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FOREWORD

Wood energy is considered crucial for meeting subsistence as well as
developmental energy needs of the rural and urban populations in most developing
countries in Asia. In mountainous regions in particular, fuelwood energy use has its far
reaching socio-economic and environmental implications. Notwithstanding efforts being
made in alleviating this problem, there is a widespread ignorance about the functioning
of the wood energy systems, in most developing countries. Energy planners are
steadfastedly continuing their efforts in developing and improving commercial energy
systems; biomass/wood energy problems continue to be left on the back burner.
Likewise Forestry Sector plans, in the past have only marginally recognised the
problems of fuelwood energy; most approaches to the solutions are based on adhoc
assumptions of scarcity.

More recently, the needs of inter-sectoral planning for forestry development are
recognised by most countries in this region. TFAP’s and Forestry Master Plans are
under preparation. The Advisory Committee (PAC) of this project in its first meeting in
October, 1989 had emphasised the need for project assistance in wood energy planning
under TFAP framework. Accordingly, opportunity was taken to assist the member
countries in wood energy sector analysis, within TFAP framework. Guidelines for
sectoral analysis were prepared by the FAO for test and application.

On the request of the Royal Government of Bhutan, this project provided
assistance for wood energy sector analysis, under Forestry Master Plan. The consultant,
Mr. Auke Koopmans has done an excellent job in analzing the existing data. The
weakness in database was the main constraint in this study. Yet, using the available
data, the consultant has reached some interesting conclusion and made useful follow-up
recommendations.

This report highlights the existing patterns of wood energy consumption,
projected future demands and supply-demand balance. It also emphasises the need for
conservation of resources which are considered adequate at present, but likely to
decline with the emerging demands of household, industries and agriculture.

Similar studies have been conducted by this project in Vietnam, under TFAP,
applying the guidelnes for wood energy sector analysis and the study report is under
publication.

It is hoped that this report will serve as a reference document for similar studies
planned in other project member countries.

R.S. Gujral
Chief Technical Advisor



EXECUTIVE SUMMARY

This report focuses on the fuelwood energy demand and supply in Bhutan, and gives a brief
overview on the overall energy situation in the country.

The first chapter provides general information on Bhutan, its population, climate, current
energy situation and the economy. The second and third chapters describe the biomass energy
situation, energy conversion technologies and the equipment used in the country.

By relying on existing information - data collection on energy demand and consumption is
still inadequate in Bhutan - an estimate of the total biomass energy consumption in the domestic
and industrial sectors was calculated. With regard to the industrial sector, emphasis was given on
rural-based industrial activities such as food and agro-processing. Although a large number of
industries were identified, only a few could be covered in-depth, due to lacking information on most
of these activities.

The domestic sector, together with the industries and other activities are estimated to
consume about 0.92 million metric tons of wood per year (in all forms, including charcoal). In
addition to wood, other energy sources, for instance fueloil, coal and electricity are used, but the
exact amounts cannot be defined on the basis of existing information.

The potential supply of fuelwood is estimated to be far larger than the present demand. It
should be noted, however, that accessibility and other factors have not yet been taken into account.
There are certain areas, notably in the southern and eastern parts of the country, which already
experience fuelwood shortages.

The fourth chapter concentrates on fuelwood supplies, pricing and energy substitution and
conservation. It is shown that there is no free fuelwood market system in Bhutan, as the supply and
the prices are controlled by the Government. However, this is only valid in urban areas. The rural
people collect fuelwood freely from forests, bypassing official channels. Fuelwood trade is
practically non-existent in the rural Bhutan.

Due to the costs of commercial energy sources, the options for energy substitution are
limited, particularly in rural areas, where biomass energy is considered to be a "free” commodity.
In urban areas, where fuelwood is partly monetized, substitution does take place, as fuel costs are
competitive and people prefer fuels that are easy and clean to handle, such as gas for cooking and
electricity for heating.

