on an economic basis.

* Keep transportation and distribution separate as different legal entities.

* To protect against the potentiatl abuse of monopoly power, forbid any producer/supplier
or customer to have a controlling share in a transmission company.
Producers/suppliers also shouild not control the distribution function.

e A number of private, independent, local distribution companies would bring more
actors into the industry to develop the market, with a multiplicative impact on business
initiatives and potentially with a positive impact on access to private capital.
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* Although distribution companies do not usually compete directly against each other,
transparent operations and costs should form the basis for "competition by
comparison", which would be a valuable tool for the regulating body in the approval of
distribution tariffs and service levels.

* Bulgargas is now the aggregator of demand and plans to sign long-term contracts for
gas supplies. With open access available, a supplier could, in theory, sell gas to
Bulgargas at one price and then use open access to sell gas to one of its customers at a
lower price. Such an arrangement would have serious financial implications for
Bulgargas and needs to be controlled. Therefore, Bulgargas should negotiate contracts
that are flexible in terms of volume and that restrict the supplier's ability to undermine
the contracts.

Draft Energy Law

57. An institutional and regulatory framework that governs all gas transmission and
distribution activities in Bulgaria is needed. As noted above, responsibility for energy activities
and policies is shared among several state organizations. A new energy law, currently under
review, recommends the establishment of an energy ministry to consolidate many of these
functions. If introduced, this would be a major step forward, as the cost of energy, and its
security, are important issues for Bulgaria. Formation of a Ministry of Energy is also consistent
with a previous Bank recommendation in its 1992 Energy Strategy Report. What is important is to
have an individual at the ministerial level responsible for energy, although the same minister could
be responsible for more than one sector (e.g., Ministry of Energy and Mines).

58. The Draft Law leaves responsibility for the upstream oil and gas activities with the
Committee of Geology and Mineral Resources. It is very important that Bulgaria encourage
development of its indigenous gas resources to reduce, to the extent possible, reliance on imports.
Many countries have upstream agencies that are responsible for maintenance of the exploration and
producing data banks, promotion activities, issuance of perrnits to conduct seismic exploration,
drill wells, install producing facilities, build gathering lines, and so on.

59. Although World Bank/ESMAP think that competition is preferable to regulation, it sees
a need for an independent regulatory agency to oversee the natural monopoly of gas transmission
and distribution. The draft Energy Law indicates that an Energy Commission will regulate the
natural monopolies in the energy sector (i.e., electricity and natural gas), and ESMAP supports the
recommendation.

60. Energy regulatory boards or commissions have worked well in other countries (e.g.,
Canada and the United States), and, if introduced, they should be a positive development.
However, to be most effective, these boards need to be (a) insulated to the greatest extent possible
from political pressure so that they are seen by the public and industry as "independent," (b)
properly staffed with talented professionals, and (c) financially self reliant by relying on user fees
or, if this is impossible, assured of an adequate budget to hire professionals and carry out their
mandate. The new agency can achieve credibility with the public and industry by establishing a
record of objectivity in its assessments, transparency in its decisionmaking, and independence of
political interference. Developing such a reputation will require the agency to attract quality
personnel, publish well reasoned decisions, and follow appropriate operating procedures.
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61. The draft Energy Law provides for gas prices to be administered by the Government
(Article 7). This seems reasonable in the short term but, in the longer term, ESMAP recommends
that prices be market related.

Gas Distribution Franchises

62. Although Bulgaria has extensive experience in gas transmission, it has had limited
experience in gas distribution. ESMAP endorses tendering of gas distribution franchises to foster
competition and stimulate innovative solutions to local problems, often resulting in lower costs.
The Government should consider inviting bids from foreign joint-venture partners with operating
experience in gas distribution. Many countries are doing this today and finding that it provides
opportunities for reducing costs of investmant and of operations and maintenance, and provides an
incentive for the franchises to offer good service. Moreover, foreign direct investment from
experienced operators is a good way of increasing capital supply.
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Energy and the Economy

Introduction

1.1 Bulgaria is an energy-poor country with an energy-intensive industrial infrastructure
that was built mainly during the post-World War II period. Until 1989, when the Communist
government fell, the country had a highly centralized economy, with government control extending
over almost every economic activity. The government's objective was to transform a rural,
agriculture-based economy and culture into an industrial society. This led to an economy
characterized by the development of energy-intensive industries such as iron and steel, chemicals,
and cement, together with large-scale power generation. Because the country is poorly endowed
with energy resources, it has had to rely heavily on cheap energy imports from the former Soviet
Union for its related energy needs. The technology used in Bulgarian industry is generally much
less energy efficient than that used in the West. As a result, the energy intensity of Bulgaria's
GDP (energy consumption per unit of GDP) is significantly higher than for a comparable market
economy. Moreover, the country's economy reflects a large energy import dependency, with
Russia and Ukraine the most important suppliers of Bulgaria's oil and natural gas.

1.2 Bulgaria's endowment of energy resources can be characterized as rather poor. The
main fossil fuel resource is coal. The reserves of coal are estimated at about 2.6 billion tons, with
lignite accounting for about 90 percent of these reserves and bituminous coal for the remaining 10
percent. Over 95 percent of the lignite reserves are located at Maritza East, in the southeast of the
country, and these are sufficient to sustain the present use of lignite in the three minemouth power
plants and the briquette factory there for another 75 years. The lignite has a low heating value
(about 1,500 kcal/kg) and is also otherwise of poor quality (about 2 percent sulfur). As a result, it
is uneconomic to transport the lignite over long distances, and it will therefore continue to be the
main fuel for power generation at pithead power plants and for the generation of steam for nearby
industries.

1.3 The country's small initial reserves of oil and gas have declined steadily, and remaining
reserves are now estimated at 3 million tons of oil equivalent, or less than three months of the
country's petroleum consumption.

1.4 Domestic hydropower potential is also limited by the absence of large rivers with
substantial drops in altitude. Although the Danube forms the country's northern border with
Romania, it has no big altitude drop along this stretch. The hydropower capacity of about 1,975

1 5
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MW accounts for only about 16 percent of the domestic installed electricity generating capacity and
an even smaller percentage (about 5 percent) of power production.

Macroeconomic Performance

1.5 Bulgaria's Gross Domestic Product (GDP) increased from 1984 through 1988 by 3.9
percent per year on average, although at an uneven rate. In 1988 the economy slowed
substantially, and in 1989 GDP growth became negative. In 1990 and 1991 Bulgaria experienced
declines in GDP of 9.1 percent and 11.7 percent respectively. These declines continued during
1992 and 1993, with less severe drops in GDP of 6.0 percent and 5.0 percent respectively. The
cumulative decline of GDP over the period 1989-93 amounted to just over 30 percent, but 1994
and 1995 finally saw some positive growth. Figure 1.1 gives an overview of GDP performance
over the period 1984-95. Some additional figures on key economic data are given in Table 1.1 and
the same information in index form is represented in Figure 1.2.

Figure 1.1 Growth of Bulgarian GDP 1984-1995
(percent per year)
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Table 1.1 Key Economic Data 1990-1993

Key data 1990 1991 1992 1993 1994 1995

Per capita GNP (1990 $US) 2,178 1,508 1,420 1,220 1,250 1,340

Gross Industrial Production
(mnillion 1990 BGL) 23,274 18,947 17,621 16,123 15,478 15,478

Primary Energy Consumption
(Million Tons Oil Equivalent) 10.523 9.573 9.614 10.266 10.152 N.A.

The same information in index form is represented in Figure 1.2.
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Figure 1.2 Key Economic Data, Indexes (1990=100)
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1.6 Bulgaria's economy was tightly integrated with that of the former Soviet Union (FSU)
in the period after the World War 1[; much of the trade with the FSU and East European countries
was in the form of barter. The disintegration of this trade, together with the overall contraction of
East European economies, caused a considerable decline in Bulgarian exports. This decline was
worsened by the tightening of United Nations (UN) sanctions on the Federal Republic of
Yugoslavia (FRY) and the recession in Western Europe and contributed substantially to the overall
decline in industrial production shown in Figure 1.2.

1.7 The service sector of the economy grew significantly from 1990 to 1993, from 31
percent to nearly 53 percent, and appears to have stabilized at this level. Table 1.2 provides more
details and shows 1993 data for Western Europe for comparison.

Table 1.2 GDP by ',ector (percentage of total GDP)

1993

Sector 1990 1991 1992 1993 1994 1995 W. Europe.

Agriculture 17.7 15.4 13.9 12.0 12.7 12.9 3.5

Industry 51.3 48.0 44.7 35.3 34.6 33.9 35.3

Services 31.0 36.7 41.4 52.7 52.7 53.2 61.2

1.8 The figures in this table reflect a structural change in the economy from an industrial-
oriented economy to a services-dominated one. The relatively rapid growth of private services
(financial services, transportation, foreign trade, restaurants and catering, etc.) demonstrates that
structural reforms have advanced furthest in this sector.

1.9 The overall decline of agricultural GDP is about 30 percent since 1990, the last
prereform year. Private agricultural GDP, however, increased by 33 percent since 1990. The
overall decline is therefore almost exclusively due to the collapse of state participation in this
sector, partly because of the land restitution program under way in Bulgaria and partly because of
the 1993 drought.
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1.10 In 1993 Bulgaria's trade balance worsened considerably, to a deficit of US$886
million, compared with a deficit of US$213 million in 1992 and a surplus in 1991. The increase in
imports, from both Western Europe and Russia, was concentrated in consumer goods and raw
materials and was caused by the soaring domestic demand. However, the trade balance has
improved dramatically to surpluses of US$151 million and US$336 million in 1994 and 1995,
respectively. Figure 1.3 gives an overview of the trade balance from 1992 to 1995.

Figure 1.3 Trade Balance (US$ million.), 1992-95
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Energy Balance and Consumption

1.11 The principal fuels used in the Bulgarian economy are domestically produced lignite
and imported coal for power generation and generation of heat for industrial and household use,
fuel oil for industrial steam raising and other industrial or domestic heating uses, natural gas for
district heating and industrial uses, and light oil products, briquettes, lignite, and other solid fuels
(mostly wood) for household consumption.

1.12 As a result of the energy-intensive economy and the very limited domestic energy
resources, most energy has to be imported. These imports consist of over 99 percent of the oil and
natural gas used by the economy, about 30 percent of the coal on a heating value basis, and 100
percent of the nuclear fuel. Using the normal convention, which treats nuclear power as a
domestic energy resource no matter what the source of the nuclear fuel, Bulgaria imports about 55
percent of its energy needs. For an economy that is so energy intensive this is a rather high figure,
highlighting its energy import dependency. Most of these imports are from the FSU, primarily
from Ukraine and Russia. Table 1.3 shows the various fuel inputs for primary energy
consumption, divided between domestic production and imports.
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Table 1.3 Production, Imports, and Gross Consumption of Primary Energy, 1994

Domestic Production Net imports Gross energy consumption

Fuel type 1,000 toe Percent 1,000 toe Percent 1,000 toe Percent

Solid Fuels 5,215 51.4 2,570 21 7,785 35

Petroleum 37 0.4 5,853 48 5,890 26

Natural Gas 45 0.4 3,774 31 3,819 17

Nuclear 4,259 42.0 0 0 4,259 19

Hydro 407 4.0 0 0 407 2

Thermal 189 1.9 0 0 189 1

TOTAL 10,152 100.0 12,197 100 22,349 100

1.13 Final energy consumption (ie., after conversion of primary fuels to steam and
electricity, and after losses and nonenergy uses) for 1994 is shown in Table 1.4. Further analysis
of these data showing final consumption by sector (industry, transport, household, and
agriculture) is in Annex 1.

Table 1.4 Final Energy Consumption by Fuel and Energy Type, 1994

Fuel/energy type 1,000 toe Percent

Coal and lignite 327 3

Briquettes and other solids 1,149 11

Petroleum products 3,051 28

Natural gas 1,434 13

Electricity 2,278 21

Steam and hot water 2,605 24

TOTAL 10,844 100

1.14 From 1989 through 1994, the energy intensity of Bulgarian GDP decreased slightly,
implying that energy consumption contracted somewhat more than the decreasing GDP over that
period of time.

1.15 This pattern will become more pronounced as the restructuring of the economy
continues. Reduction of energy consumption and, therefore, of net energy imports will surely be
an important component of any improvement of Bulgaria's balance of trade.

1.16 The pattern of energy use in Bulgaria is significantly different from that in the West.
The main difference is in the use of natural gas. Although the figure of 13 percent for the share of
natural gas in Bulgaria's final energy consumption is not too far from the 18 to 20 percent that is
the average for most western industrial countries, there is an important distinction in the use of gas
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in the various sectors. In the Western economies, natural gas is used in industry and power
generation as well as in the household and commercial sectors. In Bulgaria, gas is almost entirely
used in the industrial sector and in power and heat generation and only a negligible amount of gas
is used in households and the commercial establishments. This rather unbalanced pattern of usage
of gas in Bulgaria would thus require large-scale construction of local distribution networks for
gas if it is to be supplied to households and commercial establishments. Indirectly, of course,
some gas is used by household and service sectors since a small part of the electricity they
consume and most of the heat they receive from district heating plants are generated by natural gas.

Energy Sector Overview

1.17 The main players in the energy sector are the National Electric Company (NEK),
Neftochim, Bulgargas, the Maritza East Mines and the Sofia District Heating Company. In the
following, each is discussed briefly in its role as supplier of energy in the Bulgarian economy.

Electricity

1.18 In 1993 Bulgaria had an installed power generating capacity of 12,074 MW. Almost all
of the capacity that was installed from 1980 to 1991 was in the form of nuclear, reflecting the
govemment's policy of relying on nuclear energy in the absence of domestic energy resources.
Nuclear capacity currently amounts to 3,760 MW from the nuclear plant at Kozloduy, or 31
percent of total generating capacity. Production of electricity from nuclear energy in 1993
accounted for 37 percent of total production. We should note that there is considerable concern

Table 1.5 Developments in Installed Capacity and Electricity Production

Energy Source 1980 1985 1988 1991 1993

Hydro

Capacity (MW) 1,868 1,975 1,975 1,970 1,970

Production (GWh) 3,713 2,236 2,596 2,441 1,941

Thermal

Capacity (MW) 5,622 6,508 6,574 6,344 6,344

Production (Gwh) 24,955 26,265 26,395 23,209 22,065

Nuclear

Capacity (MW) 1,320 1,760 2,760 3,760 3,760

Production (Gwh) 6,165 13,131 16,030 13,184 13,897

TOTAL

Capacity (MW) 8,810 10,243 11,309 12,074 12,074

Production (Gwh) 34,833 41,632 45,021 38,834 37,903
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about the safety of the Kozloduy nuclear plant, particularly the earliest units 1-4 (capacity 1,760
MW), which lack many safety features considered standard in the West. Consideration is being
given to closing these units. Table 1.5 shows details of installed electric capacity and production
since 1980.

1.19 NEK is the state power conmpany, producing about 85 percent of the electricity
consumed in the country. The remaining 15 percent is produced by combined heat and power
(CHP) units in district heating and industrial establishments.1.20 As noted, nuclear power is the
principal energy input for electric power generation, followed by lignite. Table 1.6 shows the
various fuel types to generate electricity in 1994.

Table 1.6 Energy Consumption in Electric Power Plants, 1994

Fuel/energy type 1000 TOE Percent

Nuclear 4,260 34

Lignite 3,541 28

Coal 2,083 17

Natural Gas 1,316 10

Petroleum products 813 6

Hydro/other 587 5

Total 12,600 100

Petroleum

1.21 Neftochim is the state refining company operating the large oil refinery near Burgas.
Two smaller refineries, at Pleven and Ruse in the northem part of the country, produced lube oils
but are currently in the process of being decommissioned. The Neftochim refinery has a nameplate
capacity of 12 million metric tons per year, of which about 7 million metric tons are the effective
capacity. The crude oil throughput of this refinery has dropped considerably, from 13,144
thousand tons in 1989 to only 2,333 thousand tons by 1992.

Natural gas

1.22 Bulgaria has no domestic gas production of any significance. Almost all of the natural
gas is currently imported from Russia under three different contracts. The state monopoly
Bulgargas operates a transmission systern that is over 2000 km in length and runs from east to
west with one branch through the Danube plain in northern Bulgaria and with the other through the
Thracian plain in the central part of the country, both to the Sofia area. The diameter of this
pipeline system varies from 28 to 40 inches. Several smaller connecting lines (4 to 20-inch
diameter) branch off from this ring structure to major industrial centers located throughout the
country, including Varna, Burgas and Plovdiv. Chapter 2 contains a detailed discussion of the
natural gas sector.
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Coal

1.23 As noted above, the most abundant commercial energy resource in Bulgaria is coal.
Lignite accounts for 90 percent of these coal reserves and is mainly produced in the Maritza East
area in the southeastern part of the country. The 2.2 billion tons of lignite reserves there are
sufficient to satisfy the current demand of lignite in briquette production and electricity generation
in three power plants for about another 75 years.

District heat

1.24 District heating plants currently supply about 22 percent of Bulgaria's households'
consumption of heat and about 50 percent of industrial heat requirements. The heating plants
primarily produce stearn and hot water, but some units also produce power in a combined heat and
power (CHP) generation process. The Sofia District Heating Company is by far the single largest
supplier of district heat in the country, accounting for a total heating capacity of 4,400 MW,
corresponding to 33 percent of overall heat production capacity, and a heat production of 31,400
MJ, equal to 16 percent of total yearly generated district heat nationwide. The Sofia district
heating complex consists of four plants, two of which are CHP and two heat only, serving
900,000 people. Table 1.7 shows the energy and fuel inputs of the district heating plant sector.

Table 1.7 Energy Consumption in District Heating Plants, 1994

Fuel 1000 TOE Percent

Liquid fuels 927 62

Natural gas 489 33

Solid fuels 79 5

TOTAL 1,495 100

Energy Sector Organization

1.25 Several government organizations have responsibility for different parts of the energy
sector. The Ministry of Industry has responsibility for: (a) refining (Neftochim and the two small
refineries that are being decommissioned); (b) petroleum products distribution and marketing
(Petrol); and (c) marketing of household fuels (Toplivo). Bulgargas, the state-owned company
responsible for gas imports and transmission, is overseen directly by the Council of Ministers
(CoM). The Committee of Energy (CoE) has oversight and policy responsibility for (a) the
electricity subsector; (b) the gas subsector beyond Bulgargas activities; (c) coal mining; and (d)
district heating. The CoE is independent of any ministry and reports directly to the CoM. The
Committee of Geology and Mineral Resources (COMGEO), which has policy and oversight
responsibility for oil and gas exploration and production and for minerals exploration, is also
independent and reports to the CoM as well. The only organization that appears to be responsible
for the sector as a whole is the "Commission to the Council of Ministers on Energy and Raw
Material Supplies for the Country". This is a standing committee of the CoM and is composed of
representatives of various ministries and energy organizations.
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1.26 The creation of a national energy agency, in which the policy functions of the total
energy sector would be centralized, has been proposed from time to time by various advisory
institutions, most recently in NERA's study, entitled "Organization and Policy Formulation for the
Bulgarian Energy Sector" (April 1994). Following lines set out in the Bank's Energy Strategy
Study (Report No. 10143, April 1992), NERA recommends that the energy policy functions
should be carried out by a specialized agency, separate from other Government bodies. A draft
Energy Law currently under review proposes the creation of a Ministry of Energy, and an Energy
Commission. These issues are discussed further in chapter 4.

1.27 Under the regime that existed in Bulgaria until the end of 1989, decisionmaking was
centralized largely in Sofia. Top operating management was given limited authority and even less
incentive to improve performance. Over the past few years, however, the top management of most
energy sector organizations has been given increased responsibility. The government is in the
process of developing performance contracts for upper-level management. However,
responsibility and authority within the energy sector organizations has to be delegated downward
to a greater extent. This process is underway, but it still has some distance to go.
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Gas Sector Overview

Introduction

2.1 Use of natural gas in the Bulgarian economy started in 1972 with very modest domestic
production but became more significant after 1974, when construction of the gas trunkline Russia-
Ukraine-Moldova-Romania-Bulgaria was completed. Currently, the capacity of this gas
transmission system is 7 billion cubic meters (bcm) per year, which can be increased to 10 bcm per
year by adding compression capacity upstream. A separate pipeline with a maximum yearly
capacity of 6 bcm, which transits Russian gas over Bulgarian territory to Turkey, has been in
operation since the mid 1980s. The transmission system in Bulgaria has a ring structure: after the
gas import pipeline has crossed the Romnanian-Bulgarian border, it divides into a northern and a
southern branch, which come together in the east Sofia region, from where it runs to the west
Sofia area (see Map IBRD 27642 at the end of this volume). An extension from the southern loop
to the Greek border has recently been cormpleted, and transit of Russian gas to Greece is planned at
2.4 bcm per year beginning in the third quarter of 1996. A connection to the Macedonian border is
in the design phase, with eventual plans to supply Macedonia and Serbia with 1.5 bcm of Russian
gas per year. The transport capacity of the southern branch will have to be increased if the planned
volumes for Greece, Macedonia, and Serbia are to be realized.

2.2 The role of natural gas in the ]3ulgarian market steadily increased after its introduction.
National gas consumption grew from 4.1 bcm in 1980 to level of 6.8 bcm in 1990, representing
18 percent of the primary energy consumption in that year. Almost all the gas is used by industry
and for the generation of power and heat. Only relatively small quantities are consumed by the
agricultural sector, and hardly any gas is used in households or commercial establishments. All the
consumers are state-owned companies. After the collapse of the Communist regime in November
1989, the country's economic performance deteriorated rapidly, not only as a result of the
uncertainties originating from the change in regime but also because of delays in the
implementation of reformns initiated by the new government. A very important negative factor was
the collapse of trade and payment arrangements with COMECON countries. As a consequence,
the GDP and associated energy consumption fell substantially, including natural gas. From 1990
to 1993 gas consumption fell some 32 percent to 4.6 bcm, but is estimated to have recovered
somewhat to 5.5 bcm in 1995. Figure 2.1 shows the evolution of GDP, energy consumption and
consumption of natural gas in Bulgaria from 1985 onwards (see also Table A2.1).
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Figure 2.1 Index of GDP, Energy Consumption and Gas Consumption (1985=100)
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2.3 The transmission system for domestic natural gas in the country was built and is
operated by Bulgargas, the state-owned monopoly, whose supervising government institution is
the Council of Ministers.

2.4 Bulgargas also transports Russian gas from the Romanian to the Turkish border with a
dedicated transmission system built by Bulgargas. This pipeline system has a length of
approximately 260 km, and its diameter varies from 28 to 40 inches. To repay pipeline
construction costs and for transit services Bulgargas receives a fee paid in kind (i.e., in gas). The
construction compensation portion of this fee, a substantial 3.3 bcm per year, is due to expire after
1996. A similar transit service is envisaged for Russian gas to Greece, and Bulgargas has
constructed a pipeline (diameter 28 and 40 inch) to the Greek border partly parallel to the line that
runs through the Thracian plain. In the longer run, as noted above, transit gas to Macedonia and
Serbia is also planned. Map IBRD 27642 at the end of this volume shows gas pipelines on
Bulgarian territory.

2.5 To modulate the effects of variations in gas demand over the year, Bulgargas operates
an underground gas storage in a depleted gas field near the village of Chiren in the northwest part
of the country. The storage has a working capacity of 500 million cubic meters of gas. It is
mainly used to satisfy some of the demand peaks in winter, although in fact its contribution to a
higher security of supply has been rather limited in the last few winters.
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Gas Demand

2.6 As previously noted, natural gas is currently utilized mainly by industry and for the
generation of power and heat. The industrial use of the gas is concentrated in the chemiical
industry, which accounts for about 60 percent of total industrial gas consumption. The other
major industrial consumers are the steel and the cement industries.

2.7 Gas for power and heat generation is mainly used in the two Sofia district heating
plants, where steam and hot water for industrial and residential heat requirements are produced,
together with electricity, which is sold to the National Electricity Company for further transmission
and distribution. Figure 2.2 shows the structure of the gas consumption from 1989 to 1993.
Table A2.2 shows the underlying figures.

