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CONVERSION FACTORS AND ABBREVIATIONS

US$1 -9.75 Yemeni Rials IYR) (mid-1989)
US$1 s 12.50 Yemeni Rials (YR) (late 1990)

CONVRSION FACItRS

TOE/Metric Spedlc
ES, Tonne Grt Litersto=e

LPG 1.06 0.56 1,785
Gasoline 1.03 0.72 1,351
Kerosene 1.01 0.80 1,240
Diesel 1.00 0.85 1,041
Firewood 0.38
Charcoal 0.70
Crop residues 1 kg. - 13.5 MW
Dung I kg. = 13.5 MJ

Conversion efficiency for charcoal production: 23%

1 TOE = 10.2 x 10' kcal - 40.5 x 10' BTU = 40.5 Mcf - 42.7 GJ

1.0 GWh - 86 TOE; 1.0 kWh - 860 kcals (net calorific values, note that net calorific values are
5% less than gross for oil and 9-10% less than gross for gas)

COWRSION FACXRES FOR QAS

Thousand Cubic Feet (mcf) = million British IThermal Units
38,500 cubic feet = 1 tonne of fuel oil

0.12 mmcfd I tonne of fuel oil/year

ABBREVIATIONS

bbl Barrel
bpd Barrels per day
cif Cost, insurance and freight
CLCCLD Confederation of Local Councils for Cooperative Development
ESMAP Joint UNDP/World Bank Energy Sector Management Assistance

Program
FAO Food and Agriculture Organization
fob Free-on-board
GDP Gross Domestic Product
GCOMR General Corporation for Oil and Mineral Resources
GWh Gigawatt hour (10' kWh)
GTlZ Deutsche Geselwiaft For Technishe Zusammenarbeit
ha Hectare



kWh K*Il t hou (10 Wh)
LDC Local Delpmet CouncI
II Lite
LPG LIquefied peoleum
Mcf Thousand Cubic fag (a)
MEW Ministry of Eiecticity and Water
MI4 me_aJoles
mmd MiIin cubic feet per day :y s)
MOM M of O0a NMResoure
MPD y of anning ad Deopm
PDRY People's Demo RepubBlc o Yemen
ROY Repubic of Yemen
SCOMRED Sureme Counci for Oil and Minal Reou and Exwmk Development
TCF Trlion cubic feet (gas)
TOE Tons of o equivalnt
t or ton Metric ton
USAID United States Agenc for Int tionl Deveopment
YAR Yemen Arab Republc (now northern Rqeubi of Yemen)
YGEC Yemen General Electricity Coporation
YHOC Yemen Hunt Oil Company
YPC Yemen Petroleum Company



Republic of Yemen: Household Energy Strateg Study
Phase I: Preliminary Study of Northern Governorates

Preface

In late 1986, the joint World Bank/UNDP/Bilateral Aid Energy Sector Management
Assistance Program (ESMAP) initiated the Household Fuel Marketing Study for Yemen Arab
Republic (YAR) at the request of the Government, with funding from the Government of the
Netherlands. After three years of intensive study and field work with several Government agencies,
the final report for the study was submitted to the Government for review.

The report was received as a valuable addition to the Government's planning efforts.
Nonetheless, the Goverrnent rightly noted that the work focused only on the region formerly
represented by the YAR and did not take into account the unification between the YAR with the
People's Democratic Republic of Yemen and the creation of the Republic of Yemen. Although
the icsses identified in the report were no doubt relevant to the whole of the Republic of Yemen,
an energy straegy could only be effective if it encompassed the entire country.

These political developments were only one example of the rapid pace of profound change
in the country. The discovery and development of large oil and gas reserves continue, new
legslation is pending which will influence the roles of the public and private sectors, and agencies
which before unification worked in separation are being merged and embarking on new courses.
The Government recognizes the importance of sectoral strategy work in this dynamic environment
to ensure that it becomes an agent of change rather than a victim of it.

Therefore, this report represents only a prelininary step in the on-going planning ptocess.
The Government has requested a second phase of the project which will expand and update the
work presented here to reflect the new realities brought about by unification. Naturally, the second
phase will consider the whole of the Republic of Yemen, including the southern govemorates. In
addition, the scope of the study is enlarped to consider all relevant energy issues in the household
sector rather than just fuel marketing. Fmally, certain follow-up recommendations contained in this
study, such as the development and commercialiation of certain household energy technologies,
will be implemented as soon as possible so as not to delay the potential benefits of these projects
and to allow the results of these projects to be considered in the course of the second phase of
strategy worlk
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L EXECUTIVE SUMMARY

Backgrund

1.1 The Republic of Yemen (ROY) 1/ is at a crucial nexus in its development. Rapid
political and economic development over the past twenty-five years has produced large increases
in rural and urban household incomes, and the creation of important economic infrastructure.
Now, despite the discovery of oil and gas reserves, the pace of growth is slowing as this new-found
wealth is tempered by a decline in workers' remittances, and increasingly constrained by an absence
of non-petroleum natural resources. Thus, Yemen faces an important set of decisions about how
to best sustain the development of the past two decades through the efficient use of scarce human
and natural capital. This decision-making will be strongly influenced by developments in the energy
sector, with its significant links to foreign exchange earnings, household welfare and the
environment.

1.2 Households are the largest group of energy consumers in ROY, and wood is the
dominant national fuel. In northern ROY residential energy consumption accounts for over 60%
of total fmal energy demand and fuelwood comprises over 90% of the energy used by Yemeni
residences. Unfortunately, if past trends continue, available fuelwood resources will be depleted
in the next ten to fifteen years. As woody biomass supplies erode over the remainder of the
century, there will be a decline in the welfare of individual households caused by an increased use
of inferior fuels, higher woodfuel prices, an increasing percentage of the family budget being spent
on fuel rather than other basic needs, a lower per capita consumption of cooked food, and/or less
space heating during the cold season. Women, who collect and use most of YAR's household fuels,
and the poor, who are most heavily dependent on energy from woody biomass, will suffer the
greatest welfare loss. In addition, there will be increasingly negative consequences for the
environment (e.g., accelerated wind erosion, sand encroachment and microclimate degradation from
wood harvesting, all of which reduce agricultural productivity). Fortunately, ROY is endowed with
a popular but under-exploited domestic source of household energy - liquefied petroleum gas
(LPG). It is expected that the Government of Yemen and Yemen Hunt Oil Co. will eventually
finalize an agreement on the production and sale of domestic LPG. To date, however, there has
been no concerted effort to develop a strategy for ROY to make the transition to a modern and
sustainable fuel regime.

Issues and Objectives

1.3 Household energy planning and implementation have been stymied in Yemen because
of: (i) the absence of a national energy strategy, (ii) inadequate institutional capabilities, (iii)
ambiguous lines of authority between sectoral agencies, and (iv) the failure to develop and evaluate
valid alternatives. Because authorities have not been able to recognize and respond to residential
energy problems, a number of important issues have thus far gone unaddressed. Specifically, the
following are priority problems:

1/ At the time w this document was being researched (198-89), the focus of the work was on thefonner
Yemen Arab Republic (now northem ROY).
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(a) the decreasing supply of and persistent demand for woodfuels will lead to increased
expenditure of time and money on wood acquisition, a decline in household welfare
and possible acceleration of environmental degradation. Current efforts to augment
supply are inadequate to develop a sustainable wood-based energy regime;

(b) the inability to rapidly develop LPG as a principal source of household energy has led
to shortages, black market conditions and impaired market penetration of this
essential domestic fueL Removing impediments to LPG substitution will be essential
for reducing pressure on national wood resources; and

(c) a very high proportion of rural households use non-grid, high-cost electricity, in
addition to woodfuels. These unreliable and inefficient rural supply systems have
imposed heavy financial costs on individual residences and economic costs on the
country.

1.4 Given these issues, the long-term development objective of the household energy
strategy for ROY is to improve household welfare by reducing the costs and improving the
availability of household fuels, while ensuring that household energy consumption patterns are
environmentally sustainable. The immediate objectives for achieving this are to: (i) protect the
environment by promoting sustainable biomass management practices where substitution is not
immediately feasible; (ii) prepare an economically viable strategy for the substitution of IWG for
threatened biomass resources; and (iii) assess options for least-cost rural power supply to
residences, including the use of photovoltaics. Formulation of this strategy is guided by the
principles of achieving short and long-run improvements in residential welfare, efficiently using
domestic energy supplies to promote resource sustainability, and relying on the buoyant Yemeni
private sector through a market approach to policy and program implementation.

Elements of the Strategy

1.5 The central elements of the strategy are a series of recommendations concerning (a)
improvement of woodfuel management to safeguard this increasingly scarce renewable energy
resource, (b) accelerated Interfuel substitution to displace wood with LPG and thus maintain
residential welfare while protecting domestic woody biomass supplies, and (c) supply of rural
electricity at least-cost through development of new decentralized power sources and more efficient
use of autogeneration. Improved woodfuel management and accelerated interfuel substitution are
complementary elements of the strategy which must be implemented together; neither of these
elements alone can fully achieve the objectives of the household energy strategy.

1.6 To enhance efforts to manage woodfuel resources, activities are recommended to
acquire basic information on the resource base and management practices, to assess and improve
carbonization methods, to support indigenous land management practices, and to develop effective
community and household agroforestry programs. Basic information acquisition involves (i) land-
use conversion analysis, (ii) detailed investigation of woody biomass supply systems, (iii) additional
wood inventories, and (iv) further research on biomass productivity. With respect to carbonization
methods, the charcoal industry in north-central Tihama needs to be evaluated and, if warranted,
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more efficient carbonization techniques should be developed and disseminated. To support
indigenous resource management, information should be developed on traditional woodland
management practices in different areas of Yemen in order to reinforce successful agroforestry
techniques. Regarding agroforestry programs, successful practices from certain areas need to be
identified and more broadly disseminated. These programs should take advantage of market
incentives to stimulate community and household participation. More details about these options
are presented in paragraphs 4.394.46.

1.7 To accelerate LPG market penetration, programs are recommended to improve the
infrastructure for fuel and bottle supply to consumers, introduce greater private sector involvement
and safer operations, adopt a competitive pricing policy, and commercialize LPG-using appliances.
This component of the strategy has two objectives: (a) to encourage households which are currently
using koth LPG and firewood to use less wood and more LPG, and (b) to encourage households
which use only fiewood and/or charcoal to switch to LPG. The actions which need to be taken
to support the former include increasing the supply of LPG bottles and fuel beyond the current
efforts underway, improving the marketing and distribution of the fuel, commercializing low-cost
LPG baking equipment, and supporting the development of community bakeries. To achieve the
second cbjective, the same actions are required nd the costs of bottles, regulators and appliances
need to be reduced by cross-subsidizing these items from fuel sales. To accomplish this, LPG
should remain at a retail price of YR 40/bottle. The resulting windfall would be used as a cross
subsidy for bottles and appliances. Even at this price, LPG would be the cheapest household fuel.
More information on these recommendations is presented in paragraphs 5.15-5.40.

1.8 To improve rural electricity supply, projects are outlined to market-test photovoltaics
(PV) for rural households, and to develop an effective rural power strategy that will improve the
use of autogeneration. The market evaluation will involve: (a) technical testing of household PV
systems and the specification of appropriate system design; (b) consumer acceptance testing; (c)
the development of effective financing mechanisms; and (d) support for local private sector
marketing, dissemination and maintenance of systems. To formulate a strategy to improve rural
power servces and reduce their costs, knowledge about existing systems needs to be expanded so
that options can be realisticaUly compared. This will entail developing detailed information about
the costs and benefits of the most common diesel and gasoline generators currently used in rural
Yemen. Tben, a rural electrification strategy can be developed based on the least-cost mix of grid
extension, private petroleum-fueled generators and decentralized PV. Ibis component is described
in paragraphs 6.13-6.22.

1.9 Yemeni institutions need to be strengthened to facilitate strategy implementation.
Such steps, which are discussed in the Bank's Energy Strategy Review 2/, include:

(a) the continued use of foreign expertise;

(b) the formulation of appropriate organizational structures at the Ministry of Oil and
Mineral Resources (MOMR) and Yemen General Electricity Cooperation (YGEC);
the Ministry of Electricity and Water (MEW) and;

2/ YA. Ener S=eg Re ow. Rpot No. YAR-786Z lany 31, 1990
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(c) development of appropriate human resource planning. In addition, monitoring and
evaluation can and should provide feedback for learning and adjustment throughout
the implementation period.

1.10 The strategy can be initiated by a coordinated set of Yemeni institutions, including
the vital private sector, over a period from 1991 to 2000. Many elements of the strategy have
already been incorporated as part of other Bank projects which have already been initiated, such
as the LPG Crash Program and the National Agriculture Sector Management Project

1.11 During its ten-year life, the strategy should result in fue}wood savings of over 32
milion tons and electricity conservation of over 400 OWh, as well as savings of kerosene, gasoline,
and diesel lhe marginal cost of strategy implementation (for components other than those already
included in eisting projects) is estimated to be US$1,550,000 for policy and program elements, plus
approximately $6 million initially and $3.5 million annually thereafter for the purchase of additional
LPG bottles. Over its first ten years, it is estimated that strategy implementation Will result in
present value financial savings to households of US$ 236 million. Through the realization of these
financial savings, the household fuel strategy will help bring about an environmentally suainable
improvement in Yemeni household welfare.
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II INTRODUCI'ON l/

Country Backgound

2.1 In 1990 the People's Democratic Republic of Yemen (PDRY) and the Yemen Arab
Republic (YAR) merged to create the Republic of Yemen. This unification has entailed sweeping
economic and political reform, and is only the latest in a series of political, economic, and social
changes in the region over the past twenty-five years. PDRY had been a socialist state, but the
new government will encourage free market economy. YAR, on the other hand, had been an
isolated theocracy until a revolution in the 1960's opened the country to greater contact with the
rest of the world. In both of these countries, change had been fueled by the remittances of Yemeni
workers abroad during the 1970's and early 1980's, foreign aid and, more recently, by the discovery
and development of domestic petroleum resources. Until now, remittances were perhaps the
largest source of foreign exchange and financed much of the country's rural development.

2.2 These events have had a profound impact not only on the government, but also on
individual Yemeni households, primarily by increasing household incomes in both rural and urban
areas. For example, in YAR from 1973 to 1981, private transfers (mainly workers' remittances)
averaged about $900 million per year in current terms and amounted to half of GDP. Since about
75% of the ROY population is rural, most of these remittances were ultimately sent to rural areas,
resulting in a smaller disparity between rural and urban incomes and the private provision of basic
infrastructure.

2.3 The prospects for continuation of this rapid development are tempered by several
factors Although remittances may have remained at relatively high levels despite the decline in
international oil prices since the early 1980's, the recent decision by Saudi Arabia to repatriate
Yemeni workers will have serious economic repercussions for Yemen. As many as 750,000
Yemenis returned to Yemen in the latter half of 1990, resulting in a sharp reduction in remittance
flows. Unemployment had been increasing even before this repatriation, and has now surged from
the traditionally low 4 to 6% of the labor force in the late 1970's and early 1980's to perhaps as
much as 20%. Urban housing, in short supply even before these events, has now become critically
deficient. Revenues from domestic oil production and exportation may not offset the loss of
remittance income.

7/Th repot nwa w~itten by Miduce Ovsetd (EneyPlanne, ESMAP) and Joe Leitmann (Ene,V Planneu
World Bank) wi*t condbuns from Mesm. Ade O08h (Household Fe Maretg Su Fild
Mana and Survey Anast) Erc Fergson (Housdhld Enew Spedat ESMAP Coutn Daid
Spouswoode (LPG Ma*efing Speaia4 ESMAP Cnsulan), And,w Midngon (Biomass Resource
Ana4 ESMAP Gonsudtant), JeffDowd (SwVAnaly4 ESMAP) andPiet PidVr (Coove TechnaogA
ESMAP Constant), and by Mnes. Theresa Stev(sck (SocWoois ESMAP Coant) and Nagwa
Zabaoh (Socologi ESMAP Cant). Sw fedd wor*s manad by Azedine Oweil in
cooerati wth Nasser Al-Aulaqi (fomerDean, School of Aiul*w< Unhwr of Sana) and Yahw
Kayzal (Dirct, Republk of Yemen Cetl Stat Organzadon). Searia asLtwc and rpoit
prducon seces wer prvidd bylannew Lif
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2.4 In addition to the effects of the repatriation of workers, savings and investment are
low, and consumption of imported goods is relatively high. Budget and current account deficits
persist, and the total debt service ratio has increased. Although there has been gradual
improvement in social indicators, life expectancy remains under S1 years, and the infant mortality
rate is over 125 per thousand births. The most recent social indicator data sheets which detail
these and other statistics are presented in Annex 1.

2.5 The current population of about 12 million continues to grow by over 3 percent
annuaLly. Nearly 75 percent of the population is rural, but this is decreasing, in part, because of
the decline in rural revenue from remittances. Much of the remittance income found its way to
rural families, resulting in high rural liquidity, high rural household expenditure, and some
infrastructure improvements, e.g., feeder roads and village electrification, all of which helped retard
urban migration. However, though oil revenues may help offset decreased remittances, petroleum
earnings are received by the Government and do not flow directly to rural dwellers. With decreased
economic opportunities in the countryside, movement to the cities has increased and the effective
urban population growth rate is around 8 percent per annum compared to less than 2 percent
annually in rural areas.

2.6 Geographically, the country consists of three major zones. A coastal plain extends
inland 30 to 60 km. The rugged foothills of the central mountain range rise from the plain,
eventually forming the mountains and plateaus of the central highlands. Mountains in the central
highlands often exceed 3000 m. in elevation. Most of the rural population inhabits this region. The
central highlands give way to the rolling countryside of the arid eastern plateau which drops to an
elevation of approximately 1000 m.

2.7 Other than petroleum reserves, Yemen is not well-endowed with natural resources.
Soil and climatic conditions, as well as the mountainous topography found in much of the country,
are not conducive to agriculture. Although effective terrace and irrigation systems have been
developed over the past millennium, some of this infrastructure has deteriorated due to a lack of
maintenance. This resulted from rural labor shortages which occurred during the 1970's, when
more than one-third of the total male workforce was abroad. Furthermore, a significant portion
of arable land and agricultural labor is used to grow qat, which is chewed by most Yemenis for
enjoyment and constitutes an important social activity. Although this cash crop brings money to
the countryside, it consumes resources that would otherwise be available for food production or
export crops such as coffee.

2.8 In light of the conditions prevailing in Yemen, sustaining the development of the past
two decades requires careful planning in all sectors through the efficient use of scarce human and
natural capitaL The Government is aware of the errors made by other countries which have
experienced windfall oil income, and is determined to avoid such mistakes through the prudent use
of domestic resources. Yemeni leaders are particularly concerned with the development of the
energy sector, which will continue to be the primary source of national income, and an important
determinant of the countrys future socio-economic development.
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Project Background and Objectives

Backgroud

2.9 Before unification, the Household Energy Strategy Study focused on YAR. Oil and
gas were discovered near Mareb in 1984 with subsequent discoveries in 1986. To help YAR
develop and manage its new petroleum resources, the Bank proposed a credit for technical
assistance in April 1986 (Report no. P4256-YAR). One of the first pieces of work to commence
under this credit was a gas utilization study to assist the country with using gas as a fuel for power
generation, industry, commercial and residential consumers. This study was completed in 1988.
To supplement the gas study, the joint UNDP/World Bank Energy Sector Management Assistance
Programme (ESMAP) prepared a report, issued in February 1987, on the impact of the oil and gas
discoveries on the macro-economy and energy investment options (Report no. 6376-YAR). This
work recommended that a market survey be conducted to determine the size of an P extraction
plant. LPG was (and remains) a preferred fuel, particularly among household and commercial
consumers. Because of limited storage, processing and distribution facilities, there are chronic
shortages of LP gas and cylinders, both of which are entirely imported. The petroleum discoveries
have improved prospects for eventually meeting this demand with indigenous resoutces.

2.10 For the majority of households that cannot obtain or afford LPG, fuelwood has
remained the primary fuel. The importance of fuelwood was highlighted in the YAR energy
assessment A/ in late 1984. Because of the lack of data regarding what was clearly an important
fuel, the assessment recommended further study of biomass supply and demand. Given the soil,
dcimatic, and topographical conditions found in YAR, the forestry resources of the country appeared
to be threatened by the growing demand for fuelwood. Thus, the potential for an increased supply
of LPG could substitute for increasingly scarce fuelwood and possibly reduce the environmental
threat of deforestation as well as help to improve household welfare.

2.11 To facilitate penetration of LPG into the household market, meet residential energy
demand and understand the magnitude of the environmental threat, severat central issues had to
be addressed. Specifically, the foltowing items required clarification and resolution:

(a) the uncertain size of potential household demand for LPG and implications for the
sizing of LPG extraction facilities;

(b) the uncertain environmental effects of household fuehvood consumption;

(c) the lack of information about residential fuel marketing systems;

(d) the need to develop a nationwide LPG marketing and distribution strategy;

(e) the impact of fuelwood, kerosene and LPG prices on consumption and conservation;

!/ Jot UNDPAWod dBankEnerv SecdorAss=mtn,m YAR.&= 1uOA;=in Se ctor
Reu No. 4892YAR, World BanA; WasWsngton, D.C., December 1984
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(f) the tradeoffs between self-generated electricity for village use and the grid-based
electrification program; and

(g) the lack of interim and long-term measures beyond substitution, such as pricing
policies, efficiency improvements and improved natural resource management to limit
deforestation.

2.12 In late 1986, the Government of the Netherlands authorized co-financing, totalling
$375,000, to ESMAP to undertake a two-phase Household Energy Strategy Study to address these
concerns. The first phase was designed to establish a household energy database through surveys
carried out by the Central Planning Organization (CPO) (now reorganized as the Ministry of
Planning and Development) and the University of Sana'a. This database could then be used to
identify important residential fuel consumption patterns, preferences and causes. Details on the
questions, sample size and methodology used with each survey are presented in Annex 2. The
second phase focused on data analysis, clarification of major issues and formulation of a household
energy strategy to address those issues.