With regard to energy savings, the introduction of improved industrial production methods
and conservation measures, for example improved stoves, could significantly reduce energy
consumption, not only in the industrial, but also in the domestic sector. However, experience with
the improved stoves shows that more work has to be done to develop a stove that is not only cheap,
clean and efficient, but also acceptable to most users.



Institutional aspects are briefly discussed in chapter 5, which shows that biomass energy
has not received appropriate attention in the national energy planning, although biomass energy
supplies account for about 88% of the total energy consumption. Data collection on biomass energy
consumption has started recently, but this still happens on an ad-hoc basis. There should be more
coordination and cooperation between departments within ministries, and between various
ministries involved in biomass energy matters. Lacking coordination and cooperation may lead to
problems in matching the demand and the supply, and hamper the development of this important
energy sector.

It is concluded that, as existing data are far from adequate, more efforts have to be put on
data collection on biomass energy consumption, availability, pricing, etc. Institutional expertise,
however, must be upgraded to achieve this. A reliable database on biomass energy should be
established for the use of energy planners to enable sound energy policy planning. These
continuous processes of upgrading expertise and data collecting would lead to a better
understanding of the importance of biomass energy in the Bhutanese economy. Problem areas
could be identified and solutions developed. A project proposal, geared towards the upgrading of
institutional capabilities and the establishment of a database on wood energy, is annexed.
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INTRODUCTION

The Royal Government of Bhutan (RGOB) has long recognized that a large part
of the country’s population depends on fuelwood as the main source of energy. The
supply of fuelwood a cheap and renewable source of energy, which does not drain the
national economy as other, imported energy sources do — is therefore important.
Sustainable supply, which can be guaranteed by judicious forest management, is
paramount to the future welfare of the country and its people.

In 1989, an agreement was reached between RGOB and donor agencies (Asian
Development Bank (ADB) and the Danish International Development Agency
(DANIDA)), to prepare a Master Plan for Forestry Development (MPFD) in Bhutan. The
plan is to be a comprehensive strategy for the forestry sector, and cover the next 20
years. To ensure that the fuelwood needs of the country will be properly taken into
account in the MPFD, the Department of Forestry (DOF) requested the Regional Wood
Energy Development Programme, a Bangkok-based FAO project, to provide a
consultant specializing in fuelwood energy to assist the MPFD team.

The consultant and his counterpart have reviewed and analyzed the available
information on current fuelwood use, demand and supply in Bhutan. This work has
covered not only the domestic sector, but also other sectors of the economy. Therefore,
an estimate of the present energy consumption as well as a projection of the future
demand could be calculated. However, only a very limited amount of direct information
on fuelwood use could be obtained. Many secondary sources of information, such as
departments of forestry, agriculture, animal husbandry, trade and industry, power,
health, works and housing, transport and communication, were used to support the
effort. The consultant wishes to express his gratitude for the assistance provided by
these departments.

The data in this report are provisional and should be updated as more reliable
information become available. Although all information has been checked and cross-
checked with care, some uncertainties remain, especially with regard to the population
size, and gewog and district boundaries. This is because official data, although said to
be available, could not be supplied to the consultant.

Many people have provided valuable assistance during the time spent in Bhutan,
in the office as well as during field trips, and their assistance and advice is hereby
acknowledged. The consultant wishes to express a special word of thanks to Mr.
Rytkonen of Jaakko Poyry, who provided computing power and the statistical analysis of
various information, in particular, on fuelwood consumption and projection, and a
preliminary estimate on sustainable wood supply in the form of timber and fuelwood.

This report focuses on fuelwood, and only briefly refers to other issues that are
considered relevant, such as fuelwood supplies through social and community forestry.
These matters are covered in depth by other consultants. Comments received from
concerned and interested parties have been included as far as possible.



1. COUNTRY PROFILE

1.1 Geo-Climatic Conditions

Bhutan, covering an estimated area of about 46,500 square kilometres, is a small landlocked
country. It is bordered by the Indian states of Sikkim in the west, West Bengal and Assam in the
south, Arunachal Pradesh in the east and by the Tibetan autonomous region of the Peoples
Republic of China in the north and northwest. The gateway by road to western Bhutan is
Phuntsholing, located about 175 kilometres by road south of the capital Thimphu, while the only
gateway by air is Paro, about 55 kilometres to the west of Thimphu. The nearest harbour is Calcutta,
India, about 750 kilometres by road south of Phuntsholing. The nearest railway head - there is no
railway in Bhutan -is located in India, about 40 kilometres south of Phuntsholing.