Figure 2.2. Structure of Gas Demand 1989-93 (mmcm)
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2.8 The continuous decline in gas demand from 6.7 bcm in 1990 to 4.6 bcm in 1993 would
probably have been even greater had a full-cost/full-pricing regime been in effect, at the expense of
the state budget. It is clear that the three principal gas-consuming industries-steel, cement, and
chemical-have benefited greatly in the dlomestic market and especially in the more competitive
export markets from government-subsidized energy prices, including natural gas. Questions worth
examining include whether these industries are making economic use of this gas, and whether
perhaps the gas should be redirected using the existing good infrastructure to more economic uses
such as light industry or power generation, using market-based pricing (i.e., true cost) as the
mechanism. In its industry visits, the mission did not discuss these issues nor did it attempt to
evaluate the long-term financial viability of this industry. The following paragraphs summarize the
three principal gas-consuming industries in Bulgaria. A more complete description of each
industry and particular issues can be found in the Annexes.
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Steel industry

2.9 The Bulgarian steel industry was developed in the 1950s and 1960s primarily to supply
the domestic market. It was modernized during the 1970s and 1980s, and generally made Bulgaria
self-sufficient in steel products. About 3 million tons were produced at the peak in 1989. The
steel industry managed impressively to shift to exports when the domestic market collapsed in the
early 1990s. This shift has been accompanied by improvements in operations that result in
international competitiveness at least in the short term.

2.10 Gas consumption in the steel industry (about 500 million cubic meters in 1994) is
closely linked to developments in steel demand, composition of products, and investments in new
technology. The industry is upbeat due to the surge in demand from export markets, although
competition may intensify as prices on Bulgarian input materials increase and more challenging
quality standards need to be met. Furthermore, exports have led to a shift toward lower value,
semifinished products. The major steel plant, Kremicovci, will have new continuous casting
facilities in place in 1996, reducing gas consumption by 40 percent at this plant. The Kremicovci
plant also has a large outdated power plant fueled by by-product gases enriched with natural gas.
Before replacing this obsolete plant, the World Bank has recommended that a full energy audit of
the Kremicovci plant be made to optimize the use of by-products gases and minimize the use of
natural gas. Overall, natural gas consumption was expected to increase in 1995 due to increased
steel demand and to subsequently decrease and level out at about 500 million cubic meters per year
from 1996 when the new, efficient production equipment is in place at the major plant. This
number includes gas consumption by the power plant inside the fence of the Kremicovci plant.

Cement

2.11 This is the second of the large gas using industries in Bulgaria, consuming about 440
million cubic meters in 1994. This is an industry in need of substantial restructuring, which will
influence its energy use dramatically. Bulgaria's six cement plants are underfinanced and in great
need of capital for modernization. None of the plants possess truly modern manufacturing
technology, and they predominantly operate according to the inefficient wet process abandoned in
the West several decades ago. The government seems to have given the companies full autonomy
for the operations, and strategic decisions rest with the company board of directors. Price
competition has emerged on the domestic market, and the competitive position of the companies
varies substantially based on size, technology, and location. The domestic cement market is
improving and may increase slowly from 2 million tons per year in 1994 to 3 million tons in 2003.
Exports may increase from 1 to 2 million tons per year over the same period.

2.12 Bulgaria's cement industry is gas based due to historically cheap gas prices. However,
as gas begins to be priced to reflect true cost, cement plants located where coal can be made
available are looking into that alternative, as cement producers in the West have done for many
years. However, the combined impact of a depressed financial situation, low demand and prices,
antiquated equipment, high manufacturing costs, and noncompetitive cement quality has put the
industry in a situation where it appears inevitable that the number of plants will be reduced from the
present six to maybe four or less. A gradual increase in demand may stabilize or even increase gas
consumption slightly for a couple of years, but gas is forecast to be almost entirely phased out of
the sector and replaced by coal and oil around the turn of the century.
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Chemicals and petrochemicals

2.13 These industries cover a broad range of products, ranging from fertilizers, plant
protection chemicals, and pharnaceutical products to plastics. This industry consumed about 40
percent (2.0 bcm) of all natural gas in Bulgaria in 1993, with fertilizer production dominating the
gas based part of the industry: the fertilizer industry consumed about 60 percent (1.2 bcm) of the
gas in the chemical industry. Gas consumption in the fertilizer industry increased about 10 percent
in 1994. Most of the feedstock gas is used to produce ammonia. Except for some export
quantities, the ammonia is further processed into mainly three fertilizers: urea, ammonium nitrate
(AN), and liquid fertilizer urealammonium nitrate solution (UAN). AN is mostly used
domestically, whereas UAN is targeted at export markets.

2.14 In the early 1990s, markets for Bulgarian fertilizer shrank substantially due to a severe
downturn in domestic agriculture and to large supplies of low-priced Russian fertilizers in the
export markets. However, the activity level in domestic agriculture is heading upward again. The
Bulgarian fertilizer industry, most of which is shared among four companies, has energy
efficiencies ranging from 9.5 to 14 Gcal per ton of ammonia. This compares with typical western
consumption of 10 Gcallton and with state-of-the-art plants' consumption of 8 Gcal/ton. There is
ample room for investments to modernize the ammnonia production processes in Bulgaria, which
will affect energy consumption. Three of the major plants have such investment plans. With
investments, and with the benefits of iimproving markets, feedstock gas consumption in the
fertilizer industry may recover from its 1.2 bcm level in 1993 to 1.5 bcm in the second half of the
1990s.

Households and commercial establishments

2.15 As noted above, no gas is currently used directly in households or in commercial
establishments due to the absence of city gas distributing systems. There is an indirect use of gas
for these market segments in the form of hot water and/or electricity, produced by gas-fired district
heating systems and power plants. The share of households connected to district heating systems
is only about 25 percent, so the bulk of the energy requirements in households and commercial
applications is met by electricity, petroleum products, briquettes, lignite, and fuelwood. Table 2.1
shows the distribution of household energy sources in 1994.

2.16 Much attention is currently being given to the possibility of direct supply of gas to
households, particularly in cities that do not have a district heating system. Natural gas has
environmental and efficiency advantages over other energy sources. The energy losses in a gas
distributing system are negligible compared with the substantial losses in a district heating system,
where waste of energy is present, both in the generation process as well as in the distribution
phase. Various pilot projects for direct gas use in households have been developed over the last
few years, but so far only one (in the town of Montana) has materialized. The important issue of
the security of supply of natural gas, where Russia is still the only supply source, is considered by
the government as an impediment to embarking on a large scale scheme for gas distribution for
households. Gas supply security is discussed below.
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Table 2.1 Supply of 1994 Household Energy Demand

Energy source 1,000 toe percent

Electricity 843 25

Petroleum products 1,134 34

Briquettes/Other Solid Fuels 564 17

Coal/Lignite 205 6

Steam/Hot water Heat 583 18

Total 3,329 100

Source: 1994 Energy Balances, National Statistical Institute, Published 1996.

2.17 Due to the inefficient use of gas in district heating plants, and the substantial losses of
heat during its distribution, it is considered worthwhile to investigate the feasibility of direct
delivery of gas to households, and to estimate the related demand for gas for this purpose. This is
done in chapter 3.

2.18 Although the mission has focused on the industrial subsectors that are currently
prominent in the use of natural gas, it should be noted that other subsectors would likely gain
importance in the future, especially lighter industry. The high degree of concentration of gas
consumption to a few industries today is a result of past priorities and not that other potential users
do not exist. In fact, the connection of small industry is vital to the development of distribution
networks for residential and commercial customers, allowing for "immediate" new gas volumes
and cash flow to support further investments in the gas grid.

Gas Demand Outlook

2.19 Gas consumption peaked in 1990 at 6.7 bcm. After declining substantially to 4.6 bcm
in 1993, consumption recovered somewhat to an estimated 5.5 bcm in 1995. Industrial demand
accounts historically for about 70 percent of total gas consumption. The remaining 30 percent is
used mainly to generate electric power and to generate steam and water heat.

2.20 No detailed gas demand forecasts were obtained from the government. However,
Energoproekt expects gas demand to reach 8.5 bcm in 2020, including a residential/commercial
component.

2.21 Based on assumptions developed and detailed for individual industries and sectors (see
Annexes), industrial gas demand is projected to decline from a peak of 4.8 bcm in 1990 to about 4
bcm in 2010 based principally on reduced demand in the steel sector (stabilized a 500 mmcm/yr.)
and especially in the cement sector (where oil and coal are expected to substitute for gas). Fertilizer
demand is expected to stabilize at 1.5 bcm/yr. Reduced industrial demand could be offset by new
residential/commercial demand by 2010 given appropriate market conditions and marketing
incentives, as discussed in chapter 3.
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Domestic Supply

2.22 As previously noted, the Bulgarian natural gas industry has been almost completely
dependent on Russia for its gas supply since its inception. Bulgaria's current domestic natural gas
production amounts to some 40 mnillion cubic meters per year, which is less than 1 percent of 1993
domestic consumption. In an effort to diversify the gas supply, the government decided a few
years ago to stimulate domestic hydrocarbon exploration. Because Bulgaria's industry lacks up-to-
date exploration skills, especially seismic interpretation and offshore drilling, the government
decided to attract foreign oil and gas companies to participate in exploration.. This initiative led to
the signing of six offshore exploration contracts in the Black Sea, together with three onshore
exploration contracts. The contracts stipulate that development costs have to be 100 percent borne
by the exploration company. If a gas discovery is declared commercially exploitable, the
government has the right to participate for 50 percent in the further development and production of
the field whereby it will reimburse the exploration company for 50 percent of the initial
development costs.

2.23 Of the foreign companies working in the Black Sea offshore Bulgaria, only a Texaco-
operated consortium has discovered gas. This discovery, made in August 1993, is a relatively
small nonassociated gas field located 22 krn offshore. If commerciality is indicated, a development
plan will be proposed before year-end 1996. A new offshore licensing round in 1995 drew little
industry interest. An onshore exploration licensing round is planned for late 1996 or early 1997.
ESMAP strongly encourages the developnment of indigenous gas resources to reduce, to the extent
possible, Bulgaria's reliance on imports.

Security of Supply

2.24 The natural gas market in Bulgaria is in the first stage of its development, with a limited
number (some 140) industrial customers that are easy to supply. A few of them are large gas
consumers, with offtakes of over 100 million cubic meters annually. Additional gas penetration
into the commercial and residential market segments can only be realized with substantial
investments in gas distribution systems. Realistically, these investments can only be justified if the
supply of gas is secure, not only for the medium and long-term but also for each (winter) day in
the short term. In this respect it must be mentioned that the gas delivery from Russia to Bulgaria
was below daily contractual levels rather recurrently in recent winters, although on a yearly basis
the Russian supplier has never failed to deliver the annual contracted quantities.

2.25 In cases of very low temperatures or temporary supply interruptions Western gas
companies will discontinue deliveries of gas to some industrial gas customers equipped with dual-
firing capabilities. These so-called interruptible customers will switch to the second fuel (mostly
oil) and gas supply will be redirected to captive consumers (e.g., residential customers). In
addition, gas companies will also use gas temporarily stored in underground storage facilities to
meet temporary supply needs. Although the Chiren underground storage facility can cope with
some short-term gas availability problems, increased dual-firing capacity is another short-term
security-of-supply option that needs to be further explored in Bulgaria. However, for long-term
security of supply, other measures are needed, most importantly supply source diversification.
This issue should have a high priority in the government.
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2.26 In theory, several options are available for Bulgaria to diversify its gas supply,
including:

* Development of domestic production

* Purchase of (Algerian) LNG at the termninal in Turkey

* Purchase of LNG at a terminal to be built in Greece

* Purchase of LNG at a terminal, possibly to be built at the Black Sea coast for deliveries
to Romania and Bulgaria combined

* Purchase of pipeline gas from Iran/Turkmenistan

* Purchase of pipeline gas from Turkmenistan via Russia.

2.27 Ideally, the best source of diversification is the development of domestic production.
However, if substantial reserves of natural gas are not found, Bulgaria will have to cope with the
current dependency on foreign supplies.

2.28 Purchase of LNG at the existing LNG terminal in Turkey (or at a to-be-built terminal in
Greece or at the Black Sea coast) seems difficult for a number of reasons. First, a third party,
located in another country, has to be involved in the relations between buyer and seller of the gas,
which complicates the conclusion and execution of a long-term contract between buying and selling
parties. Secondly, import of LNG puts severe pressure on the scarce foreign exchange reserves
and makes the nation's economy vulnerable to variations in the price of oil, to which LNG prices
are normally linked. Finally, because LNG supply schemes have to operate with a high load
factor, the markets for this gas should have corresponding high load factor offtakes.

2.29 Pipelined natural gas originating in Iran and/or Turkmenistan and transiting countries
like Turkey, Bulgaria, Romania, and Hungary before it connects to the existing West European gas
infrastructure would have the some of the same drawbacks mentioned for LNG supplies above.
However, Bulgaria could probably "piggyback" on the big West European gas importers, since
gas import projects from Iran or Turkmenistan to Western Europe, if they ever materialize, will
carry substantial quantities of gas, typically four times (or more) the current Bulgarian total yearly
gas offtake.

2.30 Where this leaves potential residential and commercial gas customers depends largely
on how Bulgarian authorities assess the security of supply issue (for economically healthy
projects). With dual firing and an appropriate interruption system for gas supplies to the industry,
with a domestic gas storage capacity of 500 million m3 , and with Bulgaria's strategic status as a
transit country in mind, it seems reasonable to allow an economically sound expansion of gas
supply into residential and commercial sectors. Considering that the development of gas
distribution systems are both costly and time-consuming activities, it would take several years
before gas volumes to these sectors would reach levels where security of supply justifiably could
become the major concern.
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Transit of Gas

2.31 Russian gas is transported from north to south through eastern Bulgaria in a separate
pipeline system to Turkey. In 1995, 6 bcrr/yr was transmitted to Turkey. In a recent joint-venture
agreement between Gazprom, its Turkish partner Gama and the Turkish transmission line Botas,
sales of Russian gas to Turkey will be increased by 2 bcm in 1997, 2.5 bcm in 1998, up to a total
incremental volume of 6 bcm per year in 2002. This would indicate a doubling of the transit fees
received by Bulgaria.

2.32 Transit of Russian gas to Greece is planned at 2.4 bcm/yr. The pipeline to Greece is
finished, but the Greeks have not finished Lthe construction on their side of the border. The gas is
expected to start flowing in the third quarter of 1996. The construction of the pipeline to
Macedonia is finalized in Bulgaria, with an annual transit capacity of 1.5 bcm. On the Macedonian
side, however, the pipeline is not in place. Finally, a connection with Serbia is currently in the
design phase, with potential volumes of 1.5 bcm/yr.

2.33 For transit services, Bulgargas receives a fee paid in kind. In addition, and more
significantly, Bulgargas has been receiving a substantial proportion of its total gas imports in-kind
as payment for previous pipeline construction. This barter arrangement under the Yamburg
Agreement expires in 1996, with potentially serious price consequences.

Table 2.2 Bulgarian Gas Imports in bcm (1994)

Gas repaid for pipeline construction (Expires 1996) 3.3

Transit fee for Turkish gas 0.4

Gas purchased at international prices 1.8

TOTAL 5.5

Pricing

2.34 There are two main alternative principles in gas pricing. The first is market value
pricing (or "avoided cost"), which is based on pricing of gas according to what the buyer needs to
pay for its closest substitute-for examrrple, residual fuel oil where this is the competing or
alternative fuel. This approach is used for natural gas pricing in most West European countries
between transmission companies and disiribution companies and between distribution companies
and end users. An alternative pricing principle, pricing to cost (or "cost-plus"), is when gas prices
reflect production and distribution costs (or for imported gas the import price at the border) plus the
costs of transmission and distribution.
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Figure 2.3 Market Value (simplified)
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2.35 The market value of gas where it competes with fuel oil should be 10 to 20 percent
higher due to higher efficiency and environmental factors. A special case can be made where gas is
used directly in an industrial process such as drying rather than in boilers for steam raising. In this
case gas should have an even higher value because it is competing with higher-priced fuels or other
industrial processes rather than coal or fuel oil used for steam raising. In industries where gas
competes with diesel oil or LPG, its market price should be significantly higher than fuel oil
equivalency. In residential and commercial sectors, gas is competing with heat provided by district
heating, electricity, LPG, and other fuels. These fuels all have a high market value (for district
heating based on the full costs of providing heat), and consequently the market value of gas should
be high. Figure 2.3 illustrates the principle of different market values in different uses.

2.36 In other uses gas would be competing with coal for power generation. The market
value of the gas would depend on the technology chosen in the power plant. As Figure 2.3
shows, gas used in combined-cycle plants has a higher value than gas used in gas turbines. This is
due to the fact that a combined-cycle plant has a higher efficiency (and higher capital costs) than a
gas turbine and produces more electricity per cubic meter of gas.

2.37 In competitive gas markets such as the United Kingdom, Canada, and the United
States., prices at the wellhead are freely negotiated between buyers and sellers and in some markets
gas-to-gas competition exists and wellhead prices have dropped as a result. Prices to gas
consumers, meanwhile, can be regulated but this need not be the case. For example, regulation is
not required if large gas consumers have the capability to burn gas and another fuel (e.g., residual
oil) because if gas prices get too high, the consumer will switch to the alternate fuel. However,
many consumers do not have dual-firing (e.g., residential consumers), and in those cases,
regulators protect the interest of these captive customers by approving the prices the gas
distribution companies can charge for gas.
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Bulgarian prices

2.38 The following table shows the energy prices in Bulgaria in 1994.

Table 2.3 Consumer Average Prices Including Taxes, 1994
(exchange rate, leva 53.7/$)

Energy Source leva $US

Brown coal 890/ton $17/ ton

Lignite 729/ton $14/ton

Inported coal 1332/ton $24/ton

Propane/butane 17.90/kg $.33/kg

Electricity day time 0.803/Kwh c 1.50/KWh

Electricity night time 0.425/Kwh c 0.79/KWh

Heat 379.58/Gcal $ 7.1/Gcal

Diesel oil 13.92/liter $ 259 /10001

2.39 Today's prices for gas for industrial customers and district heating plants are set at 70
percent of heavy fuel oil with 3.5 percent sulfur by the Pricing Commission. Prices of fuel oil and
natural gas are currently tied to the MeditelTanean spot prices of high-sulfur (3.5 percent S) heavy
fuel oil. The bimonthly adjusted high sulfur fuel oil price in Bulgaria equals the sum of (a) the
average Genoa spot price for that commodity over the past half month, (b) the transport cost from
Genoa to Burgas for fuel oil, and (c) the relevant excise duties. To convert the resulting United
States dollar amount into leva, the average exchange rate of the past half month is applied.

2.40 Heavy fuel prices were around leva 4,700/1,000 liters in 1994, (based on $77/MT in
Genoa, $5 shipping costs and $15 distribution costs). Based on this calculated price, the natural
gas prices would be around $53/1000cm. The Committee of Energy has indicated it would like to
see gas prices rise and actually exceed the parity price for heavy fuel oil because of the premium
qualities of gas reflecting environmental and convenience factors.

2.41 The market value of gas in Bulgaria can be calculated at approximately $90/1,000 cm,
where it competes with fuel oil (including a 20 percent premium) and higher in other uses. This is
close to the estimated costs of importing and transmitting gas:

* Import prices at the border for purchased gas: approx.$80/lOOOcm (excluding gas
received as a transit fee).

* Transmission costs to Sofia (400 km): approx.$l 1/1000cm (based on replacement
value; actual maintenance and operating costs are only $2/lOOOcm).
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2.42 The cost of gas delivered to the major customers is about $80 to $90/1,000 cm if gas is
purchased at international prices. The costs of delivering gas to residential customers will be much
higher: about $220 per 1,000 cm, as discussed in chapter 3 and Annex 6.

2.43 Gas prices today are lower than they will be at the end of 1996, when the Yamburg
Agreement for the barter arrangement with Gazprom expires. Energoproekt assumes in its natural
gas price forecast that the average border price will rise to $120 in 2010. Taking into account that
15 percent of the gas is free due to the transit fee and $ 2 per 1,000 cm maintenance costs, the costs
of gas delivered at the first compressor station after the border would be $104 per 1,000 cm in
2010. Raising the gas price to international levels at the border is a serious problem for the country
and recognized by all the parties met by the ESMAP missions because of potential damaging
impacts on consumers living on fixed incomes and some industrial consumers. Most people
recognize that subsidies for the entire country, paid by the Government, are not sustainable in the
longer term.

2.44 The World Bank's analyses of electricity pricing in Bulgaria have several parallels to
gas pricing and indicated that
* Contrary to public opinion, allowing electricity prices to increase closer to economic

levels has not imposed a financial burden on average households.

* 'The price policy has aimed at moderating the effects of higher electricity prices on low-
income groups. To protect this small group of customers, electricity prices to all
customers have been allowed to decline in real terms. This policy has resulted in major
industries and wealthy, high-usage consumers receiving the biggest subsidies. For
example, it is estimated that the wealthiest 10 percent of households receive 67 percent
more of a subsidy than the poorest 10 percent of households.



3
The Residential and Commercial Sector

Introduction

3.1 The total population of Bulgaria amounted to 8.43 million inhabitants in 1994,
according to the Census of the National Institute of Statistics. Despite a long rural tradition,
slightly over two-thirds of the population--that is 5.7 million people-live in cities and towns. The
largest city is the capital, Sofia, with 1.1 million inhabitants. Eight large to medium-sized cities are
over 100,000 inhabitants, with Plovdiv (341,000 inhabitants), Vama (308,000 inhabitants), and
Burgas (196,000 inhabitants) being the largest. This chapter explores and quantifies to the extent
possible the economic benefits of introducing natural gas for direct consumption in the residential
and commercial sectors.

Energy Consumption

3.2 The final energy consumption of the household sector amounted to 3.33 million toe in
1994 (Table 2.1); that is, an average consumption of 395 kgoe per capita. Households thus
represented 31 percent of the final energy consumed in the country, the remainder being consumed
mainly by industry, power generation, transportation, and agriculture. Nearly half (43 percent) of
the energy consumption of the househo]ld sector consisted of secondary energy (electricity and
district heat). The balance was met by solid fuels, mainly brown coal briquettes, and oil products,
principally light heating oil. Although gas is widely used as primary energy for heat generation,
no gas is directly consumed by households through pipe networks. Table A6.1 in Annex 6
provides more detailed information on household sector energy use for 1992 (information for 1992
is the most complete that is currently available).

3.3 The average energy consumption per household amounted to 11.8 Gcal per year, a low
figure by Western standards. Household consumption in West European countries with similar
climatic conditions amounts to about 20 Gcal. In addition, in contrast to Western countries where
energy conservation techniques have been widely implemented, insulation techniques in Bulgaria
remain basic. The main reason for low consumption in Bulgaria is that neither energy supply nor
energy appliances meet the real energy needs of the households, in particular with regard to space
heating. Although most energy products are still heavily subsidized (except oil products), limited
income hampers the access of households to energy, and suppressed demand is considered
significant; in addition, frequent energy shortages and poor quality of service contribute to keep
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energy consumption well below unconstrained needs. Most households have to juggle several
sources of energy to cope with energy shortages and rapidly changing prices.

3.4 Electricity is by far the major source of final energy. In addition to captive uses, such
as lighting and electric appliances, electricity is used by 42 percent of urban households for space
heating, either as a single source (25 percent) or in combination with solid or liquid fuels (15
percent) or even district heating (2 percent). Although district heating is not as widely used in
Bulgaria as in other Central and East European countries, it supplies 25 percent of the country's
urban households. The balance of 33 percent of urban households is supplied by solid fuels and
oil products. Despite the high proportion of apartments, 70 percent of the dwellings are equipped
with individual heating appliances, either electric heaters or fossil-fuel-fired stoves. Table A6.2
provides further details.

Technical Options for Gas Use in the Residential Sector

3.5 Bulgaria is the only country in Central and Eastern Europe that uses gas only for large
industry and power and heat generation. The residential and commercial sectors, as well as small
and medium-sized industry, currently have no access to gas. With but a few exceptions there are
no gas networks in cities, residential complexes, or industrial areas. Any gas distribution network
these will thus have to be built from scratch.