2.13 The major outputs of this activity include:

(a) a one-round household energy survey carried out by the CPO and a two-round survey
conducted by the University of Sana'a;

(b) comparison, evaluation and analysis of survey results;

(c) testing of wood- and LPW-fired tannurs and the design of an improved tannur
(tannurs are traditional bread ovens, built as upright clay cylinders);

(d) an assessment of rural household electricity supply options;

(e) a nationwide woody biomass resource assessment;

(f) an assessment of LPG supply, distribution and marketing issues and options;
and

(g) a study of Yemeni cooking habits, equipment and marketing alternatives for
improving household energy-using behavior.

2.14 The results of these outputs are summarized in this document as part of the effort
to formulate an energy strategy for Yemeni households. This strategy complements the broader
work of the World Bank Energy Strategy Review which focusses on overall energy supply
development. Certain activities initiated or recommended under the Energy Strategy Review, such
as the LPG Crash Program, have been designed in close association with the Household Energy
Strategy Study. Thi association has helped ensure that data oollection and anabsis carried out
under the Household Energy Strategy Study are available for overall energy sector planning, and
that recommendations made under the Household Energy Strategy Study are consistent with
broader sectoral objectives and programs.
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2.15 Because tnis study was originally conducted for YAR, much of it refers only to the
northern governorates of the Republic of Yemen. In this report, the 'northern governoratese are
defined as those which previously constituted YAR. It is thought that many of the issues identified
here also pertain to the southern governorates. In order to stimulate the formulation of a
comprehensive household energy strategy study for all of Yemen, this report has been released as
a preliminary step in the continuing planning process. Further work is expected to expand and
update this report in order to formulate a comprehensive strategy for the whole of Yemen.

QWOWiA

2.16 Given the importance of residential energy consumption in Yemen, a household
energy strategy is a critical element in overall energy sector planning. For Yemen, the long-term
developmt objective of such a strategy is to improve household welfare by reducing energy costs,
improving fuel availability, and ensuring that energy consumption patterns are environmentally
sustainable. The Immediate objectIves for achieving this are threefold:

(a) to prepare an economicaly viable strategy for the substitution of LPG for threatened
biomass resources;

(b) to protect the environment by promoting sustainable biomass management practices
where substitution is not immediately feasible; and

(c) to assess options for least-cost rural power supply to residences, including the
use of photovoltaics.

EM Resure

2.17 Reserves and production of the principle domestic petroleum and biomass energy
resources of the northern governorates are discussed below. With respect to petroleum resources,
reserves reflect the current state of knowledge regarding fixed geological conditions, while
production is a function of engineering and economic considerations, and political choices. The
most recent estmates of resetves and production are given but, since oil and gas has been
discovered only recently, these figures are expected to change. Biomass 'production' is measured
by firewood and charcoal consumption and "reserves are presented as the stock of woody biomass
as calculated in the Household Energy Strategy Study's resource assessment.

2.18 Oil was discovered in the Alif and Azal fields of eastern YAR in 1984 and 1986
respectively. Production began in 1986 to supply a 10,000 barrel per day (bpd) hydroskimming
refinery in Mareb. The refinery previously met 38 percent of domestic needs for gaoline, diesel
and fuel oil in the former YAR At the end of 1987, the pipeline from Mareb to the coast was
opened and crude oil production was eventually increaed to the current level of around 180-
190,000 bpd, most of which is exported to the Red Sea through a pipeline with a capacity of
240,000 bpdL Tne Government has indicated that production may be incrased to 200,000 bpd.
Total reserves are esimated to be 1.8 bilion bbL Estimated recoverable oil reserves are about 900
milion bbl at present.
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2.19 Thi oil from what is termed the Mareb Production Sharing Area, is being developed
by the Yemen Hunt Oil Company (YHOC). It is of high quality, with a low sulphur content and
39.5 gravity. In mid-1988, Yemeni oil was being sold at a premium of $0.65/bbl over the spot
market average of Brent and Dubai, i.e., about S16.20/bbl although it is anticipated that this
premium will fall to S0.35.0.40/bbl. The Government's share of oil revenues is expected to peak
at about $1 billion (constant 1983 doUlars) in 1997.

2.20 Natual gas finds have been made at Raydan, Lam, Meem and Ma'een, in addition
to the important associated gas at Assad al Kamil Alif, and Azal and the smatler fields at Nacum,
and Yazan. The Government has mandated strict conservation requirements covering gas
reinjection and flaring to improve long-term oil recovery and conserve the resource for future
consumption once an optimal gas exploitation plan has been established. Because the value of
natural gas produced now would be less than the value of future oil production foregone by the
reduction in reservoir pressure, there is currently no direct production of natural gas. At present,
there is 600 mmcfd of reinjection capacity for the Alif and Azal fields, of which some 450 mmcfd
has been used during the 1989 production period. Estimates of original gas in place (reserves),
provided by MOMR, are 6.8 TCF, of which 3.2 TCF is at Atif and 2.5 TCF at Assad al Kamil while
the rest is found at the other from gas fields mentioned above.

2.21 These gas resources are also managed by YHOC; they are significant but insufficient
to justify gas export. The Gas Utilikation Study has recommended the domestic use of gas for
power generation for the grid and to supply cement factories, but has advised against manufacture
of methanol or fertilizers. The main constraint limiting the use of gas, though, remains the need
for gas reinjection to maintain optimum oil production.

2.22 LPG is currently imported but the availability of rich gases in the Production Sharing
Area has mnade the domestic production of LPG feasible. LPG can be recovered from three
potential sources:

(a) solution gas from the Alif, Azal, and Assad al Kamil fields;

(b) the Alif, Azal, and Assad al Kamil gas caps; and

(c) non-associated gas fields such as Raydan, etc.

From the current estimates of gas reserves in Table 2.1, and conservatively assuming that only 75
percent of LPG will be economically recoverable, there are approximately 10 million tons of LPG
available from Alif and Azal alone. If it is assumed that the gas composition of Assad al Kamil is
the same as the Alif cap gas, total recoverable LPG would be approximately 16 million tons, or
over 300,000 t per annum for the next 50 years without any new discoveries.
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*able 2.1: LPG RECOVERY POTENTIAL
(tons per year peW 100 nefd of gas prodiced)

Alif Azal Naeen
Conponent Cap Gas $oin. Oas Cap Gas loln. oa8

Propane (C3) 46,000 74,000 54,000 87,000 50,000
Butane (C4) 44,000 52,500 51,000 59,000 45,000

jQ&: Assies 85 percent propane recovery and 100 percent butne recovery, e.g.,
cryogenic extraction.
Sourc: NMNE

2.23 Only about 10,000 t per year of LPG are currently produced, although approximately
80,000 t per year of LPG are separated from associated gas at the CS+ gas plant at Safer, the
location of the Alif/Azal oil fields. This LPG conforms to standard commercial specifications, but
in the absence of sufficient storage, transportation and loading facilities, most of the LPG is
reinjected back into the reservoir. The World Bank's recent Energy Strategy Review E/ estimated
that because of the high cost of imported LPG, full domestic production of LPG would replace
about US$20 million of imports annually. Consequently, the Government has initiated the LPG
Crash Program which incorporates many recommended elements of the household fuel strategy
presented here. Specifically, the program aims to:

(a) establish national LPG standards and safety codes;

(b) install market-oriented bottling plants throughout the country;

(c) formulate specific pricing policies and privatization schemes to mobilize private sector
resources for LPG marketing and distribution;

(d) establish a bulk distribution system for poultry farms and other large consumers such
as hotels; and

(e) install the loading and storage facilities at Safer necessary for the use of indigenous
LPG, and purchase and operate trucks for LPG transport to bottling plants and bulk
consumers.

It is anticipated that these activities will be completed by the end of 1991.

2.24 Production of W from Alif and Azal solution gas could be easily increased to
120,000 t/yr by processing additional gas. Further investment in cryogenic processing could increase
total availability by an additional 180,000 t/yr. The stripped gas would then be reinjected to help
maintain reservoir pressure. Though unlikely, if LPG production were to reduce long-run oil
output, the value of LPG now is greater than crude oil in the future. Tlis is not the case for
natural gas, hence the reason why it will continue to be reinjected until economic uses are
developed.

k/ YA. Enerm Swev Review. Rqwt No. YAR-786Z lwwy 31, 1990.
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2.25 In addition to the LPG Crash Program noted above, expansion of the Hodeida storage
and bottling facility from a capacity of 82,000 t/yr to 136,000 t/yr, has been completed as part of
the foliow-up to the Gas Utilization Study. LPG extraction from other fields, such as Assad al
Kamil, and construction of a large bottling plant in Sana'a with a capacity of 135,000 t/yr, are also
planned, and would significantly increase available LPG.

2.26 Fuetwood production can be measured by anmual consumption since there are no
fuelwood imports and changes in storage are insignificant. Households are the primary consumers
of wood in the form of firewood and/or charcoal. In 1987, residential firewood use accounted for
nearly 4.8 million tons of air dry wood per year, or about 1.8 milion tons of oil equivalent (TOE).
In addition, households consumed about 40,000 t of charcoaL Commercial consumption of charcoal
in restaurants, hotels, and among artsans is estimated to be 60,000 t. Total charcoal consumption
is approximately 100,000 t per year, which is equivalent to 70,000 TOE. This does not include
exports to Saudi Arabia, which may be significant. Because of carbonization losses, roughly 450,000
t of wood are consumed annually for charcoal production. Most charcoal production takes place
in the Tihama, by artisans using semi-pit kilns.

2.27 An assessment of woody biomass standing stocks carried out as part of the Household
Energy Strategg Study suggests that total woody biomass growing stocks in the northern
governorates are equivalent to approximately 36 million tons of air dry wood (54 million tons wet
weight), and that annual sustainable yield is about 4.7 million air dry tons. This productivity is
equivalent to an area-weighted national average of 0.38 t/ha/year (air dry) f/. This is a sustainable
yield equivalent to 13% of total standing stock whereas productivity for similar mature, unmanaged
land classes is typically on the order of 3 to 5%, which would yield a total of only 1.8 million air dry
tons annually. Tis suggests that wood resources are intensively managed in Yemen (and likely
being depleted), a conclusion supported by field observations of intensive poDarding and coppicing
in all land classes throughout the country.

2.28 Once again, these resource estimates refer only to the northern governorates. The
southern governorates also contain large oil and gas reserves. Production at Shabwa has been
constrained to only 10,000 b/d by a lack of facilities, but further development of this area is
underway. The Government has not yet released official oil and gas reserve estimates for the
country as a whole, but some industry sources mention oil reserves of up to 5 billion bbls and gas
reserves of between 15 to 20 TCF. The fuelwood resource situation in the southern governorates
is unknown.

Energy Balance

2.29 Energy consumption by sector and fuel type for the northern governorates is depicted
in Figures 2.1 and 2.2. Details are provided in Annex 3. A brief analysis of this data highlights the
relative importance of both the household sector and fuewood in the national energy regime.

4/ These eaimates are for MIe areaforme coverd by YAR west of 45 deg 30' W, an auea of nearly 120,000
kn2 7his does not Include much of the aid easter platau Appma4matel 70,00 k2 of this area is not
inld46deheawhasan awwepvuctyofo,a.O7t/halyr. AvwWepdwvWtyfortheeviecounty
hCindg tXs area is 0.24 t/ha/jr.
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Household eneraY consumption accounts for 63% of total finl energy demand; the next most
important sector is tansport with 28% of total fnal energy (consisting entirely of gasoline, jet-fuel
and diesel). The key fuels in Yemen are clearly woodfuels which make up 58% of the total final
energy supply in the northern governorates. Other petroleum products besides LPG (gasoline,
kerosene, jet-fuel, diesel and fuel oil) are the next most important energy source, amounting to 37%
of 1988 consumption. Within the household sector, fuelwood comprises over 90% of the energy
used by Yemeni residences. Thus, households are the most important consumers of energy in
Yemen and fuelwood is overwhelmingly the dominant source of energy.

2.30 Estimates of final energy consumption have also been prepared for the year 2000
based on analysis carried out under this project and the World Bank Energy Strategy Review. Total
final energy consumption in the northern governorates is expected to increase from about 3.3
million TOE in 1988 to 5.3 million TOE in 2000. The breakdown of this future consumption by
sector and fuel type is also shown in Figures 2.1 and 2.2. Details are provided in Annex 3. Clearly,
woodfuels and the household sector will both continue to dominate the domestic energy scene in
Yemen assuming a continuation of current trends and the implementation of recommended policy.

Existing Policies and Institutions

2.31 ModemFuels For 'modern" sources of energy such as petroleum products and
electricity, the basic responsibility for formulating and implementing policies in Yemen is split
between the Ministry of Electricity and Water (MEW) and the Ministry of Oil and Mineral
Resources (MOMR). The integration of their policy proposals is undertaken at three levels: by
the Cabinet, the Ministry of Planning and Development (MPD), and the Supreme Council for Oil
and Mineral Resources and Economic Development (SCOMRED). The Cabinet, by definition, has
the ultimate responsibility for energy policy in Yemen and decides anything of national importance,
e.g. electricity tariffs or oil product prices. The MPD, in principle, should spell out sectoral
objectives and establish comprehensive energy programs as part of Yemen's 5-year planning process.
SCOMRED, chaired by the Prime Minister and composed of the ministers of State, MEW, MOMR,
Industry, Finance, and MPD, is charged with drawing up general policy for the development and
use of the country's hydrocarbon resources.

2.32 In the power subsector, MEW is responsible for the formulation of policies and plans
for electricity development, including the control and licensing of private and industrial
autogeneration. Ihe Yemen General Electric Corporation (YGEC), a semi-autonomous part of
MEW, is responsible for electricity generation and distribution through several grids. Its planning
functions are mostly limited to its projects department which identifies investments in concert with
MEW for preparation of the national Five Year Plan. Several factors impose constraints on
YGEC: (a) its semi-autonomous status is a source of friction with MEW; (b) it receives no
guidance because the Government lacks a national energy strategy; (c) the organization is over-
staffed in general but understaffed in highly qualified personnel; (d) regional political considerations
interfere with national grid planning; and (e) delays in customs clearance hamper availability of
needed spares, leading to equipment cannibalization.
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Figure 2.1: SECrORAL COMPOSMON OF FINAL ENERGY CONSUMPITON,
1988 AND 2000

TOE Equivalent Basis

fINAL ENERGY CONSUMPTION BY SECTOR
'000 TOE Equivalent

Trausport 35%
Commerce 2% Transport 26%

commerce 21
Indgstry 5XIn1i.7
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2000

ased on mission estimates
-id Wort Dant Energy Strategy Review

Figure 2.2: FINAL ENERGY CONSUMPION BY FUEL,
1988 AND 2000

TOE Equivalent Basis

FINAL ENERGY CONSUMPTION BY FUEL
'000 TOE Equivalent
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2.33 In the petroleum subsector, the General Corporation for Oil and Mineral Resources
(GCOMR) is responsible for oil supply and marketing. Petroleum exploration and production is
carried out by joint ventures with international firms. Yemen-Hunt Oil Co. is the most active,
having developed the oil and gas fields in the Mareb region. Ihe Yemen Petroleum Corporation
(YPC), a subsidiary of GCOMR, is responsible for operating the LPG bottling plant and for all
domestic distribution of petroleum products (including LPG). YPC has a small statistical unit but
no planning department; it has only recently begun to plan and implement investment projects,
primarily involving LPG.

2.34 Traditional Fuels. The demand and supply of biomass for energy is not explicitly
incorporated in any ministerial portfolio. Rather, several public agencies are concerned with woody
biomass for a variety of purposes. A Supreme Council for Afforestation (SCA) was established in
YAR in the late 1970's to coordinate various organizations involved in afforestation and organize
an arbor day. A small Directorate of Forestry was set up in 1975 as part of the Ministry of
Agriculture to eventually develop and manage national forest policy. Tbere are 26 Government tree
nurseries which come under the Ministry of Agriculture, many as part of regional agricultural
authorities or projects. Successful field operations in forestry are largely dependent on the
Agricultural Extension Service. Most tree planting programs along roadsides, in townships and
around amenity areas in the northern governorates have been undertaken by Local Development
Councils (LDCs). Their activities are coordinated, supervised and sometimes funded by the
Confederation of Local Councils for Cooperative Development (CLCCD). Additional re- and
afforestation activities have been undertaken by some of the Regional Development Authorities
which manage a number of agricultural projects throughout the northern governorates. The
Agricultural Research Authority (ARA) has a small program which has initiated work on land
rehabilitation, sand dune stabilization, species trials, agroforestry and seed collection. MPD's
statistics department has been involved in collecting data on traditional fuel expenditures in the
family budget.

2.35 Policies. Household energy policy planning and implementation have been stymied
in Yemen because of the lack of: (i) a national energy strategy, (ii) an institutional framework
capable of carrying out the planning task, (iii) a well-defined division of responsibility between
sectoral institutions, and (iv) information, evaluation and planning mechanisms. In the power
subsector, the organizational and operational difficulties of YGEC policy-making have been
mentioned in para. 2.32. In the petroleum subsector, several constraints limit household energy
policy-making: (a) the division of authority between YPC, GCOMR and MOMR for planning and
implementing policy has not been finalized; (b) performance indicators, especially profitability,
appear to be non-existent in the subsector so efficiency is not a great concern; (c) formal private
sector involvement in LPG marketing and distribution has been discouraged by a heavy-handed
bureaucracy; and (d) no one agency is charged with developing and enforcing safety and health
measures for the use of petroleum products. Concerning fuelwood, a forest policy was approved
by the YAR Minister of Agriculture in 1980 but not accepted by Government. The preamble to
the Government of YAR's third Five Year Plan (1987-91) confirmed the intention to adopt an
official forest policy, approve a forest development strategy and enact forest legislation within the
plan period. In fact, all of these forestry activities should be implemented as part of the Bank's
National Agricultural Sector Management Development Project and the proposed Land and Water
Conservation Projects. To date, though, there is no organized forest management or fuelwood
policy in Yemen. Specific activities in each of these subsectors related to the principle household
energy issues are discussed further m Chapters 4-6.
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m TE STRuCTURE OF HOUSEHOLD FUEL USE

3.1 Tbe following chapter will examine the overall structure of residential fuel
consumption in the northern governorates of Yemen. It is expected that many of these patterns
also exist in the southern governorates. The principal household end-uses are discussed in terms
of the fuels and equipment used to meet residential needs. Regional and rural/urban differences
in consumption patterns are highlighted, and energy-related expenditure is examined. In addition,
the sociological dimensions of household energy consumption are explored with particular emphasis
on gender roles, and the environmental consequences of the status quo are outlined.

Patterns of Residential Fuel Use

Fuels and End-Uses

3.2 Households use a variety of fuels at present but, as suggested earlier, firewood is the
predominant source of energy. Table 3.1 summarizes the household energy balance derived from
the surveys carried out by the YAR Central Planning Organization (CPO) and the University of
Sana'a in 1987 and 1988.

Table 3.1: 1988 HOUSEHOLD ENERGY BALANCE FOR NORTHERN GOVERNORATES
('000 TOE)

Firewood Charcoal Electricity LPG Kerosene 9 Dung Residues Total

Cooking & Baking 1800 2 80 21 96 152 2151
Lighting 18 40 59
Space Heat 23 2 3 28

ater Heat 29 5 6 2 5 48
Water Pipes 25 25
other 7 1 5 2 2 7 24

Total 1860 29 31 88 65 103 157 2333

*/ Total Kerosene consumption is based on official figures. However, both the University an CPO surveys suggest
total consumption of twice this level. The discrepancy may be due to smuggling and/or survey measurement errors.
End-use shares for kerosene are allocated based on CPO and University of Sana'a survey results.
Source: CPO Family Budget Survey and University of Sana'a surveys.

3.3 Cooking accounts for the bulk of household energy consumption by far (92% of final
energy). This reflects the prevalence and energy intensity of cooking as well as the widespread use
of inefficient firewood stoves and ovens as discussed in paragraph 3.13 below. Firewood is the
predominant household fuel in general and cooking fuel in particular. Dung and crop residues are
the next largest cooking fuels. Charcoal, on the other hand, has limited use as a cooking fuel
because of its high price, and is instead used primarily in water pipes (madaa) in households as well
as commercial establishments.
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3.4 The analsi above obsr the Impot regional and rn l/urban dtctions
rearig household fuel use In the northern governorates. To illustrate these differences, Table
32 prvides estimates of fuel use by region and rural/urban location. The northern governorates
bave been dustered Into the following regions on the bas of opbical and socioeconomic
cosdeaion:

SANA'A Sana'a
COASTAL Hodeida
NORTHWESr Hajia, Mahweet
SOUTHERN Taiz, Ibb
CENTRAL Dhamar, Beidha
NORTHEAST Saada, Mareb, Jawf

3.5 The Coastal region consists of the Thama plain, which is a poor region of the country.
The Northwest region, on the other hand, is one of the wealthier regions of the country, due in part
to the cultivation of qat. The increased rainall found along this section of the escarpment also
results in greater wood availability and productivity. The Southern region consists of densely
populated highlands. The Central region covers a relatively dry plateau which is nonetheless
cultivated. It is correctly thought of as a region where wood stocks have been severely depleted.
Finally, the Northeast region includes sparsely popuated inland desert areas of YAR This is where
petroleum is produced and where despite the poor rainfall, sigificnt wood stocks are found in the
numerous seasonal river beds (wadi) which flow towards the east.

3.6 Table 32 shows large regional and rural/urban differences in household energy use.
Urban final energy consumption per household is appromimately one-half the rral leveL This is
due to: (i) the use of less efficient fuels and end-use devices in rural areas, partirly for cooking
and lighting; and (ii) the observation that many energy-intensive task performed in the rural
households are not performed, or are performed less often, in urban households. For instance,
urban households often purchase bread from bakeries, and may eat more meals outside the home
/. Given the rapid urbanization takdng place in the northern governorates (urban population

growth rates on the order of 9 percent, as opposed to about 3 percent nationally), undersanding
rwal/urban differences in energy consumption is essential for national energy planning

3.7 Regional variations in energy consumption are also significant. These variations
reflect differences in fuel accessibility and price, as well as in household incomes and cooking
pracies Inveigating these differences can help to determine the effects of income and price
changes and improved fuel accessibility.