Bhutan is a relatively compact country, which measures from east to west about 320
kilometres and from north to south about 170 kilometres. The country is almost entirely mountainous
with flat land limited to broader river valleys and some small parts along the southern border. The
land rises from about 300 metres above sea level in the south to the towering Himalayan mountains
in the north with peaks reaching over 7,000 metres. The main rivers run in general in north-south
direction between steep mountains. Figure 1.1 shows the topography of Bhutan.

As an example, to show the difficulties encountered in transport due to the topography, figure
1.2 shows that, although the distance from Thimphu to Tashigang in the eastern Bhutan is only 190
kilometres following a straight line, by road the distance is about 540 kilometres - about two days'
travel by car is required to reach Tashigang from Thimphu.

In Bhutan, three main landforms can be distinguished: the southern foothills, the inner
Himalayas and the higher Himalayas. The southern foothills rise from the plains to heights of about
1,500 metres extending to the north by about 20 kilometres. The area consists of steep hills covered
with forests. The inner Himalayas rise gradually to about 3,000 metres. Here the broader river
valleys can be found, e.g. Paro, Thimphu, Punakha, Wangdi Phodrang, Bumthang and Tashigang,
which form the economic and cultural heartland of the country. The northern region comprises of
the main Himalayan range of snow-capped mountains, which separate Bhutan from Tibet. The Kula
Gangri and the Gangkar Punsum (both over 7,500 metres) and the Jomolhari (7,315 metres) are
the highest peaks.

The population is concentrated along the southern foothills and in or near river valleys. The
northern part is sparsely populated. Out of the total area of about 46,500 square kilometres, it has
been estimated that 42.7% is covered with forests with a crown cover of over 40%, while 14.1% is
forest-covered but with a crown cover of less than 40%. Alpine areas, grasslands and rivers cover
an estimated 25.8%, while the remaining 17.3% comprises of agricultural land and other areas®. The
distribution is shown in figure 1.3.

! Source: Preliminary results of the landuse mapping exercise carried out by Mr. Gupta within the

framework of the Bhutan Master Plan for Forestry Development (ADB/DANIDA/FAO).



Figure 1.1 Topography of Bhutan
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The climate in Bhutan is varied. The
country can be divided into three distinct
climatic zones broadly corresponding to the

Forest=40% cover  &lpine, grassland, rivers, etc. three main geographical divisions. The

(42 7% (2588 southern foothills have a hot humid climate
with fairly even temperatures throughout the
year (between 15°C and 30°C), and rainfall
ranging from 2,500 mm to 5,000 mm in some
areas. The central belt (inner Himalayas) has
\Qrestdem% cover a cool temperate climate with an average

i CHEE%) annual rainfall of about 1,000 mm - the
western part gets a comparatively higher

(17 3% amount. The higher, northern region has a

Agricuttural land severe alpine climate with an annual rainfall of

and other aress about 400 mm, 60-90% of which is
concentrated during the summer months and

Figure 1.3 Land distribution south-west monsoon. Figure 1.4 shows

average maximum and minimum
temperatures at lower and higher elevations.

Substantial variations within these broad ranges are found and climate and rainfall
characteristics change dramatically from one valley to another, with consequent changes in the
types of crop grown. Widespread rainfall can occur resulting in floods during the monsoon period
in the summer inundating plains, fields, bridges and houses, and causing considerable damage to
property and crops. Landslides, which can block roads completely for long periods, are also
common.

1.2 The People and the Country

Bhutan is a kingdom with His Majesty, Jigme Singey Wangchuk, the present king and fourth
of the line. The king is the head of state and the Royal Government. The National Assembly is the
main legislative and policy-making body, while the Cabinet is the main executive body.
Administratively, the country is divided into 18 districts or dzonkhags, headed by the Dzongdag or
district administrator. Each district is divided into sub-districts or gewogs; there are 192 gewogs in
Bhutan.