3.6 From a general standpoint, typical gas uses in the residential and conmmercial sector are
space heating, water heating, and cooking. Several technical options can meet all or part of these
needs. Technically, all options can be implemented in Bulgaria, but the costs of construction and
operation vary significantly. The urban and architectonic patterns of the area to be supplied may in
some cases dictate a particular option; however, the selection of an option will mostly depend on its
cost effectiveness compared with (a) the quality of service and the level of comfort sought, and (b)
the possibility for the household to control its gas consumption and the related fuel bill. The two
major options are briefly described below and summarized in Table 3.1. Annex 6 provides a more
detailed discussion of these options under the heading Technical Considerations.

3.7 Option A consists in installing a gas boiler for each apartmentblock, or a group of
apartmentblocks, called a block boiler. This option is clearly cheaper where buildings are already
pre-equipped with hot water piping-whether water piping is used or not-which is common in
suburban areas. It fits, too, larger commercial establishments such as hospitals, hotels, and office
buildings. The boiler produces hot water for both space heating and water heating. It can be
installed in the basement of an apartmentblock-provided that the reservation for such an
equipment already exists and meets safety regulations-or in a dedicated boiler house. Gas is used
for space and water heating; it is not recommended to consider gas for cooking as incremental costs
(dedicated service line, internal gas piping, gas meter) could not be paid back due to the limited
incremental sales of gas for cooking. The major drawback of the option is that it does not allow
for individual billing: gas is metered at the boiler's inlet and charged to the building's owner; the
gas bill is then distributed among all owners (including non-residential, if any) following a
procedure established between them, generally on the basis of the floor area or the volume of the
dwellings. The gas charge is diluted into other utility charges, thus preventing households from
really feeling accountable for heat expenses.
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3.8 Option B is a fully decentralized system whereby gas is used for the main three uses:
space heating, water heating and cooking. Gas piping supplies gas up to each gas appliance
through a service line and riser(s). In each dwelling, space heating is provided by individual gas
heaters generally located in the main rooims (living room and bedrooms), while hot water is
generated by a gas water heater; a gas cooking range (or hot plates) can supplement the household
equipment since additional cost to supply the dedicated appliance is moderate. Since the buildings
are not pre-equipped with flue gas ducts (chimneys), flue gases are driven out of the dwellings
through short, horizontal pipes set in the outside wall. Capital expenditures for this decentralized
option are higher than for block boilers discussed above. However, it gives the household full
control over the use of gas and the gas bill. In addition, the system's global efficiency is slightly
better than in Option A since no heat is lost in the water piping located inside the building.

3.9 A more expensive alternative (Option C) would consist in installing individual gas
boilers to supply hot water to radiators. While this option would suit individual houses where
specific consumption is higher, it is not economic in apartmentblocks, in particular, because the
design of the building's internal water piping (vertical risers) prevents radiators from being
connected within the same apartment at a reasonable cost.

Table 3.1-Main Chairacteristics of the Gas Options

Option A Option B Option C

Space Heating, Water Space Heating, Water Space Heating Water
Heating Heating, Cooking Heating, Cooking

Individual meter No Yes Yes

Gas appliances Apartrnentblock boiler Room gas-heaters, Individual boiler
connected to secondary hot Water-heater, connected to hot water
water piping Cooking range radiators,

Cooking range

Suitability Buildings pre-equippedl with All types of buildings Individual houses
hot water piping Best where individual
Buildings supplied with electric and fossil fuels
district heat heaters are used

Specific Consumption

3.10 Data are lacking regarding Buligarian household energy use and how the energy mix
and seasonal variations affect consumption patterns. Also, the relation between yearly
consumption and installed capacity is not precisely known, as it would require detailed household
surveys that have not been undertaken. In addition, lack of flow and heat metering devices in both
dwellings and buildings supplied by distiict heat makes it necessary to rely on crude, incomplete
data collected at the heat plant level, where heat is produced (not where it is consumed) and on
sample surveys performed by utilities to estimate the level of water and heat losses in the networks.
It has therefore been necessary to estimate specific household gas consumption using various
sources, including figures commonly used by West European utilities operating in similar climatic
conditions. As a result, net energy demand for space heating and water heating is estimated at
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11,220 and 10,560 Mcal/year for Options A and B, respectively. See Annex 6 under the heading
Specific Consumption, for the methodology used and the results.

Cost of Construction

3.11 Estimated construction costs (on an economic basis) are based on the procurement of
imported equipment, including freight, with local costs for the procurement of smaller equipment
and installation. Import duties and local taxes are not considered. The main parameter in
estimating the cost of the network is the density of dwellings in a given area. Whatever its size, a
typical Bulgarian city is generally organized in two different but fairly homogeneous areas: (a) the
city center consisting mostly of single-family and multi-family houses and older low-rise
apartmentblocks, and (b) extended suburban areas developed by the centrally planned national and
local governments over the past decades; they comprise mostly medium-and high-rise buildings,
often interspersed with smaller, multi-family houses.

3.12 The cost of construction is made of three main components: (a) the street pipeline
network, (b) the service line to the dwelling (including riser and meter under Option B), and (c) the
gas appliances. Costs are extremely sensitive to urban density, which varies significantly within a
given city, even within a district; the following figures are thus intended to give a tentative average
cost estimate of gas distribution, that could only be refined at the feasibility level. Though modern
techniques (e.g., medium pressure polyethylene pipes) are considered for street network and
service lines, costs of appliances are based on conventional, sturdy equipment easy to install and
operate, not on expensive, sophisticated equipment such as condensation boilers.

3.13 The expected cost for the street network is in the range of US$170 to US$180 per
dwelling, and about US$370 for a detached house. The cost of a service line per dwelling ranges
from US$130 (Option A) to US$180 (Option B, apartment) to US$280 (Option C, house),
including meter and regulator. The appliances represent the largest share of the investment. In
Option A the cost of the block boiler on a per dwelling basis, without civil works, is estimated at
$760 for a medium-sized building. Where a dedicated boilerhouse and associated underground hot
water piping system have to be built, an additional $90 is to be considered. In Option B the cost of
the independent gas heaters, plus a water heater and a cooking range would be about US$1,050 for
a typical apartment and US$1,170 for a house. Total investment cost thus amounts to US$1,150
for an apartment in a typical medium-sized apartmentblock (40 dwellings) where heat is supplied
by a blockboiler connected to an existing hot water system (Option A). For Option B the cost is
estimated at US$1,410, and US$1,820 for a double-family house. Annex 6 provides further
discussion under the heading Cost of Construction as well as the assumptions behind these cost
estimates.

Economic Benefits

3.14 Except for new buildings, where it is likely to find easily its way against competition
due to its genuine qualities, natural gas will have to compete with various energy sources that are
currently used by the households. Economic benefits will thus vary significantly depending on
those energy sources that will be displaced. Among them, district heating and electricity are used
by most urban households. As far as space heating is concerned, these secondary energies are
used by 66 percent of the urban households. Because gas can be used directly in the dwellings
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(Option B) or close to them (Option A), substituting natural gas for district heat or electricity could
generate significant savings of primary energy, equal at least to the difference between the global
efficiencies of the heating systems considered. However, as noted below (paragraph 3.18), to the
extent that some existing district heating systems can be economically rehabilitated, some of these
hypothetical savings would not be achievedl

3.15 As in many Central and East European countries, existing district heating systems in
Bulgaria suffer from a poor global efficiency that is due to constant flow supply, heat losses, and
water leakage in the transmission and distribution networks, as well as lack of control devices at
substations and in the dwellings. Real losses are expected to be well above the official figure of 16
percent, probably about 25 to 30 percent. As leakage rate in new gas distribution networks is close
to zero, substantial savings can be achieved there; another source of savings will come from
increased efficiency of the gas-fired appliances. In physical terms, overall thermal efficiency of
existing district heating systems is estimated at 60 percent at most, well below the 85 percent
reached by conventional gas-fired equipment. Considering overconsumption due to lack of control
on the heat quantity actually supplied to households, the global efficiency of district heating, in
terms of useful energy, is estimated to be not over 50 percent.

3.16 What makes primary energy savings highly valuable is that, at the margin, heat is no
longer a by-product of power generation anid should thus be valued at its full production cost. In
addition to dedicated district heating plants, combined heat and power plants (CHP) happen to use
heat-only boilers (HOBs) to make up for the incremental heat required by consumers during the
peak season, as well as base load hot water when space heating is not needed. According to the
1992 energy balance, DH plants using HOBs have produced 41 percent of the heat delivered to
heat networks, well above the share of the residential and commercial sectors in heat consumption
(26 percent). Although some DH and CHP plants operate coal-and fuel-oil-fired boilers, natural
gas is by far the preferred fuel for heat production (e.g., all four DH and CHP plants in Sofia are
fired by natural gas). Therefore, economic comparisons are based on natural gas as the primary
energy for heat production.

3.17 Based on above technical assumptions, the average yearly savings of primary energy
generated by shifting from gas-based district heating to direct natural gas are estimated-in current
conditions-at 1,030 cm of natural gas per dwelling (i.e., about $1 10 per household).

3.18 It should be noted, however, that several district heating companies, in particular, in
Sofia and Plovdiv, are on the verge of embarking on substantial projects for the rehabilitation of
both heat networks and heat generation facilities. Since these projects are expected to improve the
global efficiency of district heating systemrs significantly, competition between gas and district heat
may remain limited to remote districts located far from the main heat source or to areas where the
technical conditions of the heat network make it more economic to interrupt heat service and replace
it with direct gas.

3.19 Primary energy savings that could be achieved by shifting from electricity (used as a
heat carrier for space heating) to natural gas are likely to be even larger because the overall
efficiency of electricity is even lower than for heat systems. A 1993 study by Hagler, Bailly for
USAID considers that yearly electricity consumption for space heating and water heating averages
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4,500 and 1,000 kWh per dwelling, respectively, with a peak load of 3 and 0.2 kW, respectively',
consistent with the analysis of the swing between the winter and summer load curves that show
that the incremental peak demand due to space heating is about 3,200 MW at the country level.
Additional consumption for cooking is estimated at 500 kWh with a peak responsibility of 0.2 kW.

3.20 Considering a global efficiency of 27 percent for conventional, thermal-based
electricity,2 substituting gas for electricity would save about 1,100 kgoe of fossil fuel per
household, per year, including fossil fuels used by households to supplement electricity.
However, because electricity is produced in Bulgaria from a wide range of primary sources,
including nuclear, and because the electric grid is interconnected, it is not possible to allocate
electricity consumers to any identified primary energy source. Therefore, it can be considered the
major benefit brought by substituting natural gas for electricity would come from reducing the load
of the hazardous units of the Kozloduy nuclear power plant, in terms of both energy and capacity.

Energy Prices

3.21 Energy prices to the residential sector remain far below true economic cost. For
example, in mid-1994 the yearly bill of a typical household using electricity for space heating and
water heating was about 4,200 lev ($85), less than one quarter of the economic cost. The gap
between the price and the economnic cost of district heat is even larger because households are
charged a flat rate, regardless of the amount of heat actually consumed.

3.22 Although the government is expected to continue orienting energy pricing toward
economic cost, the process is likely to take some time in the residential and the public sectors.
Without marketing incentives it is clear that natural gas cannot compete among underpriced energy
sources. These incentives should aim to facilitate the access of households to gas through
assistance in financing the construction of the owner's installation and the purchase and installation
of gas appliances. The latter is of prime importance, since scarce money is likely to prevent a large
majority of the potential customers from converting to natural gas, whatever the actual econornic
benefits to the household. A more detailed discussion of energy price issues can be found in
Annex 6 under the heading Energy Prices (Retail) for Households.

Potential Market

3.23 Most large and medium-sized cities are located close to the Bulgargas' gas transmission
grid. Some of them are already connected to the network through one (or several) city gate(s) built
to feed a few local industries and CHP and district heating plants. The extension of the high-
pressure network required to supply cities that are not currently connected to the grid would be
limited, as it would consist in building short spur lines and additional or new city gates where
needed.

1 These figures are well below the unconstrained demand of useful energy estimated above (see para. 3.10) because
electricity price remains higher than district heat, and due to the fact that electricity is commonly used jointly with
other energy sources.

2 Efficiency of power generation: 30 percent; network losses estimated at 11 percent.
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3.24 Twenty-nine cities with over 20,000 inhabitants are located close to the existing
transmission network. These cities comprise 3.7 million people and close to 1.2 million
dwellings, representing 65 percent of the urban population of Bulgaria. Ten cities operate district
heating networks that supply slightly less than 0.5 million households (see Table A6.7). Of the
remaining 0.7 million dwellings, it is estimated that about 420,000 use electricity for heating (alone
or combined with fossil fuels), while the balance uses a mix of solid and liquid fuels, mainly
lower-heat-value briquettes.

3.25 The penetration of natural gas will obviously depend on several factors, the most
important being the ability of the potential market to afford both the price of gas and the cost of the
up-front investment (first-cost expenditure). This implies that gas will have to overcome two
major obstacles: (a) price distortions, and (b) the cost of conversion. Based on mid-1994 prices,
the average yearly energy bill for a standard household ranges from $33 (Maritza-East briquettes)
to $85 (electricity), $119 (district heat), and $222 (fuel oil) (Table A6.6). At current price levels,
gas would prove unable to compete with other sources of energy that are heavily subsidized, even
if one considers that gas would significantly improve the quality of heating service. If full
economic costs were charged, however, yearly bill would amount to $356 (short-term marginal
cost for district heat) and $384 (electricity), close to $366 and $392 for gas Options A and B,
respectively (Table A6.5). Though the 'price difference (at economic costs) between gas and
currently used secondary energies may appear too thin to lead households to shift massively to gas,
improved quality of service is likely to provide the incentive that gas would require to trigger
market penetration.

3.26 The second obstacle that gas distribution will have to cope with is the ability of
households to pay the up-front investment. Although future gas utilities are expected to finance
and build the street network and possibly the service lines, the network's components actually
implemented by the utilities will depend onl their resources and their commercial policy. The first-
cost expenditure borne by a customer will thus consist of all, or part of, the downstream
installation (i.e., service line, meter, riser, and gas appliance(s)). These components represent the
bulk of the total cost of any gas system, ranging from around $800 to $1,400 per household,
depending on gas options. Both the rapidity and the magnitude of gas penetration, and thus the
utilities' revenue, will clearly rely heavily on marketing incentives that will be offered to the
potential customers to finance first-cost expenditure, whatever the global economics of gas
conversion really are.

3.27 If non-distorted energy prices are implemented, and relatively easy access to dedicated
loans for first-cost expenditure is available, gas penetration is expected to reach about 30 percent of
the potential market at the end of the buildL-up period and up to 45 to 50 percent in the longer term,
a common figure in West European countries that, like Bulgaria, import most or all of the gas they
consume. Gas penetration is expected to be easier and quicker in buildings where district heat is
used or that are already equipped with internal hot water piping, even where they are not actually
connected to district heating (Option A); because up-front investment is lower and installation is
quicker, agreement among the various owners within the same building is more likely to be
obtained fairly easily.
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Commercial Sector

3.28 The so-called commercial sector includes a wide range of buildings, either privately or
publicly operated. In Bulgaria, most commercial buildings still belong to and are operated by
central and municipal administrations. In addition, larger enterprises and administrations operate
their own stock of welfare-oriented buildings, such as hospitals, schools, and holiday and sports
centers. Privately owned operations have started to develop, especially in larger cities, namely in
the form of small retail stores, restaurants, and office rooms. The commercial sector should not be
overlooked, since it is likely to represent a significant share of the potential market, although both
public and private services are far from being as developed in Bulgaria as they are in fully
industrialized countries.

3.29 Little information is available on the size and distribution of commercial buildings. The
1992 Energy Balance shows that "Trade" and "Other consumers" (which we take as a proxy for
the commercial sector) consumed 940,000 tons of "standard fuel" across the country, some 20
percent of the consumption of the households. As far as district heat and electricity are concerned,
the proportion, albeit higher, remains in the same order of magnitude, at 27 percent and 25 percent,
respectively. The larger share of these two energy sources may be caused by a higher density of
commercial buildings in larger cities, where heat and electricity are more widely used than in
smaller towns and rural areas.

3.30 Whether gas penetration in the commercial sector would follow the household sector is
not easy to predict. In industrialized countries the introduction of gas in commercial buildings has
been extremely successful, mainly due to easier, cleaner operation of the boilers and easier
administration of fuel supply. In Bulgaria, however, the poor financial situation of most public
administrations and agencies, as well as the noncommercial culture of the public sector is likely to
limit the introduction of natural gas, at least in the short term. Moreover, local governments might
prove reluctant to convert heat-supplied municipal buildings to natural gas in order to keep
customers for the local heat utility.

Gas Demand

3.31 The duration of the build-up period will depend on the effort that operators dedicate to
the construction of distribution networks, as well as the availability of gas installers and plumbers.
The construction of the street network is estimated to last at most four years in the larger cities.
The phase of the project for which most uncertainties remain is the installation of the appliances
and risers, because the owners must reach an agreement before work can start in the buildings and
the dwellings.3 For a given city, a period of three to four years seems reasonable, from the
beginning of the basic engineering of the project to work completion. Because all potential
candidate cities will not be ready from the very beginning of the project, implementation at country
level is expected to last between six and eight years, once financial and institutional arrangements
are completed at both country and local levels. Considering that such arrangements might spread

3 Even in Option A, some work will have to be done inside the buildings (e.g., testing hot water piping and
installing radiators where needed).



Industry Structure and Institutional Setting 45

over two years once a formal decision is taken to start the project, the global duration of project
implementation is expected to stretch over eight to ten years.

3.32 Table 3.2 below summarizes the forecast of gas consumption in the residential and
commercial sectors. The residential market has been distributed into two submarkets, called
Schemes A and B, that correspond to Options A and B, respectively. For the dwellings currently
equipped with hot water piping, whether they use district heat or not, Option A has been
considered; for the dwellings where no such equipment is in place, Option B has been considered.
Although gas penetration will largely depend on the utilities' commercial policies and is yet
difficult to predict due to the lack of in-clepth market and equipment surveys, tentative success
factors at the end of the buildup period have been set at 20 percent for households that are currently
connected to district heating, 50 percent for households that use electricity, and 35 percent for
households that rely on fossil fuels. Within the last two categories, 60 percent are considered
equipped with (unused) internal hot water piping, thus allowing for Option A gas equipment. Gas
demand from conmnercial buildings has been considered at a flat 20 percent of the residential
demand. Total yearly gas demand (residential and commercial) for the 29 cities considered
amounfs to 840 million cubic meters at plateau (i.e., when buildup is completed), with slightly
over 400,000 households connected (i.e., a penetration rate of about 33 percent of the total number
of households of the cities concerned). TIhe number of commercial establishments is expected to
represent 2 percent of the residential customers (i.e., about 8,000 customers). Detailed projections
on a city basis are given in Table A6.8.

Table 3.2 Gas Consumption at Plateau

Dwellings

Commercial Total gas

Scheme A Scheme B Total establishments customers

Numberof customers 283,061 124,094 404,543 8,091 412,634

Gas consumption
(mcm/year) 497,207 208,229 699,934 139,987 839,921

GasPeakDemand(cm/hour) 302,876 124,094 424,247 84,849 509,096

Note: Scheme A= connected to waterpipinig. Scheme B=not connected.

Source: Mission estimates.

Energy Savings

3.33 As discussed above, Scheme A, based on Option A, is the preferred option for
dwellings that are already equipped with intemal hot water piping. Limited sample surveys show
that not all of these dwellings are actually connected to district heating. Although their number is
unknown at the country level, it is known that a significant amount of such pre-equipped dwellings
have been built with a view to being later supplied by district heat but have not actually been
connected to the heat network.

3.34 The amount of gas needed to supply the residential and commercial sectors would reach
840 mmcm/year. However, since gas is already largely used in less efficient district heating
systems, converting even a limited number of district heating customers would actually translate
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into substantial gas savings. Incremental gas demand would thus be limited to 613 mmcm/y (521
toe). In addition, 300,000 toe of solid and liquid fuels would be saved from converting individual
fossil fuels consumers See Table 3.3.

3.35 About 210,000 households would shift from electricity to natural gas. Assuming a
specific consumption of 6,000 kWh per year per household for the three domestic uses, the
electricity savings would near 1.5 TWh per year in both the residential and the commercial sectors
when plateau is reached. In terms of peak demand, savings would amount to 773 MW of net
electric capacity, which is more than the capacity of one older tranche of the Kozloduy nuclear
power plant.

3.36 In terms of gas capacity, the proposed scheme would result in a net increase of the
capacity needed in the transmission grid of 371,000 cm/hr. From a technical standpoint, the ability
of the current gas grid to meet the incremental demand should not be a major issue as the decline of
the Bulgarian economy since the early 1990s has caused Bulgargas to lower gas deliveries by 1.5
bcm per year. Although the load factor of the current consumers is not known, it is assumed that
the drop has generated an additional capacity of at least 300,000 cm/hr. However, the actual
capacity of the system depends to a large extent on the performance and the technical conditions of
the compressor stations, which need to be assessed.

Table 3.3 Yearly Energy Consumption and Savings at Plateau
(Residential and Commercial)

Energy demandl(savings)

Natural gas Oil and coal Electricity

(mmcm) (mtoe) (GWh)

Current heat supply system

DH consumers (NG-based) 227

DH consumers (oil- and coal-based) 83

Oil and coal direct consumers 231

Electricity consumers 1,450

Subtotal 227 314 1,450

Subtotal (mtoe) 193 314 334

Proposed system (natural gas)

from DH, gas-based 204

from solid fuels 220

from electricity 416

Subtotal 840

Subtotal (mtoe) 714

Total incremental demand/ 521 (314) (334)
(savings)(mtoe)

Total energy savings (mtoe) 127
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Subsequent Steps

Gas Storage Capacity

3.37 Bulgargas operates an underground gas storage facility at Shiren, near Montana in
northwest Bulgaria. The storage has a capacity of 500 million cubic meters of gas (i.e., 35 days of
average consumption). Although the facility is reportedly used at close to its maximum capacity,
both its location (near Sofia, the major market) and capacity for storage can be considered
satisfactory under current consumption patterns because most large industries and power
generation units and large DH boiler houses can switch easily to an alternate fuel (e.g., fuel oil) if a
major accident occurs, provided that the thermal appliances are equipped with dual-fuel burners
and oil storage facilities on site. However, developing gas networks for the residential and
commercial sectors will increase the need for a reliable backup source of gas supply because there
is no alternative energy for these emerging markets. In addition, using gas for space heating will
increase the seasonal swing which the current gas storage mnight not be able to meet. It is therefore
proposed that a thorough evaluation of the operating conditions of Chiren be undertaken, in terms
of (a) actual available capacity, and (b) actual send-out capacity. If current capacities prove
insufficient, one option would be to develop a second gas storage, which could be shared with
DEPA of Greece, Makgaz of Macedonia (and possibly BOTAS of Turkey) in order to minirnize the
cost for Bulgaria. Such a venture would reinforce the role of Bulgaria as a gas hub for the Balkan
region. Although the benefit of a shared storage would be limited for Turkey because the LNG
regassification terminal at Marmara Eregli will allow for additional gas volumes to flow from
Algeria, such a storage might prove of prime importance for the former Yugoslavian countries as
well as for Northern Greece, even in the event of the implementation of an LNG terminal on or off
the Athenian coast.

Small-and Medium-sized Industry

3.38 As discussed above, gas is currently used mostly in large, energy-intensive industry.
With few exceptions gas is not available for small and medium-sized industry. The penetration of
more gas into the industrial sector together with the residential and commercial sectors would
increase the economic benefits for the cotntry, as most of the economic growth is likely to come
from smaller industrial units rather than from the existing heavy industry. In addition, it would
strengthen the financial situation of the gas utilities, since the up-front investment per unit of gas
sold is much smaller in the industrial sector than in the residential sector, and the return on
investment is faster. Statistical data currently available at the national level do not allow assessing
the potential industrial market in each city where residential networks could be implemented, but
local surveys carried out by gas consultants in selected small and medium-sized cities show that the
potential is even higher than in the residential and commercial sector. To assess the global
economic and financial outlook of gas distribution at the city level, undertaking of further
investigations is recommended with respect to the industrial potential.