Z/ Accr gto Unhwy of Sana'a Swy #1, neary 98pewet of ln houwehok bake ag of the br4
w*iom kss a 25pewn of wbln households do s. Infac about aw-ueof wua hO4ssfag

to eh of the folowing heSrww buy a1 eir bva4 buy mme Am te bae bake mm the te bs%
sod bake a
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Irgab 3.2: 1988 HOUSEHOLD FINAL ENERGY CONS0UPTION BY REGION AND FUEL
(KGOE/Nousshold/yr; averogd over ell households)

Firewood Charcoal Electrtcity LPG Kerosene Dwg Residues Totat
URBAN

Sanaa 245 36 154 200 7 (6) 3 651
Coastal (58) 88 142 110 75 0 0 473

Northwest (1325) (65) (60) 142 31 0 (47) 1670
Southern 400 5S 71 134 21 (2) (58) 740
Central 938 (13) 45 142 49 (61) 3 1251

Northeast (966) (71) MA 90 58 0 0 MA

Urban Average 884
RURAL
Sanas 2224 (16) 20 69 64 120 (73) 2586

Coastal 1269 25 4 1 92 (56) 109 1557
Northwest 1622 58 16 39 134 (40) (121) 2029
Southern 964 1 14 39 113 38 11S 1284
Central 1505 2 11 72 125 278 296 2289
Northeast 1750 0 29 36 146 1 (10) 1972

Rural Average 1953

) indicates that figure may be based on too fei cases to yield reliable results.
source: CPO Family Budget Survey and University of Sanesa surveys.

3.8 Cooking, as noted earlier, accounts for over 92 percent of fmal energy consumption
in households in the northern governorates. Most cooking (including virtually all baking, the most
energy intensive cooking task) is done with firewood and almost all firewood is used for cooking.
Nonetheless, dung and crop residues are important cooking fuels in certain rural areas, particularly
the Central region where wood resources have been substantially depleted. LPG is a common
cooking fuel in urban areas, primarily because it is more readily available in cities. Kerosene is also
used for certain cooking tasks such as boiling, but not to the extent that LPG or even dung and crop
residues are used. Electricity is virtually never used for cooking.

3.9 The staple food for the Yemeni meal is bread which is most frequently baked with
firewood in a vertical cylindrical oven called a annur. Some typical tannurs are depicted in Figure
3.1. They are usually between 45-70 centimeters in height and 25-60 centimeters in diameter.
Tannurs found in the Coastal region are typically smaller than those in other regions of the countty
reflecting lower consumption of flour breads. Traditional tannurs are made of clay or a mixture
of mud, dung and shale, and are sometimes surrounded by a metal casing (as in the figure). In
urban areas, they sell for YR 300-600 (depending on the size, quality and retailer) while village
prices are less at YR 100-200. Installation in the home kitchen is done either by the household or
by a mason who may charge as much as YR 350 for the service.

3.10 The most common bread (k/ubz) is made of flour, yeast and water. Other cereals are
also used for breads and porridges. The principal side dishes of a meal include rice, vegetable
stews, and meat, chicken or fish. Because cooking and baking often take place simultaneously on
the same appliance, it is difficult to separate the two from an energy standpoint. The cooking
process on the tannur is as follows:

(a) while the tannur is heating up, a meat stew may be put on the fire along with
water kettles;
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(b) when the walls of the tannut are sufficiently hot, dough is placed on the inside
wall to bake. Baking takes 1-3 minutes per bread, and 5-15 breads are usually
baked per tannur/household/day;

(c) during baking, other dishes (e.g., sorghum grueL vegetable stew, rice, sauces or meat
for grilling) may be placed on top of the tannur to be cooked;

(d) fish may be baked in the tannur and bread-based dishes may be put in a stone
pot and heated for a few minutes on the glowing embers on the bottom of the
tannur;

(e) at the end of baking, the tannur is often covered, with the top being used to
heat water, keep food warm or complete the stewing of meat.

3.11 Recently, an all-metal LPG-fired tannur has appeared on the market along with gas
burners that can be used for pots and pans or retrofitted (rather ineffectively) in the wood-burning
clay tannur. In addition, an increasing number of people are buying their bread from bakeries
which primarily use LPG or diesel as a baking fuel.

3.12 Households will seldom use only one fuel or stove type. A charcoal stove (ma+wgd)
or an open wood fire may also be used to simmer dishes or keep food warm. The mawgid is
principally used to hold burning charcoal for use in water pipes. Dung and residues are typically
burned in three-stone stoves, while kerosene is typically used in 'Primus'-type pressure stoves.
These stoves are also used for water heating for bathing, etc., although electric water heaters are
found in urban areas in wealthier households. The types of stoves used, cooking practices, and the
particular dishes prepared vary from region to region in Yemen. Throughout the country, though,
cooking is done with aluminum or clay pots and aluminum, clay or stone pans, often in a poorly
ventilated indoor kitchen.

3.13 The range of biomass-using appliances and their frequency of ownership in urban and
rural areas are presented in Table 3.3. The most commonly-owned appliance is the tannur,
followed by the mawgid and, lastly, the three stone stove. All three of these appliances are
relatively inefficient. For instance, to bake bread alone, an LPG tannur may operate at an
eficiency of 13 percent whereas the traditional wood-fired tannur may operate at only 4 percent
efficiency; an LPG or a kerosene pressure stove may yield efficiencies on the order of 50 percent
compared to three-stone stove efficiencies of around 10 percent. (Efficiencies are given on the
basis of heat required for the task divided by energy content of the fuel consumed). Consequently,
given the higher use of these appliances for energy intensive tasks in rural areas, it is not surprising
that rural energy consumption is so much higher than urban consumption.

Toktig3: SIOIASS APPLIANCE ONERSHIP BY LOCATION
(Average ruer per household including non-users)

Appliance Rural Urban Nat'l Ave.

Tuiiur 1.5S 0.5? 1.45
Nlid 0.42 0.56 0.44
3-stone stove 0.40 0.09 0.36

O=rc: University of Sanas' survey #1.
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Eigre 3,1: THE TRADMTIONAL TANNUR

Fi. I _

C D~~~~~~~~~~~~~~~~~'

tanur inserts (Source: D. Champault) 
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.4 0 / ~~~Worlclng space with taur
\ / ~~~~and sella incorDorated.

Sore:aser, wrst Resuits on Tannurs and cookstoves, prepared for EsmAp, December 1988,
and Dominque Chbampault 'Espaces et materiels de la vie feminine sur les Hauts Plateaux du
Yem " 198S.
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3.14 LUgting is the second largest end-use in terms of household final energy consumption,
although it accounts for only 2.5 percent of total household consumption. The importance of
lighting from a household welfare standpoint far outweighs its representation in the household
energy balance.

3.15 Electricity and kerosene are the primary lighting fuels, although candles are also used.
Nearly 63% of all households use electricity (not including dry cell flashlights); of these,
approximately 83% use electric lights (those who use electricity but not electric lighting are by and
large households that use liquid batteries for television only). Both incandescent and fluorescent
lamps are used, although fluorescent tubes are used in more households.

3.16 Although the use of electric lighting is relatively widespread, kerosene remains a
common lighting fuel, even in houses which use electric lighting. About 87% of households use
kerosene, of which over 94% use it for lighting Nearly two-thirds of all kerosene consumed in
households is consumed for lighting, while most of the rest is used for cooking Wick lamps are far
more common than pressurized lamps. The use of kerosene and electric lighting together is easily
explained by the fact that over three-fourths of household electricity users rely on intermittent
private generation for their electricity; kerosene lighting provides light durig periods when
electricity is unavailable.

Fuel Prices an Euipmnt Cs

3.17 The differences in rural/urban and regional energy consumption patterns reflect
differences in fuel pricing Although official prices have been set for modern fuels such as
kerosene, LPG, and electricity, the Government is only able to effectively control the retail price
of grid electricity. The prices for all other fuels, both modern and traditional, are set in the markeL
Given the vibrant private sector found in Yemen, fuel retailing monopolies are uncommon. Fuel
prices may be high relative to other countries, but this is not due to monopoly rents. Rather, prices
seem to represent high producer costs, limited supply, and a high willingness to pay. Given the
liquidity of both the rural and urban household economies, the barriers to entry in the retail market
for household fuels are few. Woodfuel trading requires only a small truck, and electricity sales a
small generator. Although these investments would be prohibitively expensive in many other
countries, the relative wealth and liquidity of the Yemeni economy enables an open and dynamic
market to operate.

3.18 Woodfrel is highly commerdalized in Yemen. The first University of Sanaa survey
indicates that approximately 40% of all firewood consumed in households is purchased. Ite retail
value of 1988 Woodfuel sales in the northern governorates alone was around US$380 million,
making the woodfuel trade by far the largest commercial domestic energy supply activity in the
country. Woodfuel prices reflect not only local availablity, but also location relative to woodfuel
transportation routes. For istance, firewood is less expensive in the urban centers of the Central
region because they serve as transhipment points between the northern and the Southern regions.
Charcoal prices ao exibit regional and rural/urban differences, but not as large (in percentage
terms) as those found with firewood. Average retail firewood prices (weighted by the quantity of
wood traded in each of the following categories: headload, camel load, small pick-up tuck load,
and lorry load, the small pick-up truck domiates), and average retail charcoal prices per sack,
ie. about 18 kg, are given in Table 3.4.
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labte 3.4: REGIONAL RETAIL WOODFUEL PRICES
(YR/kg)

Firewood Firewood Charcosl Charcoal
Region Urban Price Rural Price Urban Price Rural Prfce

Sana'a 2.22 1.04 8.62 6.20
Coastal 2.1? 1.32 7.29 8.14
Northwest 1.85 1.76 8.35 7.20
southern 2.33 1.98 6.84 7.66
Central 1.91 2.05 5.90 N.A.
Northeast 1.41 1.49 6.15 7.10
N. Governorates Average 2.19 1.81 7.79 7.34
N. Governorates Averae
(rural & urban): 1.85 7.49

Source: University of Senaoa Survy #1.

3.19 Using the range of retail prices given above, purchased firewood costs between YR 0.06
to YR 0.15 per MJ on a final energy basis (or a northern governorates average of YR 0.11 per MJ),
whereas charcoal costs YR 0.19 to YR 0.29 per MJ (a northern governorates average of YR 0.25
per MJ). On a useful energy basis, assuming a tannur fuel-to-bread efficiency of 4%, firewood costs
between YR 1.50 to YR 3.75 per MJ for baking. These prices are far higher than urban fuehvood
prices in similar agro-ecological zones such as the Sahel, where wood retails for the equivalent of
between YR 0.50 to YR 1.00 per useful MJ.

3.20 Firewood is collected on private or common lands and sold to wholesalers who operate
roadside markets. The wholesalers in turn sell to transporters who then sell it to retailers and final
consumers in urban centers. Some firewood traders may be vertically integrated, taking on
collection, transportation, and retailing themselves. Wood from private land generaly comes from
intensively managed natural wood- or scrubland, and represents a smaller share of the market, while
wood from common lands generally represents a larger share of the market. In fact, firewood
trading is perhaps the major source of income for bedouin, who still live in tents but frequently have
replaced the camel with a four-wheel drive truck to facilitate the collection of dead- and livewood
from was&. Data collected from the household surveys and the woody biomass resources
assessment suggest the price structure found in Table 3.5. After taking into account transportation
costs, the retailer and transporter share a markup equivalent to between 30 to 55% of the retail
price (although this does not represent pure profit to the retailer, as his costs have not been
included). A markup of this magnitude is typical of many countries where a commercial wood trade
is found; it reinforces the assertion that the relatively high fuelwood prices found in YAR are not
due to excessive markups or monopoly rents.

3.21 LPG prices are characterized by large differences in rural and urban pricing; regional
differences, on the other hand, are less pronounced than with firewood prices. Table 3.6 gives
average prices for LPG on a regional and rural/urban basis. These prices include the cost of bottle
filing as well as transport from the retailer to the household; the transport component typically
accounts for around 7% of the total cost. These actual prices are 16% to 100% higher than the
official retail price of YR 40 per bottle, depending on the region. (Although it nominaly contains
12.5 kg, a bottle, on average, actually contains 10.7 kg of LPG. This is due to the numerous tare
weights of bottles in circulation and the absence of any practice to standardize bottle filling by tare
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class). The lowest prices are found in urban areas of the Coastal region, presumably because of
the proximity to the Hodeida bottling plant (However, LPG use in this region is the lowest of all
regions, probably due to the lower incomes of this region.). Despite retail price markups, LPG is
competitive with firewood on a final energy basis, particularly in urban areas: YR 0.13 per MJ vs.
YR 0.11 per MJ for firewood for the northern governorates as a whole, and YR 0.10 per MJ vs.
YR 0.14 per MJ in urban areas. When cooking efficiency is taken into account, LPG is a much
better buy than firewood: using national average costs, an LPG ring (50% effi'ciency) provides
energy at YR 0.26 per useful MJ vs. YR 1.10 per useful MT for a three-stone stove (10%
efficiency); a metal LPG tannur (13% efficiency) provides energy for YR 1.00 per useful MJ,
whereas a wood-fired tannur the cost is YR 2.75 per useful MW.

Table 3.5: EXAMPLES OF FIREWOOD PRICE STRUCTURE

Case #1
Wholesale Market: Al Narf (Northwestern Region, Seads governorate)
Wholesale Price: YR 650 per small pick-up truck (960 kg); YR 0.68/kg A/
Transportation Cost: 300 km roundtrip at YR 1.93/km: YR 0.60/kg k/
Wages: YR 200 per trip; YR 0.21/kg
Retail Market: Sanaea
Retail Price: YR 2.22/kg
Markup: YR 0.73/kg; 33X of retail (for both transporter end retailer)

Case 12
Wholesale Parket: At Bereh (Southern Region, Taiz governorate)
Wholesale Price: YR 630 per small pick-up truck (960 kg); YR 0.66/kg g/
Transportation Cost: 150 km roundtrip at YR 1.93/km; YR 0.30/kg L
Vages: YR 150 per trip; YR 0.16/kg
Retail Narket: Tali
Retail Price: YR 2.33/kg
Markup: YR 1.21/kg; 52% of retail (for both transporter and retailer)

IV Weight of pick-up truck load estimated by mfssion.
/ Full rourdtrip distance is considered; no backhauling assumed. Cost

per kI f. calculated assuming YR 3/l1 fuel costs, consuption of
9 k/li, used pick-up truck cost of YR 160,000, used vehicle life of
5 years, and travel of 20,000 km/yr.

Tabte 3.6: REGIONAL RETAIL LPG PRICES p/

(YR/bottle)
RuLqs1 Urban Prise ral Pri1
Sana'e 47 68
Coastat 43 N.A.
Northwest 53 63
Southern 49 70
Central 58 68
Northeast 54 75
Norther Govarnorates

Averae 48 69
Average for all locations: 64

p/ Includes cost of bottling filling and transport.
Sorce: University of Sanama Survey #1
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3.22 Although there is no explict Government pricing formula, the current official retail price
of YR 40 per bottle, or YR 3738/mt (based on a 10.7 kg bottle), corresponds fairly well to the
actual economic cost of about YR 3200 'mt for imported LPG. Table 3.7 provides an LPG cost
build.up. The economic cost of domes' LPG, which will be available upon implementation of the
LPG Crash Program, would exclude .ae insurance, freight, dock and duty charges, and would
therefore be on the order of YR 2,000/mt (YR 0.04 per MY on a fnal energ basis, significantly
less than kerosene).

Table 3.s: LP COST WlDID U/P 

Per Tom Per Cylinder t

LPG fob Ras Tanrwa $100 u YR 975 10.43

freight Ras Tamra to todeida $112.50 a YR 1097 11.74

Price cf Hodefds $212.50 a YR 2072 22.17

Insurance $ 0.16 * YR 1.56 .02

Duty and Dock Charges YR 100 1.07

Laid doun Product Cost
Nodeida Terminal YR 2173.56 23.26

OPERATING COSTS TO POINT OF SALE
YR per Cylinder

To Sansiz To Marab

Cylinder handling
loading/offtloadin 1.85 1.85

Plant Ewplotya Vs 0.70 0.70

Various Eaployee U ges-
Ov"rtim etc. 1.15 1.1S

Plant Depreciation 0.25 0.25

Cylinder Depreciation 0.13 0.13

Transport Return Trip -
Filled/pty 4.80 7.20

YPC Depot/*Shcp3 Rental 0.13 0.13

Total of Abwe Costs 9.01 11.41

Adainfstration and
Overhead (10) 0.90 1.14

TOTAL COSTS 9.91 12.55
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TOTAL COSTS AND PRICES OF FILLED CYLINDERS AT POINT OF SALE

YR per Cylinder
To S.nea/Taiz To Nareb

P.o uCt Cost 23.26 23.26
Operating/Tranport Cost 9.91 12.55

TOTAL COST 33.17 35.81

YPC Official Selling Price 40.00 40.00
omrreent Tax 6.83 4.19

/ Product cost based on exchono rate of Y39.75 . US$i. The more current
rate of YR 12.50 a US$1 would result In a ssid*d of YR2.07 per bottle
for Marcb deliveries and a smtl tax of Y3.057/bottle for Sansai/Taft
deliveries.

ki Based on 10.7 kg per cylinder.
Source odiffied from Pencol, WDevelopmont of LPG. Resources: Techno-

Economic Justification Reportu, Novewber 1989.

3.23 Although the economic cost and official price of imponrted LPG are comparable, the
diference between actual retail prices and official prices are strikin& LPG is sold to private agents
at YPC depots in Sana'a, Taiz, and Hodeida at official prices. Nonetheless, in rural Sana'a, the
average retail price is over 80% higher than the official price in Sana'a. LPG retailers and
wansporters realize higher markups than in the fuelwood trade.

3.24 The large difference between the official LPG prices and actual retail prices (in
effet, the large markups of LPG retailers) can be attributed to the scarcity of LPG and the
inefficiency of the distnbution system. Although the Hodeida bottling plant is operating at full
capacity and domestic bottling has been augmented with bottle shipments from Aden, shortages of
LPG persist. Households prefer LPG to other fuels, and their demand exceeds the existing supply;
queues for LPO are common. This strong demand alows retailers to set prices that are comparable
to competing fuels such as kerosene and fuelwood, and capture higher profits; the prices of
competing fuels are well above the offica LP0 prices on an energy basis. Furthermore, most
LPG is bottled in Hodeida (some LPG consumed in the northern governorates is bottled in Aden),
so traport is also expensive.

3.25 Distributing LPG throughout Yemen in bottles is inefficient and costly when
compared to bulk distribution to consumers or local botding plants. Like the fuehrood trade, there
are a large number of LPG transporters and retailers throughout the country. In addition to its
own stores, YPC has over 500 private agents who are authorized to return empty bottles to the
main YPC depots in Sana'a, Taiz, and Hodeida and purchae filed bottles at the official price.
Although this suggests healthy competition on the retail level, all of these retailers are nonetheless
constaied by inefficient distrbution methods imposed by YPC and a lack of supply which enables
them to maintain high prices without being undercut by competitors However, with proper
management and implementation of the LPG Crash Program, and operation of the Sana'a bottling
plant this situation should change.
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3.26 Kerosene prices are also marked-up over the official retail price of YR 2.30/li. Regional
kerosene prices are somewhat more consistent throughout all regions and rural/urban areas, as
indicated in Table 3.8. One notable exception is the urban areas of the Coastal region (primarily
Hodeida), where kerosene is much cheaper. LPG use is minimal in the Coastal region and the low
kerosene prices found in the urban areas there may reflect the operation of very competitive
distribution systems and adequate supplies as well as the proximity to Hodeida port where kerosene
is landed and initially stored. At around YR 0.14 per MJ, kerosene is priced competitively with
LPG and firewood on a final energy basis, and remains competitive with imported LPG on a useful
energy basis. The financial price of kerosene is higher than its economic cost of YR 0.07 per MJ
(US$210/t plus 40% inland markup) on a final energy basis. The economic cost of domestic LPG
is considerably less than the economic cost of kerosene; from a national economic standpoint,
domestic LPG should be encouraged over kerosene.

Iable 3.8: REGIONAL RETAIL KEROSENE PRICES
(YR/ti)

Region Urban Price Rural Price

Sanm's 3.84 5.12
coastal 3.00 4.97
Northwest N.A. 4.54
Southem 4.99 4.64
Central 4.09 5.25
Northeast 5.42 5.49
N. Governorates
Averae 3.97 4.89

N. overnorates
warage for all locations: 4.86

jNrce: University of Sanama Survey #1.

3.27 ElecricIty prices vary considerably by whether one is connected to the YGEC grid or
instead purchases power from a private generator. YGEC connection fees are YR 2,000 for single
phase and YR 3,000 for three phase power. Electricity is priced at YR 1.50/kWh in rural areas and
YR 1.10/kWh in urban areas. Prices for privately produced power are much higher. Most
households purchasing private power pay a monthly fee for each type of appliance they have.
Based on these fees and appliance stocks and utilization, the average price of privately produced
power is YR 5.93/kWh. The prices of YGEC and privately produced power are not comparable
in that the level of service each source provides is different. YGEC power is available 24 hours per
day, while private power is available only 5 to 6 hours per night and is used for only the most
Important, relatively low-power services such as lighting. The light private power price should not
be construed as the consumer's wfllingness to pay for 24 hour per day service, or for any but the
most basic, low power servce.

328 Energy prices are summarized below in Table 3.9, and suggest the following conclusions:

(a) On a final energy basis, firewood, kerosene, and LPG are competitively priced. However,
when end-use efficiencies are taken into account kerosene and LPG are less costly than
firewood;
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(b) The Government's official pricing scheme for kerosene and LPG is ineffective; markups
in the LPG trade, after taking into account transportation costs, are higher than in the
fuelwood trade, where supply is relatively unconstrained at the present time. The high
cost of LPG and the high markups are facilitated by constrained LPG supply, a high
wilingness to pay, and a poor distnbution network; and

(c) The economic cost of domestic LPG is far less than that of kerosene.

Tbte 3.9: FMEL PRICE SUIAY

Off icil Price Retail Price Retail Price YR/NJ Retail Price YR/NJ Economic Cost YR/NJ A/
Fuel (physical units) (physical units) (final energy) (useful energy) (final energy)

Firewood N/A YR 1.85/kg 0.11 1.10 N/A
Charcoal N/A YR 7.49/kg 0.25 1.00 N/A
LPG YR40/bottle bI YR 6U/bottle 0.13 0.26 0.04 £/
Kerosene YR 2.30/1I YR 4.86/if 0.14 0.28 0.07

a/ Aseuwfno an exchange rate of YR9.75 a US#1.
hl A bottle is nominally 12.5 kg, but actually contains 10.7 kg on average.
c/ Thia assumes donestically produced LPG, not imported LPG.