The population? consists of three main ethnic groups: the Sharchops, the Ngalops and the
Lhotsams. The first two groups are collectively known as Drukpas, who account for about 65% of

20fficial statistical information (CSO, 1989) indicates a population size of about 1.375 million in 1988.
Preliminary results of the recent census shows that the actual population is about 600,000-700,000 people, with a
per capita GNP of about US$425 (Source: Interview with the new chairman of the Planning Commission of Bhutan,
Dasho C. Dorji in Kuensle, Vol. VI, No. 23 of June 15, 1991). The too high population estimate of 1960 was used by
the National Assembly before the first visit of foreigners to Bhutan, and the population was then setat 700,000 people
(14th National Assembly, 13th day of the 4th month of the Iron Mouse Year, Resolution 2-Part VIII). The figure, at an
annual increase of 2%, would have increased to about 1.3 million, which is in accordance with the present official
population size.



the total population. While the Drukpas are Tantric Buddhists by religion and culture, the Lhotsams
or the southern Bhutanese practice mainly the Hindu religion.

The majority of the population is engaged in agricultural activities, whereas the remainder
is engaged in business, government service or other occupations as shown in table 1.1. In addition
to the registered occupations and activities, there are also small-scale cottage activities carried out
at home, e.g. weaving, cheese and butter making, to name only few.

The official statistics show a birth rate of 39.1 per thousand, while the death rate has been
estimated at 19.3 per thousand. The annual population growth rate stood at about 2% in 1984. Life
expectancy was estimated at about 45.8 years for males and 49.1 years for females. It is expected
that this will considerably improve due to better living conditions and improvements in the health
sector.

The Central Statistical Office (CSO) has estimated that the average annual population
growth rate from 1986 to the year 2006 will be about 2.3%. Using this assumption, it can be
estimated that by the year 2000 Bhutan's population will be about 1.75 million, and that by the year
2020, the population has doubled.

Table 1.1 Percentage of the population according to economic activity (1984)

All ages Ages 15 - 64

Male Female Persons Male Female Persons

Agriculture 525 615 57.2 784 954 87.2
Government service 3.9 0.3 2.0 6.5 0.4 3.4
Business 0.9 0.3 0.6 14 0.5 0.9
Other occupations 2.8 0.2 14 4.0 0.2 2.0

No occupation 399 3738 38.8 9.6 3.6 6.5

Source: Statistical Yearbook of Bhutan 1989 (CSO, May 1990)

About 95% of the total population live in rural areas, and the remaining 5% in urban or
semi-urban areas. The largest town and capital, Thimphu, has approximately 25,000 inhabitants.
The share of the urban population has increased slightly over the last 30 years from about 2.5% in
1960, to 3.5% in 1975 and about 5.3% in 1990-. The same source shows a slight shift in the labour
force between 1960 and 1980 from agricultural occupations (95% in 1960; 92% in 1980) to industrial
and service-related activities (respectively, 2% and 3% in 1960; 3% and 5% in 1980).

3 Source: World Resources 1990 - 1991, World Resources Institute.
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1.3 National Economy

Bhutan has, besides valuable forests, considerable mineral resources such as coal, copper,
dolomite, graphite, gypsum, lead/zinc, limestone, marble, mica, slate, talc, tufa and tungsten.

in mountainous areas making the exploitation economically
difficult. Coal, limestone, marble and slate, among others, are
mined and used either domestically or exported in raw or
processed form. Cement is exported to India, and planned to
be exported to Bangladesh and Nepal as well as produced for
domestic use. (There are several cement factories in Bhutan;
Penden, Yangzom and Namgey factories are located in the
southwestern Bhutan; whereas Lhaki factory in southwest and
Dongsam factory in southeast, are expected to start
production in 1993-94 and 1996-97, respectively).