Institutional and Regulatory Framework

3.39 Gas distribution companies have already been established in several cities to promote
the construction and the operation of fiuture gas networks. However, these companies have
remained idle, as further development is currently hampered by the lack of an institutional and
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regulatory framework within which both financing and operations could get started. Pending
issues that should be addressed in the preparation of a Gas Code would deal with:

* The legal regime under which the monopolies will be regulated (concessions, etc.; the
protection of the interests of the operators and the customers)

* The access to the gas industry and the competition between potential players

* The basic principles of tariff policy and its implementation

* The objectives, tasks, and modus operandi of the Regulatory Agency to be established.

Gas Pricing

3.40 The current pricing system is based on a single price per unit of volume that applies to
all customers, regardless of the actual amount of gas consumed and of the actual peak demand of
the customers. A gas pricing study needs to be carried out that would aim at assessing, among
other things, the capacity charge and the cornmodity charge that would apply to each category of
customers, including bulk and retail prices. Various pricing principles need to be addressed (cost
of service vs. market value; price cap vs. guaranteed return on investment; etc.) so that the best
suitable pricing system can be recommended according to the economic environment in Bulgaria.
These issues are discussed further in chapter 4 and in Annex 7.

Technical Codes and Standards

3.41 The Bulgarian gas industry needs to establish a set of updated technical codes and
standards that would allow using materials and construction and operating techniques that have
been developed in industrialized countries for several decades. Implementing distribution
networks will give Bulgaria an opportunity to start developing a gas distribution manufacturing
industry. However, finding markets outside Bulgaria requires that Bulgarian-made products
comply with standards widely accepted in other countries, such as the European standards
currently being developed. Though the opportunities will be limited initially by the size of the local
market, it is likely that units such as extruders for the production of polyethylene pipes as well as
supply lines for domestic appliances can be easily implemented to accompany the evolution of the
industry.
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Industry Structure and Institutional Setting

Today's Structure

4.1 The Bulgarian natural gas industry structure is dominated by state-owned Bulgargas,
which until recently was the only company in the sector. The company has no official supply
monopoly for gas, although it is currently the only importer of natural gas and has a monopoly for
high-pressure transmission gas through its 2,200 km network to district heating companies and
industries. Its transmission capacity for domestic consumption (i.e., excluding transit gas) is 7
bcm/yr. (which could be increased to 10 bcm), whereas consumption is only 5.5 bcm resulting in
excess capacity. Currently there are no plans for the privatization of Bulgargas or other companies
in the energy sector.

4.2 For the last three years Bulgargas has been under the direct supervision of the Council
of Ministers. Before then it reported to the Committee of Energy (CoE). The CoE still has the
technical/economical supervision of the gas subsector but no direct power over Bulgargas, which
is not regulated under any specific law.

4.3 Gas distribution companies have been established in several cities to promote the
construction and the operation of future residential and commercial gas networks. However, these
companies have remained idle, as further development is currently hampered by the lack of an
institutional and regulatory framework within which both financing and operations could get
started.

4.4 A joint-venture investment company, Topenergy, has recently been formed with
Russia's Gazprom with the objective modernizing the transit pipeline system. Internal
transmission and gas distribution will not be part of its business. The company plans to invest
$300 to $500 million in infrastructure for transmission, in particular for transit of gas to Turkey,
Macedonia, Serbia, and Greece. There will be no change in ownership of existing pipelines. In
addition to its 50 percent share of the capital, Gazprom also owns 50 percent of Overgas, whose
objective is to distribute gas. Table 4.1 shows the ownership of the share capital of 120 mnillion
levas as of January 1996.

4.5 As noted previously, natural gas is not currently used directly in the residential sector.
A strategy to introduce gas into the residential market in areas that are not served by district heating
has been developed by the government. These objectives are expected to provide natural gas to
1.2 million people living in 400,000 apartments by 2010. The target is similar to the conclusion of
ESMAP's study discussed in chapter 3.
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Table 4.1: Ownership of Share Capitol of Topenergy

Company Share (%)

Gazprom 50

Bulgargas 25.1

Multigroup 8.25

Overgas 8.25

Bulbank 3.2

First Private bank 3.2

Himimport 2

Industry Structure

4.6 The three elements of the gas industry-production, transmission, and distribution-
each have different characteristics. The gas industry has to cope with the dilemma of encouraging
competition in the face of the natural monopoly in the transmission of gas over long distances.
Pipelines are natural monopolies due to high investment costs and economies of scale, as are
distribution networks. Upstream production, however, can be competitive, with several producers
or suppliers competing to deliver gas to major customers. The price for natural gas delivered at the
inlet to the long-distance pipeline can be freely negotiated between producers and buyers.

4.7 The lack of realistic alternative gas supply sources makes it likely that the present
structure will continue for many years. Domestic production is likely to be modest and imports
from sources other than Russia are unlikely for many years. The two factors that are likely to
change the picture of the future are the creation of new distribution companies and the creation of a
joint venture to transmit and market gas in Bulgaria.

4.8 The institutional strategy for gas distribution is to introduce it as a private business with
municipalities playing a role in providing land and general infrastructure. The CoE expects the
municipalities (or private companies) to take over the district heating companies. The
municipalities, however, have no incentives to take over the companies, as the current prices do
not cover costs. To implement the strategy, prices would have to be increased and subsidies
eliminated. The need for distribution companies would depend on the success of the strategy for
direct use of natural gas. If successful, new gas distribution companies will be required, and the
industry structure would be very different from today's.

Vertical Integration and Ownership

4.9 Vertical integration and ownership of the gas industry are closely related to the issue of
industry structure. Domestic consumption would have to be much larger than it is today in
Bulgaria to justify more than one transmission pipeline, as the capacity of the present pipeline can
be increased significantly by adding compression.
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4.10 In general, vertical integration should be kept to a minimum, with production,
transmission, and distribution kept as separate as possible so that each element of the gas chain is
handled by different companies. This would encourage transparent transfer pricing and an
appropriate allocation of resources between the three functions. It would also increase cost
efficiency and eliminate cross-subsidization between each element of the gas chain.

4.11 In small systems there mnight be operational and administrative savings and reduced
transaction costs to be achieved through vertical integration. However, the Bulgarian gas industry
is large enough to achieve the benefits of a separation of the elements of the gas chain.
Consequently, it is preferable for no producer/supplier or customer to be allowed a controlling
share in a transmnission company, and producers/ suppliers should not control the distribution
function. If this cannot be achieved, more regulation is required to check abuses of monopoly.

4.12 Bulgargas sells gas to large industrial customers and district heating companies,
without the involvement of distribution companies. It operates mainly as a merchant pipeline (as
described in Box 1) but is required to offer transportation to others if alternative supply is
available.

Box 1 Thie "Merchant Pipeline"

* The transmission company buys gas fromn producers or at the border, sells gas to customers, and
is not required to transport gas for third parties. In effect, all customers must buy their gas from
the transmission company.

* Prices are negotiated between the transmission company and the producers/importers, on the one
hand, and between the transmission company and the customers, on the other.

* The transmission company owns the gas in its system. There is therefore no visible transportation
tariff.

* It is desirable to have distribution companies to handle small customers, as shown in the figure,
but the transmission company could supply small buyers directly.

_REl GULATOR |Distribution residential

Utility x 4

Merchant Pipeline commercial
\4k ~ company I,/

A Power
.* ~~~~stationsmoia4 buys -. * owns gas p* sells/ gas 955~~~~ga

i Industry
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4.13 The opposite to the Merchant Pipeline is an Open Access Pipeline. In this system, the
transmission company is not allowed to buy and sell gas (except for its own use), and must
transport gas for its shippers on fixed and transparent tariff (Box 2 further describes this option).
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Box 2 The "Open-Access Pipeline"

* The transmission company is not allowed to buy and sell gas. It must transport gas for third
parties on a nondiscriminatory basis.

* Suppliers sell directly to customers at the border and prices are set by direct negotiation between
the producers and the customers.

* The customers or suppliers, not the transmission company, own the gas in the pipeline system.
* The transmission company charges a tariff for transporting gas; the tariff is regulated by an

external regulator.
* Distribution companies are needed to serve smaller customers because producers need to sell on

long-term take-or-pay contracts and these are only viable from large customers.

REGULATOR
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Open Access versus Merchant Pipeline

4.14 Bulgargas acts mainly as a merchant pipeline company, obtaining gas in three different
ways: buying gas from Gazprom at the border, receiving gas as repayment for construction work
carried out many years ago (Yamburg Agreement), and receiving gas-in-kind as a transit fee.

4.15 Internationally, there is a trend toward separating the transportation and merchant
functions of transmission pipelines. Would the industry structure be more efficient and
advantageous to the Bulgarian economy if Bulgargas was a transporter only? At present and in the
absence of alternative suppliers, the answer is no. Today Bulgargas is a monopsony, buying gas
from only one supplier of gas. If Bulgargas were an open-access pipeline transporting gas for
Bulgarian customers, this supplier would negotiate directly with each of these customers
separately, and it could exercise its market power, as these customers would have no alternative
supplier. The buyers could reduce the possibilities of suppliers charging high prices by creating a
buying consortium. The advantages of a consortium rather than a merchant pipeline such as
Bulgargas is the possibility for direct negotiations with sellers, and having several sellers compete
for supply. Although no alternative supplies are available today, alternative gas suppliers may be a
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possibility in the future through one of the options discussed in chapter 2. If gas suppliers in
neighboring countries saw an opportunity in supplying Bulgaria, open access to the border of and
inside Bulgaria would give them an opportunity to reach potential customers.

4.16 Topenergy's objective is to modernize the transit pipeline system. Internal transmission
and gas distribution are not planned to be part of its business. Its role in the domestic market
should be monitored carefully by the government/regulator so that it does not develop along the
scenario described above, giving a major supplier the opportunity to sell directly to all customers as
the sole supplier.

4.17 The main challenge for the government is to regulate the transmission monopoly while
providing the commercial opportunity to attract investment upstream and in distribution companies.
If and when gas from alternative sources is available, the regulation of Bulgargas should include a
separation of the pipeline company's marketing and transmission businesses. This approach,
which we refer to as the Hybrid, incorporates some of the operating characteristics of both the
open access and merchant pipelines (Box 3 describes the Hybrid pipeline). To avoid a conflict of
interest, a customer buying gas from the marketing arm should take custody of the gas at the inlet
to the pipeline and have it transported by the transmission arm under a transport agreement between
the customer and the transporter. Moreover, the regulator would need to be satisfied that such
arrangements were at arms' length and that third-party users for additional capacity were not
subject to discrimination.

Box 3 The "Hybrid" Option

* The transmission company is allowed to buy and sell gas for its own account, but it must also
offer open access to its transportation capacity to third parties.

* Prices are set by negotiation. Customriers and the transmission company compete to purchase
from producers/importers, and producers/importers and transmission company compete to sell to
customers.

* To ensure a level playing field, the rnerchant and the transport functions of the transmission
company must be run as arms'-length activities in separate subsidiaries. The same transportation
terms and tariffs must apply to customers of the merchant business as to the third-party users.
Customers take custody of the gas at the inlet to the pipeline whether the gas is bought directly
from producers/importers or from the merchant arm of the transmission company. Thereby, all
gas in the pipeline is owned by consunmers and transported under the same tariff.

* Transportation tariffs and access rules must be regulated.

* Although it is desirable to set up distribution companies, they are not essential in the way that
they are for the Open-Access option, as the merchant part of the transmission company can
supply smaller industrial customers.
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Box 3 The "Hybrid" Option (cont'd)
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4.18 Distribution is the retail element of the system, taking gas at a number of city-gate
points from the transmission system and distributing it at lower pressure to a large number of
smaller customers, usually through an extensive network of piping. To provide a stable supply
and allow the distributor to buy sizable parcels of gas on long-term contract, the distributor
generally will require a limited regional monopoly to supply gas. If distribution companies are
introduced in Bulgaria, this would likely be the case.

4.19 In some countries, large customers are allowed to bypass the distributor (i.e., purchase
directly from the producer or transmitter of gas). The gas can reach the customer in two ways: (a)
the gas can be transported over the distribution network for an agreed transportation fee through
open access on the distribution network; or (b) the producer or customer can build a pipeline
directly to major customers, if this is allowed in the legislation ("physical bypass"). In Bulgaria,
large industry and district heating is the dominant market, while the market for small consumers in
industrial, commercial, and domestic markets (the mainstays of most distribution systems) needs to
be developed. A clear legislative definition of the boundary between transmission and distribution
is important, however, to clarify the extent of bypass and monopoly in each element of the gas
chain. It is recommended that a high threshold for physical bypass be defined or specified so that
distributors have a more secure basis for aggregation of demand.

4.20 It has to be recognized that competition through open access would give the producers
an opportunity to supply gas to the best customers ("cherry picking"), thereby undermining the
distribution company's ability to act as an aggregator of demand in its distribution area and to enter
into long-term contracts with suppliers for purchase of gas to these customers. However, the
distribution company would still earn income from the transport part of the business. Actually, in
North America, physical bypass is uncommon because the regulatory bodies usually approve a
"one-off tariff' on the distribution system sufficiently low to discourage construction of a new line.
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4.21 It would be in the long-term interest of Bulgaria to develop the transit business and
create a hub for gas to Balkan states. It receives a transit fee but more important it would have a
high priority to get a stable reliable supply from the gas suppliers. However, if Gazprom develops
downstream cooperation in the Balkan countries, such as it has in Bulgaria and Turkey, it would
be difficult for other suppliers to get into the market, and a diversification of supplies would be
difficult if not impossible.

Recommendations on Industry 'Structure

4.22 The World Bank/ESMAP recommends the following with respect to industry structure:

* In the near tenn, the objective would be to maintain Bulgargas as a merchant pipeline.
This would apply until:

- Alternative gas supplies are available. (This could be domestic production, or
supplies from sources other than Gazprom, such as LNG or supply from
neighboring countries.)

- Or until privatization becomes an issue.

* In the longer-term, we recommend that Bulgargas should be privatized but strictly as a
Hybrid Pipeline with separate merchant and transportation subsidiaries. ESMAP
would not recommend privatizing the company as a merchant pipeline because of the
potential for abuse of monopoly power. When the government is willing to privatize,
we think most investors from 'Western countries would not want to acquire Bulgargas
until they know, among other things, the regulatory rules, that prices reflect costs and
that consumers are paying their bills.

* Encourage a policy for the diversification of gas supplies on an economic basis.

* Transportation and distribution should be kept separate as different legal entities.

* To protect against the potential abuse of monopoly power, no producer/supplier or
customer should be allowed a controlling share in a transmission company, and
producers/suppliers should not control the distribution function.

* A number of private, independent, local distribution companies would bring more
actors into the industry to develop the market, with a multiplicative impact on business
initiatives and potentially with a positive impact on access to private capital.

* Although distribution companies do not usually compete directly against each other,
transparent operations and costs should form the basis for "competition-by-
comparison", which would be a valuable tool for a regulator in the approval of
distribution tariffs and service levels.

* Bulgargas is now the aggregator of demand and plans to sign long-term contracts for
gas supplies. With open access available, a supplier could, in theory, sell gas to
Bulgargas at one price and then use open access to sell gas to one of its customers at a
lower price. Such an arrarngement would have serious financial implications to
Bulgargas and needs to be controlled. Therefore, Bulgargas should negotiate contracts
that are flexible in terms of volume and that restrict the supplier's ability to undermine
the contracts.
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Draft Energy Law

4.23 An overall institutional and regulatory framework should be defined that will govern all
gas transmission and distribution activities in Bulgaria. Responsibility for energy is currently
shared among several state organizations. The Ministry of Industry is responsible for oil refining,
petroleum products distribution and marketing, and marketing of household fuels. Bulgargas, the
state high-pressure gas transmission monopoly, reports directly to the Council of Ministers. The
Committee of Energy is in charge of electricity, non-Bulgargas gas activities, coal mining, and
district heating; and the Committee of Geology and Mineral Resources oversees petroleum
exploration and production. A new energy law, currently under review, recommends the
establishment of an energy ministry to consolidate many of these functions. If introduced, this
would be a major step forward, as the cost of energy and its security are important issues for
Bulgaria. Formation of a Ministry of Energy is also consistent with a previous World Bank
recommendation in its 1992 Energy Strategy Report. What is important is to have an individual at
the ministerial level responsible for energy, although the same minister could be responsible for
more than one sector (e.g., Ministry of Energy and Mines).

4.24 The Draft Law leaves responsibility for the upstream oil and gas activities with the
Committee of Geology and Mineral Resources. It is very important that Bulgaria encourage
development of its indigenous gas resources to reduce, to the extent possible, reliance on imports.
Many countries have upstream agencies that are responsible for maintenance of the exploration and
producing data banks, promotion activities, issuance of permits to conduct seismic, drill wells,
install producing facilities, build gathering pipelines, and so on.

4.25 ESMAP recommends that personnel in the Ministry of Energy be confined to providing
policy advice and not to be involved in either the regulation or operations of energy companies.
This is important because it assures that officials will not be hampered by conflicts of interest.
There should not be a problem involving policymakers and the running of Bulgargas, since that
company now is a separate corporation handling operations of the gas transmission system.

4.26 Although ESMAP/World Bank prefer competition to regulation, we see a need for an
independent regulatory agency to oversee the natural monopoly of gas transmission and
distribution. The draft Energy Law indicates that an Energy Commission will regulate the natural
monopolies, and it has been implemented in many countries in the energy (electricity and natural
gas) sector. ESMAP supports this recommendation.

4.27 Energy regulatory boards or commissions have worked well in other countries (e.g.,
Canada, United States) and, if introduced, should be a positive development. However, to be
most effective, these boards need to be (a) insulated to the greatest extent possible from political
pressure so that they are seen by the public and industry as "independent," (b) properly staffed
with talented professionals, and (c) financially self-reliant by relying on user fees or, if this is not
possible, assured of an adequate budget to hire professionals and conduct their mandate. To gain
credibility, stakeholders need to be assured that all relevant factors are taken into account by the
regulatory board before rendering its decision. The agency can do this by establishing a record of
objectivity in its assessments, transparency in its decision-making, and independence of political
interference. Developing such a reputation will require the agency to attract quality personnel,
publish well-reasoned decisions, and follow appropriate operating procedures.
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4.28 The draft Energy Law provides for gas prices to be administered by the government
(Article 7). This seems reasonable in the short term, but in the longer term, ESMAP recommends
that prices be market related.

Awarding of Gas Distribution Franchises

4.29 The January 1996 mission was told that the Committee of Energy strongly favors the
awarding of franchises for regional distribution of gas on a tender basis, although this approach
was not used in the first one awarded in the V. Tatnovo area. ESMAP endorses tendering of gas
distribution franchises as it introduces competition and, if it is the same as in other countries,
innovative solutions to local problems and lower costs often result. Although Bulgaria has had
extensive experience in gas transmission, it has had limited experience in gas distribution. The
government should also consider inviting bids from foreign joint-venture partners with operating
experience in gas distribution. Many countries are doing this today and finding that it provides
opportunities for reducing costs of investment and of operations and maintenance and provides an
incentive for the franchises to offer good service. Moreover, foreign direct investment from
experienced operators is a good way of increasing capital supply.

4.30 Private foreign investors, especially European and North American, will want to know
the "rules of the game" before they invest large amounts of capital in Bulgaria's natural gas
industry. This argues for early passage of the necessary legislation that will influence the
operations of the industry. Investors will be anxious to know their rights and obligations under the
law; the health, safety, and environmental standards to be met; the organizations that will
implement the government's policies; and the maximum rates of return permitted on their
investment and how these rates will be calculated.

Regulated Pipeline Tariffs

4.31 Transmission and distribution pipeline tariffs have been a major concern to private
investors in other countries where new regulatory boards are being established, and there are no
reasons to believe that it will be any different in Bulgaria. For example, investors will want to
know how the regulatory agency intends to establish their eamings by using either (a) rate of
return, which is being followed in many countries; (b) price caps as in the U.K.; or (c) incentive
rate of return, which is now being introduced in Canada and elsewhere.

4.32 The original form of gas pipeline tariff regulation, which originated in the United
States, was rate-of-return regulation. Two other methods discussed, price caps and incentive rates
of return, have been devised to overcome some of the acknowledged disadvantages of the rate of
return method. Annex 7 discusses all three approaches and provides guidelines for the design of
tariffs.
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Annex 1

Table A1.1 1994 Final Energy Consumption by Sector (1000 toe)

Briquettesl
Petroleum other solid Coal/ Natural Steam/hot

Sector Electricity products fuels Lignite gas water heat Total

Industry 959 460 553 103 1,427 1,772 5,274

Transport 55 624 4 2 0 13 697

Households 843 1,134 563 206 0 583 3,329

Agriculture
and other 421 834 29 15 7 238 1544

Total 2,2T$051 1,149 327 1,434 2,605 10,844

Source: Energy Balances 1994, National Statistical Institute, Published 1996
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Annex 2

Table A2.1 GDP, Energy Demand and Natural Gas Demand in Bulgaria

GDP Energy Natural gas

(Billion denand demand

Year 1990 Leva) (MMtoe) (bcm)

1985 44.9 28.9 5.54

1986 46.8 28.8 5.56

1987 49.6 29.3 5.92

1988 50.9 29.8 6.41

1989 49.9 29.3 6.50

1990 45.4 26.3 6.69

1991 42.3 20.8 5.75

1992 39.0 19.9 5.06

1993 37.2 N.A. 4.59

Source: Committee of Energy, Bulgargas, Mission estimates.

Table A2.2 Structure of Gas Demand 1989-1993 (million cubic meters)

Sector 1989 % 1990 % 1991 % 1992 % 1993 %

Power/heat generation 1,549 24 1,808 27 1,905 33 1,803 36 1,365 30

Chemical industry 2,891 44 2,932 44 2,532 44 2,164 43 2,028 44

Other industry 1,206 19 1,101 16 858 15 707 14 774 17

Cement production 822 13 783 12 390 7 318 6 393 9

Agriculture 32 - 43 1 31 - 25 - 29 -

Other 2 - 25 - 34 1 38 1 5 -

Total 6,502 100 6,692 100 5,750 100 5,055 100 4,594 100

Source: BULGARGAS.
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Annex 3
Overview of the Steel Industry

This overview is based largely on industry visits and research conducted in 1994. ESMAP's
consultants did not investigate whether this industry is making economic use of this gas, and
whether perhaps the gas should be redirected using the existing good pipeline infirastructure to
more economic uses in other applications such as light industry or power generation, using market-
based pricing (i.e., true cost) as the mechanism. In its industry visits, the mission did not discuss
these issues in any detail, nor did it attempt to evaluate the long-term financial viability of this
industry.

Background and Summary

A3. 1 The Bulgarian steel industry was developed in the 1950s and 1960s primarily to supply
the domestic market. The industry was modemized during the 1970s and 1980s with the
assistance of the FSU. At its peak in 1989, the industry produced most of the steel products
demanded in the economy, basically long products, flat products, pipes, and tubes. The four
Bulgarian steel plants are all still in the public sector under the control of the Ministry of Industry.
However, the managers are operating their companies with a great deal of autonomy. The steel
industry in Bulgaria is impressive in its operations, management, and work force, and the manner
in which they have dealt with the massive collapse in the domestic steel market by shifting to
exports. This shift has been accompanied by improvements in operations that have resulted in
international competitiveness at least in the short term. The industry has three major energy
sources: coal in the integrated works, electricity for the electric arc furnaces, and natural gas for
reheat furnaces and power generation.

A3.2 New orders from the international steel markets, particularly the U.S. market, are
encouraging. However, the industry faces severe challenges due to the shift toward exports of
lower-value semi-finished products, and increasing quality and cost control requirements.
Nevertheless, the base case gas demand iforecast for the industry should reflect this encouraging
sales trend. The gas demand forecast given in figure A3.1 shows that an upward development in
gas demand caused by increasing sales is expected in part to be counteracted by energy-saving new
technology put to use at the Kremicovci plant from 1996. Gas demand is expected to level out at
no more than 500 million cubic meters per year.