3.29 Naturally, the cost of end-use equipment is often as important as the cost of fuel itself
for determining the affordability of switching to particular fuel. For instance, LPG is relatively
cheap in the Tihama, but the low incomes of households in that region seem to prevent fuel
switching, since they do not allow households to purchase the necessaiy equipment. Approximate
prices for several types of end-use equipment are given below in Table 3.10. LPG appliances
typically are the most expensive. Empty LPG botdes, like the fuel itself, are sold for far more than
their official deposit of YR 150. Nonetheless, LPG remains a preferred fueL

Table 3.10: END-USE EQUIPMENT COSTS, 1987

Equipment Price Range, YR Typical Priee, YR

LPG metal tannur 1300 - 2500 1500
12.5 kg nominal LPG bottle 300 - 1000 400
LPG burner ring 200 - 700 350
Traditional wood tannur 100 - 200 (rural) 150 (rural)

300 - 600 (urban) 3S0 (urban)
Kerosene pressure lamp 500
Kerosene wick lanp 50 - 250 0.25 ti: 60

0.50 If: 200
Nawgid charcoal brazier 150
incandescent bulbs 5
Fluorescent lanps 20U: 25

40W: 30
Fluorescent fixtures 20W: 125

40W: 200

Source: University of Sana survey #1 and mission cbservations.
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3.30 On average, Yemeni households in the northern governorates spend approximately 7.6%
of their family budget on fuels I/. ThI is typical of many developing countries. Disaggregating
household expenditure data by elpenditure quartile and rural/urban location provides additiond
insights into the structure of household energy consmption in the northern governorates.

3.31 Figure 3.2 shows household fuel budget shares by rural/urban location and expenditure
group. As expected, in both rural and urban areas households in lower expenditure categories
spend higher proportions of their budget on fuels, 9 to 10% in the lowest categories compared to
5 to 6% in the highest categories. This suggests that the changes in fuel pricing (such as an
increase in fuelwood prices due to resource depletion) would have the greatest impact on those who
could least afford it, the low espenditure households.

3.32 As in the regional and household sector energy balances, firewood is the predominant
fuel in expenditure terms as welL Interestingly, the firewood budget share is fairly consistent across
all expenditure categories, indicating the prevalence of traditional bread baking even in urban high
expenditure households. Likewise, the LPG budget share is also consistent over all expenditure
categories; unlike many developing countnes and despite the constrained supply, LPG is not only
a "rich man's fuel! Tbis observation is consistent with the relatively low expenditure elasticities,
i.e. less than 0.5, for LPG consumption which were derived from the CPO Family Budget Survey.
These low elasticites and the uniform budget shares across expenditure groups may be due to the
following: (a) Even with high markups, LPG is priced competitively with other fuels, so that low
and high expenditure groups alike have no disincentives towards LPG use; (b) the inflow of
remittances may allow households to afford the initial cost of fuel switching easier than in many
countries for low expenditure groups; (c) the unavaflability of low-cost baking appliances results
in rapid saturation, even in high expenditure households, and (d) supply constraints affect all
expenditure groups, and do not allow the income effect to be discussed more clearly.

3.33 Whereas fuel budget shares are fairly uniform across expenditure categories, the most
striking differences occur between rural and urban groups. Charcoal expenditure is insificant
in rural areas, most likely because of the greater use of embers from the frewood used in tannurs
in rural areas. Kerosene consumption, and hence expenditure, is greater among those low
expenditure households where electricity is used less, and much greater in rural areas where
intermittent private generation is the dominant mode of power supply for all expenditure groups,
necessitating the use of kerosene for lighting when the power is off. Although LPG budget share
is consistent across expenditure categories, the share is much larger in urban areas where baking
is less frequent and LPG more readily available and cheaper. Simflarly, the electricity budget share
is consistent across expenditure categories, reflecting the widespread use of electricity in both rural
and urban areas; however, despite the cheaper prices associated with YGEC power, the share is
far greater in urban areas and actual consumption is proportionally much greater than in rural
areas. These differences in rural and urban consumption patterns for even high expenditure groups
are most likely due to the intermittent generation provided by private sources, which does not allow
the use of refrigerators, air conditioners, and other appliances which may operate 24 hours per day.

v/ 7hepwacontedfo inwlde l,woo4woa kesew, LPG and eleckdd gand rseWaarenot
kwclded 'Faniy budget refea to dse wvne of total cash emdw pAU demaet walwe of own-
c_ow pda of goods PiAwe4 vpu or coleced by me hosdwd
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FiMI 3.2: FUEL EXPENDITURE BY LOCATION AND GROUP
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3.34 In fact, the household budget for all energy-related expenditure is somewhat higher than
expenditures for fuel alone. These can be significant, depending on fuel availability, income level
and energy preferences. For example, an urban household might purchase an LPG tannur
(YR1800-2000), electric appliances, lightbulbs and a kerosene primus stove, all of which might add
up to annualized energy equipment costs of over YR 1000. Rural equipment costs are of a lower
order because fewer appliances are used and tannurs are less costly than in the cities. The major
exception would be for households which purchase their own generators, though this cost would
not be charged to the household budget if power is sold to neighbors.

Household Fuel Preferences

3.35 In addition to the previous section on energy-related behavior, the household fuel
marketing surveys generated information on consumer preferences for different household energy
sources and gave some indication as to how residential consumption patterns might change with
price increases. In Table 3.11, preferences are examined by expenditure category. The key
inferences that can be drawn from these opinions are: (a) LPG is the preferred substitute for wood
at all income levels, (b) the majority of consumers would retain their primary fuel if prices rise, and
(c) kerosene is not a preferred substitute fuel, probably because it cannot be used for the most
important household energy end-use - baking bread.

3.36 More specifically, it is worth observing that fuel utilization and preferences are fairly
consistent across all expenditure groups. The majority of households also stated that they would not
switch fuels if prices increased, and this too holds across expenditure groups. LPG consumers are
the most loyal, indicating the durability of LPG market penetration which has already occurred.
Kerosene demand does not exhibit such resilience, suggesting the status of a less preferred fuel and
hence limiting its potential as a substitute fueL For instance, though wood consumers are loyal,
over one-third would make the transition to LPG when wood becomes more expensive, with
kerosene forming a secondarily preferred fuel. Results were also disaggregated by household
location (rural or urban). Slightly more rural households (35%) would be willing to switch fuels if
prices rise compared to their urban counterparts (29%). If LPG prices rose, the first choice for
both urban and rural dwellers would be to continue using LPG but more rural consumers would
switch to fuelwood while urban users preferred kerosene. For kerosene users who would switch
fuels with a price hike, more rural households would move down to fuelwood while urban
consumers would move up to LPG. While 61% of rural households would continue to buy more
expensive fuelwood, only 35% of urbanites would do so, with 38% switching to LPG and 27% to
kerosene.

Energy Decision-making and the Role of Women

3.37 Nearly three-quarters of Yemeni women over the age of 10 are economically active,
mosdy in agriculture and livestock herding. Women may acquire personal income through
inheritance (e.g. land, cattle, jewelry), catdeherding on a share-basis with the owner, purchase and
resale of sheep, goats and chickens, sale of fodder and dairy products, handicraft production or sale



31

of baked bread. Also, a substantial number of women manage their own lands and property. They
also have custody of traditional forms of savinp and liquid capital' like grain stores, cattle and
jewelry which can be sold when there are economic problems. Rural women are typically not veiled
and play an important role in agriculture while women in the cities are veiled and generally do not
engage in agricultural and market actvities. A sizable number of women work in the informal
sector, selling home-baked bread, sewing dresses, embroidering, or washing clothes. Their earnings
are usually controlled by them, with part being reserved for household expenses.

Tiie 3 t1: FUEL PREFERENCE BY INCOE JUtNTILES

(X of households usirn the fuel specified In that incom cateory, ulns noted otherwi")
Total Nonthly Expnditure af

(YR/mnth)
25-500 501-1258 1259-2000 2001-3000 3000-40200

n Income 286 926 1704 2581 5325

PRIMAY COOKING FUEL (X In esch incame category using fuel)
LPG 23 1S 31 42 30
Kerosene 12 14 9 3 10
Fuelwood 65 71 60 56 60

WILL SWITCH IF FUEL PRICE RISES (X of all households in each Income category)
No 59 62 68 76 64
yes 41 38 32 24 36

PREFERRED SUBSTITUTE FOR LPG IF LPG PRICE WERE TO RISE
keep using LPG 90 91 82 80 75
switch to kerosene 5 6 5 11 9
switch to fuslwood 6 3 13 9 16

PREFERRED SUBSTITUTE FOR KEROSENE IF KEROSENE PRICE WERE TO RISE
keep using kerosene 19 59 67 67 67
would switch to LPG 24 2 5 33 2
would switch to wood 57 39 28 0 31

PREFERRED SUBSTITUTE FOR FUELNOOD If PRICE OF WOOW WERE TO RISE
keep using fuelwood 57 S8 63 73 58
would switch to LPG 36 32 31 19 31
switch to kerosene 8 8 6 9 10
would switch to 6&rg
ag. residues 0 2 0 0 0

IV Expenditure is based on total cash and farm expenditure, with 20 of all Yemmni households falling into
each category.

Source: University of Sanaa survey Ml.

3.38 GeneraLly, it is the man's duty to purchase basic household furniture and equipment
(including stoves and tannurs), food, clothing, water and fuel. The collection of fuel and water is
the responsibility of rural women and constitutes one of their most demanding tasks. Decision-
making about the choice of energy equipment and fucls is, however, more complicated than this
simple division of labor and power.
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3.39 From the University of Sana'a surveys, it is women who mostly decide which cooking
equipment should be purchased (66% of households) but, in most cases, the husband is responsible
for actualy purcasing the equipment (81% of households). In urban Sanaa, husband and wife
generaly make a joint decision on energ equipment purchases and, in rural areas, women have
greater decision power in this respect than in cities. Installation of the tannur in the kitchen is
done by women in 65% of the cases, by the husband (10%) or by an artisan, the seller, a friend or
another family member (25%).

3.40 While women are primarily responsible for collecting wood, it is the husband's duty to
purchase firewood and charcoaL In rural Taiz and Hodeida, husband and wife jointly share the
responsibiity for purchasing fuelwood. LPG is generally bought by the male head of the household.
The Yemeni family depends on the woman or women of the household (the mother, grandmother,
wife and daughter(s) are all expected to partcipate) for its cooking needs and, hence, they control
the use of cooking fuels and equipment.

3.41 Naturally, new and improved cooking appliances must take into account women's
preferences and needs. Consumer acceptance testing of new or improved appliances, such as LPG
tannurs, must involve women. However, the above observations suggest that promotion and
marketing of fuels and appliances, even those used for cooking, must be directed at men as well as
women.
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TV. WOODFUEL DEPIMON: ISSUES AN OPIONS

4.1 Three key household energy issues emerge from the Household Energy Strategy Study:

(a) the likelihood and consequences of fuehlood depletion;

(b) the potential role for LPG and impediments to LPG substitution; and

(c) the widespread use and economic costs of electricity in rural households.

In the three following chapters, these issues are discussed in tun and possible strategies are
proposed.

Fuelwood Depleion

The Resource Base and Suoljy Sstsm

4.2 As no reliable data existed on fuelwood availability in the northern governorates, a woody
biomass resource assessment was undertaken as part of the Household Energy Strategy Study.
Measurements of trees and shrubs were made in all of the land-use zones identified in the 1983
USAID/YAR Land-Use Inventory. Fifty-three plots were randomly selected from the 14 non-
urban land classes identified in the inventory. At each site, trees and shrubs were classified, all
woody biomass was measured, evidence of wood utilization was sought and the local environment
was described. The data collected were converted into estimates of woody biomass growing stocks
(both as total above-ground volume and wet weight) using equations developed in areas of North
East Africa with similar ecological conditions. Wood productivity was estimated using Clement's
equation 2/ and local precipitation data, with adjustments for frost and occult precipitation. Time
series analysis of aerial photographs for the Jebel Bura area, commonly thought of as one of the
ls forest regions in Yemen, was carried out in order to assess actual long-term changes in standing
stocks. No quantitative estimate was made on the stock or productivity of roots. Dead wood stocks
were evaluated along with the mechanisms by which these stocks are replenished. Interviews were
held in seven wood markets throughout the northern governorates and information gathered during
these interviews was combined with data on woody biomass stocks to identify fuelwood supply
regions. These findings were reinforced with observations of fuelwood transport along major roads.
Gap analysis was used to assess the long-term sustainability of woody biomass supplies. Data on
current stocks (both live and dead wood), woody biomass productivity and household consumption
(both current and projected, to account for population growth) were combined. A more detailed
description of the assessment methodology is presented in Annex 4.

2/ Food and AicuUr Organiao, Etudes sur les voljes et la ndacivke des peu_lements forestiai
rm kEn Ema&m &OJsurbesed 1984, EudeR AO, Forets 51/1. Cement's equation is a rgession

reting biomassprodvi( to anual peptaon based on studies on low anfa ameas (<800 mmrw) In
the Sahel.
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4.3 The current level of total aboveaground woody biomass growing stock in the northern
governorates was calculated from data gathered during the assessment and is presented in Table
4.1. For each land-use unit, the mean and mid-range values were multiplied by the areal estimates
to obtain weighted totals of above-ground stocks for each unit. ITese were then summed to obtain
the total stock for the region. The mean weight was chosen over the median value as it is likely
to give a better representation of the variability of woody biomass in any land-use unit. Natural
wood productivity potential was then calculated, adjusted for occult precipitation and frost on a
regional basis. The weighted average for the northern governorates was calculated to be 038
t/ha/year, or 4.7 million air-dry tons (13% of standing stocks) annually. For mature natural
woodlands, one would typically expect productivity to be on the order of 5 percent of standing
stocks rather than 13 percent. This suggests that if the assessments of standing stocks and
productivity are accurate, biomass resources in the northern governorates are intensively exploited,
and perhaps being rapidly depleted. In any case, using the 5% productivity value as a lower bound,
the current annual productivity of above-ground woody biomass in the northern governorates is
probably in the range of 1.8 to 4.7 millIon aik-dry tons.

Table 4.1: ESTIMATES OF LIVE WMOD RESOURCE BASE

Paramter Used Live Wood Growirng Stock

Median values:
Total above-ground wet weight 71.72 million tons
' of dry weight* 48.05 ' U

mean values:
Total above-ground wet weight 53.84 million tons
a 'a dry weight* 36.07 a a

* Afr-dry weights were calculated using a conversion factor of 1.49 dry
t per wet t.
8ource: itllington, "YAR Household Fuel Marketing Study, Phase 2:

Woody Biomass Resource Assessment", ESHAP, 1989.

.4 Traded fuelwood consists not only of cut live wood, but also roots and dead wood. Roots
appear to be a relatively insigniflcant portion of the trade, and what roots are traded are more
properly classified as dead wood, since they have for the most part been washed out of wadis by
flooding rather than dug up by tree cutters. Dead wood is an important, but declining component
of the fuelwood trade. In several markets, fuelwood wholesalers indicated during interviews carried
out during the study that live wood did not even appear in fuelwood markets until as recently as
1984. Mission visits to the markets of Al-Harf and Al-Amar revealed that about half of the
fuelwood offered for sale consisted of dead wood. This dead wood was often encrusted with dried
mud, suggesting that it had been washed out of wadis. A separate estimate of dead wood stocks was
made based on data recorded from plots during the inventory. The weighted average total for the
region is 1.2 million tons. However, the contrast between the relative abundance of dead wood in
the markets and its relative dearth on sample plots suggests that deadwood is intensively harvested.
As noted earlier, it is probably the largest source of cash income for bedouin. Nothing is known of
the rates of tree and shrub mortality in the different land-use units so it has not been possible to
account for this in the calculation.
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4.5 As noted in paragraph 3.18, fuelwood is a highly commercialized commodity;
approximately 40% of firewood (by weight) consumed by households is purchased. Roughly two-
thirds of households collect at least some of their firewood; on the other hand, nearly half of all
households buy at least some of their wood. To better develop a picture of the fuelwood supply
system, data were analyzed to identify the wood surplus, equilibrium and wood deficit areas of the
northern governorates. The following information is depicted in Figure 4.1: (a) known fuelwood
supply areas, (b) possible fuelwood supply sites, (c) charcoal production zones, (d) regions which
produce construction timber, (e) the location of wood markets, and (f) known and possible fuelwood
supply routes. Referring to Figure 4.1, the wood surplus regions (where current production exceeds
local demand) are: the mountains and wadis to the east and west of the Saada-Sana'a road (in the
west, this area extends down into the escarpment but it is unknown how far the area reaches to the
east); the lower escarpment region, e.g, to the east of Haga, the Bani Sad region, and between
Jebel Bura and Jebel Raymah; the southern Tihama; the northern Tihama; Wadi Al-Jawf and
tributary wadis; and Wadi Arhana. The areas In equilibrium (where current demand is met by
local supply) are: the higher parts of the Western Higllands, eg., around HaDa and Manaka; the
low population density rangelands, cultivated volcanic areas and cultivated highland plains adjacent
to mountains in the Central Highlands; the area south of Taiz around Al-Turbah; and the area
around Al-Beida. Wood ddicit areas (where local demand can only be met by wood importation
or fuel-switching) are: in the Central Highlands around densely populated areas and in lower-
density areas distant from the mountains; the southern cities of lbb, Jibla and Taiz; and the low tree
density areas on the Tihama, e.g, around Al-Marawa'it.

4.6 The main areas of wood markets which sell fuelwood to be transported to the wood-
deficit areas are found in four distinct clusters in:

(a) Saada and Sana'a governorates (on the Saada-Sana'a road at Al-Har£, Al-Amar, Al-
Hayrah, Huth, and Suq Al-Talh/Saada);

(b) Haja and Hodeida governorates (on the Haia road between Al-Merba and Al-
Tur);

(c) Hodeida and Al-Maweet governorates (on the Hodeida-Sana'a road in the Bani Sad
region, e.&, Mahal Al-Kodaimy); and

(d) Taiz governorate (on the Taiz Mokha road at Al-Barah, Al-Ayrayeh, Hasi Ben
Alwan, Jebenara, Mafraq and Al-Hamali, and at Al-Dimnah on the Taiz-Aden
road).

All of these markets are found in, or adjacent to, wood supply areas. There is some trading
between markets vithin each cluster. For instance, some of the wood at the Saada market comes
from Al-Harf, and some of the wood at Al-Harf comes from Al-Amar. However, the local trade
is probably small and the bulk of the wood in these markets is exported from the supply areas.
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EiuuAJt: WOOD SUPPLY AREAS OF THE NORTHERN GOVERNORATES
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4.7 Each of these clusters of wood markets has a discrete supply area. For the Sada snd
Son'a gvenorate markets, these are (a) the mountains and wadis to the east and west of the
Saada-Sana'a road, and (b) the woodlands in western Wadi Al-Jawf. For the Haija and Hodelda
goernorate markets, wood comes from the lower escarpment region to the east of Hajja. For the
Hodeida and AI-Maweet govemorate markets, supplies come from the lower escarpment region in
the Bani Sad region. For the Taib govemorate markets, fuelwood is collected from the southern
Tihama and the area around Al-Dimnah. The most frequent destinations for fuelwood purchased
at these markets are:

(a) the farmed areas of the Central Highlands south of Huth, including the cities of
Amran, Dhamar, Raydah, Sana'a and Yarim;

(b) the main southern cities and towns (Ibb, Jibla, and Taiz); and

(c) on the Tihama around Hodeida, in the areas of intensive agriculture, and in some
of the bare and rangelands areas.

These, then, are the centers of high demand and lower supply, i.e., the wood-deficit areas.

4.8 The charcoal-producing area extends northwards from Wadi Surdud to Wadi Mawr, and
is centered around Al-Zaydiya. The area has been producing charcoal since before the Hodeida-
Jizan road was built, and prior to the road, charcoal was transported to Hodeida by cameL Semi-
pit klns are used, with tops constructed of sheet metal and sand; efficiencies of such kilns are
generally good, typicaly between 20 and 25%. Charcoalers often dig up roots as well as cut down
trees. he concentration of charcoal-making in this area leads one to suspect that trees are being
exploited at a far greater rate than their apparent productivity would allow, and that the practice
of removing roots as well accelerates topsoil erosion. However, site visits suggested tree
regeneration at rates far greater than regional productivity estimates. Although there is mobile
sand in this area, it cannot necessarily be used as evidence of sand encocm ent due to
deforestation from charcoal-making Furthermore, given the limited use of charcoal in Yemen, it
is unlikely that there wil be any large-scale increase in charcoal production in the near future
unless rapid interfuel substitution for firewood reduces the amount firewood embers available for
waterpipes. (Although charcoal exports to Saudi Arabia have not been quantified, they too are
unlikely to increase).

4.9 Standing wood stocks may be reduced through agricultural land clearing, fuetwood
extraction, or exstracon of construction timber. (It is assumed that grazing and browsing decrease
productivity, but do not directy reduce eisting standing stocks). Most of the construction timber
used in Yemen is imported; woodlots which provide local timber have not been included in the
biomass resource assessnent, so timber extraction is not an issue in this analysis. Agricultural land
clearing also does not have a significant effect on standing stocks in Yemen except perhaps in
linited areas of the Tihama. Yemen has been settled for thousands of years; most potential
agricutural land has already been exploited. In fact, when seedings appear on cultivated land in
the Tihama, and perhaps elsewhere in Yemen, they are not removed. Trees are a valued resource
and crops will be planted around the seedling. Therefore, the major pressure on wood resources
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comes from fuelwood extraction. Although most productive land in the northern governorates is
privately owned (there are few arable common lands) and land holders seem to practice good
biomass resource management, traditional resource management methods may be breaking down
due to recent social changes (export of male labor, receipt of overseas remittances, etc.) and
increasing woodfuel consumption pressure.

4.1 As suggested in Table 3.2, annual firewood and charcoal consumption vary between rural
and urban areas, and between regions according to: (a) regional cooking habits, including the use
of prepared foods from bakeries and restaurants, (b) the cost and availability of fuelwood, (c)
regional income, and (d) the cost and availability of substitute fuels. Annual household
consumption of firewood by rural and urban areas for each region is presented in Table 4.2.