Wood, as logs, timber or coal - at present exported to
Bangladesh - are other important products with export
prospects. Hydropower-based electricity is one the most
important income generators in Bhutan.

The Gross National Product (GNP) has shown a steady
increase over the years. It was estimated that the per capita
GNP was about US$190- in 1990. However, it should be noted
that this figure is probably understated, due to difficulties in
measuring the output in a rural economy, where barter trade
still features strongly. Moreover, the population of Bhutan is much smaller than originally assumed,
and a per capita GNP of US$400 is apparently closer to the truth (see also footnote 2).

Cable logging systems are
used in difficult terrain

The economy has been growing in real terms from 1980 to 1987 at an annual rate of 8.8%.
As shown in table 1.2, in 1987, the agricultural sector contributed 47% of the total Gross Domestic
Product (GDP), followed by electricity production (12%), and community and personal services
(10%). The notable increase in the share of electricity production in the GDP reflects the completion
and commissioning of the Chhukha hydropower station. Most of the electricity generated at the
station is exported to India. The decrease in the volume of the construction sector in 1986 is caused
by the completion of the Chhukha hydroelectricity project.

4 Source: Economic Indicators, Asiaweek, May 24, 1991. (based on a population size of 1.5 million).
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Table 1.2 Gross Domestic Product in million Ngultrum at 1980 prices

Sector 1980 1984 1985 1986 1987
Agriculture, 309.9 388.3 411.6 436.3 458.1
Livestock 139.2 161.3 168.6 177.4 1845
Forestry and logging 172.3 256.9 253.7 267.3 283.2
Manufacturing 358 672 754 71.0 105.0
Mining and quarrying 6.8 158 126 222 216
Electricity and gas 25 5.2 6.0 604 229.0
Commerce 121.5 1234 1324 1434 1424
Transport and Communications 479 664 794 839 913
Construction 88.5 1735 169.0 141.8 152.3
Finance, insurance and business services 70.2 109.4 110.1 126.2 135.7
Community, social and personal services 120.4 130.3 126.0 168.6 200.0
(Gov. administration and defense)

Less: Imputed bank service charges -20.0 -32.0 -25.0 -24.0 -30.0
TOTAL GROSS DOMESTIC PRODUCT 1095.0 1465.7 1519.8 1674.5 1973.1
Annual growth rate in % 7.0 37 102 178

Source: Statistical Yearbook of Bhutan 1989 (CSO, May 1990)

Bhutan's national currency, the Ngultrum, is on par with the Indian Rupee and freely
interchangeable with it, indicating the importance of India as a trading and aid partner. The official
exchange rate is 21 Ngultrum or Rupees per US$1. However, in July 1991, a devaluation took place
in India, which affects Bhutanese economy.

14 Current Energy Situation

Bhutan is, at present, a small producer and consumer of energy. Energy consumption per
capita and, in particular, the consumption of conventional energy sources, such as oil, is estimated
to be among the lowest in the world. The major source of energy in Bhutan is biomass in the form
of wood, which is used by the vast majority of the rural and semi-urban population. In urban areas,
electricity (hydropower-based and some minor amounts of oil-based), cooking gas, kerosene and
fuelwood are also used. Coal, fuel oil and electricity are the dominant sources of energy for industrial
sectors.

Bhutan's energy reserves include coal deposits in the southeastern part of the country, a
considerable hydropower potential and biomass in the form of fuelwood.



14.1 Coal

Coal is found in the southeastern part of Bhutan near Samrang in Samdrup Jongkhar district.
Reserves are estimated at about two million tons. The coal has relatively low heating value of about
20-25 MJ/kg, and a high ash content of 20-30% making it less suitable for most industrial purposes.
For this reason, the coal is exported to Bangladesh, mainly for brick burning and tea drying. In 1989,
about 1,900 metric tons of coal were mined and exported while in 1990, the amount up to May was
6,800 MT>. The production capacity of the coal mine in Samdrup Jongkhar is estimated at 30,000-
50,000 tons per year.

Considerable amounts of higher grade coal are imported from India and other countries such
as Vietnam, mainly for use in the cement and calcium carbide industries and, to a lesser extent, for
other industrial purposes.