A3.3 The Bank mission has recommrended that an energy study be made for the Kremicovci
plant to assist in developing a program for consumption of by-products fuels that could reduce
natural gas consumption and result in lower operating and investment costs and improved
environment. This initiative has the support of the plant management and Bulgarian authorities, and
the Bank is working to find grant funds for the study. The steel enterprises should also consider
seeking technical assistance for the development of

Facilities

A3.4 The four Bulgarian steel plants are:
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a. Kremicovci. A conventional integrated steel plant of about 1.7 million tons crude
steel capacity per year. There is also an electric arc furnace (EAF) steelmaking
operation of about 0.5 million tons. Natural gas is used in steelmaking operations and
in a dedicated electric power plant.

b. Stomana Pernik. An electric arc furnace (EAF) steelmaking operation of about 1.0
million tons. Natural gas is used in steelmaking operations.

c . Promet. A rolling mill.

d. Kamet. A small specialty steel producer.

A3.5 A more detailed description of these plants can be found following paragraph A3. 12,
together with a discussion of Bulgarian steel production, markets, operating costs, and prices.

Natural Gas Consumption

A3.6 The annual consumption of natural gas (in 1,000 cubic meters) by the steel producers
for the years 1992 and 1993 is shown in Table A3.1, along with the total crude steel produced and
the consumption of natural gas by the power plant at Kremicovci.

Table A3.1 Steel Production and Natural Gas Consumption

1992 1993

1,000 Tons 1,000 mi3 . 1,000 Tons 1, OOOm3

Kremicovci Steel Plant 1,213 202,363 1,460 198,455

Stomana Pernik 344 75,072 445 83,214

Total 1,557 277,435 1,905 281,669

Kremicovci Power Plant 173,410 166,000

Total consumption
Natural gas 450,845 447,669

Cubic meters/ton
crude steel 178.2 147.9

A3.7 In 1993 the power plant at Kremicovci accounted for nearly 40 percent of the natural
gas consumed by the steel industry. The plant was operated under a program to ensure
consumption of all by-product fuel and minimize natural gas consumption. The energy balance at
this plant should be studied with a view toward optimizing operations and determining the best
way to consume by-product fuels.

A3.8 At both Kremicovci and Stomana Pernik, the major use of natural gas is in the reheat
furnaces at the rolling mills. As more semi-finished products are exported, less are rolled and gas
consumption decreases. According to the data provided by the industry, consumption of natural
gas per ton of steel produced in 1993 was 17 percent lower than in 1992. If a level of
approximately 150 cubic meters/ton of crude steel is maintained over the next few years and steel
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production increases as envisaged, then the industry consumption of natural gas would increase in
1994 to about 340 rnillion cubic meters and in 1995 to about 380 million cubic meters. Beyond
that year, the new continuous casting facilities should be in operation at Kremicovci, which is
estimated to reduce the consumption there by about 40 percent. This would result in a gas
consumption of only about 100 cubic meters/ton of crude steel. If the industry operates at capacity
for the rest of the decade, it would consume about 300 million cubic meters of natural gas per year.

A3.9 The power plant at Kremicovci is independent of the plant's steel production
operations. Based on management's predictions for the industry's future sales and production, it
is likely that additional by-product fuels will be produced, and the power plant will be run at a
higher level in the future. A realistic assurmption for gas consumption in the steel industry for the
balance of the decade including the power plant would be about 500 million cubic meters per year,
as shown in Figure A3. 1.

Figure A3.1 The Steel Industry's Coinsumption of Natural Gas 1992-93, and Forecast
1994-2000
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Projects

A3.10 There are two major investment proposals at Kremicovci. The first, a program to
install continuous casting for slabs seems well advanced. The second, a program to rebuild the
electrical power plant, is still in the development stage and might benefit from an overall energy
study of the plant. The World Bank has taken an initiative to initiate such study and is attempting
to organize grant fund financing for its excecution. The study will develop the optimum program
for consumption of by-product fuels to mninimize operating and investment costs, particularly the
use of by-product fuels as replacement for natural gas that is now consumed in the reheat furnaces
at the rolling mills.

A3.1 I A Steel Sector Restructuring 'Study has been performed (unavailable when this report
was written), with funding provided by the European Union's PHARE program.
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A3.12 Beyond the projects and studies mentioned above, neither of the two major plants seem
to have the pipeline of investment projects that is typical of steel plants anxious to keep up with
changing market requirements and technology. In Kremicovci there is a need to upgrade the hot
and cold sheet rolling mills to improve quality and to lower the costs. Steelmaking in the integrated
section of the plant could be further improved beyond the addition of continuous casting. In
Stomana Pernik the steelmaking operation is world class, but the rolling mills are practically
obsolete. Even though there is mention of combined operations with Promet on the coast, no real
long term strategy seems to be emerging. This may be due to management preoccupation with
survival because of the recent market crash. hn addition to the PHARE funded restructuring study
presently underway, the plants would benefit from assistance in strategic and business planning.

Detailed Facilities Description

A3.13 Kremicovci Corp., located in the outskirts of Sofia, is the country's largest steel
producer. One of the plant's two major sections is a conventional Russian-supplied integrated
steel plant with coke ovens, blast furnaces, sinter plants, LD converters and flat product rolling
mills. The steelmaking capacity is about 1.7 million tons per year of crude steel. There is no
continuous casting and ingots are the semi-finished feedstock for the slabbing mill, which provides
slabs for the hot strip mill. The plant has cold rolling facilities capable of producing tin plate,
galvanized and plastic-coated sheets. In addition there are welded pipe facilities producing both
longitudinal and spirally welded pipe from hot rolled coil.

A3. 14 A continuous casting machine has been purchased, but the dramatic decline in business
limited funds for installation. With the earnings from the recent increase in exports, management is
restarting the project and expects the equipment to be installed in about two years. This could have
a major impact on material and energy consumption and on product cost and quality, which would
be significantly improved. Management expects that this project will ensure the company's future
as a flat products producer.

A3.15 The second major section at Kremicovci includes an electric arc furnace steelmaking
shop with a capacity of about 0.5 million tons per year, which produces steel for billets used in the
production of seamless tube and wire rod, primarily used as concrete reinforcing bar. There is no
continuous casting for long products, and without investment the facilities cannot be competitive in
the long term. In the mission's discussion of projects with plant management, there was no
mention of any investment plans for this part of the plant.

A3.16 In 1993, Kremicovci produced a total of 1.46 million tons of crude steel in ingot form,
of which about half were rolled into 630,000 tons of long products in the form of billets and wire
rod, and the other half rolled into slabs and about 568,000 tons of hot rolled coil. The plant is
exporting an increasing percentage of semi-finished billets and slabs.

A3.17 In addition to the steel producing and support facilities, the plant operates a dedicated
power plant utilizing by-product fuel from the coke and iron making operations to produce
electricity. These by-product gases are enriched with natural gas to maintain pressure and calorific
value. The power plant is presently operated at a level determined by the minimum quantity of
natural gas, which must be purchased in order to burn all of the by-product fuels. Electricity
production is about 35 percent of plant requirements. The power plant is obsolete, inefficient, and
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expensive to maintain. A project is being developed to replace it at an estimated cost of US$250
million.

A3.18 Stomana Pernik is the only other major steel-producing facility. The plant has a
modem electric arc furnace steelmaking plant of 1.0 million ton capacity with ladle metallurgy and
two continuous casters, producing both sl]abs and blooms. The modernization of the electric arc
furnace shop has recently been completed, and the facilities appear internationally competitive
based on the technical performance factors quoted by management, which are equal to some of the
world's best.

A3.19 Stomana Pernik also has three rolling mills, all of which are old and considered
obsolete by Western standards. They produce heavy rolled plate, rail, heavy and medium sections
and light sections. There are no plans presently to modernize the mills. Semi-finished billets are
produced on the heavy section mill for rerolling at Promet on the Black Sea and for export. In
1993, the plant produced 445,000 tons of continuous cast slabs and blooms, which were rolled
into 205,000 tons of slabs and 190,000 ton1s of long products.

A3.20 Promet is a modern bar and light section rolling mill facility on the Black Sea coast,
completed in 1987. Although it has a rolling capacity of about 800,000 tons per year, it has
averaged only 60,000 tons per year for the last three years. The facility is primarily fed with billets
from Stomana Pernik.

A3.21 Kamet is an old plant with srnall electric arc furnaces and an old merchant bar mill
used to roll specialty products. It is presently shut down, and when operated over the past three
years has produced only a small tonnage.

Production and Markets

A3.22 In the peak steel production year of 1989, Bulgaria, a country of about 8.5 million
people, consumed 3 million tons of steel. This was a steel intensity of over 300 kg per person,
one of the highest in Europe. The economy at that time recorded a GDP equal to about US$65
billion equivalent, of which industry represented as much as 72 percent. The machinery and metal
products subsectors were major domestic steel consumers who exported their products
predominantly to the other centrally planned countries in the FSU and Eastern/Central Europe.
Just under 50 percent of the steel production was consumed by the Bulgarian construction
industry. The collapse of the centrally planned economies and their trading bloc caused a severe
downturn in the Bulgarian steel industry, which was rapidly counteracted by new exports,
primarily to Western customers.
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Figure A3.2 Crude Steel Production by Major Plant, 1989 and 1992-94
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a Crude steel production in 1989 was supplemented by about 800,000 tons of semifinished imports from
Russia for rerolling.

b 1994 figures based on estimates from plant management.

A3.23 In 1989, direct steel exports amounted to only about 16 percent of production, and
roughly equaled imports, as shown in Table A3.2. Flat products dominated the export, as they
also did in subsequent years.

Table A3.2 1989 Production, Trade, and Consumption of Finished Steel Products
(thousand tons)

Apparent
Product Production Import Export Consumption

Long products 1,180 270 50 1,400

Flat products 1,690 80 370 1,400

Pipe & tube 170 100 70 200

Total 3,040 450 490 3,000

A3.24 By 1992, apparent consumption in the country had fallen by over 70 percent since 1989
to only 800,000 tons, as shown in Table A3.3. Exports remained at about 450,000 tons but were
now mainly to Western countries, replacing the previous demand from the centrally planned
economies. Consumption balance also changed during this period due to the overall decline in the
machine building and metal products subsectors. In 1992, about 60 percent of total consumption
went to the construction sector.
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Table A3.3 1992 Production, Trade, and Consumption of Finished Steel Products
(thousand tons)

Product Production Import Export Apparent consumption

Long products 500 20 80 440

Flat products 620 10 330 300

Pipe & tube 80 20 40 60

Total 1,200 50 450 800

A3.25 Since 1992, the domestic markets for flat and long products and pipe and tube have
remained depressed and, without markets for Bulgaria's manufactured products, will remain that
way. This has caused the steel industry to shift its focus to exports, which in 1993 grew to about
40 percent of production. Managers of both major plants claim that in 1994 their production will
reach about 80 percent of the 1989 level, and that over 60 percent will be exported. If correct, this
would equate to exports of about 1,000,000 tons per year. At the same time the domestic
consumption is expected to stagnate at about 800,000 tons per year.

Figure A3.3 Steel Production, Import, and Export, Selected Years
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Note: The steel products included are long and flat products, pipes and tubes; 1994 figures based on plant
managers' estimates in June 1994. Impolts are shown as negative figures.

A 3.26 The recent increase in crude steel production has not been accompanied with a
proportional increase in rolled products due to an increase in export of semi-finished slabs and
billets. While providing tonnage, these products have lower value added, particularly slabs
produced at Kremicovci compared to flat products in the same plant. Management, however,
seems opportunistic and will export the products in largest demand, which are increasingly semi-
finished.
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A3.27 The current volume of exports of about 1,000,000 tons per year can probably be
sustained in the 150 million tons per year world steel market. However, the financial and
economic viability of this strategy can be questioned. Quality requirements and fierce competition
in the common steel products being exported raise costs and depress selling prices. In addition,
the industry is under additional cost pressure as raw material and energy prices move closer to
international levels. Nonetheless, the industry's marketing plans for the long term are based on
further increasing exports, particularly to the U.S. market. Management of one plant claims to
have export orders for 1995 amounting to 90 percent of the plant's capacity in finished and senm-
finished products.

Prices

A3.28 The realized export selling prices for products from Kremicovci and Stomana Pernik
compared to prices in the European market are shown in Table A3.4. Realized prices do not
include freight within Bulgaria of about US$7.70 equivalent per ton. Figures were provided in
discussions with plant management. European Market prices are FOB European Union mills as
reported in international steel journals for June 1994.

Table A3.4 Realized Export Prices in 1994 (US$/ton)

Product Kremicovci Stomana Pernik Western Europe

Plate 260 375

Hot rolled sheet 280 325

Cold rolled sheet 355 425

Galvanized sheet 385 455

Reinforcing bar 235 230 265

A3.29 It can be assumed that the lower realized prices are a function of one or all of the
following factors: (a) tough competition where the lowest price gets the order; (b) lower quality in
comparison to similar products produced in European Union facilities; and (c) unsophisticated
sellers dealing mainly through traders who negotiate the highest selling price to the consumer and
the lowest buying price from the producer. The plants' pricing problems are compounded by an
accounting system that does not capture all of the costs of production, relatively low domestic
prices, high inflation, and difficulty in getting paid by domestic consumers. This, in addition to
the need for foreign currency, is one positive attribute of the export market, and even with all of
these difficulties, export sales still seem to be profitable.

Operating Performance

A3.30 The steelmaking and rolling mill facilities and technology at Kremicovci Corp. are a
mix of old and some relatively new equipment. Russian sintering and iron making technologies
are able to produce relatively good pig iron with poor raw materials. This provides some leeway
and some advantages in being able to use lower quality ores. However, without continuous
casting, the unit material and energy consumption will remain high by Western standards with
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comparable higher operating cost. Offsetting this are relatively low-cost raw materials, labor costs,
and to some extent energy.

A3.31 Iron ore, which until recently was rnined in the area of Kremicovci, is now imported
predominantly from Ukraine at a cost of about US$15 per ton, delivered to a Bulgarian port
including shipping. Internal transportation within the country adds about US$7.50 per ton.
Although of a somewhat lower quality, this is about half the delivered cost of iron ore to Western
European mills.

A3.32 Scrap, which is the material feedstock for the electric arc furnaces at Kremicovci and
Stomana Pernik, is readily available at a price of only about US$50 per ton. This is less than half
the world price, which has recently been over US$120 per ton for equivalent quality. Export of
scrap has recently been banned by the govemment in order to support the steel industry.

A3.33 Some energy costs are also lower than in Western Europe. Coal is imported from
western sources at international prices, but rail transport in the country is lower cost. Rail service
is said to be very good. Management estimates that over 65 percent of rail shipments in the
country are related to the steel industry. Electricity cost estimates in mid 1994 were about US$34
equivalent per 1,000 kWh, after several real price increases recently. Nevertheless, electricity
prices are still less than half the level to industry in Western Europe. Natural gas is imported from
Russia by the national gas company and sold to the steel companies, which faced large real gas
price increases in the first half of 1994. US$112 per 1,000 cubic meters was reported for mid-
1994. The gas price is generally in line with West European gas prices.

A3.34 Labor costs are very low in Bulgarian steel plants. Financial charges are minimal, since
these plants were constructed (and up until recently modernized) with state funds. The resulting
estimated costs of production for the two major facilities would be about as shown in Table A3.5,
which compares production costs and selling prices for semi-finished slabs and billets based on
information provided by the plants for the quantities produced in the first six months of 1994. The
estimated costs for a western mill are based on a theoretical efficient minimal of 500,000 ton
capacity in Europe. Costs are expressed in dollars per ton of crude steel produced at an estimated
exchange rate of 50 lv/US$. The table is meant to give a relative indication of the cost structure
and competitive position with western firms utilizing similar technology. The figures are not
absolute values based on actual accounts. Accounts would, for one thing, have shown that the
Bulgarian steel companies are in arrears with payment for their energy supply.

A3.35 The material costs at both Bulgarian plants in Table A3.5 indicate the mentioned low
cost of Ukraine ore and the artificially low scrap prices. These are likely to change in the long run.
However, the planned continuous caster at Kremicovci and the recently modernized steelmaking

plant at Stomana Pernik will tend to keep material usage competitive with eastern plants and allow
the Bulgarian steel industry to exploit any opportunities to utilize low-cost raw materials. This will
help to maintain the competitive positions of these two plants.
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Table A3.5 Estimated Production Costs of Steel Products
(US$/ton)

Cost Item Kremicovci Stomana Pernik Western Finn

Material 90 75 132

Energy 100 38 50

Labor 30 24 32

Other costs & credits 30 8 10

Total variable costs-slabs 250

Total Variable Costs-billets 145 224

A3.36 The industry in total employed about 24,000 people in 1992, down from a peak of
39,000 in 1989. Both major firms employ a large number of workers in non-steel-related social
activities. The work force at Kremicovci in 1993 was about 16,100 in total, but amounts to only
about 12 percent of production cost. Although Stomana Pernik's work force is about 6,000 and
constitutes 17 percent of production costs, the very high technical level of the staff improves the
other elements of the cost structure. The technology in place in Kremicovci is more costly to
operate, with inherently lower yields, raising material and energy costs and requiring extra labor in
order to operate an integrated plant. However, the operating performance indicates that even with
some overmanning there is a well trained and committed work force. The work force estimate for
the western firm in Table A3.5 is based on a total employment of 1,000, but with typical Western
European steel industry wages.

Environment

A3.37 Steel plants, especially integrated steel plants, produce substantial amounts of air,
water, and solid waste pollution. However, the two main Bulgarian plants are very close to the
capital city of Sofia and have spent considerable effort and resources on pollution control. These
facilities are well maintained, and management stated their concern for environmental problems and
their efforts to keep the plants in compliance with existing and possibly new environmental
regulations. One possible area of concern is the power plant in Kremicovci, which operates
inefficient steam boilers fired by a mixture of gases including coke oven gas. This power plant
may contribute a significant amount of carbon dioxide and sulfur dioxide to the atmosphere. An
estimated US$250 rnillion power plant replacement project is being developed. The plant would
benefit from a study of energy requirements and energy balance that would lead to an energy
project that would minimize operating and investment costs while dealing with environmental
concerns.



A,nnex 4
Overview of the Cement Industry

This overview is based largely on industry visits and research conducted in 1994. ESMAP's
consultants did not investigate whether this industry is making economic use of this gas, and
whether perhaps the gas should be redirected using the existing good pipeline infrastructure to
more economic uses in other applications such as light industry or power generation, using market-
based pricing (i.e., true cost) as the mechanism. In its industry visits, the mission did not discuss
these issues in any detail, nor did it attempt to evaluate the long-term financial viability of this
industry.

Background and Summary

A4.1 Cement manufacture in Bulgaria began in 1914 with the establishment of a Swiss-
Bulgarian Cement Company, which today is named Granitoid. Following World War II, the
industry was nationalized, and it is still owned by the Government. It comprises six cement
companies, which were transformed into independent economic units in 1989. The transition to a
market economy has been difficult. All companies are underfinanced and in great need of capital
for modernization. None of the plants possess truly modern manufacturing technology, and most
operate using the inefficient wet process.

A4.2 The government seems to have given the companies full autonomy for day-to-day
operations, and strategic decisions rest with the company board of directors. The companies have
no formal reporting obligations either to the Ministry of Industry or to the Department of Statistics.
They are free to market their products donmestically and abroad and to set prices. However, there
are strict environrmental regulations for ernissions. Privatization is seen by all companies as the
only solution to their present financial bind, and the government has established a Privatization
Commission that will be responsible for all these activities. The companies have been visited by
various foreign companies/consultants expressing interest in acquiring them or providing
consulting services.

A4.3 Cement demand in Bulgaria is projected by the mission to increase slowly from 2
million tons per year (tpy) in 1994 to 3.0 mnillion tpy in 2003. Exports may increase from 1 to 2
million tpy over the same period. Gas consumption in the cement industry is projected in the
Mission's base case to increase only marginally over the next few years from the current level of
440 mill cubic meters (1994 estimate). Conversions to coal and oil as well as other technology
changes will set in before the turn of the century and will, according to this projection, lead to a
phase out of gas use in the sector in the first three or four years of the next century.

Production and Markets

A4.4 Total cement production capacity is presently 5.3 million tpy. It has been higher, but a
number of highly inefficient cement kilrts have been taken out of service. Table A4.1 shows
domestic production and consumption, as well as exports and imports for the years 1986-93. It is
striking to note the drastic reduction in ceiment consumption from 1989 onward.

73



74 Bulgaria Natural Gas Policies and Issues

Table A4.1 Cement Production, Trade, and Consumption 1986-92
(thousand tons)

Year Domestic production Imports Exports a Domestic consumption

1986 5,702 37 67 5,672

1987 5,535 49 192 5,392

1988 5,420 24 220 5,224

1989 5,021 13 143 4,891

1990 4,572 13 267 4,318

1991 2,713 15b 450 2,278

1992 2,508 15 456 2,067

a Includes both cement and clinker exports
Estimated

A4.5. Future demand has been estimated based on GDP projections. With 1993 as the base
year, using the Bank's projections of growth of GDP (2.5 percent p.a. for 1995-96, 3.7 percent
p.a. for 1997-2001), an assumed growth of 6 percent p.a. for 2002-04, future domestic
consumption was calculated as shown in Table A4.2 for the years 1994-2004.

A4.6. As shown in Table A4.1, the export volume in 1992 was 0.45 million tpy. Interviews
with five of the six plants indicated that exports for 1994 were expected to reach 1 million tpy
because of better-organized export efforts. Once the conflict in the former Yugoslavia has been
settled and the embargo lifted, additional exports to this region will take place. Because of the
present emphasis on earning foreign currency, and because export prices are higher than the
depressed domestic prices, it has been assumed that exports will increase to 1.5 million tpy and
then level off until the Bulgarian cement plants have been able to make the necessary investment to
make their plants competitive in the area of quality, particularly as it pertains to cement fineness.
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Table A4.2 Cement Production, Trade, Consumption Projections for 1994-2004
(million tons)

Year Production Export Import Consumption

1994 3.00 1.00 0 2.00

1995 3.25 1.20 0 2.05

1996 3.40 1.30 0 2.10

1997 3.58 1.40 0 2.18

1998 3.66 1.40 0 2.26

1999 3.84 1.50 0 2.34

2000 3.93 1.50 0 2.43

2001 4.12 1.60 0 2.52

2002 4.37 1.70 0 2.67

2003 4.63 1.80 0 2.83

2004 5.00 2.00 0 3.00

Manufacturing Facilities and Technology

A4.7. The industry comprises six cement companies (plants) with locations reasonably well
distributed over the country. Table A4.3 below gives capacity and 1992 production in million
tons, wet versus dry process technology, specific fuel efficiency in kcalfkg clinker and specific
power consumption in kWh! ton cement. Table A4.4 lists detailed data on the individual cement
kilns by plant.

Table A4.3 Industry Data 1992

Capacity Production 1992 Power
Mill. tons (Mill.tons cement) Fuel efficiency efficiency

Plant cement) Process (kcallkg clinker) (kWhJton)

Beli Izvor 1.05 .398 Dry 920 144

Zlatna Panega 0.80 .395 Dry 1,245 165

Pleven 0.37 .343 Dry 1,117 144

Devnya 1.80 .904 Wet 1,585 145

Granitoid 0.75 .201 Wet 1,564 200

Vulkan 0.50 .262 Wet 1,798 101

TOTAL 5.27 2.50(3
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Table A4.4 Cement Kilns

Company Quantity Process Manufacturer Size (meters) Year

Beli Izvor 1 diy Polysius 4.0x60 1972

1 dry Sket 4.6x60 1977

1 diy Sket 4.6x69 1990

Devnya 2 wet Sket 3.6x150 1958

2 wet Sket 3.6x150 1964

2 wet Volgocem 5.0x185 1977

Granitoid 1 wet Volgocem 5.0x185 1980

1 wet Volgocem 5.0x185 1984

Pleven 2 dry Humboldt 3.6x51 1965

Vulkan 2 wet Smidth 3.0xlO0 1948

1 wet Polysius 3.0xlO0 1953

1 wet Macrum 3.Oxl lO 1964

ZlatnaPanega 2 dry Humboldt 3.6x51 1966

3 dry Polysius 4.0x60 1970

A4.8 The major characteristics of the industry are as follows

a. Low capacity utilization due to lack of demand, resulting in high manufacturing costs.

b. Predominant use of wet process operation (58 percent of total capacity). In the Western
world wet process units have been replaced by dry process units in order to improve
fuel efficiency.

c. Outdated technology.