Table 4.2: AVERAGE ANNUAL FIREWOOD CONSUMPTION BY REGION
(kg/yr/user household)

Urban Rural
User Average User Average

% Users Consmuption % Users Consuhption

Sana'a 52.5 1228 97.6 5997
Coastal 8.3 (1854) 97.2 3436
Northwest 77.0 (4267) 99.1 4309
Southern 47.4 2201 97.5 2604
Central 81.7 2881 98.0 4041
Northeast 64.1 (3904) 98.4 4679
N. Governorates
Average 44.6 1916 97.8 3879

National average for alt locations: 92.4% users consuming 3675 kg/yr

0) indicates that ffgure may be based on too few cases
to yield retiable results.
Source: University of Sana'a survey #1 and CPO Family Budget Survey.

4.11 Woodfuel consumption in 1987 totaled about 5.2 million t of air dry wood, consisting of
nearly 4.8 million tons of firewood, 260,000 t of wood for commercial charcoal, and 173,000 t for
household charcoal. Wood availability was estimated to be nearly 42 million t, consisting of 36
milion t of standing stocks, 1.2 million t of dead wood, and an annual increment of 4.7 million t.
A simple projection of woodfuel resources and consumption is given in Figure 4.2. Despite the
intensive tree management practices observed throughout the northern governorates, fuelwood
resources could be depleted by the turn of the century if current trends continue. The cause of this
would not be poor resource management per se, but rather increasing demand, which even at the
present time exceeds annual productivity. Some caveats regarding these projections are discussed
in Annex 4. Most importantly, as resources are depleted, consumption wil decline due to scarcity
and higher prices. These control mechanisms will, however, have detrimental impacts on household
welfare, as discussed in the following paragraph.
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Efiure 42: PROJECMED FUELWOOD STOCKS
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4.12 In an effort to validate these projections, the rates of wood exploitation between 1973
and 1987 were examined in the Jebel Bura area. From this there is corroborating evidence that
consumption already greatly exceeds productivity. Analysis of aerial photographs taken 15 years
apart indicates that some of the best woodland areas in Yemen have undergone a net reduction in
standing stocks equivalent to 0.14 t/ha/year (air dry). The projections are further supported by
market observations which indicate that dead wood has been increasingly replaced with cut live
wood at the retail level. The additional evidence cited here of decline in standing stocks suggests
that while the exact year of depletion is questionable, the general trend is not. Suffice it to say that
the decline will accelerate once stocks reach 25 to 30 million t, and that without intervention, stocks
will decline to a serious level within the next one to two decades. Further work must be done to
better estimate woody biomass standing stocks and productivity in Yemen. In the meantime, energy
policies and programs must be designed on the assumption that current fuelwood supply and
consumption patterns are unsustainable.

4.13 A decline in woody biomass stocks is not a problem in and of itself. Rather, the issue
is the effect this decline will have on people. In Yemen, a decline in standing stocks could have two
effects on people: indirectly, through environmental degradation, and directly, through welfare
impacts resulting from the increases in woodfuel prices which will likely accompany a reduction in
supply.

Environmental Effects

4.14 Fuelwood exploitation in Yemen is undoubtedly a contributing factor to environmental
degradation but it is not the sole cause of environmental problems. Use of wood energy must be
seen within the context of the Yemeni environment as a whole in order to understand that large-
scale afforestation by itself is not likely to be the answer to reversing ecological decline.
Furthermore, as woody biomass supplies diminish over the remainder of the century, the most
immediate problem will not be a widespread environmental disaster but, rather, a decline in the
welfare of individual households caused by an increased use of inferior fuels, higher woodfuel prices
dtan at present, a lower per capita consumption of cooked food, and/or less space heating during
the cold season. The following paragraphs review five major areas of environmental concern related
to woody biomass exploitation: (a) soil erosion and terrace degradation; (b) groundwater recharge;
(c) wind erosion and sand encroachment; (d) microclimatic change; and (e) declining agricultural
productivity.

4.15 Soil Erosion and Terrace Degradation. The dominant environmental conditions in many
parts of Yemen (short-duration, medium-intensity rainfall, silt-loam and silty clay-loam soils, steep
slopes, and sparse vegetation cover) mean that rates of soil erosion are extremely high, ranging
from 60 to 200 tons/acre per year. To counter the soil erosion hazard and manage spate (sayl)
irrigation, impressive stone-wall terraces have been built in many parts of the Western and Central
highlands for thousands of years. Providing they are maintained each year, these terraces are very
effective soil conservation measures. In a number of areas of the country, terraces have recently
been abandoned, initially because of the exodus of migrant labor to the employment opportunities
in the Gulf and, more recently, because of migration to towns and cities. Tle lack of annual
maintenance caused by this abandonment has led to terrace degradation, increased rates of soil
erosion, more frequent flash flooding, and sediment-rich floodwater. Tbis causes soil loss from
previously terraced areas, lesswpredictable and controllable spate irrigation, and increased risk of
severe flooding. Siltation in reservoirs and irrigation systems downstream is also increased.
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4.16 In erosion-prone areas with no terraces, soil erosion is perasive. In all of the plots
sampled in the woody biomass resource assessment, there was evidence of soil erosion by water,
even in the escarpment woodlands where there was a significant amount of riMling and sheetwash
under the trees. From observations, it is apparent that the sparse vegetative cover neither
intercepts significant amounts of rainfal nor creates an effective barrier to surface runoff. Roots
hold the soil together but often, plant spacings are so wide that the amount of soil bound by roots
on a slope is minimaL

4.17 Although uncontrolled exploitation of the remaining woody biomass resources in Yemen
wil no doubt lead to increased soil erosion and the consequent downstream damage, afforestation
alone wi not significantly reduce the current high rates of soil erosion. In agricultural areas, the
most effective method of controlling erosion is well-maintained terracing and any policies which
encourage terrace agriculture will be more effective than woodland management or afforestation
in reducing erosion in farmed areas. However, terrace maintenance could involve agroforestry
practices, particularly tree planting along terrace walls to bind the soil at the terrace edges. In non-
agricultural areas improved rangeland management, panicularly livestock management, will likewise
be more effective than afforestation in arresting soil erosion.

4.18 Groundwatr RechaMg. Evidence from wells in the Dhamar region shows that
groundwater levels have been dropping by 30 cm/yr for the past decade. Three factors could
account for this decline:

(a) increased groundwater extraction rates due to greater diesel pump use;

(b) a reduction in available rainfall; and/or

(c) decreased soil infitration rates in groundwater recharge areas due to increased
surface runoff associated with the removal of vegetation.

Given the drought conditions which much of Yemen has experienced during the past several years
and the expansion of irigated agriculture (due to the increased opportunites to purchase pumps
because of remittances from Yemenis working abroad), the reasons for a decline in the
groundwater levels can mainly be attnbuted to (a) and (b).

4.19 It is unlikely that the current levels of groundwater extraction can be significantly reduced
in agridultural areas and, therefore, the solution to this problem appears to lie in increasing
infiltration in groundwater recharge areas. Thi involves either managing the existing vegetative
resources in an effectie manner or altering land-use practies The objective is to reduce surface
runoff and increase retenion of water on the soil surface (depression storage) long enough for it
to infiltrate into the soiL Incrsing the infltration capacity of the sofls is most effectively achieved
by having a wel-developed vegetative cver with extensive root systems. Alternatively, a series of
normal or above-normal rainfall years would abo ameliorate the effet of continued high levels of
pumping

420 Efforts to expand infiltradon capacity may or may not involve woody biomass
management because in many recharge areas the woody biomass resources are vety low and better
range management may be the solution to the problem rather than afforestation. Nevertheless, the
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groundwater depletion problem is partly a function of woodland conversion and possibilities for
woody biomass management and afforestation exist within the context of this environmental
problem.

4.21 Wind Erosion and Sand Encroachment. Sand encroachment and the consequent loss of
agricultural land is a problem in many parts of the Tihama and on the Eastern plateau. Large
expanses of mobile sand exist in the Tihama and around Mareb. This problem may have grown in
the Tihama due to tree clearance for charcoal production but most of the expansion is probably due
to past agricultural landclearing and to overgrazing. A more common situation in these areas is
a sparse tree and shrub cover. In such areas, a high proportion of bare soil is exposed which
increases the potential for topsoil to be easily eroded by wind.

4.22 In these areas of bare soil, topsoil is mobilized due to strong winds and the aridity of the
area. The two most cost-effective and commonly-used solutions to the problem of sand
encroachment are stabilization of sand by mat-like vegetation (especially grasses) and the planting
of windbreaks to reduce wind velocities. Windbreaks are uncommon in the central and northern
Tihama regions but, in other parts of the Tihama and around Mareb, there is currently an emphasis
on establishing windbreaks and sand stabilization to counter wind erosion and sand encroachment.
Windbreaks not only provide a means of reducing wind velocity, they also have roles in
microclimate amelioration, provision of leaf fodder and browse, supply of poles for viticulture, and
maintenance of agricultural production. From the energy viewpoint, they can provide a source of
harvestable fuelwood.

4.23 Microclimate Degradation. Good tree cover provides several microclimatological
advantages in arid and semi-arid regions: (i) decreased daytime temperatures, (ii) shade (less
direct insolation), (iii) increased humidity and occult precipitation, and (iv) decreased wind velocity.
The value of microclimate amelioration has been know to the coffee farmers of the Western
highlands for a long time. Tall trees with wide crowns were left when fields were originally cleared
or specifically planted to shade coffee bushes. Evidence suggests that these shade trees are
carefully managed as timber resources, with some ancillary fuelwood use. Cutting extends only to
pollarding useful branches from the crown.

4.24 Trees could be introduced to other agricultural areas to provide a suitable microclimate
for crops which would benefit from such conditions. While this is done to a certain extent in the
southern highlands and on the plains of the northern Central highlands, it could be introduced into
the plains of the Central highlands south of Huth. Apart from the advantages of microclimate
improvement, there is the potential for wood harvesting from shade trees for a variety of end-uses,
including fuehwood.

4.25 DWIining Agcltural Productii. The problems outlined above point to excessive
wood exploitation adversely affecting agricultural productivity through:

(a) loss of fertile topsoil (wind and water erosion, sand encroachment, and terrace
degradation);

(b) declining groundwater resources; and
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(c) microclimate deterioration which affects both plant metabolism and soil-forming
processes.

In addition, browse and grazing resources are directly affected by the eploitation of certain trees
and shrubs. It appears that a strong economic argument for managing woody biomass resources
and, in certain cases, afforestation, may be to maintain or increase levels of agricultural productivity
in addition to maintaining fuelwood stocks.

4.26 Furthermore, although dung is still mainly used as a manure and the first use of crop
residues after harvest in most areas is for livestock, further reductions in the amounts of woody
biomass available to rural communities will lead to diversion of dung and crop residues to fueL
Evidence from neighboring Ethiopia suggests that this will result in a decline in crop production
unless fertilizers are imported and a decline in livestock production due to the shortage of
productive rangelands, i.e., grasses and browse.

4.27 Human Hlgg&h. An additional issue of environmental concern, though not related to
fuelwood depletion, is the impact of cooking practices on household health. Typicaly, cooking in
Yemen is done indoors in a cramped and smoky kitchen. In other countries with similar cooking
practices, e.g., India, indoor air pollution from fuelwood combustion has been linked to higher
incidents of respiratory infection, particularly in women and children. In developing countries,
respiratory ailments are a major cause of infant mortality and contribute to significant reductions
in life expectancy. Therefore, household energy consumption patterns may have important
consequences for the overall health of the Yemeni population.

M,L/elre Impacts

4.28 Although the environmental impacts of fuelwood depletion are serious, the direct impacts
on household welfare may be greater and more immediate. Increasing wood scarcity would result
in higher woodfuel prices which households would likely adjust to by changing their dietary and
cooking habits, using less desirable fuels, or spending more cash or collection effort on woodfuels.
It is difficult to assess tihe changes in dietary and cooking habits that may occur and the
consequences of such changes. It is also difficult to assess the consequences of increased use of
lower quality fuels such as dung and residues, since the role of these by-products in agriculture in
Yemen is not well understood; nonetheless, some comments are made below. However, a cross-
sectional analysis of the data collected in the course of this study can provide a better
understanding of the welfare effects of such scarcity in terms of the additional financial burden that
would be placed on the household budget.

4.29 In this regard, the governorate of Dhamar can provide a picture of what the future may
hold in store for the rest of Yemen if actions are not taken to facilitate the transition to LPG.
Dhamar is commonly (and correctly) thought of as an area where fuelwood resources have already
been seriously depleted. Nonetheless, the vast majority of households in Dhamar continue to use
wood, as in most of Yemen. Households in Dhamar which use only wood spend more than twice
the northern average on energy and those which use a mix of wood and LPG spend 35% more on
these than the governorate average. This appears to have induced many more households in
Dhamar to switch to LPG when compared with regional usage, despite the initial high cost of
switching.
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4.30 What woWd be the Impact on household welfare if the fuehvood situation in Dhamn
were to spread to the rest of the northem pvemorates, amming that the supply of substitute fuels
such as LPG was not increased? For the 36% of households which use both wood and LPG,
otpenditure on firewood might inerem about 5%, muming that the mtio of average expenditure
to the average amount of firewood consumed were to rewh the level found in Dhamar for the
same consumer group. For the poorest households (those who do not use LPG), the situation is
more severe. Due to increased scarcity and consequently higher prices, the average amount of
rsewood consumed woWd faU to about 2.2 t/household/yr, amming that the mtio of firewood
consumed by households using LPG to the consumpdon of those who don't reaches the level found
in Dhamar. Uw of inferior fuch such as dunS and residues woWd likely grow sipift'cantly to make
up for the lower firewood consumption, as it has in Dhamar. Although consumption of wood woWd
decrease, expenditure woWd increase by over 60% if the ratio of avemge eVenditure to the
average amount of firewood consumed were to reach the level found in Dhamar for that consumer
group.

4.31 Aggrepting these effects to the regional levA annual household expenditure on rirewood
WOUW increase by YR 1.1 biUion, or an additional YR 820 per household per year on avemge.
Moreover, most of this extra expenditure would be made by those who can least afford it. WUe
this analysis is crude, it Mustrates the mapitude of the consequences of continued reliance, on
rtrewood by households. M assessment does not take into account the additional household
welfare issues of convenience and health benefits accruing from cleaner LPG cooking, nor the
mcreased wood coUection times that would restdt from fin-ther depletion.

4.32 Households compensate for the effects of fuelwood depletion in Dhamar not only by
spending more on firewood and consuming more LPG, but also by using more dung and crop
residues. Cattle are kept near the household and are generaDy not grazed, whRe sheep, goats,
donkeys, and cameb roam the rangelands (which reduces biomass productivity in these rangelands).
Consequently, cattle are the major source of dung� 'Me cattle popWation in the northern
govemorates is estitnated at 1 miffion head, and assuming I ton of dung per head annuaDy implies
a dung resource of 1 million t/yr. Currently, nearly one-third of this amount is consumed as filet
and given that 76% of faffas use dung as fertilizer, one can infer that most of the ramainder is used
for fertiUzer. Clearly, increasing the use of dung as fuel wiff decrease its use as fertilizer, with
direct effects on agWtural productivity and farm income.

4.33 lAe dung, crop residues also have competing uses, not only as a soil conditioner but
also as fodder. Total residue avabbgity is estimated at 2 milhon t/yr, of which fodder
consumption by catde represents 850,000 t/yr and fuel consumption about 500,000 t/yr. Although
the situation may not be as critical as with dung, increasing use of crop residues as fuel may have
neptive consequences for livestock health and agricultund productivity, which both affect farm
income. Information on the cuffent availability and use of dung and crop residues can be found
in Annex 5.

Cuffent Policies and Emgmm

4.34 One strategy for avoiding the environmental and welfare consequences of fuelwood
depletion is to nwease awply 'Me Govermnent's basw stratesy for forestry development, as
refiected 'm First (1977-81) and Second (1982-86) National Five Year Development Rans of YAR
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has been to provide a source of seedlings through establishing foret nurseries in strategic locations.
Seedlings are issued free or sold at less-than-cost price to farmers for planting on their own lands
or to LDCs, the army and youth groups for planting in pubLic places. Limited provision has been
made for institution building forestry training and research. The existing forestry nurseries could
produce several million seedlings each year but, in the absence of a concerted extension effort,
there is insufficient demand for even the half million actually produced. The aims of YAR's Third
Five Year Plan (1987-91) cover provision of qualified forestry staff, management of natural forests,
further expansion of seedling nurseries, establishment of legislation, anti-desertification projects,
training of extension staff and finding substitutes for fuelwood.

4.35 Forestry operations in regional projects have been limited. The Tihama IV project
contained a sand dune fixation/windbreak component which, following several delays, began in
1985. Shortage of finance has delayed establishment of large shelterbelts but establishment of
windbreaks by farmers has been successful, with over 200 kms. built to date. The forestry
component of the Southern Uplands Rural Development Project (SURDP) II was eliminated by
the Regional Authority as lacking priority. The Central Highland Agricultural Development Unit
has an active forestry/range management development project in Dhamar. The scope for sand
dune fixation in the 1988 Northern Regional Development Authority project was considered but
rejected. The Eastern Region Agricultural Development Authority 1988 project will include a sand
dune stabilization and afforestation component primarily to safeguard irrigation development and
agricultural production. A UNDP-financed sand fixation project, to be executed by FAO, was to
begin in the Tihama plains in 1989.

4.36 Bilateral aid projects have also made useful contributions to wood supply development.
The German (GTZ) forestry project in Al-Haraz (1980-86) focused on experimental afforestation
of abandoned terraces, species trials, training and forestry education. The United Kingdom's
agricultural and forestry research project in Dhamar (1981-86) initiated studies in tree plantation
establishment for fuelwood, poles, fodder and windbreaks in the Central Highlands. The FAO
Fuelwood Development Project, financed by the Swiss, is primarily concerned with institution-
building (despite its name). It has financed training for all the Yemeni forestry graduates and
technicians from the northern governorates since 1985, established and equipped five new forest
nurseries, supported several others with irrigation and equipment, and provided technical
assistance. A project aim is to initiate the management of some 15,000 ha. of natural woodland in
the fuehvood supply regions. Two Dutch-supported projects - the Rada'a Integrated Rural
Development Project and the Range and Livestock Improvement Project at Dhamar - have
involved management of marginal land. The latter has started a tree planting campaign in 1987,
involving 18 nurseries. USAID has undertaken soil and land use surveys and, more recently, made
proposals for future management of horticulture.

4.37 After 17 years of forestry interventions, forest management has made only limited
progress. Ihe first major constraint to remedying this situation is the absence of firm Government
directives on forest management. Effectively, Government-based forest management programs
have not been applied to any woodland in the northern governorates and traditional conservation
systems are breaking down due to increasing shortages of wood and labor, and rising prices for
forest products. The continued absence of a forest law and enforcement mechanism to provide
some simple regulation of wood usage is a major stumbling block to organized management. The
task of reestablishing the Yemeni woodlands is far too great to be met by afforestation alone; the
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introduction of management (or reinforcement of traditional tribal laws) of existing woodland
demands high priority. At the present, however, there is no readily available database on the
extent and status of existing forest, its area, density, species composition or condition. Thus, the
introduction of forest development in Yemen is a national priority demanding a national solution
and strong central support to translate policy into action. However, the Directorate of Forestry
lacks adequate staff and facilities, and has no development plan or programs that address current
needs.

4.38 To remedy this situation, the Bank is initiating a forestiy component of the National
Agricultural Sector Management Project which will fund: (a) institutional development of the
central and regional forestry organizations; (b) a survey and plan of action, continued work in the
Tihama and Mareb, and research; (c) a national aerial survey and development of simple plans for
management of the indigenous forest; and (d) promotion of tree planting by private landowners
and LCD's. In addition, the Government is being urged to adopt a forestry policy which recognizes
the functions of the forest and the constraints to forest development, develop legislation or
reinforce traditional tribal laws in support of the policy, and promote an active implementation
program.

Additional °Qions

4.39 Some additional steps which should be considered are (a) developing an improved woody
biomass database on resources and management practices, (b) assessing, and if necessary improving
the efficiency and sustainability of carbonization methods, (c) supporting appropriate indigenous
management methods, where possible, and (d) developing effective community and household
agroforestry progress. These activities should be undertaken, either in parallel with existing and
proposed forestry projects, or should be incorporated directly in planned programs, such as the
Bank's proposed Land and Water Conservation Projects.

4.40 Infomation Development. In order to better understand the fuehvood production
system so that it can be managed on a sustainable basis, the following activities are envisaged: (a)
land-use conversion analysis, (b) detailed investigation of the woody biomass supply mechanism, (c)
additional wood inventories, and (d) further research on biomass productivity. The land-use
conversion analysis done for Jebel Bura as part of the household fuel study can be extended to
other areas of Yemen where time series aerial photography or satellite imagery is available. This
should be combined with a ground survey to examine the environmental impacts of deforestation
in these areas. This extended analysis can provide a far better appreciation of: (i) the rates of
wood loss in different land-use units in Yemen, (ii) the total wood loss over the time period which
is considered, and (iii) the processes leading to woodland, shrubland and bushland destruction.

4.41 Only a cursory examination of the wood supply system, including the functioning of wood
markets, was conducted during this study. The woody biomass supply mechanisms have not yet
been studied in detail. Important aspects of the system which require ivestigation are: (a) the role
of the bedouin in the wood trade; (b) detailed analysis of the temporal trends in wood trading,
epecially the current decline, to provide a better estimate of the long-term trends in fuelwood
supply; (c) the relationship between wood supply mechanisms and areas that are opened up by new
road construction; and (d) species preferences. This will provide useful information on how to
provide wood suppliers with incentives to engage in better, more sustainable practices.
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4.42 To get an improved picture of fueltwood availability, a detailed inventory of the actual
and potential wood supply areas (see Figure 4.1) should be undertaken. In these areas, the density
of trees and shrubs is vety variable. Therefore, a level of sampling is required within these areas
which could be best achieved by the utilization of remotely sensed data. If Landsat TM or SPOT-
HRV data were acquired for the identified supply areas, those with the highest densities of woody
vegetation could be mapped. In the high tree density areas, detailed aerial photography should be
taken. This could then be used to (a) construct the sampling plan for the forest inventory, and (b)
extrapolate the results of the tree and shrub mensuration exercises carried out by field teams.
Trees and shrubs on farmland and less well-wooded rangelands should alsc be included in the
inventory. In addition to providing information on the standing stock of live trees, this wood supply
inventory should also pay particular attention to dead wood stocks and their replenishment, and
wood productivity. This could be best achieved by combining measurements of dead wood on
sampled field plots with an assessment of tree mortality-environmental disturbance relationships
(e.g., droughts, extensive flooding, widespread disease, forest fires, etc.).