1.4.2 Oil

All oil products such as kerosene, fuel oil, diesel oil, petrol and cooking gas are imported and
distributed by a TCC-owned private company. The total annual consumption of oil products
remained fairly stable between 1985-1989, with 21-22 million litres imported per year. The
consumption of kerosene, which is included in the above figure, and mainly used for lighting, has
shown a steady increase, albeit slightly leveling-off since 1988, from about 2.5 million litres in 1984
to about 4.6 million litres in 1989. Cooking gas consumption - mainly used in urban areas - has also
shown a steady increase from about 230 tons in 1984 to about 625 tons in 1989. The stagnation in
the use of kerosene is most probably caused by improved electricity supply and enlarged distribution
network. Furthermore, the price of electricity was lowered in 1988 from 0.7-0.9 Nu/kWh to 0.4
Nu/kWh. Cooking gas, which is only available in six towns in Bhutan, is preferred by users over
fuelwood as an easy-to-use and relatively cheap source of energy.

1.4.3 Electricity

Hydropower is the main source for electricity generation in bhutan. The country's total
installed capacity amounts to about 350 megawatt (MW), of which the Chhukha hydropower station
accounts for about 340 MW. However, Chhukha station's capacity to generate electricity varies from
100 MW in dry winter months to about 340 MW during the rainy season in the summer. Most of the
power generated at the Chhukha station is exported to India, while some electricity is again imported
from India for use in the south-central and southeastern parts of the country due to the lack of a
national grid.

144 Biomass

It has been estimated that approximately 98% of the domestic energy consumption is
derived from biomass, mainly fuelwood, and to a very limited extent residues, such as straw, stalks
and dung. The industrial and agricultural sectors, together with the government sector (e.g. armed
forces, monasteries, road construction) use considerable amounts of fuelwood.

Source: State Trading Corporation of Bhutan.



An energy balance was compiled by the consultant as no official energy balance was made
available. By using information provided by the Department of Power (DOP, 1990 and 1991),
statistical data and consultant's estimates as the basis, the balance shows that biomass energy
accounts for about 88% of the total amount of energy consumed in the country. Conventional energy
sources (coal, oil, gas and electricity) account for the remaining 12%. The energy balance is
attached as Annex 1.

Fuelwood stock for a household Fuelwood is gathered and transported
sufficient for about one year often by female household members

The sustainable wood supply or annual allowable cut (AAC) from forests, plantations, shrubs
and fallow lands, etc. has been estimated to be about 7-8 million tons (personal communication Mr.
Rytkonen). Some factors, however, such as protected areas and accessibility, have not been taken
into account in this figure. In principle, the wood supplies are sufficient to satisfy the demand.
Nevertheless, since fuelwood collection can contribute to deforestation, careful planning and
monitoring of this important energy source is required in many districts, if not the whole country.
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2. BIOMASS ENERGY DEMAND AND SUPPLY

The energy balance (annex 1), shows that biomass fuels play an important role in the
national economy, with approximately 88% of the total energy consumption (Total Final Supplies).
The remaining 12% are supplied by coal, oil, gas and electricity. Although biomass fuels play a
prominent role on the national level, up to recently hardly any information, other than some
estimates, has been available about fuelwood consumption.

Fuelwood, for instance dead wood and fallen trees, are collected by rural people - most of
them women - from forests. If the supplies from forests are not sufficient, a permit to cut a limited
number of trees for fuelwood for family use (maximum 8-10 trees per year) can be obtained from
the Forest Department by paying a nominal royalty of 1 Nu per tree.

The Royal Government of Bhutan is the sole owner of all forests, and, in principle, a permit
is required for removal of forest products, including fuelwood. However, the Forest Act of 1969 is
ambiguous about this. A preliminary inspection of the available Forest Department records on
fuelwood supplies indicated that less than 10% of the total fuelwood consumption was covered by
permits. Thus, most of the fuelwood has been removed unregistered. Annex 2 gives an overview
of the available information on fuelwood supplies covered by permits from the Forest Department.