Lack of energy efficiency. The three dry process plants average
approximately 1100 kcallkg clinker, which is about 25 percent above the
consumption of a modern plant. Similar inefficiency is found in power
consumption; the average power consumption per ton of cement in 1992 was
149 kWh compared with approximately 90-100 kWh/ton cement in a modern
plant.

* Product quality. Bulgarian cement exporters are at a distinct disadvantage
because they cannot match the higher fineness of cement from foreign
competitors.

* Lack of computerized control systems. The lack of automatic process
controls and computerized monitoring of operations impairs energy efficiency
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and product quality, while at the same time limiting efficient use of
manpower.

Lack of coal buming equipment. All plants are using natural gas as fuel for
the kilns. In the West the developed countries converted from natural gas/fuel
oil burning to coal burning during the 1970s. In Bulgaria all plants converted
to burning of natural gas in 1974-75 because it was cheap (subsidized prices)
and convenient. During the transition to a market economy, the price of gas
has gradually been raised. It is adjusted according to the world prices of oil,
and it will match world prices by 1995. The mid-1994 price was US$114 per
1,000 cubic meters, equivalent to US$14.25 per million kcal. The Bulgarian
cement manufacturers are aware that the price for imported petro-coke is
US$35/ton CIF port, equivalent to US$5 per million kcal CIF port. A
number of the plants have prepared budgets for conversion to coal burning.
Capital costs would be on the order of US$3-5 million per plant. Additional
investments would be required for infrastructure facilities for receiving,
storing, and loading of coal at port and handling by rail.

Financial and Economic Performance

A4.9 Profit and loss. The 1989 reorganization of the six cement companies under Decree
56 left them in a precarious financial situation with large debts and no capital. At the same time a
phased adjustment of input prices to world prices caused their manufacturing costs to increase
rapidly. The collapse of many public sector construction companies and curtailment of most public
sector projects drastically reduced domestic demand for cement to approximately 40 percent of
industry capacity. Beli Izvor claims to operate at a profit and Zlatna Panega just to break even,
whereas the rest of the companies are operating at a loss. As indicated further below,
manufacturing costs are likely to increase over time because of deferred maintenance. Table A4.5
shows that the energy component in present manufacturing costs for some plants is close to or
above the mid-1994 sales price for cement (US$27/ton).

A4.10 Financial condition. The imission received no detailed financial information. The
Privatization Commission has been working on restructuring of the individual company balance
sheets. The plants basically fall into two groups, one comprising plants with old outdated
technology, but low debt, and the other with more energy efficient equipment but relatively high
debt. From comments by the various companies, it appears that it has been difficult to restructure
the companies in an equitable manner. All the companies seem to look at privatization as the only
solution to their financial problems. Most of them do not even have enough capital to carry out
needed maintenance. The companies have large arrears in their payments to gas supplier
Bulgargas.

A4.11 Sales price. The average FOB plant price of US$27 per ton of Type 350 Pozzolan
Cement (the most commonly traded type of cement) is low compared to Western Europe and U. S.
prices (approximately US$50-60 per ton). Most of the companies would like to raise prices, but
because of the very competitive market environment prices remain low. Export prices are slightly
higher, so all companies try to maximize exports. Some of the plants have resorted to making
special types of cements (Rapid Setting, Sea Water Cement, High Strength Cements, etc.) hoping
to find a niche with a better profit margin.
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A4. 12 Manufacturing costs. No detailed breakdown of manufacturing costs was
received. One of the wet-process plants indicated that their manufacturing cost was US$28.8 per
ton, while the other wet-process plants indicated that they were losing money or barely breaking
even at the prevailing US$27 per ton FOB plant sales price. As for dry-process i.nts, Beli Izvor
indicated that they operated at a profit, whereas Zlatna Panega indicated that they just broke even.
All the plants were keeping maintenance to a minimum, and it is doubtful that the present cost level
can be maintained over time.

A4.13 Energy costs. The table below shows energy costs per ton cement for Bulgarian
plants. The Bulgarian energy costs are compared with costs for a typical West European plant, on
the basis of the following assumptions:

Bulgaria: Energy efficiencies as shown in Table A4.3.

* Mid-1994 gas cost of lv 5931 (US$114) per 1000 cub.
meter gas at fuel value 8000 kcal/cub.meter (US$14.25 per
1000 kcal);

* Mid-1994 electricity cost of lv 1.09 (US$0.021) per kWh.

West European plant: * Fuel efficiency of 850 kcal/kg clinker;

* Power efficiency of 100 kWh/ton cement;

* Coal cost US$9.5 per 1000 kcal;

* Electricity cost of US$0.05 per kWh;

* Extensive use of waste fuels to reduce kiln fuel cost to
approximately 85 percent of the equivalent coal cost, i.e.
US$8.08 per 1000 kcal.

A4.14 The mid-1994 price in Bulgaria for natural gas is close to West European prices; its
contribution to the energy costs per ton cement is shown in table A4.5 as non-subsidized.

A4.15 The three dry process plants (Beli Izvor, Zlatna Panega, and Pleven) have significantly
lower energy costs than the three wet process plants, and the most modern of the three, Beli Izvor,
is in a class by itself. The table also shows clearly that the Bulgarian cement manufactures are at a
competitive disadvantage compared to Western Europe. It is also obvious that the present FOB
plant price of US$27 per ton does not permit them to cover their costs (possibly with the exception
of Beli Izvor).
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Table A4.5 1994 Energy Costs per ton Cement
(U.S .Dollars)

Kiln fuel Plant power Total

Plant Non-subsidized Financial Non-subsidized Financial Non-subsidized

West European 6.87 5.00 5.00 11.87 11.87

BeliIzvor 11.14 3.01 7.20 14.14 18.34

Zlatna Panega 15.08 3.47 8.26 18.55 23.34

Pleven 13.53 3.02 7.20 16.55 20.73

Devnya 19.19 3.05 7.26 22.24 26.45

Granitoid 18.94 4.20 10.00 23.14 28.94

Vulkan 21.77 2.03 5.06 23.80 26.83

A4.16 Labor productivity. Based on preliminary information received during the plant
visits, the Bulgarian plants operate at a productivity range of 323 tons/man year (Vulcan) to 570
tons/man year (Zlatna Panega). This compares to a productivity of some 3000 tons/man year in
West Europe. Management at the plants acknowledged that they probably could reduce the labor
force by some 50 to 60 percent without impairing plant operations.

A4.17 Environmental control. In spite of the depressed financial situation, the cement
plants maintain compliance with the strict national regulations for particulate emissions, currently
150 mg/norm cubic meter for existing equ:ipment. Equipment installed after 1992 will have to meet
a requirement of 80 mg/norm cubic nmeter. The mission received a good impression of
housekeeping and environmental performance during the plant visits.

Strategy

A4. 18 The major problems facing the cement companies are their depressed financial situation,
low demand and low sales prices, antiquated equipment with the associated high manufacturing
costs and noncompetitive cement quality. Their financial condition and the low retention prices in
the market makes it impossible for them to secure loans for the major capital investments which are
required for modernizing the plants. All companies recognize that they must establish business
plans, but few, if any, have the necessary experience to do it. The newly emerging domestic
consultant companies as well do not have the capability to carry out proper feasibility studies.

A4.19 Several of the plants have been visited by foreign consulting companies (most likely
commissioned by potential foreign investors to gather information). In some cases project cost
estimates were prepared for conversion to grinding of petro-coal as a source for kiln fuel (estimate
US$3-5 million per plant) or conversion of the existing cement grinding systems to the more
modern closed circuit operation (estimate US$3-4 million). Normally a US$5 million investment
should not be difficult for a cement plant to undertake, but all domestic banks refuse to lend to the
cement companies because of their precarious balance sheets. In one plant the foreign consultants
had estimated the cost of converting an existing kiln from wet-process operation to dry-process
operation (Devnia plant: US$85 million for a 1 million tpy unit). The Privatization Commission
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reportedly is working on a financial restructuring of the companies, but the mission did not learn
whether the restructuring would go far enough to make the companies (or some of the companies)
credit worthy.

A4.20 Presently domestic demand is only 38 percent of capacity, and it is projected to increase
to 57 percent of existing capacity in year 2004. Consequently it appears inevitable that the number
of plants will be reduced from the present six to perhaps four or less. Geographically, with the
small size of the country, four cement plants would seem adequate. Preparation of a corporate
strategy for each cement company would permit the individual company to assess its future and to
formulate a course of action. It should also serve to prevent unjustified investments by the
companies. Technical assistance will be needed to assist the companies in preparing feasibility
studies and corporate strategies.

A4.2 1 The most important factors to consider are as follows

a. size and quality of raw material deposits

b. nearness to important markets and access to infrastructure and economic modes of
transportation

C. Age of equipment and physical layout of the cement plants. Individual feasibility
studies must be carried out to determine for each plant how much of the existing
equipment can be used (possibly with some modification) and how much must be
discarded and replaced.

Projections of Energy Consumption

A4.22 This overview does not attempt to forecast viability of the individual plants, and the
projections of sector energy consumption shown in Table A4.6 below have been done on a macro
level. The assumptions used are detailed below. As shown in the table and the figure below, gas
consumption is forecast to decrease by 90 percent by the year 2002 with the substitution of oil and
coke, to a level below 50 million cubic meters per year.
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Table A4.6 Projection of Annual Energy Consumption by Cement Industry (millions)

Production Consumption

Year Cement (tons) Gas (m's) Petro-coke (tons) Oil (tons) Power (kwh)

1994 3.00 440 0 0 455.7

1995 3.25 477 0 0 493.7

1996 3.40 499 0 0 516.5

1997 3.58 473 0 0 545.2

1998 3.66 487 0 0 557.3

1999 3.84 2:59 0.296 0 584.5

2000 3.93 2657 0.305 0 598.1

2001 4.12 2:21 0.253 0 515.0

2002 4.37 43 0.370 0.052 502.6

2003 4.63 42 0.358 0.050 532.5

2004 5.00 45 0.387 0.054 575.0

Figure A4.1 Annual Natural Gas Consumption by Cement Industry, 1994-2004
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* 1995-1996 Weighted average of all plants (both wet and dry operation): 1,380 kcallkg
clinker.

* 1997-2000: For the first 2.5 million tons produced, the weighted average of present
configuration of dry process plants: 1,084 kcallkg clinker. 1,615 kcallkg clinker for
residual production.

* 2001: Average efficiency of 1,010 kcallkg clinker for new and old dry-process
equipment.

* 2002: With an increasing proportion of new dry process equipment: 930 kcal/kg
clinker.

* 2003 and up: Predominantly new dry process equipment: 850 kcal/kg clinker.

Power efficiency

* 1995-1996: Weighted average of all plants (151.9 kWh/ton cement).

* 1997-2000: For the first 2.5 million tons produced, the weighted average of present
configuration dry-process plants: 152.7 kWh/ton. 151.3 kWh/ton for the residual
production.

= 2001: 125 kWh/ton.

= 2002 and up: 115 kWh/ton.

Fuel for kiln firing

= 1995-1998: 100 percent natural gas.

- 1999-2001: 50 percent gas, 50 percent petro-coke.

- 2002 and up: 10 percent gas, 15 percent heavy fuel oil, 75 percent petro-coke. (In
some cases the high sulfur content of petro-coke may require partial substitution of
petro-coke with ordinary coal.)

Fuel values

* Fuel oil: 10,000 kcal/kg.

* Petro-coke: 7,000 kcal/kg.

* Coal: 5,800 kcal/kg.

* Natural gas: 8,000 kcal/ cubic meter.



Annex 5
Fertilizer lindustry Overview

This overview is based largely on indusiry visits and research conducted in 1994. ESMAP's
consultants did not investigate whether this industry is making economic use of this gas, and
whether perhaps the gas should be redirected using the existing good pipeline infrastructure to
more economic uses in other applications such as light industry or power generation, using market-
based pricing (ie., true cost) as the mechanism. In its industry visits, the mission did not discuss
these issues in any detail, nor did it attempt to evaluate the long-term financial viability of this
industry.

Background and Summary

A5.1 Starting in the early 1950s, with substantial help from the USSR, Bulgaria's economy
changed from largely agricultural to industry-based. In particular, the development of the chemical
and petrochemical industry was exclusively based on oil and natural gas from the Soviet Union.
Today, the chemical and petrochemical industry covers a broad range of products from fertilizers,
plant protection chemicals, and pharmaceutical products to plastics and rubber products. The
fertilizer industry accounts for more than 80 percent of total yearly natural gas use in the chemical
and petrochemical industry, and is therefore the focus of the discussion that follows. The other
major gas consumer in this industry segment is the Neftochim refinery in Burgas. Minor
consumers are other chemical industries, producing inorganics and rubber products.

Fertilizer Market, Demand and Supply

A5.2 About 80 percent of the natural gas consumed by the Bulgarian fertilizer industry is
used to produce ammonia. The balance is used for process heat and other heating purposes. The
ammonia is not a final product but is further processed into derivative fertilizer products,
principally urea, ammonium nitrate (AN), and liquid fertilizer urea/ammonium nitrate solution
(UAN). Ammonium nitrate is mainly used in the domestic Bulgarian agricultural market, whereas
urea and UAN are exported. Small quantities of ammonia are also used to produce ammonium
sulfate. Some of the produced ammonia is also exported.

A5.3 Initially the Bulgarian fertilizer industry was built and operated to satisfy the needs of
the domestic agricultural market. Over cime, however, considerable exports of urea and UAN
developed. The markets for Bulgarian fertilizer shrank substantially in the period 1990-93,
particularly for AN, due to two factors:

a. Collapse of the domestic market. Before 1990, a market of 1.2-1.3 million tonnes of
AN per year existed. In 1993 this consumption was down to around 40 percent of that
level, and is expected to recover slowly.

b. Severe competition. This came from a sustained supply of cheap fertilizers from
Russia in the export markets.
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A5.4 Although the export markets for urea and UAN were retained during the 1990-93
period, the production costs of these fertilizers exceeded their revenues. Recent developments in
the fertilizer markets indicate some improvements: the domestic market for AN is growing again,
and the low-priced supply of Russian fertilizer products has come to an end.

A5.5 With the decrease in the domestic use of AN since 1990, part of the production of this
specific fertilizer has been exported. It is expected that the domestic market for fertilizers will
recover and reach a level of 60 to 70 percent of the pre-1990 consumption within two to three years
from now. By the end of this decade, the domestic fertilizer consumption (mainly AN) could be
back to its pre-1990 level. The ammonium nitrate plants operate currently at an average 50 percent
of maximum production capacity. Approximately 30 percent of AN production is exported.

Fertilizer Manufacturing Facilities and Technology

A5.6 The fertilizer industry consists of four companies (Agrobiochim, Neochim,
Agropolychim, and Chimco) with locations fairly well distributed over the country (respectively in
Stara Zagora, Dimitrovgrad, Devnya, and Vraca). The installed production capacity for ammonia,
its production in 1993 and 1994, and the related natural gas consumption are shown in Table A5.1.

Table A5.1 Ammonia Production Capacity, 1993 and 1994 Production and Gas
Consumption

1993 1994

Prod
capacity Production Gas consumption Production Gas consumption

Plant (kton/yr) (kton) (mln. m3
) (kton) (mln. rn3 )

Agrobiochim 220 180 160 171 152

Neochim 450 125 240 160 307

Agropolychim 200 140 160 192 219

Chimco 500 500 500 488 488

TOTAL 1,370 945 1,060 1,011 1,166

* Estimated

A5.7 Natural gas use per unit of produced ammonia varies considerably between plants,
depending on the technical layout and the process efficiency of each plant. Agrobiochim's gas
consumption per ton ammonia is relatively low at 950 cubic meters, offset by extremely high
power and steam consumption, resulting in a high overall energy input per ton of ammonia.
Neochim's unit gas consumption is 1,280 cubic meters, Agropolychim's is 1,370 cubic meters
and Chimco's is 975 cubic meters.

A5.8 It must be noted that the total gas consumption of the four plants is higher than the
figures in Table A5.1, because an additional quantity of gas, typically 20 percent of the volume that
is used as feedstock for the ammonia production, is consumed as fuel for process heat in the
various production processes that generate the urea, ammonium nitrate, and UAN. The total gas
use by the four fertilizer companies over 1993 and 1994 is thus estimated as shown in Table A5.2.
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Table A5.2 Total Gas Consumption By Fertilizer Producers
(Million M3)

Gas consumption

Plant 1993 1994

Agrobiochim 190 170

Neochim 170 327

Agropolychim 204 231

Chimco 660 660

TOTAL 1,224 1,388

Financial/Economic Performance

A5.9 The technical and economic viability of the Bulgarian fertilizer industry is determined
by the following factors:

a. Efficiency of the ammonia production, in which natural gas, electric power and steam
are used as fuel inputs.

b. Economic viability of the urea, AN and UAN production, taking into account their
production levels and production economics, and the environmental aspects for each of
the individual production processes.

c. Accessibility of markets

A5.10 Based on a natural gas price oF US$93/1,000 per m3 (which was given as the price in
June 1994 in Bulgaria) and on corresponding costs of electric power and steam, the ammonia
production costs for the various Bulgarian fertilizer producers are estimated to be as shown in
Table A5.3.

Table A5.3 Estimated Cost Of Ammonia Production (June '94)

Producer Production cost (US$/ton)

Agrobiochim 175

Neochim 137

Agropolychim 128

Chimco 121

A5.1 1 The world market price for arrmonia is about US$135/ton, which gives an indication of
the overall efficiency of the four ammonia plants. The energy consumption per ton of ammonia
varies from 9.5 Gcal for Chimco, 10.0 Gcal for Agropolychim and 10.5 Gcal for Neochim to 14.0
Gcal for Agrobiochim. A modem, state-of-the-art ammonia plant typically consumes around 8
Gcal/ton, although many plants in the world currently consume about 10 Gcal/ton. The relatively
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high energy use in the Bulgarian plants is offset by lower cost for other inputs in the production
process, particularly labor.

Current and future gas consumption

A5.12 It has been shown that considerable variation exists in gas consumption per unit of
ammonia between the various plants, depending on the technical layout and the process efficiency
of the ammonia production of each plant. There is ample room for modernizing the ammonia
production process, which will have a considerable impact on gas consumption. Neochim,
Agropolychim, and Chimco have investment programs to upgrade their ammonia production
process, which will lead to a decrease in their energy consumption to a level of 8 Gcal/ton
ammonia. Based on the assumption that these programs will be implemented and assuming that
the domestic market for fertilizers will recover as described in para. A5.4, future gas consumption
in the Bulgarian fertilizer industry is projected to be as shown in Table A5.4 and depicted in Figure
A5.1.

Table A5.4 Natural Gas Consumption For Fertilizers
(million n3)

Year Gas consumption

1995 1,480

1996 1,520
1997 1,560

1998 1,460
1999 1,510

2000 1,500

Figure A5.1 Projection of Gas Consumption by Fertilizer Industry
(million e 3)
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Annex 6
Residential Arid Commercial Sector

Table A6.1 Net Energy Cons,umption of the Household Sector (1992)

in in in
Standardfuel Oil-equivalent Energy eq. Percentage

Energy source (thousand tons) (thousand toe) (Pcal) distribution

Primary energy
(Direct use only)

Brown coal 318 223 2.2 6.9

Other solid fuels 140 98 1.0 3.0

Briquettes 883 618 6.2 19.1

LPG 37 26 0.3 0.8

Light fuel-oil 820 574 5.7 17.7

Heavy fuel-oil 315 221 2.2 6.8

Subtotal 2,513 1,759 17.6 54.3

Secondary Energy

Electricity 1,228 860 8.6 26.5

Heat 885 620 6.2 19.1

Subtotal 2,113 1,479 14.8 45.7

Total consumption 4626 3,238 32.4 100.0

Source: N.I.S., Energy Balance, 1992.
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Table A6.2 Distribution of Urban Dwellings
According to Heating Equipment (1992)

Fuel and heating equipment Number of dwellings Percentage

District heating 455,041 24.7

District heating plus electricity 35,412 1.9

Basement boiler 51,800 2.8

Basement boiler plus electricity 12,322 0.7

Coal 98,395 5.3

Coal and electricity 72,011 3.9

Coal and wood 306,383 16,6

Wood 103,792 5,6

Wood and electricity 46,765 2.5

Oil 45,781 2.5

Oil plus electricity 120,276 6.5

Only electricity 465,053 25.3

Other 27,771 1.5

Total Inhabited Dwellings 1,840,802 100.0

At least District Heating 490,453 26.6

At least Electricity (w/out DH) 772,892 42.0

Source: N.I.S., Census of Fuels and Heating Equipment, December 1992

Technical Considerations

Basic Design of Gas Networks

A6. 1 The basic design of gas networks in Western Europe has markedly evolved in the late
1970s and early 1980s. Most European gas utilities have now adopted common basic
characteristics that constitute the framework of the European gas standards that are currently being
drafted. Basic design is based on two pressure levels.4 Upstream, a primary network made of
welded steel pipes constitutes the link between the city gate station5 located just off the high-
pressure transmission line and the secondary urban network that supplies the residential areas and
the industrial areas. Operating pressure of the primary network is usually 16 bar. Although some

4. In the Netherlands, low-pressure (100 mbar) associated to PVC pipes is widely used in low-demand areas.

5. The City Gate Station (CGS) comprises mainly a HP/MP regulator and a meter; it is operated by the HP
system (transmission) operator.
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larger consumers (industries, local power plants) can be directly tapped on the primary network, its
main purpose is to feed the district regulators (DRs) scattered over the city, that constitute the
interface with the secondary network. The latter is made of polyethylene pipes (PE) and operates
at medium pressure, usually 3 to 5 bar, depending on local regulation and operating techniques.
Irnplementing medium pressure and PE has allowed significant decreases both in the cost of
construction (pipe laying is faster and cheaper) and in operating costs (no corrosion, thus no
cathodic protection required), while space heating load can be easily met using smaller pipe
diameters (mostly 1-1/2 to 4 inches).

Technical Options for Gas Implementation

A6.2 Option A consists in installing a gas boiler for each apartmentblock, or a group of
apartmentblocks. The boiler produces hot water for both space heating and water heating. It can
be installed in the basement of the block, provided that a reservation for such an equipment already
exists and meets safety regulation (flue gas exhaust-chimney-and fresh air inlet and outlet);
apartmentblocks that are already equipped with an oil-fired boiler are likely to meet these
requirements; however, they represent on]ly 2.5 percent of the urban dwellings. If such reservation
does not exist, then the gas boiler has to be installed in a new, dedicated boiler-house, located as
close as possible to the apartmentblock(s) in order to limit the length of the secondary hot water
network and thus keep heat losses low. T'ypical size for such boiler-houses is 0.08 sq.mt. per kW
of installed capacity (i.e., about 25 sq.mt. for a medium-size boiler; 275 Mcal/h for 40 dwellings).
Where a local heat network already supplies the dwellings-whether heat is produced by central
district heating, local heat-only boilers, or industrial boilers-the new gas boiler can be installed in,
or close to the substation, or in an existing local boiler house; it can then be easily connected to the
secondary (existing) hot water network. For buildings that are pre-equipped with hot water piping
but have never been connected to a district: heat network, a new underground hot water secondary
network will have to be built between the boiler-house and the building(s). In addition, in pre-
equipped buildings, water radiators are generally not installed in the apartments and will have to be
installed. Where it exists, the secondary heat network-both the buried section and the internal
piping system (risers)-has to be checked for integrity.