4.43 There is an urgent need to investigate wood productivity in Yemen. To gain a better
idea of existing wood productivity, research needs to address the following aspects where
productivity probably deviates from predicted values:

(a) the role of occult precipitation;

(b) productivity of wa bottom woodlands;

(c) productivity of mangroves; and

(d) productivity depression caused by frost.

These studies ideally need to be long-term experimental efforts. They would be of use to a variety
of natural resource inventories, not just in energ planning.

4.44 Assessing and Improving Carbonization Methods. To determine whether charcoaling
induces environmental degradation, and if so, to improve the productivity of carbonization and
conserve wood feedstocks, the charcoal industry of the north-central Tihama needs to be studied
in some detail. The following activities are proposed:

(a) an assessment of land-use in this area of the Tihama to determine the
environmental effects (e.g., wind erosion, sand encroachment, salinization and loss
of farm land by desertification) of land clearance by charcoal makers. This could
be done using a combination of aerial photography and multi-temporal high spatial
resolution satellite imaging, with validation by observation of wind erosion and
salinization processes on recently cleared land;

(b) an ecological study of the unusuaUy rapid regeneration mechanisms of the main
trees used for charcoal making, which appear to be far in excess of productivity
estimates for the area;
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(c) an Inquity as to why the Tihama carbonizers use roots as well as above-ground
woody biomass. The fast rates of wood growth and the fact that the land is not
usualy used for farming after roots have been pulled up suggest that root clearance
is not economically viable unless the charcoal produced by roots is of exceptionally
high value; and

(d) introduction, if warranted, of more efficient carbonization techniques. This would
involve an assessment of the efficiency of existing conversion processes, development
of affordable and acceptable techniques to improve carbonization efficiency and
reduce production time, and training/dissemination efforts. In determining whether
improved carbonization methods are called for, one must keep in mind the effects
on resource extraction rates. For instance, it is possible that improved methods
would stimulate greater demand by virtue of the resulting production cost
reductions. However, given that charcoal is used primarily for water pipes,
consumption is relatively price inelastic i.e. price changes that could be brought
about through improved production would not significantly affect demand.

4.45 Ind!&Mms Resource Managu=t Little of detail is known about traditional woodland
management practices in different areas of Yemen. One such management method is the heman
system which was once common throughout the Arabian Peninsula. This system involves classifying
land into different ahmia (managed areas) according to types of protection where:

(a) animal grazing is prohibited but cutting of grasses is permissible during specified
periods and droughts, or

(b) grazing or wood cutting is permitted but restricted to certain seasons of the year,
or

(c) grazing is allowed year-round but the kind and number of animals are specified, or

(d) the reserve is kept for beekeeping, with use restrictions being relaxed after the
flowering season, or

(e) the reserve aims to protect forest trees. These ahmia are usuatly the common
property of a village or a tribe. Tree-cutting is prohibited except in emergencies,
e.g., rebuilding a destroyed house or raising funds for the benefit of the village or
tribe.

There are undoubtedly other similar management systems which have fallen into disuse or neglect
for a variety of social and economic reasons. An investigation should be conducted to identify
existing and past management practices with an eye towards revitalizing those that could be
integrated into modern Yemeni society, possibly with the help of technical, economic and legal
provisions.

4.46 Communit and Household Agr r . Agroforestry techniques, eg., use of shade
trees, field boundary planting and pollarding, have also been well-developed or adopted in certain
parts of Yemen, most notably the Hajia, Saada and Ibb-Taiz regions. Other farmed areas, such as
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the plais of the oentral highlands and par of the Tma have less agroforetry. lbe
effectivenes of these techniques should be evaluated and introduced into these latter areas as
appropriate. Tbis tpe of foliow-up actity could also iwespgte the unusual cropping practices
on the Taia where cereal plants are stipped at speciric intervals so that there is cesive stem
thickening which enhances the fuel value of the crop residues. Certain agroforesy techniques
from outside Yemen may also be appropriate.

4.47 Once susdul practices have been identified, extension offices and the media, primarily
radio and television, wil be needed to disseminate these practices Agroforesy programs shoWd
target the household and community levels, as these are the levels at which resource management
decisions are now taken. Of course, households and communities wili adopt new agroforesty
interventions on a permanent bai only if they are clearly aware of the incentives to do so. Given
the high prices commnanded by firewood, and forest products in general in Yemen, market
incentives are probably the most promising. Further work should be done on the impediments to
commercialy-oriented agroforestry.
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V. LPG SUBSTITUTION: ISSUES AND OPTIONS

5.1 Although woodfuel supply development and improved management are important
components of any comprehensive strategy to bring about environmentally and economically
sustainable household energy consumption patterns in Yemen, supply oriented activities alone are
not enough. First, supply activities will not yield results for at least 5 to 10 years after they have
been initiated. Given the rapid resource depletion expected in Yemen, reliance on such strategies
alone will not avert the environmental and welfare consequences of fuelwood depletion discussed
above. Secondly, the expectations held for any supply development program must be tempered by
the past experience in Yemen. Many projects have been ongoing for the last several years without
achieving the level of success that would be necessary to avert the effects of fuelwood depletion,
even if time were not an issue. Although further supply development efforts are needed, they
cannot be relied on alone.

5.2 Demand reduction through end-use efficiency improvements is another strategy.
Improved stoves have been introduced in many countries to help prevent fuelwood depletion.
However, the effectiveness of these programs is questionable and is currently a topic of research
throughout the world. Furthermore, unlike many other countries, baking is the primary use for
fuelwood in Yemen. The tannur offers little if any potential for efficiency improvements. Large
tannurs have been successfully replaced by more efficient dome ovens (similar to European pizza
ovens) at bakeries in Afghan refugee camps in Pakistan, but this is impractical at the household
level. In Yemen, woodfuel costs represent only around 5% of the bakery costs. Under these
circumstances bakeries would not have much incentive to switch to dome ovens. Moreover, many
larger bakeries have already switched to diesel or kerosene-fired ovens.

5.3 The most promising strategy for enhancing woodfuel sustainability appears to be interfuel
substitution. By encouraging households to switch to kerosene or LPG for cooking, pressure on
fuelwood resources can be reduced. Electricity is not an option at the current time since most
households that use electricity rely on intermittent private supply which is unsuitable for cooking.
In fact, less than 3% of electricity consumers (less than 2% of all households) in the northern
governorates use electricity for cooking. In comparison, over 42% of all households already use
LPG for cooking.

5.4 Typically, households move up the "fuel ladder' from firewood to charcoal to kerosene
to LPG. However, households in the northern governorates appear to be jumping a few rungs from
firewood directly to LPG. Charcoal is a natural step in countries where the depletion of peri-
urban woodlands necessitates costly transport from distant areas, thus rendering charcoal cheaper.
However, in Yemen most firewood demand is rural and the distances are not large enough (nor
will they ever be given the geography of Yemen) to stimulate household use of charcoal as a
primary cooking fuel. Kerosene is also being skipped by most households; 37% of rural households
and 87% of urban households in the northern governorates use LPG for cooking compared to
kerosene use for cooking by only 31% of rural households and 6% of urban households. This is
due in large part to the labor migration of the late 70's and early 80's. Yemeni men were exposed
to the convenience of LPG and were provided with the financial means to afford the relatively high
initial cost of switching to LPG, which retards LPG substitution in many other countries. In
Yemen, LPG substitution is far more promising than kerosene substitution for the following
reasons:
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(a) Domestically produced LPG is both financially and economically less costly than
kerosene;

(b) LPG is preferred to kerosene across all expenditure categories and rural/urban locations
even at high current market prices;

(c) Unlike kerosene which is used most by low-expenditure rural households, LPG is
currently used in all expenditure groups and rural/urban locations; and

(d) Unlike kerosene, LPG can be used to fuel low-cost tannur burners, so that it can directly
substitute for wood used for baking.

T herefore, a strategy to bring about economically and environmentally sustainable household energy
consumption patterns in Yemen must emphasize the substitution of LPG for fuelwood.

Impediments to LPG Substitution

5.5 The preceding section argued that woody biomass in Yemen is being rapidly depleted
due to household firewood consumption. Fuelwood depletion will result in some environmental
degradation, and more immediately, a direct reduction in household welfare. A strategy oriented
towards increasing fuelwood supply will not alone arrest these undesirable environmental and
welfare effects. Likewise, end-use efficiency programs to reduce fuelwood consumption could only
be marginally effective, since tannur efficiency cannot be substantially improved. The strategy must
therefore also focus on interfuel substitution. Since LPG is preferred to kerosene, is already used
more commonly than kerosene, is no more expensive than kerosene when domestically produced,
and can be used for household bread baking whereas kerosene cannot, LPG is the most promising
candidate for an interfuel substitution program. The impediments to LPG substitution are
discussed below, and programs and policies to overcome them are suggested.

Resource Base. Sup4y System. and Demand Patterns

5.6 LPO resources in the northern governorates were discussed briefly in paragraphs 2.22
through 2.25. Known IWG resources are large enough to provide 300,000 t per year for the next
fity years and can therefore offer a long-term alternative to fuelwood.

5.7 The supply system for LPG currently consists of importation and domestic production,
bottlin& transportation and distnbution. Of the 96,000 tons of LPG consumed in 1988 in the
northern governorates, approximately 82,000 tons were imported by sea in bulk and bottled in
Hodeida by YPC IQ/. With the expansion of the Hodeida facilities, imports reached an annualized
rate of over 100,000 tons per year by late 1990. Bulk importation through the port is limited by

IQ/ mning 14,0 tons wem bansponedjm Aden h boaes and sold to YPCataprice of US$3.530bo*le
eqzvalent to US$327/t. Ihe Aden botting plant ha a capacity of around 70,000 t per annum
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the capacity of off-loading, storage and bottling facilities, and is expensive due to high freight costs
that result from the use of small 3,000 t tankers. Despite the recent expansion, these facilities are
already operating at capacity. The current composition of imported LPG is 85% butane, 15%
propane.

5.8 The c.if. price for LPG is now around US$212/ton, whereas the ex-field economic cost for
domestically produced LPG would likely be on the order of US$47/ton 1/. The use of
indigenously produced LPG could replace US$15 to 20 million per year of LPG imports. The LPG
Crash Program was initiated in 1989 with the assistance of the Bank to help develop domestic
resources. By late 1990, approximately 30 tons per day of LPG were being trucked from the C5+
facility in Safer to Hodeida for bottling 12/. Expansion of domestic production capacity is
underway.

5.9 Bottles filled at the Hodeida plant are transported by private contractor to YPC regional
depots in Hodeida, Sana'a and Taiz 12/. The bottles are then either collected at the YPC depots
by retailers, who receive a credit of YR 1.50 per bottle for collecting it themselves, or are delivered
to agents at a price of YR 36 per bottle. Tbere are over 500 private agents in the northern
governorates in addition to over 50 YPC agents who are permitted to return empty bottles to these
depots and receive full bottles for retail sale. There is currently no mechanism for controlling the
prices charged by retailers

5.10 LPG bottles are imported and distributed by YPC. The official deposit on bottles is YR
150, although in reality bottles are traded in the market for YR 300 to YR 1,000; YR 400 is the
average price in the northern governorates. Approximately 1 mfllion 12.5 kg bottles are currently
used by households there, with another 400,000 to 800,000 either in use by commercial
establishments or in circulation in the transport/filling system. The CPO Family Budget Survey
revealed no evidence of bottle hoarding by households; in 1987, average botfle stock among users
was 1.4 bottles per household. Given the high value of bottles, there appears to be a high
opportunity cost of hoarding them. Many of the bottles in use, however, are damaged and in need
of repair or replacement. Overall, it is estimated that there are about 1.4 million bottles in
acceptable condition which are being used by residential and commercial consumers.

5.11 Total LPG consumption in the northern governorates increased from an estimated 27,000
tons in 1982 to about 84,000 t in 1987 and 96,000 t in 1988. Consumption in 1991 will likely exceed
130,000 t. Approximately 70,000 t were consumed by households in 1987, with the balance used
primarily by poultry farms and the service sector. In 1987, about 42% of all households in the

iLl DevopnwofLPGReowua TechEnomk stl PcadReW Penc E edCasukewfor
MOOAM Nowmber, 1989. The acual econmIc cost wilt dqend on te puaw puke ulMM aged to
bdwee GCOMR and YHOC

a1/ 7he most ,ven negodadons indkated ta GCOMR waddpqy about S0% of the Gffab. pke for LPG
er-Saf to he Yemen -Hunt Oil joit ren ped for LPG dewvlonen

,U1 60% of LPG posses F e Sana'a depot 30% tnx# Talz, and 10%t Omo Hodelda
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northern governorates used LPG (37% of rural and 87% of urban residences). Average
consumption for users was 123 kg/year/household (109 kg/yr for rural and 176 kg/yr for urban
residences). While urban household market penetration in different governotates ranges from 67
to over 95%, it ranges from 1 to over 60% by governorate in rural areas.

5.12 One cause of higher average urban consumption is the greater consumption of bakery bread
in urban areas, which reduces the need for tannur baking. Instead of using firewood in a tannur
for both baking and cooking, households opt for purchasing bakery bread and using LPG to cooL
Regional differences in LPG consumption may be accounted for by variations in dietary habits and
household expenditure. For example, the lowest LPG consumption is found in the rural Tihama
where only about 1% of household use LPG. Average total household expenditure in that region
is about 40% less than the rural average for the northern governorates, suggesting a reduced ability
to switch to LPG in the first place. Of course, differences in L availability throughout the
northern governorates also affect consumption patterns.

5.13 With respect to interfuel substitution strategies, Yemeni households may be disaggregated
into three categories: those which use LPG only, those which use LPG and firewood, and those
which do not use LPG. While the first group serves as an example of consumption patterns that
might occur if LPG completely displaces firewood (and rural cooking practices become more
urban), any strategy must be based upon considerations of how it will increase substitution in the
other two groups. The characteristics of these three groups are summarized below in Table 5.1.
Although rural households exhibit significant LPG utilization, the greatest use is associated with
urban areas. As Figure 4.3 indicated, in terms of household budget shares, differences in LPG
utilization are more pronounced between rural and urban households than across expenditure
categories.

btl 5.1: LPG PENETRATION

v of all X of urban % of ruret
Category households households housholds

LPG only 5.8 45.7 1.1
LPG 8 firewood 36.4 41.5 35.9
No LPG 57.8 12.8 63.0

Source: CPO Famity 8udget survey end Univesity of Sans
survey #1.

5.14 Queues to purchase LPG are common in the northern governorates, and together with
the observation that LPG importation and bottling is operating at full capacity, suggest that
consumption is severely supply-constrained due to linited storage, bottling, and distribution
infastructure. Increasing fuel and bottle availability would presumably result in (a) more
households switching to LPG (12% of households not using LPG stated they were not doing so
because of unavaiability); (b) greater consumption of LPG by households already using LPG (43%
of households using LPG indicated that bottle availability was a major difficltwitth LPG use); and
(c) an increase in consumption brought about by lower prices resulting from greater supply
(although the own-price elasticity for LPG appears to be low suggesting that this effect may not be
significant; however, a low own-price elasticity may be expected simply due to constrained supply).
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5.15 Several activities have already been initiated by MOMR, GCOMR, and YPC, mostly
under the LPG Crash Programme, to improve LWG supply in Yemen, including:

(a) Production: Assuming the current gas reinjection rate of about 400 mmscfd, 330 days/yr
of operation, and no further spiking of crude oil with butane (which would be justified
given that the value of domestically consumed LPG is greater than the value of butane
in spiking), 90,000 to 100,000 t of LPG will be available annually from the existing C5+
plant at Safer; increasing the gas reinjection rate would increase LPG availability
proportionately (a total capacity of 650 mmscfd is in place). Facilities are being designed
for storage and bulk loading of LPG from this existing plant; some were already
operational by late 1990, allowing truck loading and transport to Hodeida of 30 t/day.
It is estimated that LPG production from the Asad Al-Kamil field could provide an
additional 700 t per day.

(b) Transport: In order to transport recovered LPG to bottling plants and bulk consumers,
bulk delivery trucks and/or a pipeline will be required. GCOMR currently has seven
tractor-trailers capable of hauling 20 t each, and is considering the acquisition of 40 more
for bulk transport from Safer to the bottling plants. These trucks would cost about
US$175,000 each. An unspecified number of smaller "bobtails" (5 to 8 t bulk delivery
trucks) may also be procured for bulk delivery to consumers. There are also plans to
conduct a feasibility assessment of an LPG pipeline from Safer to Sana'a; and

(c) Bottllng: The Hodeida bottling plant has recently been expanded to a capacity of 130,000
t/yr on three shifts. Small bottling stations 14/ are planned for four towns: Sa'ada,
Amran, Mareb, and Dhamar. Installations of small stations is expected in 1991. A
135,000 t per year plant (based on 2.5 shift/day average) has been proposed for Sana'a,
with financing by the German government. A private company, Mareh Co., has
established a bottling plant in lbb reported to have a three shift capacity of 20,000 bottles
per day. Mareh Co. has also purchased two 20 t tractor-trailers to transport LPG to the
plant. The Government has been considering several possible arrangements for the
operation of this plant, e.g. under contract to YPC, leased by YPC, or as an independent
bottler.

5.16 Of course, operation of these facili s presupposes an agreement with YHOC regarding
the offtake of LPG from the gas stream. The Parliament recently turned down a proposal which
would have included downstream involvement of YHOC. Operation of these facilities nonetheless
continues while a new proposal is formulated. LPG is loaded onto road tankers at Safer and
transported to the large bottling plant in Hodeida, four small regional bottling plants, and later,
the large plant at Sana'a. Bottles are distributed from these plants; in addition, some of these
plants will have facilities to load bobtails for bulk delivery to consumers such as poultry farms and
hotels. Imports by sea could still be accommodated to meet any shortfall in supply since production
capacity at Safer rather than bottling capacity would constrain domestic demand.

M/ Each plant wJI have a capacity of 1,000 to ZOOO boes per day (34500 to 7,000 1 per year, and wU be
mowabk.
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5.17 In Sana'a and Mahweet governorates, the area that would be served by the proposed
Sana'a and Amran bottling plants, approximately 46,000 t of LPG was consumed in 1987. By 1990,
it is estimated that consumption had grown to 57,000 t annually. Simple demand projections based
on population growth and moderate increases in LPG penetration and average consumption per
user suggest that consumption may reach 96,000 t by 1997 and over 120,000 t in 2002 M/. Given
that the Amran plant would supply no more than 7,000 t, the sizing of the proposed 135k tonnes/yr
is believed to be too large. A smaller plant should be considered with the option of increasing its
size when justified, over time as the market dictates.

Overcoming Impediments to Substitution

5.18 Although the planned improvements in the LPG supply system discussed above are
necessary to stimulate LPG substitution, they are not alone sufficient. Table 5.2 outlines the
required action. In addition to the on-going activities described above the LPG substitution strategy
should contain three basic elements which are discussed in more detail in the paragraphs which
follow:

(a) improving LPG production, bottling, and delivery infrastructure, i.e., increasing the supply
of fuels, bottles, and trucks, particularly to rural areas, beyond current efforts;

(b) improving the management of LPG operations; and

(c) commercializing low-cost LPG appliances, especially tannurs.

Improved Infrastructure

5.19 Fuel Su J. As long as importation of LPG by sea remains necessary, YPC should
ensure that gas return lines are connected to LPG delivery ships while they are at berth. The
advantage to YPC of not connecting gas return lines is that the receipt of LPG is greater than
recorded, but the disadvantage is that the vessels, berth, and discharge systems are occupied for
unnecessarily long periods. With the increase in bottling capacity at Hodeida, it will be necessary
for delvery ships to unload as quicldy as possible to maximize LPG availabflity. Furthermore, not
connecting gas return lines may have a detrimental impact on safety.

1, These projecoos are based on 1.6% anal nal popaion Bow-h and & 9% uban Vvh Acdual values
for 1987 and projectos for 1997for relvnt pawms e gaven below:

Samoa Nahwhet
1987 19 1987 1997

Percent urban users 96.8 99 66.7 93
Urban user av. consupt1on, kg/yr 188 200 136 175

Percent rural users 62.9 75 67.2 79
Rural user a". consuWtIn, kg/yr 159 175 96 140
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Talbe 5.2: LPG * STRATEGY OBJECTIVES AND ELEMENTS

OBJECTIVES ACTIONS TO BE TAKEN

1. Encourage households using LPG - Increase the suppty of LPG bottles and fuel
+ firewood to use less firewood - Impove LPG marketing and distribution
and more LPG - C ourciatize tow cost LPG baking apptances

- Encourage the development of comunity bakeries

2. Encourage households not using * Same steps as above
LPS to adopt it - Rduce the costs of bottles, regulators, nd appliances

(i.e. the initial switching costs) by cross-subsidizing
these items from fuel sates.

5.20 Although the on-going development of infrastructure for the use of domestic LPG may
seem sufficient to meet demand for the next several years, it is anticipated that demand will again
outstrip this capacity in only a few years. (See the section below, "Impacts of a Managed Fuel
Transition!). The cost of LPG imports that will be necessary due to domestic undercapacity makes
temporary overcapacity relatively cheap. RECOMMENDATION: Consequently, planning should
already begin for a clyogenic extraction facility at Safer. This could boost LPG supply by as much
as an additional 180,000 t/yr. The cost of such a facility would be on the order of US$ 24 million.
Planning for LPG extraction from Asad Al-Kamil should continue.

5.21 Although the use of tanker trucks is expedient, it may not be the least-cost transporc
option, particularly as demand grows. RECOMMENDATION: A detailed feasibility study for an
L PG pipeline from Safer to Sana'a should be carried out 1./. If a pipeline is constructed, the road
tankers can be used for delivery to bulk consumers and the small regional bottling plants.