The fuelwood covered by permits is mainly for urban or industrial use, and for special
groups, such as the armed forces and monasteries, whose supplies are handled by the Forest
Department or its authorized agents (e.g. Bhutan Logging Corporation). While urban and industrial
users pay a nominal royalty, the armed forces and monasteries are supplied free of charge and the
transport costs of the fuelwood are covered.

2.1 Available Literature on Fuelwood Use

The available literature on fuelwood shows widely varying figures for fuelwood use in the
domestic sector. Very little information is given on how the figures were obtained and what kind of
conversion factors were used.

One of the first reports, which includes information on fuelwood consumption in Bhutan was
the Pre-Investment Survey carried out by a forestry institute located in Dehradunn, India (PIS, 1980).
This report quotes fuelwood consumption on a per capita basis from 1,957 kg (833 kg per cubic
metres) in the south, to 2,660 kg in the central and eastern parts, and 3,230 kg in the north-western
part of the country. However, it is not indicated, when these figures were obtained. These data, as

! Personnel of the Forest Department was divided on the question if a permit was needed to collect firewood
in the form of dead and fallen trees from the forests. About 80% of the people interviewed indicated that a permit is
required, while the remaining 20% said that there was no need for a permit. However, mostinterviewed rural people
indicated that a permit was required, but in almost all cases they did not bother to obtain it because of the difficulties
involved (obtaining a permit means in some cases two days' walking to the local forest department or ranger office).
The Bhutan Forest Act of 1991, which is under consideration, states that a permitis required to remove fuelwood from
the government's forests.
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well as information obtained from other sources, as described in the following paragraphs, should
be treated with caution as seasonal variations affect fuelwood consumption considerably.

In and around Radi gewog in Tashigang district, a rural development and energy planning
exercise was carried out from June to November 1987 (Johnson e.a., 1987). The results showed
that on an average each household used 7-9 tons of fuelwood, mainly for cooking and 20-25% for
heating. The average household size was 6.6 persons, and the sample size 38 households. In
addition, especially at the end of the monsoon period, maize sticks were used up to 450 kg for
heating, and 450 kg maize cobs for cooking and heating. No significant differences were found in
fuel consumption between the traditional and the improved stoves. (Measurements over one week
were carried out with the traditional stove, and they were repeated about two months after the
improved stove had been installed.) Although most of the people were satisfied with the improved
stove, many added three lumps of clay to raise the pots, as traditional stoves in Bhutan. Fuelwood
collection was considered a major problem by one third of the families. This was mainly due to
increased collection distances (from one kilometre to four kilometres over a decade). However,
three quarters of the households considered agricultural tasks, in particular transplanting of rice,
most arduous. Transportation by roads was a big problem. Lack of cash, to purchase cooking oil,
kerosene, cotton for clothing, and pay taxes and other expenses, caused difficulties for almost all
families.

A baseline survey of four eastern districts (MOA, 1991) confirms these findings. Fuelwood
collection times varied between 1-1.5 hours. Forests contributed a major share of fuel requirements,
with homesteads and surroundings providing from 10% to 22%. Part of the latter is straw, which one
third of the people reported to use in addition to wood. Unfortunately, fuel use was not quantified in
this report. About 30% of the edible cereals grown were used for making alcoholic drinks like ara
and chang, produced and consumed mainly within households, but also bartered or sold. Average
cash incomes varied from about Nu 200 to Nu 260 per month.

The Save the Children Fund, a US-based NGO active in Shemgang district, found during a
survey of 14 villages and 425 households (January-February 1990), that each household used from
8,200 kg to 10,950 kg of fuelwood. Average household size was 7.2 persons. Some villagers faced
problems in collecting sufficient amounts of fuelwood, but, in general, did not find this a major
problem. Lack of cash income and labour were the most serious obstacles faced by the majority
of the population. About 99% of the respondents had a family cash income of 2,000-3,000 Nu or less
per year (about 250 Nu or less per month).

An anonymous report, describing results of a fuelwood consumption survey