A6.3 Option B is a fully decentralized system whereby gas is used for the three main uses
(i.e., space heating, water heating, and cooking). In each dwelling space heating is provided by
individual gas heaters located in the main rooms (living room and bedrooms) while hot water is
generated by a gas water heater; a gas cooking range (or hot plates) supplements the household
equipment. Because in Bulgaria buildings are not pre-equipped with chimneys, the fresh air intake
and the exhaust pipe of the gas appliance (except for the cooking range) are set horizontally
through an outside wall. The combustion chamber is sealed, thus preventing any air exchange
with the heated room. Capital expenditures for this decentralized option are higher than for block
boilers (Option A) since (a) it implies installing gas piping (risers) in the building and the
dwellings, (b) the cost of gas appliances on a per dwelling basis is higher, and (c) individual
meters have to be installed. However, it gives the household full control over the use of gas and
the gas bill; in addition, the system's global efficiency is slightly better than in Option A, as gas
supplies home appliances directly (no secondary hot water piping).
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A6.4 A more expensive alternative (Option C) would consist in installing individual6 gas
boilers that supply hot water to radiators. While this option would suit individual houses, albeit at
higher cost, it is not economic in apartmentblocks; following Bulgarian construction standards for
apartmentblocks equipped with hot water systems, radiators are tapped on water pipes that stretch
vertically from the basement to the top of the block through the floor/ceiling of the apartments, so
that no horizontal water piping connects all radiators within the same dwelling. Because installing
an individual gas boiler together with new (horizontal) water piping would prove extremely costly,
this alternative is not recommended in apartmentblocks.

A6.5 The numerous variants briefly presented above show that the cost of a gas distribution
project can be evaluated only when a detailed market and equipment survey has been carried out.

Specific Consumption

A6.6 Statistical tools used in Bulgaria can evaluate, with an acceptable level of accuracy, the
global energy consumption at the country level. However, information on how energy is used by
the households and how the energy mix and seasonal variations affect consumption patterns is
generally lacking. Also, the relation between yearly consumption and installed capacity (i.e., the
load factor), is not precisely known, as it would require detailed household surveys that have not
been undertaken. Data on district heating operation would provide valuable information for future
natural gas operation; unfortunately, lack of flow and heat metering devices in both dwellings and
buildings supplied by district heat make it necessary to rely on crude, incomplete data collected
where heat is produced (not consumed), and on limited sample surveys performed by utilities to
estimate the level of water and heat losses in the networks.

A6.7 The estimate of expected gas consumption is derived from a crude analysis of district
heating operation, (i.e. the source of energy closer to piped gas with regard to distribution and
operating patterns). The estimate of average consumption for space heating and water heating is
based on (a) the amnount of heat consumed by the household sector from the 1992 energy balance
prepared by the Committee of Energy, and (b) the results of the survey performed in December
1992 by the N.I.S. on the heating equipment and the sources of energy used by households. In
1992 the final (net)7 energy consumed in the form of heat by households in Bulgaria amounted to
885,000 tons of standard fuel8 (i.e., 619,500 Gcal). Considering that 490,000 dwellings (see
Annex 6.2 above)9 are supplied by district heat the yearly heat consumed by one household was
13.2 Gcal. The latter figure is above the global average energy consumption at country level (1 1.8
Gcal), especially when one considers that it does not include cooking and captive electricity uses.
The likely explanation is that district heat-supplied households neither pay their heat bills in
accordance to the quantity of heat actually consumed, nor can they control the amount of heat
supplied by the utility due to the lack of control valves. Conversely, households that use solid or

6. That is, suitable for one dwelling.

7. After deduction of production, transmission and distribution losses (also called useful energy).

8. The fictitious, standard energy unit used as a proxy in formerly centrally planned economies. In Bulgaria,
heating value is 7,000 kcallkg.

9. Other sources mention higher figures, up to 562,000 dwellings.
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liquid fuels, or electricity, do have both the knowledge of energy prices and control over the actual
quantity of energy they can afford. Though heat-supplied households experience supply shortage
and poor quality of service, thus reducing actual energy consumption below real needs, it is
considered that shifting to natural gas will decrease the net energy consumption; the reduction
factor is estimated at 0.15 and 0.20 depending on whether gas is used in apartmentblock boilers or
through direct gas-fired appliances. Net energy (gas) demand for space heating and water heating
is estimated at 11,220 and 10,560 McalVyear for Options A and B, respectively. Net energy (gas)
demand for cooking is estimated at 550 Mcal.

A6.8 The estimated consumption breakdown into space heating and water heating is based on
the analysis of the load curve of a district heating utility.10 As expected, the swing"' between
winter, where most heat is used for space heating, and summer, where heat is only used for water
heating, is deeply pronounced: consumption during the peak winter months (November through
February) is about 9 times higher than during the summer months (May through September). On a
yearly basis, space heating accounts for 80 percent of the total household and commercial
consumption, while water heating accounts for 20 percent. Such distribution is close to what is
observed in Western countries, though the share of space heating there may be slightly higher,
particularly in buildings whose wall insulation is not fully efficient.

A6.9 Installed capacity expresses the maximum flow of energy that is required by an energy
system during a short period of time to meet the peak demand of the consumers, for instance on the
coldest winter day. The estimate of capacity requirement per household is based on yearly
consumption and the number of hours during which peak capacity is required. As the latter data is
not available for Bulgaria, reference is made to figures commonly used by West European utilities
operating in similar climatic conditions (i.e., 1,500 and 2,600 peak hours for space heating and
water heating, respectively). Average net capacity per household (specific capacity) thus amounts
to roughly 6 and 0.9 Mcal/hr of net energy, respectively (8 kW total). Based on a 0.80 efficiency
ratio, natural gas requirements for Option A are respectively 0.94 and 0.13 cm/hr of natural gas
(i.e., a total of 1.07 cm/hr per dwelling).12 These figures actually represent the expected
"responsibility" of an average household aLcross the city network (i.e., the capacity that should be
allocated to a single dwelling while the gas network is being designed).

A6.10 Because not all gas appliances are used simultaneously at their peak capacity, even
during peak periods, the global peak demand that a gas network has to meet is lower than the sum
of the nominal (plate) capacities of all gas appliances supplied by the network. The ratio between
peak responsibility and appliances capacit,y, known as the coincidence factor, varies with the type
of gas use. For example, the responsibility of a water heater is much lower than its actual (plate)
capacity because gas demand for water heating is diluted over the day. Coincidence factors of 0.80

10. Plovdiv-South, which supplies most of the heat produced (82 percent) to the residential sector, and, to a much
lesser extent, to municipal and commercial buildings. The large share of the residential and commercial sector
prevents any significant distortion between the industrial load, that is supposed to remain constant throughout the
year because heat is mostly used for process, and the residential and commercial load that is heavily affected by
seasonal variations.

11. After industrial load has been removed.

12. Capacity requirements vary with technical options (see TableA6.3)
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for space heating, 0.25 for water heating with water tank, and 0.10 for water heating with
instantaneous hot water production are likely to be suitable for Bulgaria.

Table A6.3 Summary of Specific Gas Consumption

Natural gas Natural gas

option A option B

Gas uses Unit SH, WH SH, WH, Cook.

Net energy demand Mcallyr 11,220 11,110

Gross energy demand Mcal/yr 14,025 13,424

Gross energy demand cm/yr NG-equiv 1,753 1,678

Net energy demand, space heating Mcal/yr 8,976 8,448

Net energy demand, water heating Mcal/yr 2,224 2,112

Net energy demand, cooking Mcal/yr N/A 550

Gross gas capacity, space heating cm/hr NG-equiv 0.94 0.83

Gross gas capacity, water heating cm/hr NG-equiv 0.13 0.12

Gross gas capacity, cooking cm/hr NG-equiv N/A 0.05

Gross gas capacity, total cm/hr NG-equiv 1.07 1.00

Source: Mission estimates

Cost of Construction

A6. 11 Because gas is currently not used for small-scale consumers the Bulgarian gas industry
does not produce any materials, equipment or appliances suitable for urban networks and
residential and small/medium industrial gas consumers. It is likely that initially nearly all
equipment will have to be either imported or manufactured locally by joint ventures using foreign
standards and patents. Therefore, the cost of construction referred to in this document is based on
the procurement of imported equipment, including freight, with local costs for the procurement of
smaller equipment and installation. Import duties and local taxes are not considered. However,
should Bulgaria embark on a massive development of gas for households, the local industry
should be able to rapidly develop the production of selected equipment and appliances, such as gas
cooking ranges, domestic meters and polyethylene pipes.

A6. 12 The main parameter in estimating the cost of the network is the density of dwellings in a
given area. Whatever its size, a typical Bulgarian city is generally organized into two contrasted,
fairly homogeneous areas: (a) the city center, consisting mostly of single-family and multi-family
houses and older low-rise apartmentblocks; and (b) extended suburban areas developed by the
centrally planned national and local governments over the past decades. These latter comprise
mostly medium-and high-rise buildings, often interspersed with smaller, multifamily houses.
According to basic engineering studies already performed by Western consultants in several
Bulgarian towns, the average length of street network per dwelling (a picture of the district's or
town's density) would range from about 2 meters in high-rise suburbs to 4.5 meters in city
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centers. In smaller cities the pipe length per dwelling would average 3.3 meters13 . Such figures
are quite consistent with the actual ratios for district heating networks that operate in larger cities.
In Sofia, the DH network extends over 960 km for 305,000 dwellings supplied (i.e., 3.15 meters
per dwelling), slightly below the two DH networks of Plovdiv (215 km for 60,600 dwellings; i.e.,
3.6 meters per dwelling). While more accurate figures will obviously depend on the actual urban
patterns of each city, an average ratio of 3.3 meters is likely to fit most urban areas at the country
level and has been used for the computations.

Table A6.4 Summary of Construction Costs (per dwelling, US Dollar)

Option A Option B Option B
Component (apartment) (apartment) (house)

Network 170 180 370

Service line 130 110 210

Meter
(including installation) included in service line 70 70

Boiler-house 90 N/A N/A

Gas appliances
(including installation) 760 (average) 1050 1170

Total Cost 1,150 1,410 1,820

Source: Mission estimates, based on Sofregaz studies

Energy Prices (Retail) for Households

Structure of Gas Tariff

A6.13 Natural gas is currently sold only to industrial consumers and power and heat plants at a
flat rate equivalent to 70 percent of the international price of the high-sulfur (3.5 percent) fuel oil.
Gas price being indexed to an internationally traded commodity is a first step in the right direction,
as far as large industry is concerned. Howvever, both the design and the setting of gas tariffs for all
types of customers, including residential and commercial customers for which no specific tariff
currently exists, need to reflect real economic costs. The structure of the tariff should reflect the
duality of gas delivery cost: the first comiponent (the fuel cost, or commodity charge) depends on
the quantity of gas actually consumed and is essentially variable; the price level has to reflect the
price at which gas is delivered to the grid, whether locally produced or imported. The second
component should reflect the cost of transmitting and distributing gas along the gas chain, from the
gas source to the end-use customer, as well as the direct cost of operating the network. Because
the gas industry is extremely capital-intensive, gas operation is a fairly rigid business, and
adjustments to a changing environment require time and financial capabilities. Therefore, when
buying gas, a customer purchases not only a commodity but a share in a rigid system that gives
him a mutually agreed access to the comnmodity. This reservation is independent of the quantity of

13. Based on the studies performed by Sofregaz in Blagoevgrad (72,000 inh.) and Montana (53,000 inh.)
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gas actually consumed; it is a standing charge that should be cost-related. Similarly, operating a
distribution network depends mostly, at least in the short- and medium-term, on the length of the
network and the number of customers; it remains largely independent of the quantity of gas
delivered to the customers. For a new network, technical operation (maintenance) remains limited
but customer service (meter-reading, bookkeeping, billing, accounts and cash treatment) represents
a significant share of global operation. This third component, too, has to be charged on a flat fee
basis that reflects the real cost of service. For easier administration the cost of the second and third
components are generally aggregated into one single standing charge.

Gas Cost

A6. 14 Although the detailed study of a gas tariff policy would go far beyond the scope of this
exercise, Table A6.5 provides a preliminary basis for gas pricing for the residential sector, broken
down into the three main cost components. Gas tariffs include all components of the new gas
activity: capital expenditures-from primary network to gas appliances-operating cost, and fuel
cost. Figures for district heat and electricity are based on "business as usual", i.e., they do not
include a major overhaul of the production and distribution facilities for which no quotation is
currently available. The distribution LRMC for heat and electricity are likely to be well above the
figures presented.

A6.15 As seen from Tables A6.5 and A6.6, current energy prices are far below economic
costs. Although economic restructuring is expected to help orient energy pricing towards
economic cost, the process is likely to take time in the residential and the public sector. Without
incentives it is clear that natural gas cannot compete with underpriced alternate energy sources.
Such incentives should facilitate the access of households to gas by assistance in financing the
construction of the service line and the purchase and installation of gas appliances.

A6.16 The latter is of prime importance, since scarce money is likely to prevent a large
majority of the potential customers from shifting to natural gas, whatever the actual economic
benefits over the long term. Experience shows that the amount of the up-front investment is
prominent in the customer's decision. As an example, massive development of natural gas for the
residential sector in Algeria was made possible because service lines, meters and intemal piping
were pre-financed by the gas utility, while the customers were requested to purchase only the gas
appliances. The cost of the pre-financed components was recovered by the utility in five years by
adding financial charges to the first thirty bi-monthly bills.
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Table A6.5 Basis for Gas Pricing for the Residential Sector

Unit cost Yearly fuel Gas cost

Option Unit (US$) bill (US$) (US$/mcm)

Option A

NG, fuel cost at city gate cm 0.11 193

NG, distribution cost month 12.40 149

NG, commercial operation month 2.00 24

366 208

Option B

NG, fuel cost at city gate cm 0.11 171

NG, distribution cost month 14.45 173

NG, commercial operation month 4.00 48

392 223

District Heat (short term) 356

Electricity (average) 384

Source: Mission estimates.

Table A6.6 Energy Prices (Retail) for Households (mid-1994)

Yearly Yearly
Unit price demand' fuel bill Yearly

Energy product Unit (leva) units) (leva) fuel bill (us$)

Electricity, day Kwh 0.850 4,400 3,740

Electricity, night Kwh 0.450 1,100 495

Electricity, total Kwh 4,325 85

Domestic briquettes (maritza) Ton 666 2.50 1,665 33

District heat Gcal 450 13.20 5,94 0b 119

Heavy Fuel oil Ton 7,940 1.40 11,116 222

Source: Mission estimates.

a. For a typical household, for space heating and water heating (Briquettes: space heating only).
b- Fuel Bill if the real quantity of heat consunmed were actually charged.
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Table A6.7 Potential Market

Dwellings Dwellings Dwelling
supplied by heated by using solid

City Population Dwellings district heat electricity fuels

Sofia 1,114,925 359,775 305,000 31,216 23,559

Plovdiv 341,058 110,056 60,290 28,361 21,405

Varna 308,432 99,528 1,052 56,121 42,355

Burgas 195,686 63,146 24,201 22,194 16,750

Ruse 170,038 54,870 13,268 23,709 17,893

StaraZagora 150,518 48,571 27,680 20,890

Pleven 130,812 42,212 28,701 7,700 5,811

Sliven 106,212 34,274 15,335 10,793 8,145

Dobritz 104,494 33,719 19,216 14,503

Shumen 93,390 30,136 9,168 11,949 9,018

Yambol 91,497 29,525 1,198 16,144 12,184

Pernik 90,549 29,219 19,963 5,275 3,981

Pazardjik 82,578 26,647 15,186 11,461

Haskovo 80,700 26,041 14,841 11,200

Vratza 75,518 24,369 3,188 12,071 9,110

Blagoevgrad 71,476 23,065 13,144 9,920

Montana 52,476 16,933 9,650 7,283

Asenovgrad 52,360 16,896 9,629 7,267

Dimitrov,grad 50,977 16,450 9,375 7,075

Lovetsh 48,242 15,567 1,047 8,275 6,245

Targovitse 43,016 13,881 7,911 5,970

Dupnitsa 41,398 13,359 7,613 5,746

Razgrad 40,933 13,209 2,193 6,278 4,738

Samokov 28,608 9,232 5,261 3,971

Petrish 27,659 8,925 5,086 3,839

Nova Zagora 26,260 8,474 4,829 3,645

Sandanski 26,096 8,421 4,799 3,622

Botevgrad 23,006 7,424 4,231 3,193

Karnobat 21,917 7,072 4,031 3,042

Total potential market 3,690,831 1,190,994 484,605 402,569 303,820

Sources: N.I.S. (columns 2 to 4); Mission estimates (columns 5, 6).
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Table A6.8 Gas Demand at Plateau

Number of Number of Total yearly gas
res. customers res. customers Number of demand icL.
(block-boilers) (gas-heaters) res. customers commercial

City Scheme A Scheme B Total (mcm/y)

Sofia 75,312 9,541 84,854 177,640

Plovdiv 25,061 8,669 33,730 70,175

Varna 25,941 17,154 43,095 89,111

Burgas 15,016 6,784 21,800 45,248

Ruse 13,524 7,247 20,771 43,041

StaraZagora 12,691 8,461 21,152 43,733

Pleven 9,270 2,353 11,624 24,240

Sliven 8,015 3,299 11,314 23,504

Dobritz 8,811 5,874 14,684 30,361

Shumen 7,312 3,652 10,965 22,737

Yambol 7,641 4,934 12,576 26,010

Pernik 6,411 1,612 8,024 16,733

Pazardjik 6,963 4,642 11,604 23,993

Haskovo 6,804 4,536 11,340 23,448

Vratza 6,172 3,690 9,861 20,413

Blagoevgrad 6,027 4,018 10,044 20,768

Montana 4,425 2,950 7,374 15,247

Asenovgrad 4,415 2,943 7,358 15,213

Dimitrovgrad 4,298 2,865 7,164 14,811

Lovetsh 4,003 2,529 6,533 13,514

Targovitse 3,627 2,418 6,045 12,498

Dupnitsa 3,49)1 2,327 5,818 12,028

Razgrad 3,3:17 1,919 5,236 10,841

Samokov 2,412 1,608 4,020 8,312

Petrish 2,332 1,555 3,887 8,036

Nova Zagora 2,2 14 1,476 3,690 7,630

Sandanski 2,200 1,467 3,667 7,582

Botevgrad 1,940 1,293 3,233 6,684

Karnobat 1,848 1,232 3,080 6,368

Total potential market 281,494 123,049 404,543 839,921

Source: Mission estimates.
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Annex 7
Tariff Determination

A7. 1 There are three main methods uised to regulate pipeline tariffs: rate of return, price caps,
and incentive rates of return. These are discussed below.

Rate of Return

A7.2 The key features of rate of return regulation, which is widely used in North America,
are as follows:

* The regulated company files a tariff proposal, and for an agreed test period the
company calculates costs, capital employed, and cost of capital.

* The regulatory commission determines a fair maximum rate of return on capital
employed.

* The total revenue requirement of the pipeline is calculated based on these data and
assumptions about the future business.

* This determines the level of the tariff, which is then split among tariff elements.

A7.3 The structure of the tariff has to avoid unfairness or unreasonable discrimination. The
tariff, therefore, must be approved on a service-by-service basis, which typically requires the
allocation of common costs on the company's services.

A7.4 The two main problems with rate of return regulation are that it becomes extremely
complex to administer on a large, developed system and that it encourages overinvestment. The
return an operator can make on assets is limited by the regulation, therefore the only way the
investor can increase profit is by making rnore investment. This encourages "goldplating" and is a
disincentive to efficiency. In its pure form, the system also shelters the operator from the risk of
business failure. If business falls off, the tariff is raised to generate the same rate of return. This
is clearly opposite to the way a market would respond. No price risk is taken. Normally, this is
overcome by only allowing the operator thbe permitted return at a defined level of throughput. This
is already a move toward incentive regulation.

Price Cap

A7.5 The key feature of this form of price control is that for a specified period (four to five
years), the company can make any changes it wishes to prices, provided that the average price does
not increase faster than the cap (or maximum price). This cap is usually determined by the rate of
inflation minus an efficiency factor, specilFied initially by the government. In the United Kingdom,
price-cap regulation was originally introduced on nongas costs for gas distribution. Transmission
costs were also regulated, while the utility was allowed to pass through the full purchase cost of
the gas until recently. However, the regulator went a step further by modifying the formula and
placing limits on the pass-through of gas cost. After the separation of British Gas' transportation
business from other operations, this part of the business has been subject to a price-cap regulation.

99
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A7.6 The following lists some of the advantages and disadvantages of the price-cap
approach to regulation.

A7.7 The pros are as follows:

Price-cap regulation is less likely than a rate-of-return or a traditional cost-plus
approach to lead to "goldplating" and over investment. Because it allows the regulated
company to keep whatever profits it can earn during the specified period (and requires it
to absorb any losses), price-cap regulation preserves similar incentives to normal profit
maximization. The efficiency factor element forces part of the efficiency gain to be
passed onto the customers. Prices therefore should be lower than they would be under
rate-of-return regulation.

Price-cap regulation allows the company greater flexibility to adjust prices within the
cap. In the United Kingdom, price caps were introduced for gas, electricity, water, and
telecoms, and their prices were believed not to reflect the real costs of service. The cost
structures were not well understood, however, when the regulation was put in place. It
follows that efficiency factor was set totally empirically. Most of the regulators have
been able to increase the efficiency factor well above the initial targets, as the regulated
utilities have been able to make major gains in productivity. This is perhaps some
indication of the level of inefficiency in the state sector.

* Price-cap regulation is simpler to operate by the regulator and the company. It requires
less full-time staff to regulate. The largest need for analysis arises prior to the
adjustment of the price-cap (e.g., every four to five years) and could be contracted out
by the regulator. Because it is more transparent and better focused on the issue of
primary concern to customers, it is also more reassuring.

A7.8 The cons are as follows:

* Criteria for setting and resetting the efficiency factor may not be clear and may
undermine the incentive element. To set the efficiency factor in an analytical way
requires many of the same considerations as for rate-of-return regulation. If increasing
efficiency results in a much tougher efficiency factor, and if the efficiency factor is
changed before the expiration of the set period, then price-cap regulation is only a
special form of rate-of-return regulation.

* Flexibility of pricing is also criticized for allowing cross-subsidization, which can be
used anticompetitively.

* A reduction of the price cap or increase in the efficiency factor involves a risk for the
investor (as well as a lower rate-of-return in rate-of-return regulation). Several
elements of the system, however, could form a useful part of rate setting anywhere.

A7.9 Price-cap regulation of the downstream gas chain is of greatest value for newly
privatized companies where significant productivity gains can be made, and significant room exists
for bargaining between regulator and regulated. For a greenfield project, such as a new gas
pipeline, the price cap would be calculated based on the planned investrnent costs, assumptions
about future business, and an allowed rate of return. The approach would thus be similar to the
rate-of-return regulation. The differences relate to how to determine the price cap based on planned
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investment and operating costs for the pipeline and how often and how quickly the efficiency factor
is changed.

Incentive Regulation

A7.10 The United States is experirrmenting with another method of providing productivity
incentives to transrnission companies and reducing the need for intervention by the regulatory
commission. The longer the time between tariff filings, the greater the likelihood that transmission
companies will profit from innovative and cost-saving measures. The alternative now being used
in the United States is to index tariffs to both inflation and transmission industry productivity.
This rewards those who beat the industry productivity average benchmark regulation. In its U. S.
form, it relies heavily on comparisons of performance between one pipeline operator and another.
Unfortunately, these comparisons can only be made within the United States, which is the only
country with a number of gas transmission pipeline operators. Other countries are experimenting
with comparisons between utilities in different sectors.

A7.1 1 In Canada, the largest oil pipeline and gas transmission pipeline companies will be
regulated under incentive rate making procedures. The periods between hearings on tariffs are 5
years and 3 years for the oil and gas pipeline companies respectively. This change will reduce
significantly the costs for tariff hearings for both the companies and the regulator. For example,
moving from rate-of-return regulation to the incentive approach for these two companies will
reduce the work program by 40 percent for financial regulatory personnel in Canada's National
Energy Board, and larger reductions are projected as additional companies change to the new way
of doing business.

Tariff Design

A7.12 The distribution companies must have a clearly defined methodology for setting prices.
Such a methodology will ensure that the resulting prices are rational and transparent. The pricing
methodology must meet the following criteria: (a) the prices must generate enough revenues to
provide for financial viability of the distribution companies; (b) the prices for each class of
customers should reflect the cost that was incurred in serving that class; and (c) the methodology
should be consistent and easy to understand.