5.22 BottleSu . Three measures can greatly increase consumer access to cylinders which,
in turn, will remove one of the key barriers to accelerated LPG penetration of the household fuel
market. First, YPC can increase its imports of cylinders to meet projected demand for newly.
available domestic LPG. Alternatively, assuming the Government implements the recommendation
in paragraph 5.28 below urging a greater role for the private sector in LPG operations, the private
sector would be responsible for augmenting cylinder supply. Up to the present, YPC has been
restricting bottle imports because LPG availability has been constrained. This has resulted in a
black market for cylinders and average prices paid by consumers of three times the official price.
As supply expands, more cylinders are needed and should be made available on the marketplace
in a timely fashion. Table 5.3 provides an estimate of the number of new cylinders which wil be
required on an annual basis. RECOMMENDATION: YPC, and/or the private sector, should
import 450,000 bottles as soon as domestic LPG is available to meet pent-up demand, and augment

M/ A prelhmiuy assesnkw of an LPGp pelne ww cared out by For Danwl as pwt of the Gas Utiiin
Study. That evaluion conclied Ot a ppele wuld be economcally atactve. Ohe bhnefi of a
pipeli not cosiaewd inhe d7uo Danie analps inhcde (i) wduwton in wear on the road bdween Safer,
Sana'a, and Hodeda together wth te popmsiy for accden and e ston; (n) geat fkxbiiy n
matching suply to demand who idle tankers; (Il) 8Va secrity agaist natwul disauers or ant-
govermnt actvies; and (lv) low opeaing costs, wch would save fi ue fore exhange.
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the stock with between 160,000 to 210,000 bottles annually over the next 10 years. In addition, a
bottle reconditioning plant should be constructed and operated by YPC. These actions should bring
market pnces for bottles into line with official prices.

btl S.3: PROJECTED DEOD FOR NE LPG CYLINDERS

Households Housholds go of Sottles Extra 5 days Existing Requ red
Year Using LPG LPG Cornuption required M/ SLyply W Total Sottle Purchause/

('000) 000 tons stock 'OOObottles

1968 656 84 1050 92 1142 1000 142
1989 733 96 1173 105 1278 1119 159
1990 808 110 1293 121 1413 1252 161
1991 85? 120 1371 132 1503 1385 118
1992 907 128 1451 140 1591 1473 119
1993 1001 142 1602 156 1757 560 198
1994 1094 156 1750 171 1921 1722 199
1995 1185 170 1896 186 2082 1883 199
1996 1275 184 2040 202 2242 2041 201
1997 1363 198 2U18 217 2398 2197 201
1998 1451 212 2322 232 2554 23S0 204
1999 1538 226 2461 268 2706 2503 206
2000 1624 240 2596 263 2861 2654 207

V Assuims 1.6 bottles per household, the current average for households usig more than 150 kg/year.
b) In addition to bottles held in households, a supply of 2 days of bottles Is assured for the YPC depots and

private agents, and a 1 day of supply for the bottling plants.
Sy Asmes 2K of the bottle stock wat be replaced each year.

5.23 The second cylinder-related measure which can make LPG accesble to more consumers
is to reduce the cost of a bottle and thereby ease the price barrier to using LPG. If cylinders cost
YPC an average of 200 YR over the decade 1991-2000 and if it charged a nominal fee of 50 YR
per new bottle, this would cost YR 81.7 million for a five-year progam (1991-1995), or YR 169.5
mlion over ten-years (1991-2000). This could be financed by a surcarge of less than 7 YR per
12.5 kg cylinder filling during the promotional period. The program would be relatively simple to
administer if YPC continues to have a monopoly on official imports of cylinders and it would
remove one of the important bafriers to new consumers who would like to enter the LPG market
but are hindered by the start-up costs of bottles. RECOMMEDATION: The price for LPG
botdes should be subsidized with the proceeds from fuel sales.

5.24 The third action would be for the YPC to standardie and enforce tare weights.
Currently, the tare weights of YPC bottles vary between 13.6 and 16.3 kg. The gross weight of full
botdes needs to be set at a common figure which is currently 26 kg. The net weight of LPG in the
fied bottles now varies between 9.7 and 12.4 kg and averages 10.7 k& The effects of this are:

(a) trnsportation capacity of the bottles is not fully used;

(b) customers are paying more for their product than they believe and may be
overcharged up to about 30%; and
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(c) statistics relating to consumer demand may be overstated by 10-15% if this is not
factored in.

RECOMMENDATION: A standard tare weight for all future bottle purchases should be selected
and adhered to. All new bottles (standard tare) should be purchased already painted in a
distinctive color and all existing bottles of the same tare weight should be painted in the same
color. Bottle filling can then be undertaken by batching common-colored (i.e., common tare
weight) cylinders and adjusting the gross filling weight according to the tare weight of each batch.

Improving Management

5.25 Simply augmenting the infrastructure for LPG supply and distribution alone will not
maximze interfuel substitution. Achieving the best use of the fuel delivery infrastructure requires
a supportive policy environment and sound management that can direct operations smoothly and
efficiently. The responsibility for establishing a policy environment conducive to LPG substitution
should lie with MOMR. Production operations, on the other hand, should lie clearly with
GCOMR, and downstream operations with YPC. Three issues which MOMR should address
immediately are private sector participation, LPG pricing and safety of operations.

5.26 Privat Secto articipation 12/. Given the active private sector in Yemen, the success
of the LPG substitution strategy will be enhanced by the involvement of the private sector wherever
possible. Naturally, private sector operations will be subject to safety inspection and code
enforcement, but gradually allowing private participation further upstream over time may relieve
the Government of the burden of commercial management and result in more efficient operations
to the benefit of the consumer.

5.27 It is assumed that the Safer facilities will remain either in the hands of the Government
(GCOMR), or with a joint venture with Hunt Oil Co. There are numerous scenarios for private
participation in LPG transport, bottling and distribution. Some of the more basic ones are given
below:

(a) All transport, bottling, and distribution operations downstream of the Safer production
and loading facility lie with the private sector,

(b) Transport and bottling remain the domain of YPC, but the private sector is responsible
for bulk and bottles distribution to consumers. Private fms may be licensed for bottling.
In this way, the private sector can build and operate small bottling plants, e.g. 1000
bottles per day, in more remote areas, and supply these plants through their own bulk
deliveries; or

(c) YPC maintains responsibility for transport, bottling, and distribution. It may contract
with private firms for bulk or bottle distribution as necessary.

LZ' Pvate Sector pwtdpadon in LPG dObutgm Is also discussed iPenol En8neering Cow*utt; 'LPG
Gush Prmwnme Nvlrdon Repoa' Jwy 1990.
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Option (c) would require additional investment and management by YPC. Given the anticipated
growth in the LPG market, such a strategy may overwhelm YPCs administrative and managerial
capacity, and may limit penetration to only those areas where YPC could operate. Option (a) may
not generate required bottling and distribution capacity, since the private sector may wish to invest
only gradually, as GCOMR and YPC demonstrate the ability to provide a steady LPG supply.
Furthermore, it may be difficult to prevent an unmanageable monopoly situation from developing
in the long run, to the detriment of the consumer.

5.28 RECOMMENDATION: Option (b) is strongly recommended. YPC may maintain its
own retail agents, but private retailers would be allowed to compete, regulated only by safety codes.
GCOMR would only set wholesale prices; retail prices would not be controlled. This should allow
sufficient competition to ensure relatively low consumer prices. The barriers to market entry by
retailers would remain basically as they are now, ie. the need to have a uck and a place to sell
bottles. Private sector mobilization would help ensure distribution to all parts of the country,
something which would be very difficult for YPC to accomplish on its own given the anticipated
increase in LPG volume. Over time, YPC may wish to sell off parts of its bottling or transport
facilities to the private sector.

5.29 Pricing EQli. The only effective retail pricing mechanism in Yemen is market
competition; price controls are ineffective on a retail level. Naturally, GCOMR, with the guidance
of MOMR, can influence retail prices through the bulk sale price of LPG to private parties. If
GCOMR wants the retail price to be as low as possible (i.e. for the markup on its bulk price to be
kept at a minimum), it must ensure adequate supply of LPG along with easy entry for private
parties into the market (while not sacrificing inspection and enforcement of codes).

5.30 Paragraphs 3.21 to 3.24 note that the current official LPG retail price is slightly above
the economic cost of imported LPG. However, once domestic LPG production begins, the
economic price will be substantially below the current retail price. It has been suggested by some
that the pricing be reduced to reflect the Gulf fo.b. price for LPG, eg. to YR 24/bottle. However,
it is strongly recommended that pricing remain equivalent to at least the current official level of YR
40/bottle for the following reasons:

(a) Even at YR 40/bottle LPG will remain the cheapest household fuel on both a final and
useful energy basis;

(b) There is no evidence that a fuel price reduction will stimulate interfuel substitution.
Statistical analysis suggested a negative but very small own-price elasticity for LPG;
however, due to supply constraints this result is expected and may not hold as supply
increases. Perhaps more importantly, high fuel cost was seldom given by households as
the primary reason for not using LPG, and for those who have already made the switch
to LPG (generally in conjunction with other fuels), fuel cost was not a major problem
associated with LPG use. The initial cost of switching to LPG and the unavailability of
bottles, fuel, and appliances are the primary impediments to substitution;

(c) Maintaining ex-plant LPG prices above economic cost will provide a source of revenue
that can be used to subsidize bottle and appliances prices, and thereby enable more
households to switch to LPG.
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(d) With the reduction in private remittance income it will be necessaq to Increase public
sector development efforts to maintain the momentum of development which has built
up over the past 10 years Tlis will require additional Government funds, although any
windfall from maintaining LPG prices at their current level should first be applied
towards improving LPG availability and safety, and enhancing interfuel substitution. For
example, funds generated from this windfall could be used to improve safety in so far as
they can finance LPG bottle and facility inspection and code enforcement (see below).
Remainig funds could then be applied to other projects;

(e) Since the fall in remittance income will have the greatest impact in rural areas, the tax
revenue received from the sales of a fuel used most in urban areas would result in a
transfer of wealth back to the rural areas, at least until the rural use of that fuel reaches
a level comparable to urban areas, and assming the cross-subsidization of bottle and
appliance costs. The crosssubsidization benefit households that do not have LPG
equipment but switch to LPG after program implementation (Le. rural household) at the
expense of those who already do (ie., urban households); and

(f) Recently there has been some devaluation of the Yemeni rial, which, if sustained, would
oblige a higher domestic retail price.

5.31 A sensible approach which would at the same time encourage interfuel substitution is to
apply the fuel sale windfall as a cross subsidy to decrease the cost of bottles and appliances, ie. to
reduce the primary barriers to switching to LPG in the first place. Since the percentage of
households using LPG in rural areas is about one-third of that in urban areas, this will benefit
mosdy rural households in addition to encouraging substitution. Since GCOMR would be the
monopoly producer/wholesaler of LPG, it could set the bulk price for LPG and implement the
cross subsidy in several ways:

(a) reducing the bottle deposit further below cost, but not so low that there would be no
incentive to properly care for botdes, say YR 50/bottle;

(b) licensing manufacturers of LPG tannurs for quality control, and providing these
manufacturers with radiator materials at concessionary prices which would encourage
lower retail appliance prices (these materials do not appear to be available in YAR, and
hence could be imported by YPC for distribution); and

(c) a promotional campaign whereby if a household buys an LPG tannur, they will receive
a free bottle of LPG.

532 RECOMMENDATION: GCOMR and YPC should maintain an LPG pricing structure
which encourages retail pricing of around YR 40/bottle. YPC could sell bottles directly to
consumers through its agents at this price. Assuming that LPG transport, bottling, and distribution
costs YR 10/bottle, based on Table 3.7, the bulk price for LPG should be no more than YR 2,800/t
(calculated on the basis of a retail price of YR 40/botde less ransport, bottling, and distribution
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costs of YR 10/bottle) and no less than YR 2,000/t (based on the economic value 18/ of
approximately YR 1,400/t and including a bottle cross-subsidy equivalent to YR 7/bottle, i.e. YR
560/t). The actual price for bulk LPG as well as wholesale bottle prices should be set within these
limits, but at a level which will encourage private sector involvement and at the same time help
guarantee the financial health of YPC.

5.33 Assuming that domestically produced LPG is priced at its economic value of around YR
1,400/t 12/ and bottling, transportatior, and distribution costs of YR 10/bottle, a retail price of YR
40/bottle would generate a windfall of approximately YR 15/bottle for YPC. Two-thirds of this
could be applied towards bottle and appliance subsidies, while the remaining third could be spent
on safety and code enforcement. Allowances could also be made for road maintenance or other
development projects which indirectly support LPG marketing and distribution. Even though the
retail price would be much higher than economic cost, LPG would nevertheless become less costly
in financial terms than competing fuels. Furthermore, since the implicit tax on the fuel would be
used to subsidize bottle and appliance costs, LPG would in effect become the cheapest household
fuel in Yemen.

5.34 Improving Safe. As suggested above, the tax revenues generated by maintaining LPG
prices at their current level could be used in part to finance the adoption and enforcement of
standards and codes covering both YPC operations and consumer installations. This includes
appropriate siting of bottles depots and filing plants, and the regular inspection of bottles and
facilities. These responsibilities would be most effectively adopted by YPC itself, since it will
already be familiar with LPG facilities and will have the opportunity to inspect bottles as part of
normal operations. Fortunately, there have been no large scale LPG accidents to date, but this has
simply been a matter of luck given the deplorable condition of many bottles and LPG facilities in
Yemen. In the long run, a safer LPG industry will not only save lives and property, but will also
reassure consumers and stimulate interfuel substitution. Some key safety recommendations are
listed below.

5.35 Safety needs to be enhanced throughout the chain of LPG supply by developing and
enforcing safety codes, attending to damaged equipment and decentralizing large, potentially
dangerous distribution depots. Of four sales outlets visited, only one had a fire extinguisher, none
had suitable ground-level ventilation, two had steel thresholds to the store which could be spark-
inducing and visitors were not informed not to smoke. RECOMMENDATION: Standard codes for
equipment, construction, operations and safety need to be developed and instituted immediately.
One area of particular danger is the manner by which bottles are recklessly handled at present. As
a first measure, operators should be instructed: (a) never to drop bottles unless the fall is cushioned
by an old tire and then never more than 30 cm.; (b) where a wooden ramp is used to move bottles,
the cylinders should be stopped at the end of the ramp by a tire, not another bottle; (c) bottles
should be moved by holding the collar and rolling on the base ring; and (d) bottles should be piled
manually and carefully, preferably upright on pallets. To enforce the new codes, a safety
commissioner should be appointed, perhaps with a small inspectorate, to develop, implement and

L$1 Assnig a Gfc.if. price of US$100/1 and an exhwge rate of YR 12.5 USI.

a/ GCOMR may acuaUy pay less han YR 1,500/ for dmesalypoced LPG depending on the purchase
agement mached ith YHOC However, given that the fo.h value of LPG woul be aroud YR 1,500/A it
shoul not selt it for less.
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enforce, as well as educate employees about, safety regulations and practices. Safety codes and
standards will be established during the LPG Crash Program.

5.36 The problem of damaged cylinders is a safety issue which will only get worse with
inattention. An estimated 250,000 to 500,000 damaged bottles await repair which could be
undertaken at about one-quarter the YR 150 cost of importing a new cylinder.
RECOMMENDATION: All bottles with dents greater than 5 mm deep should be set aside for
expert testing before being readmitted to active bottle stock. All bottles, damaged or not, should
be tested before their fifth anniversary of manufacture and thereafter once each year. Testing
dates should be stencilled on cylinders. Once color-coding of bottles by tare weight has been put
into effect, bottles of the standard tare weight should be selected for first repair. In a related vein,
safety problems may develop with the pressure regulators. Because LPG produced from field gases
will differ in butane/propane proportion from the current imported mixture (Le. domestic LPG will
have a butane/propane composition of approximately 70/30 as opposed to 85/15 for current
imports) , there will be an increase of pressure within all vessels holding LPG. It is likely that
existing bottles will be suitable for the higher pressure but pressure regulators and other equipment
may need to be entirely replaced. RECOMMENDATION: Pressure regulators and other
equipment should be tested prior to marketing domestic LPG and replaced if necessary. The cost
of replacement could be absorbed as part of the refing price.

3.37 The current system of operating large retail sales outlets in densely populated areas with
many stored bottles in dwellings which are not built specifically with LPG hazards in mind is
dangerous. RECOMMENDATION: Properly built storage and selling facilities should be installed
in YPC's gasoline stations. This would provide a number of advantages over the present system,
including:

(a) the storage and handling of cylinders can be made inherently safer;

(b) the task of collecting full and delivering empty bottles would be much more
convenient for customers;

(c) a ready-made network of distribution points could be employed with the small extra
cost of constructing suitable stores on YPC property; and

(d) training of operating staff would be simplified as existing gasoline station personnel
have respect for hazardous products.

Similar storage standards and practices would apply to private retailers.

5.38 Development of both LPG and natural gas are important topics at the current time.
These activities should be organizationally segregated since LPG is much more similar to petroleum
products than to natural gas in terms of marketing and distribution. RECOMMENDATION: In
light of this, LPG would naturally fall under the control of YPC, while natural gas development
would be relegated to the portfolio of another agency such as GCOMR. Given the limited number
of qualified staff at YPC, GCOMR, and MOMR it is likely that for the time being the same staff
will be involved in both LPG and natural gas development. These agencies should endeavor to
attract other qualified individuals to these positions, so that these activities may proceed
independently in the future.



63

Commnm sa tion of pliances

5.39 If LPG is to substitute for woodfuels, LPG appliances that satisfy the same end-uses must
be affordable and widely available. Virtually all firewood is consumed for baking and cooking.
Although small LPG burner rings are readily available for cookin& the prevalence of bread in the
Yemeni diet requires LPG baking equipment. Until now, large expensive metal LPG tannurs have
been available in larger cities. Even at a cost of YR 1300 to YR 2500 each, sales have been rapidly
growing. Nonetheless, at these prices it is unlikely that these appliances will be widely accepted.
Furthermore, although urban areas manifest the highest population growth rates and the lowest
firewood consumption, to a large extent due to the availability of bakery bread, one cannot rely on
urbanization to obviate the need for bread baking equipment. 90% of households in the northern
governorates are rural, and most will remain so. Even most urban households continue to bake at
least some bread. Affordable LPG baking appliances are as important as increasing fuel and bottle
supply to bring about interfuel substitution.

5.40 Results from the University of Sana'a and CPO surveys support the assertion that LPG
and firewood are currently not substitutes; frewood consumption is positively correlated with LPG
consumption. Given the lack of LPG baking appliances, this is understandable; as households cook
and bake more, they will use more of both LPG and fuelwood since no technologies are widely
available to allow substitution between them for baking

5.41 Tests were conducted under the Household Energy Strategy Study to determine the
performance, efficiency, and specific fuel consumption of LPG baking appliances, including the clay
tannur retrofitted with a disk burner, a ring burner and a radiator, as well as the metal tannur.
These appliances are shown in Figure 5.1. The specific fuel and energy consumptions, and lifecycle
costs for each oven were calculated based on a series of bakbg trials and measurements conducted
at the University of Sana'a, and are compared in Table 5.4. The methodology and more detailed
test results are presented in Annex 6. On fuel and lifecycle costs, the metal tannur turns out to be
the least expensive LPG appliance, though start-up costs are much more prohibitive than the
retrofitted woodburning tannur.

Table 5.4: COMPARATIVE BAKING COSTS, LPG AND WOOD

Stove Type Fuel Power Lifetime af SFC b/ SEC St Fuel Lifecycte
type kW yrs. kgfkg NJ/kg Costs Costs g/

(YR/kg) (YR/kg)

Clay tarwur wood 29 3 2.7 35 3.9 4.0
Clay tanur w.
ring burner LPG 12 3 0.5 22 1.5 1.8

Clay tamfur w.
radiator LPG 13 3 0.4 18 1.3 1.6

Netal tannur LPG 12 5 0.2 10 0.7 1.3

0 Estimated.
b) Specific fuel consumption (kilos of fuel per kilo of bread baked).
gt Specific energy consurption (megaJoules of energy per kilo of bread baked).
di Based on wood priced at YR 0.11/NJ and LPG at YR 0.07/NJ (this assuaes the recomunded retail

price of YR 38/bottle and 12.5 kg/bottle). The lifefcycle costing assumes that a wood tannur
costs 200 YR, a clay taruwr with ring or radiator YR 550 and a metal LPG tamur 1500 YR.
700 kg/yr bread consumption and 10X discount rate assumed.

Sorc: Visser, "Household Energy options in the Yemen Arab Republic: Test Results on Tannurs
and Cookstoves", ESMAP, 1988; Zabarah, "Field Study for the Substitution of the
Traditional Tanoor for the LPG Tanoor", ESNAP, 1988; and mission estimates.
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5.42 The LPG radiator for retrofitting exdsting clay tannurs represents the most promising
LPG baking appliance, on a cost and performance basis. The disk burner tended to burn the bread,
and the initial costs of the metal tannur are too high for most households. A preliminary design
has been developed as part of the household fuel marketing study. It is strongly recommended that
the Government initiate a follow-up activity to commercialize this design. lhis activity would
comprise the following tasks:

(a) identification of appropriate materials for the radiator, taking into account cost,
availability in Yemen, lifetime, etc.;

(b) local construction of prototype burners (including the radiator);

(c) testing of the prototypes on technical aspects such as power, controllability, and lifetime,
as well as on consumer acceptability; and

(d) once an appropriate design is found, organization of production and marketing of such
burners on a commercial basis in cooperation with a local manufacturer.

The most appropriate Government counterparts for this activity would be GCOMR and YPC.

Ihe Effects of a Managed Transition

5.43 With even the most sophisticated market forecasting techniques, it is unlikely that sales
forecasts will be reliable. Even if an accurate figure of the market potential can be deduced, the
speed of market penetration will depend on the skills employed in tackling the market and on
suitable supply and distribution systems. With these caveats in mind, the benefits of implementing
the recommendations made above are estimated.

5.44 With improvements in the availability and delivery of LPG and other measures which are
recommended in this chapter, household demand for LPG could reach 240,000 tons/year by 2000;
in addition, a potential demand of nearly 30,000 t/yr could be tapped in other sectors such as
poultry farms and large service sector consumers, e.g., hotels. Market penetration is expected to
gradually increase as locally produced LPG becomes available at a price competitive with that of
increasingly scarce and expensive fuelwood.