A7.13 Because gas transportation services, for the most part, represent fixed costs for
constructing the capacity needed to provide the services, the critical question is how to recover
transportation and distribution capacity costs from customers. The clear answer, based on
economic principles, is that capacity costs should be levied on utilization of that capacity at the
peak. The way in which such pricing applies to distribution services differs from how it is applied
to transmission services. The former represents a common carriage system, where the provider of
the service under all circumstances has 1:o meet the needs of its connected customers; when it
anticipates load growth in its distribution system, the distributor would have to construct new
facilities in advance of that new load. Because there is in general no way to segregate most new
customers' load from that of existing customers, a similar price for the distribution service is
charged to all similar users. Public utility pricing principles apply in this situation.

A7. 14 This is not the case for transmission services, where each individual customer specifies
a contract amount (commonly referred to as maximum hourly quantity or contract capacity) that
will be made available to that customer on any given day, irrespective of whether the service is
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taken or not. This contract amount is in fact a capacity right, which represents the advance sale of
a service that will be provided in accordance with a contract for this specific capacity. These
capacity rights usually are long-term and sold with the original understanding and agreement
between transporter and customer(s) to construct the pipeline facilities. This specific service is
thus governed by contracts that usually do not leave either party (transporter or customer) the right
to unilaterally abandon those contracts. The cost of such contract-carriage transmission system is
normally assessed on the basis of the share of capacity rights, held by the customers. If a contract-
carriage transmission system is put in place, then there is, in our opinion, no more efficient method
of setting prices for transmission capacity than to charge a distant-weighted capacity charge for
firm customers that represents the full fixed cost of the network for each unit of reserved capacity,
together with a usage charge representing costs that vary with volume throughput. This charging
system is recommendable with an open-access system (where end users purchase gas from
producer or importer not being the transporter), as well as with a system where the transporter acts
as a wholesaler. It is equally important in the latter case to separate the price of the gas from the
price of transportation in order to obtain a fair and economically efficient cost allocation to the end
users of the transportation system.

A7.15 A fundamental question in the case of Bulgaria is what should be the fixed cost basis
upon which any distance- and capacity-related charges (tariffs) are made. That depends on national
objectives. Since transportation assets in Bulgaria currently are state property, asset value can be
set at the level that strikes the balance between the government's goal of receiving a cash flow from
its transportation business (or obtain a certain asset sales price in a privatization) and the
government's goal of keeping down delivered energy costs for the industry and other end users.



Joint UNDP/World Bank
ENERGY SECTOR MANAGEMENT ASSISTANCE PROGRAMME (ESMAP)

LIST OF REPORTS ON COMPLETED ACTIVITIES

Region/Country Activity/Report Title Date Number

SUB-SAHARAN AFRICA (AFR)

Africa Regional Anglophone Africa Household Energy Workshop (English) 07/88 085/88
Regional Power Seminar on Reducing Electric Power System
Losses in Africa (English) 08/88 087/88

Institutional Evaluation of EGL (English) 02/89 098/89
Biomass Mapping Regional Workshops (English) 05/89--
Francophone Household Energy Workshop (French) 08/89 103/89
Interafrican Electrical Engineering College: Proposals for Short-
and Long-Term Development (English) 03/90 112/90

Biomass Assessment and Mapping (English) 03/90 --
Symposium on Power Sector Reform and Efficiency Improvement
in Sub-Saharan Africa 06/96 182/96

Angola Energy Assessment (English and Portuguese) 05/89 4708-ANG
Power Rehabilitation and Technical Assistance (English) 10/91 142/91

Benin Energy Assessment (English and French) 06/85 5222-BEN
Botswana Ener,,gy Assessment (English) 09/84 4998-BT

Pump Electrification Prefeasibility Study (English) 01/86 047/86
Review of Electricity Service Connection Policy (English) 07/87 071/87
Tuli Block Fanns Electrification Study (English) 07/87 072/87
Household Energy Issues Study (English) 02/88 --
Urban Household Energy Strategy Study (English) 05/91 132/91

Bulgaria Natural Gas Policies and Issues 10/96 188/96
Burkina Faso Energy Assessment (English and French) 01/86 5730-BUR

Technical Assistance Program (English) 03/86 052/86
Urban Household Energy Strategy Study (English and French) 06/91 134/91

Burundi Energy Assessment (English) 06/82 3778-BU
Petroleum Supply Management (English) 01/84 012/84
Status Report (English and French) 02/84 011/84
Presentation of Energy Projects for the Fourth Five-Year Plan

(1983-1987) (English and Frenich) 05/85 036/85
Improved Charcoal Cookstove Strategy (English and French) 09/85 042/85
Peat Utilization Project (English) 11/85 046/85
Energy Assessment (English and French) 01/92 9215-BU

Cape Verde Energy Assessment (English and Portuguese) 08/84 5073-CV
Household Energy Strategy Study (English) 02/90 110/90

Central African
Republic Energy Assessement (French) 08/92 9898-CAR

Chad Elements of Strategy for Urban Household Energy
The Case of N'djamena (French) 12/93 160/94

Comoros Energy Assessment (English and French) 01/88 7104-COM
Congo Energy Assessment (English) 01/88 6420-COB

Power Development Plan (English and French) 03/90 106/90
C6te d'Ivoire Energy Assessment (English and French) 04/85 5250-IVC

Improved Biomass Utilization (English and French) 04/87 069/87
Power System Efficiency Study (English) 12/87 --
Power Sector Efficiency Study (French) 02/92 140/91
Project of Energy Efficiency in Buildings (English) 09/95 175/95



Region/Country Activity/Report Title Date Number

Ethiopia Energy Assessment (English) 07/84 4741-ET
Power System Efficiency Study (English) 10/85 045/85
Agricultural Residue Briquetting Pilot Project (English) 12/86 062/86
Bagasse Study (English) 12/86 063/86
Cooking Efficiency Project (English) 12/87 --
Energy Assessment (English) 02/96 179/96

Gabon Energy Assessment (English) 07/88 6915-GA
The Gambia Energy Assessment (English) 11/83 4743-GM

Solar Water Heating Retrofit Project (English) 02/85 030/85
Solar Photovoltaic Applications (English) 03/85 032/85
Petroleum Supply Management Assistance (English) 04/85 035/85

Ghana Energy Assessment (English) 11/86 6234-GH
Energy Rationalization in the Industrial Sector (English) 06/88 084/88
Sawmill Residues Utilization Study (English) 11/88 074/87
Industrial Energy Efficiency (English) 11/92 148/92
Industrial Energy Efficiency Technical Assistance Phase II 08/96 185/96

Guinea Energy Assessment (English) 11/86 6137-GUI
Household Energy Strategy (English and French) 01/94 163/94

Guinea-Bissau Energy Assessment (English and Portuguese) 08/84 5083-GUB
Recommended Technical Assistance Projects (English &
Portuguese) 04/85 033/85

Management Options for the Electric Power and Water Supply
Subsectors (English) 02/90 100/90

Power and Water Institutional Restructuring (French) 04/91 118/91
Kenya Energy Assessment (English) 05/82 3800-KE

Power System Efficiency Study (English) 03/84 014/84
Status Report (English) 05/84 016/84
Coal Conversion Action Plan (English) 02/87 --
Solar Water Heating Study (English) 02/87 066/87
Peri-Urban Woodfuel Development (English) 10/87 076/87
Power Master Plan (English) 11/87 --
Power Loss Reduction Study (English) 09/96 186/96

Lesotho Energy Assessment (English) 01/84 4676-LSO
Liberia Energy Assessment (English) 12/84 5279-LBR

Recommended Technical Assistance Projects (English) 06/85 038/85
Power System Efficiency Study (English) 12/87 081/87

Madagascar Energy Assessment (English) 01/87 5700-MAG
Power System Efficiency Study (English and French) 12/87 075/87
Environmental Impact of Woodfuels (French) 10/95 176/95

Malawi Energy Assessment (English) 08/82 3903-MAL
Technical Assistance to Improve the Efficiency of Fuelwood
Use in the Tobacco Industry (English) 11/83 009/83

Status Report (English) 01/84 013/84
Mali Energy Assessment (English and French) 11/91 8423-MLI

Household Energy Strategy (English and French) 03/92 147/92
Islamic Republic

of Mauritania Energy Assessment (English and French) 04/85 5224-MAU
Household Energy Strategy Study (English and French) 07/90 123/90

Mauritius Energy Assessment (English) 12/81 3510-MAS
Status Report (English) 10/83 008/83
Power System Efficiency Audit (English) 05/87 070/87



Region/Country Activif/yReport Title Date Number

Mauritius Bagasse Power Potential (Engl:ish) 10/87 077/87
Energy Sector Review (Englis:h) 12/94 3643-MAS

Morocco Energy Sector Institutional Development Study (English and
French) 07/95 173/95

Mozambique Energy Assessment (English) 01/87 6128-MOZ
Household Electricity Utilization Study (English) 03/90 113/90
Electricity Tariffs Study (English) 06/96 181/96

Namibia Energy Assessment (English) 03/93 11320-NAM
Niger Energy Assessment (French) 05/84 4642-NIR

Status Report (English and French) 02/86 051/86
Improved Stoves Project (English and French) 12/87 080/87
Household Energy Conservation and Substitution (English
and French) 01/88 082/88

Nigeria Energy Assessment (English) 08/83 4440-UNI
Energy Assessment (English) 07/93 11672-UNI

Republic of
South Africa Options for the Structure and Regulation of Natural Gas

Industry (English) 05/95 172/95
Rwanda Energy Assessment (English) 06/82 3779-RW

Energy Assessment (English and French) 07/91 8017-RW
Status Report (English and French) 05/84 017/84
Improved Charcoal Cookstove Strategy (English and French) 08/86 059/86
Improved Charcoal Production Techniques (English and French) 02/87 065/87
Commercialization of Improved Charcoal Stoves and Carbonization
Techniques Mid-Term Progress Report (English and French) 12/91 141/91

SADC SADC Regional Power Intercoannection Study, Vol. I-IV (English) 12/93 --
SADCC SADCC Regional Sector: Regional Capacity-Building Program

for Energy Surveys and Policy Analysis (English) 11/91
Sao Tome
and Principe Energy Assessment (English) 10/85 5803-STP

Senegal Energy Assessment (English) 07/83 4182-SE
Status Report (English and French) 10/84 025/84
Industrial Energy Conservation Study (English) 05/85 037/85
Preparatory Assistance for Donor Meeting (English and French) 04/86 056/86
Urban Household Energy Strategy (English) 02/89 096/89
Industrial Energy Conservation Program (English) 05/94 165/94

Seychelles Energy Assessment (English) 01/84 4693-SEY
Electric Power System Efficiency Study (English) 08/84 021/84

Sierra Leone Energy Assessment (English) 10/87 6597-SL
Somalia Energy Assessment (English) 12/85 5796-SO
Republic of Options for the Structure and Regulation of Natural

South Africa Gas Industry (English) 05/95 172/95
Sudan Management Assistance to the Ministry of Energy and Mining 05/83 003/83

Energy Assessment (English) 07/83 451 1-SU
Power System Efficiency Study (English) 06/84 018/84
Status Report (English) 11/84 026/84
Wood Energy/Forestry Feasibiltity (English) 07/87 073/87

Swaziland Energy Assessment (English) 02/87 6262-SW
Tanzania Energy Assessment (English) 11/84 4969-TA

Peri-Urban Woodfuels Feasibility Study (English) 08/88 086/88
Tobacco Curing Efficiency Study (English) 05/89 102/89
Remote Sensing and Mapping of Woodlands (English) 06/90 --



Region/Country Activity/Report Title Date Number

Tanzania Industrial Energy Efficiency Technical Assistance (English) 08/90 122/90
Togo Energy Assessment (English) 06/85 5221-TO

Wood Recovery in the Nangbeto Lake (English and French) 04/86 055/86
Togo Power Efficiency Improvement (English and French) 12/87 078/87
Uganda Energy Assessment (English) 07/83 4453-UG

Status Report (English) 08/84 020/84
Institutional Review of the Energy Sector (English) 01/85 029/85
Energy Efficiency in Tobacco Curing Industry (English) 02/86 049/86
Fuelwood/Forestry Feasibility Study (English) 03/86 053/86
Power System Efficiency Study (English) 12/88 092/88
Energy Efficiency Improvement in the Brick and
Tile Industry (English) 02/89 097/89

Tobacco Curing Pilot Project (English) 03/89 UNDP Terminal
Report

Zaire Energy Assessment (English) 05/86 5837-ZR
Zambia Energy Assessment (English) 01/83 4110-ZA

Status Report (English) 08/85 039/85
Energy Sector Institutional Review (English) 11/86 060/86

Zambia Power Subsector Efficiency Study (English) 02/89 093/88
Energy Strategy Study (English) 02/89 094/88
Urban Household Energy Strategy Study (English) 08/90 121/90

Zimbabwe Energy Assessment (English) 06/82 3765-ZIM
Power System Efficiency Study (English) 06/83 005/83
Status Report (English) 08/84 019/84
Power Sector Management Assistance Project (English) 04/85 034/85
Petroleum Management Assistance (English) 12/89 109/89
Power Sector Management Institution Building (English) 09/89
Charcoal Utilization Prefeasibility Study (English) 06/90 119/90
Integrated Energy Strategy Evaluation (English) 01/92 8768-ZIM
Energy Efficiency Technical Assistance Project:

Strategic Framework for a National Energy Efficiency
Improvement Program (English) 04/94 --

Capacity Building for the National Energy Efficiency
Improvement Programme (NEEIP) (English) 12/94 --

EAST ASIA AND PACIFIC (EAP)

Asia Regional Pacific Household and Rural Energy Seminar (English) 11/90
China County-Level Rural Energy Assessments (English) 05/89 101/89

Fuelwood Forestry Preinvestment Study (English) 12/89 105/89
Strategic Options for Power Sector Reform in China (English) 07/93 156/93
Energy Efficiency and Pollution Control in Township and
Village Enterprises (TVE) Industry (English) 11/94 168/94

Energy for Rural Development in China: An Assessment Based
on a Joint Chinese/ESMAP Study in Six Counties (English) 06/96 183/96

Fiji Energy Assessment (English) 06/83 4462-FIJ
Indonesia Energy Assessment (English) 11/81 3543-IND

Status Report (English) 09/84 022/84
Power Generation Efficiency Study (English) 02/86 050/86



Region/Country Activity/Report Title Date Number

Indonesia Energy Efficiency in the Brick, Tile and
Lime Industries (English) 04/87 067/87

Diesel Generating Plant Efficiency Study (English) 12/88 095/88
Urban Household Energy Strategy Study (English) 02/90 107/90
Biomass Gasifier Preinvestment: Study Vols. I & II (English) 12/90 124/90
Prospects for Biomass Power Generation with Emphasis on

Palm Oil, Sugar, Rubberwood. and Plywood Residues (English) 11/94 167/94
Lao PDR Urban Electricity Demand Assessment Study (English) 03/93 154/93
Malaysia Sabah Power System Efficiency Study (English) 03/87 068/87

Gas Utilization Study (English) 09/91 9645-MA
Myanmar Energy Assessment (English) 06/85 5416-BA
Papua New
Guinea Energy Assessment (English) 06/82 3882-PNG

Status Report (English) 07/83 006/83
Energy Strategy Paper (English)
Institutional Review in the Energy Sector (English) 10/84 023/84
Power Tariff Study (English) 10/84 024/84

Philippines Commercial Potential for Power Production from
Agricultural Residues (English) 12/93 157/93
Energy Conservation Study (English) 08/94 --

Solomon Islands Energy Assessment (English) 06/83 4404-SOL
Energy Assessment (English) 01/92 979/SOL

South Pacific Petroleum Transport in the South Pacific (English) 05/86 --
Thailand Energy Assessment (English) 09/85 5793-TH

Rural Energy Issues and Options (English) 09/85 044/85
Accelerated Dissemination of Improved Stoves and
Charcoal Kilns (English) 09/87 079/87

Northeast Region Village Forestry and Woodfuels
Preinvestment Study (English) 02/88 083/88

Impact of Lower Oil Prices (English) 08/88 --
Coal Development and Utilization Study (English) 10/89 --

Tonga Energy Assessment (English) 06/85 5498-TON
Vanuatu Energy Assessment (English) 06/85 5577-VA
Vietnam Rural and Household Energy-Issues and Options (English) 01/94 161/94

Power Sector Reform and Restructuring in Vietnam: Final Report
to the Steering Committee (English and Vietnamese) 09/95 174/95
Household Energy Technical Assistance: Improved Coal
Briquetting and Commercialized Dissemination of Higher
Efficiency Biomass and Coal Stoves (English) 01/96 178/96

Western Samoa Energy Assessment (English) 06/85 5497-WSO

SCOUTH ASIA (SAS)

Bangladesh Energy Assessment (English) 10/82 3873-BD
Priority Investment Program (English) 05/83 002/83
Status Report (English) 04184 015/84
Power System Efficiency Study (English) 02/85 031/85
Small Scale Uses of Gas Prefeasibility Study (English) 12/88

India Opportunities for Commercialization of Nonconventional
Energy Systems (English) 11/88 091/88



Region/Country Activity/Report Title Date Number

India Maharashtra Bagasse Energy Efficiency Project (English) 07/90 120/90
Mini-Hydro Development on Irrigation Dams and
Canal Drops Vols. I, II and III (English) 07/91 139/91

WindFarm Pre-Investment Study (English) 12/92 150/92
Power Sector Reform Seminar (English) 04/94 166/94

Nepal Energy Assessment (English) 08/83 4474-NEP
Status Report (English) 01/85 028/84Nepal
Energy Efficiency & Fuel Substitution in Industries (English) 06/93 158/93

Pakistan Household Energy Assessment (English) 05/88 --
Assessment of Photovoltaic Programs, Applications, and
Markets (English) 10/89 103/89

National Household Energy Survey and Strategy Fomulation
Study: Project Terminal Report (English) 03/94 --

Managing the Energy Transition (English) 10/94
Lighting Efficiency Improvement Program

Phase 1: Commercial Buildings Five Year Plan (English) 10/94
Sri Lanka Energy Assessment (English) 05/82 3792-CE

Power System Loss Reduction Study (English) 07/83 007/83
Status Report (English) 01/84 010/84
Industrial Energy Conservation Study (English) 03/86 054/86

EUROPE AND CENTRAL ASIA (ECA)

Eastem Europe The Future of Natural Gas in Eastem Europe (English) 08/92 149/92
Poland Energy Sector Restructuring Program Vols. I-V (English) 01/93 153/93
Portugal Energy Assessment (English) 04/84 4824-PO
Turkey Energy Assessment (English) 03/83 3877-TU

MIDDLE EAST AND NORTH AFRICA (MNA)

Morocco Energy Assessment (English and French) 03/84 4157-MOR
Status Report (English and French) 01/86 048/86
Energy Sector Institutional Development Study (English and French) 05/95 173/95

Syria Energy Assessment (English) 05/86 5822-SYR
Electric Power Efficiency Study (English) 09/88 089/88
Energy Efficiency Improvement in the Cement Sector (English) 04/89 099/89
Energy Efficiency Improvement in the Fertilizer Sector(English) 06/90 115/90

Tunisia Fuel Substitution (English and French) 03/90 --
Power Efficiency Study (English and French) 02/92 136/91
Energy Management Strategy in the Residential and

Tertiary Sectors (English) 04/92 146/92
Yemen Energy Assessment (English) 12/84 4892-YAR

Energy Investment Priorities (English) 02/87 6376-YAR
Household Energy Strategy Study Phase I (English) 03/91 126/91



Region/Country Activily/Report Title Date Number

LATIN AMERICA AND THE CARIBBEAN (LAC)

LAC Regional Regional Seminar on Electric Power System Loss Reduction
in the Caribbean (English) 07/89 --

Bolivia Energy Assessment (English) 04/83 4213-BO
National Energy Plan (English) 12/87 --
National Energy Plan (Spanish) 08/91 131/91
La Paz Private Power Technical Assistance (English) 11/90 111/90
Natural Gas Distribution: Economics and Regulation (English) 03/92 125/92
Prefeasibility Evaluation Rural Electrification and Demand
Assessment (English and Spanish) 04/91 129/91

Private Power Generation and 1Transmission (English) 01/92 137/91
Household Rural Energy Strategy (English and Spanish) 01/94 162/94
Natural Gas Sector Policies and Issues (English and Spanish) 12/93 164/93

Brazil Energy Efficiency & Conservation: Strategic Partnership for
Energy Efficiency in Brazil (English) 01/95 170/95

Chile Energy Sector Review (English) 08/88 7129-CH
Colombia Energy Strategy Paper (English) 12/86 --

Power Sector Restructuring (English) 11/94 169/94
Energy Efficiency Report for the Commercial
and Public Sector (English) 06/96 184/96

Costa Rica Energy Assessment (English and Spanish) 01/84 4655-CR
Recommended Technical Assistance Projects (English) 11/84 027/84
Forest Residues Utilization Study (English and Spanish) 02/90 108/90

Dominican
Republic Energy Assessment (English) 05/91 8234-DO

Ecuador Energy Assessment (Spanish) 12/85 5865-EC
Energy Strategy Phase I (Spanish) 07/88 --

Energy Strategy (English) 04/91 --

Private Minihydropower Development Study (English) 11/92 --

Energy Pricing Subsidies and Interfuel Substitution (English) 08/94 11798-EC
Energy Pricing, Poverty and Social Mitigation (English) 08/94 12831-EC

Guatemala Issues and Options in the Energy Sector (English) 09/93 12160-GU
Haiti Energy Assessment (English and French) 06/82 3672-HA

Status Report (English and French) 08/85 041/85
Household Energy Strategy (English and French) 12/91 143/91

Honduras Energy Assessment (English) 08/87 6476-HO
Petroleum Supply Management: (English) 03/91 128/91

Jamaica Energy Assessment (English) 04/85 5466-JM
Petroleum Procurement, Refining, and
Distribution Study (English) 11/86 061/86

Energy Efficiency Building Code Phase I (English) 03/88 --
Energy Efficiency Standards and
Labels Phase I (English) 03/88 --

Management Information System Phase I (English) 03/88 --

Charcoal Production Project (English) 09/88 090/88
FIDCO Sawmill Residues Utilization Study (English) 09/88 088/88
Energy Sector Strategy and Investment Planning Study (English) 07/92 135/92

Mexico Improved Charcoal Production Within Forest Management for 08/91 138/91
the State of Veracruz (English and Spanish)



Region/Country Activity/Report Title Date Number

Mexico Energy Efficiency Management Technical Assistance to the
Comision Nacional para el Ahorro de Energia (CONAE) (English) 04196 180/96

Panama Power System Efficiency Study (English) 06/83 004/83
Paraguay Energy Assessment (English) 10/84 5145-PA

Recommended Technical Assistance Projects (English) 09/85 --
Status Report (English and Spanish) 09/85 043/85

Peru Energy Assessment (English) 01/84 4677-PE
Status Report (English) 08/85 040/85
Proposal for a Stove Dissemination Program in

the Sierra (English and Spanish) 02/87 064/87
Energy Strategy (English and Spanish) 12/90 --
Study of Energy Taxation and Liberalization
of the Hydrocarbons Sector (English and Spanish) 120/93 159/93

Saint Lucia Energy Assessment (English) 09/84 5111 -SLU
St. Vincent and
the Grenadines Energy Assessment (English) 09/84 5103-STV

Trinidad and
Tobago Energy Assessment (English) 12/85 5930-TR

GLOBAL

Energy End Use Efficiency: Research and Strategy (English) 11/89 --

Guidelines for Utility Customer Management and
Metering (English and Spanish) 07/91 --

Women and Energy--A Resource Guide
The International Network: Policies and Experience (English) 04/90 --

Assessment of Personal Computer Models for Energy
Planning in Developing Countries (English) 10/91 --

Long-Term Gas Contracts Principles and Applications (English) 02/93 152/93
Comparative Behavior of Firms Under Public and Private
Ownership (English) 05/93 155/93

Development of Regional Electric Power Networks (English) 10/94 --
Roundtable on Energy Efficiency (English) 02/95 171/95
Assessing Pollution Abatement Policies with a Case Study
of Ankara (English) 11/95 177/95

A Synopsis of the Third Annual Roundtable on Independent Power
Projects: Rhetoric and Reality (English) 08/96 187/96

10/22/96
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