5.45 In order to project LPG demand, two scenarios have been analyzed which are based on
different proposed Government strategies. In the "natural substitution" scenario, no Government
action is taken beyond making domestically produced LPG available in an accelerated way, this
Government program was described in paragraph 5.15 above. Should the current trends in
household energy consumption continue, total fuelwood stocks in the northern governorates would
be depleted in about ten years to the level currently found in fuelwood deficit areas such as
Dhamar. This scenario assumes that, at that time, national household LPG consumption reflects
the consumption pattern currently found in Dhamar. Non-household LPG demand growth is
assumed to grow at 5% annually and includes the demand by commercial farms which is expected
to reach 29,000 t/yr by 2000. In the "managed transition" scenario, the Government would, in
addition to the measures mentioned above, undertake the following: (a) increase the availability of
LPG cylinders to ensure their adequate supply at a more affordable price; (b) mobilize the private
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sector by allowing private LPG marketing and distribution, including bulk supplY, at all stages
downstream of extraction; (c) develop and dbseminate low-cost LPG tannurs; (d) subsidize LPG
bottles and appliances with extra revenues from the sale of LPG fuel; (e) formulate and enforce
codes and standards to help ensure product safety and the smooth operation of production, bottling
and distribution; and (f) establish a separate agency or unit within YPC that would be responsible
for LPG promotion and code enforcement.

5.46 These two scenarios were then compared with a theoretical "maxdmum potential" of
market penetration which establishes the upper bound for future growth in domestic LPG
consumption. This Is characterized by steady growth in LPG demand such that, at the end of 15
years, all households consume LPG at the average rate of those who today use only LPG and no
kerosene or wood, i.e., 176 kg/yr. Non-household demand is assumed to grow at 10% annually.
The estimated demand under the two scenarios and the maximum potential are enumerated in
Table 5.4 and depicted in Figure 5.2.

lable 5.5: LPG DEMAND ESTIMATES

Actual Projected 1988-2000
Scenario 1987 1990 1995 2000 Groith Rate

('000 tors/year)

Natural substitution 84 108 144 193 6.0

Managed transition 114 193 268 8.9

Maxima potential 119 201 340 11.1

5.47 Government actions can make a significant difference in demand growth. According to
these estimates, the difference in consumption under the two scenarios after 12 years is estimated
at 75,000 t/yr, which is equivalent to nearly 1 million t of fuelwood, or 20% of present fuelwood
demand. Figure 5.3 shows the effects of the managed LPG transition on woody biomass standing
stocks. The impact of increased LPG substitution becomes apparent after about S years, when the
rate of depletion does not accelerate as quicldy compared to the depletion shown in Figure 4.2 for
the natural transition scenario (ie. the line for 'stocks w/o mngd tran" shown in Figure 5.3). At
the end of 10 years, sturdy stocks are nearly twice as great with the managed transition than
without. Although the managed transition alone will not prevent fuelwood depletion, it will allow
additional time to implement effective fuelwood supply programs.
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FUre 5.2: LPG CONSUMPTION SCENARIOS
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Eiggu 5.3: THE EFFECr OF A MANAGED 'RANSMON
ON WOODFUEL RESOURCES
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VI. RURAL POWER SUPPLY: ISSUES AND OPTONS

6.1 Household electricity use is remarkably widespread in the northern governorates. Nearly
63% of all households use electricity from sources other than dzy ceDl batteries, including 96% of
urban households, and 59% of rural households. The high incidence of rural use is extraordinay
when compared to middle income countries (such as in South America), where onl 30 to 50% of
rural households may be expected to use electricity. What is even more remarkable is the fact that
the majority of households in the northern governorates using electricity obtain it from sources
other than YGEC; in fact, users of non-grid electricity outnumber grid connected users by almost
four to one. While this unprecedented use of electricity has no doubt benefitted rural households,
it has done so at great cost, economically and financialy. In fact, there appears to be considerable
scope for reducing the costs of rural power supply.

Existing Rural Power Systems

62 Among the power systems found in the northern governorates are: (a) the grid and
numerous isolated systems operated by the public utility (YGEC); (b) autogeneration (and in many
cases local distribution) by a large number of private households and induswial operators
throughout the country; and (c) lead-acid car or truck batteries used by many households for
television. Based on information from YGEC and the Household Fuel Marketing Surveys, it is
estimated that, out of 769 Gwh supplied in the northern governorates in 1988, 545 Gwh (71%) was
generated by YGEC, and the remaining 224 Gwh (39%) was privately produced for own-
consumption or sale.

63 Of the 769 OWb consumed in 1988,46% was consumed by households, 27% by industrial
users, 14% by the commercial sector, and the remainder by the military, agriculture, water supply,
hotels and street lighting. Consumption characteristics of rural and urban households are given in
Table 6.1 by source of generation; this data leads to the following observations:

(a) Autogeneration is an entirely rural phenomenon which accounts for virtually all
household electricity consumption in rural areas, while the public utility meets virtually
al of urban electricity demand;

(b) As with the consumption patterns of other fuels, there are striking differences between
rural and urban consumption of YGEC electricity. Urban consmption per household
is more than twice as great as rural consumption. Since rural/urban income and
expenditure differences are not as great as one would normally expect (average total
rural expenditure is about 70% of the average urban total), this disparity may be in large
part attributable to the length of time connected. On average, urban households have
been connected to the grid five times longer than rural households;

(c) As with LPG, households exibit a high wigness to pay for electricity, at least for low.
power basic needs such as lighting; in rural areas, households pay on average over US$
0.60/kWh; and
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(d) Average consumption for rural YGEC households is about twice as great as for
households relying on autogeneration, most likely because autogeneration is much more
expensive and is only available during limited periods of the day, which reduces the
usefulness of appliances such as refrigerators and water heaters. In fact, whereas there
is an incidence of 0.5 refrigerators per household and 0.3 water heaters per household
in YGEC households, the incidence of these appliances in households relying on
autogeneration is statistically insignificant. Rural households are apparently unwMilling or
unable to pay the high costs of additional autogeneration to enable the use of these
Oluxufy' appliances. Furthermore, they are less likely to be able to afford the appliances
themselves.

Table 6.1: HOUSEHOLD ELECTRICITY DEMAND, 1987

Source of Electricity Urban Rural Total

A. No electricity
# of households 6000 498,000 504,000
X of all NH 4 41 37

A. )6EC
' of households 133,000 49,000 182,000
X of No In group 94 4 14
average kWh/yr. 1311 588 1116
yrs. connected 9.4 1.9 7.0
av. price, YR/kWh 1.36 1.82 1.49

C. oai-guratd
i of households - 85.000 85,000
% of HH in growp 7 6
averae kWh/yr. - 386 386
years owewd 2.8 2.8

D. Private eneration
* of households - 464,000 4,4000
X of NH in group 38 34
averag kWh/yr. 235 235
avo. price, YR/kWh - 5.93 5.93

E. Hattery
* of households 3,000 124,000 127.000
S of H in group 2 10 9
awr kWh/yr. 23 23 23

Socs: Data on verWe conraption nd years connected from University of Sans's
survey #2. except for YGEC figures, ihch were provided by YGEC; all other
fSig frm CPO Family Budget Survey.

6.4 The YGEC system in the northern governorates, which is depicted below in Figure 6.1,
consists of two components: the interconnected grid (comprising the thermal power stations at Ras
Khatenib and Mokha, and the major diesel stations in the urban areas of Sana'a, Hodeida and
Taiz, al connected to the 132-kV network), and about 33 isolated systems throughout the countly,
consisting of diesel units and associated distrbution networks. The interconnected system has an
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installed capacity of 372 MW, of which 310 MW are in the two thermal plants and 62 MW in the
city diesel units. In 1988, the interconnected system accounted for about 93% of YGEC's electricity
sales and generation. At present, this system has excess generating capacity. In 1988, maximum
demand of the grid was 143 MW, leaving a reserve margin of 160%. However, given general
demand growth, and once the Amran and Bajil cement plants (which now generate their own
power) and other industrial users are linked to the interconnected system during the next few years,
this reserve margin is expected to disappear in 1993; by 2000, YGEC is expected to increase its
generation threefold. The World Bank Energy Strategy Review has recommended that future
capacity e3pansion utilize domestic natural gas as fuel.

6.5 Only 4% of rural households in the northern governoratez rely on YGEC for electricity;
the remaining 55% of rural households which use electricity obtain it from private generation or
liquid batteries. If the number of rural households grows 2% annually over the next 15 years, by
2004 there will be nearly 1.8 million rural households. If implementation of the current and
proposed power projects (Power III, IV, and V) as well as the Earthquake Reconstruction Project
proceed as planned there will be approximately 370,000 rural households connected to YGEC,
suggesting that the portion of households connected will increase to 21% by 2004. On the other
hand, if the fraction of rural households using their own generators or purchasing power from
private producers remains constant at 45% of Pil rural households, there will be over 800,000 rural
residences using electricity generated from sources other than YGEC, plus those using lead-acid
batteries.

6.6 The prospects for increasing the portion of grid-connected rural households beyond 21%
in the next 15 years are poor. The costs of rural electrification are increasing as the most accessible
rural communities have already been connected. The Power V Rural Electrification Feasibility
Study estimated that the average costs of distribution (from the 11kV level downwards) and
connection for households under that program would be $933 per household (1987$); the most
expensive connections considered in the study were $1300 each. Considering these costs, the
financial resources required to accelerate rural electrifiation are immense. If another 1 million
rural households were to be connected for a conservative average cost of $1500 each, resulting in
connection of nearly 80% of all rural households by 2004, the additional cost would be $1.5 billion.

6.7 YGEC tariffs contain cross-subsidies between consumer categories. Most industrial
consumers and some hotels and agricultural enterprises are subsidized, while the highest rates have
been set for rural households, which pay YR 1.50/kWh or as much as twice the rate paid by
subsidized consumers. Urban residential consumers pay YR 1.10/kWh, reflecting the lower
distri'bution costs in urban areas. When fixed monthly service costs are taken into consideration,
the average urban rate is YR 1.36/kWh and the average rural rate is YR 1.82/kWh. Even though
tariffs exceed the long-run marginal cost estimated in a 1984 World Bank study, this tariff structure
does not provide adequate revenues to cover the financial requirements of YGEC in the short-
run due to underutilized capacity, technical losses and administrative inefficiencies. The
Government and YGEC are aware of the need to restructure electricity tariffs and have already
appointed consultants to carry out the study under the Bank's Third Power Project (Cr. 1361-
YAR).
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Feigure 6.1: THE YGEC SYSTEM IN THE NORTHERN GOVERNORATES
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6.8 Although YGEC may generate more energy than any other electricity source,
autogeneration provides power for nearly four times as many households and represents more
installed capacity. In 1987, residential autogeneration represented 416.5 MW of instaDed capacity
(about 83% in diesel units) which produced 28 Gwh for own-consumption and 110 Gwh for sale
through private networks to other households. Average generator size is about 4.9 kW and average
monthly generator fuel consumption (mostly diesel) is 196 lites. In addition, some 4 Gwh of
electricity was supplied by liquid batteries for residential use. Battety power is not included in the
demand and supply figures to avoid double-counting as it is assumed that the preponderance of
cells are charged by power from autogenerators or YGEC.

6.9 Total installed generator capacity comprises numerous small gasoline and diesel
generators in the 500 W to 7 kW range. A smaller proportion of total capacity comprises the S to
80 kW range, while 80 to 200 kW units may make up the largest single portion of capacity. These
large units are virtually all dieseL All households in University of Sana'a survey #2 which reported
owning a generator indicated that they also provided power to other households. In fact, only about
8% of households buying power from non-YGEC sources obtain it from cooperatives;
approximately 90% buy it from individuals who produce and distnbute it as a business. The

nmallest generators are used by idnivdual households and provide electricity to a few nearby
neighbors. The larger generators, on the other hand, represent a sgnificant business activity in
which electricity is sold to many households in the vicinity. During missions to the northern
governorates, private, household-based enterprises were visited which supplied electricity to over
200 households and which operated fairly sophisticated billing systems.

6.10 Results from University of Sana'a survey #2 indicate that rura consumers of privately
produced power pay approximately YR 5.93/kWh. Site visits confrmed that consumers of
privately produced electricity pay considerably more for power than YGEC consumers, though there
is a high degree of variability. One shop owner paid YR 50 per month for a single 20W tube lamp
operated only 5 hours per night, implying a cost of nearly YR 17/kWh. In a private 225 kW system
which included metering at each connection (unlike most small diesel systems which charge monthly
by the appliance), consumers were charged a fixed fee of YR 80 for up to the first 15 kWh per
month, YR 3/kWh for the next 10 kWh, YR 2/kWh for the following 10 kWh, and YR 1/kWh
thereafter. Average consumption per connection was approimately 17.4 kWh/month, suggesting
that consumers were paying on the order of YR 5/kWh.

6.11 Even at these prices, private generation and distrbution is not excessively profitable.
The relatively high prices consumers pay simply reflect the high costs of this techncally ineffi'cient
power suppWly source. A properly sized S kW system providing power to 17 households may produce
electrity at a levelized cost of around YR 520/kWh, whereas a 60 kW system supplying 200
households produces electricity at a leveized cost of nearly YR 4.00/kWh. However, private
generation capacity in Yemen is often oversized, in several observed cases by a factor of three,
resulting in poorer fuel-to-electricity effiiency and higher levelized production cost than suggested
above.

6.12 Conservatiely assuming a fuel-to-electricity efficency of 0.5 hi of diesel per kWh
consmed for private generation in Yemen, and that all priate generation is diesel, approximately
68,000 t of diesel was conmed in 1987 for private household generation at a total economic cost
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of YR 106 million. Although grid extension throughout rural Yemen would be prohibitively
expensive, continued reliance on private generation will also remain costly. There appears to be
considerable scope for reducing the costs of rural household power supply and improving service.

The Potential for Alternative Technologies

6.13 The preceding section shows that rural non-YGEC electricity consumption is widespread
for low power, basic needs such as lighting and television reception, and that non-YGEC generation
will remain significant over at least the next 15 to 20 years. Non-YGEC consumers have
demonstrated a very high willingness and ability to pay for this service, paying on average over US$
0.60/kWh. This price reflects the high costs of small diesel generation.

6.14 The high costs of grid extension and rural private generation in Yemen render alternative
electricity supply technologies very attractive. The most promising alternative is the household
photovoltaic (solar electric energy) system. These systems comprise photovoltaic (PV) modules
which convert sunlight into DC electricity, batteries for storing this energy for use during the night
or cloudy periods when there may not be sufficient sunlight to meet all loads, a voltage regulator
to prevent excessive overcharging or discharging of batteries, and appropriate DC appliances such
as high efficiency fluorescent lamps. (DC fluorescent lamps, televisions, and radios are already
widely available in Yemen). A generic depiction of this system is shown in Figure 6.2.

6.15 Photovoltaic technology has proven reliable and cost-effective for providing small amounts
of power at remote sites. PV modules are plirhaps the most reliable part of these systems, and
module cost reductions over the past decade have allowed PV to become competitive with
conventional technologies for remote telemetry, telecommunications, cathodic protection, and
vaccine refrigeration. More recently, several projects worldwide have demonstrated the potential
for commercially viable dissemination of household PV systems in rural areas. G1Z has financed
such projects in Peru, Tunisia, and Philippines, the French government has undertaken a
widespread though heavily subsidized program in French Polynesia, and an American non-profit
organization has developed a sustainable dissemination program in the Dominican Republic. These
projects have demonstrated the importance of appropriate balance-of-system design (ie. all system
components other than the PV modules) and the need for fnancing schemes if systems are to be
commercially disseminated beyond the wealthiest few percent of rural households. Most
importantly, though, these projects have illustrated the technical maturity of the technology and the
feasibility of commercially viable system dissemination.

6.16 Based on the experience in other countries, the potential for these systems in Yemen
appears to be very good. Most rural households in Yemen cannot expc grid connection in the
next two decades, rural household income and liquidity are relatively high, rural households have
already demonstrated a wilingness and ability to pay for electricity for low power basic needs, the
cost of conventional rural power supply systems now used in Yemen is high, and the private sector
is active and motivated. The confluence of these factors, together with the good solar resource in
Yemen, suggests that Yemen may indeed be the most promising location for widespread
commercial dissemination of household PV systems in the world.
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Figure 6.2: HOUSEHOLD PHOTOVOLTAIC SYSTEM COMPONENTS
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6.17 The cost breakdown for a complete PV system that could meet the average daily load
of householdr currently purchasing power from private generators Is as follows (profit margins and
other overheads have not been inlduded):

90 Wp of modules 495
Batteries 70
Charge controller 75
Three fluorescent lamps and fixtures 90
Wiring and installation 30

Total System Cost $ 760

6.18 Smaller systems with fewer lighting points which may be acceptable to lower income
households or those with more modest needs could be configured to include only 50 Wp of module,
half as much battery storage, and fewer lamps and fixtures. The cost of such a system would be on
the order of $450.

6.19 In order to better evaluate this potential, grid extension, diesel generation, and PV
systems were compared economicaly. These results, discussed in detail in Annex 7, indicate that
PV is economically less costly than grid connection or diesel generation for settlements where there
are fewer than 20 to 45 households with electricity located more than 2 to 4 km from the existing
11 kV grid, i.e. areas in which there are fewer than 12 to 16 low-power connections per kilometer
Of 11kV line. The precise criteria depend on site specific conditions such as the economic cost of
delivered fueL local terrain which may result in higher costs for grid extension, etc.

6.20 On the basis of these results and observations, a follow-up activity for the development
of appropriate household PV systems and a commercial infrastructure for dissemination and
maintenance of such systems is recommended. Since the activity would complement conventional
electrification, the appropriate govermnent counterpart would be MEW. However, a private sector
firm should be seiected as an operational counterpart; YGEC and University of Sana'a could
provide technical support and monitoring assistance.

6.21 This commercialzation activity could be structured as a joint venture between the a
foreign donor and a local private firm. The foreign donor would provide foreign exchange items
such as international consultancy and an initial supply of system components, while the local firm
would cover local costs, and in particular, would provide staff. Selection of the local firm would be
based on business plans submitted in response to a request for proposals. The activity would
include the following components:

(a) the technical testing of household PV systems and the specification of appropriate system
design;
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(b) consumer acceptance testing over a period of at least one entire weather cycle during
which time ystems will be installed and monitored in mral households. Criteria for
selection of vilages for system testing would be mutually agreed to with the government
counterparts The effects of competition with private power distributors who currently
sell power to rural households will also be assessed. At the end of this period, the
systems will be offered for sale to the households in order to judge actual consumer
acceptance;

(c) the development of effective financing mechanisms, if necessaly, which will make the
systems affordable to more households; and

(d) the development of local private sector capability, particularly through training of local
staff, to carry on the assembly, marketing, diseminaton, and maintenance of the systems
on a sustainable, widespread, and commercially viable basis.

Ihe Need for a Rural Power Strategy

6.22 Tle development and introduction of less costly alternative rural power supply options
recommended above should be part of an effort to formulate a broad rural power strategy. With
the decline in remittance income, the ability of rural household to purchase these alternative
systems may diminish somewhat. Despite their costs, social and political pressure for grid extension
will remain and diesel generation will continue to supply most rural households with electricity. It
is recommended that the Government, through YGEC and MEW, formulate a rural power strategy
to minmize economic and financial costs and improve service by conducting the following activities:

(a) The formulation of a strategy to improve the service and reduce the costs of private
power generation. In effect, this requires the Government to acknowledge the vital role
of the private sector in providing power to rural areas and to create an environment
where rural consumers and the economy as a whole can benefit as much as possible from
private sector activity in this area.

Site visits and survey results suggest that capacity is not properly sized to demand,
equipment operation is sub-optimal, proper safety and maintenance procedures are often
lacking, and generator output is probably highly underutilized. Even if PV systems were
to rapidly penetrate the rural autogeneration market, small generators will likely continue
to dominate rural power supply. Therefore, it is important to evaluate the potential for
more efficient operation of this source of energy in Yemen and develop mechanisms to
promote efficient operation of private generation. To do so, this component would
comprised of the following activities:

(i) an inventory of the most common diesel and gasoline generators used in Yemen
(power rating, estimated lifetime, purchase price, operating costs, etc.);

(ii) an evaluation of generator efficiencies under a range of typical operating conditions;

(iii) a desciption of the supply systems for generator and spare parts importation; and
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(iv) recommendations on Import standards, dissemination of nformation on efficient
operations and maintenance, and other institutional mechanisms, as weln as safety
considerations, to promote efficient private power supply.

One approach for realizing the potential of improvement in private power generation
may be to develop a scheme for licensing private generators. In order to obtain a license,
private parties would have to meet certain technical generation and distribution
standards. License holders would be entitled to technical extension services that may
help them operate, maintain, and expand their systems at least cost. A further (and
probably greater) incentive for private generators to seek licensing would be to offer
license holders a ready supply of spare parts at appropriate costs (perhaps subsidized if
it is shown to be justified), or perhaps even vouchers for the purchase of fuel at
discounted prices. Pressure for operators to share the rents of more efficient operation
with consumers might come from the availability of alternative power supply sources,
such as the household PV systems described above.

(b) A thorough evaluation of the costs and benefits of rural grid extension, the identification
of criteria which determine whether grid extension is justified in particular cases, and
development of a detailed rural electrification plan using these criteria which takes into
account the results of the PV commercialzation activity and the rural private power
assessment described in (a).
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VII A HOUSEHOLD ENERGY STRAEGY

Strategic PrinZIes-

7.1 The formulation of a household energy strategy for Yemen is guided by the following
strategic principles:

(a) Welfare Improvement: As Yemen enters the era of domestic oil production, it is
important to maintain the momentum of development which has built up over the
past two decades. An important aspect of this development is the improvement of
household welfare. The Government now has a greater responsibility to invest
resources in rural development to improve rural household wel&re, particularly
since villages are no longer benefiting from remittance income to the extent that
they used to. The Government also has a greater ability to make investments which
benefit rurad inhabitants, who constitute the bulk of the population (including the
poorest segments), because it is the recipient and allocator of oil earnings. The
household energy strategy seeks to improve household welfare in the short run
through interfuel substitution and the efficient use of energy and, in the long run,
through minimizing further environmental degradation caused by woodfuel
harvesting.

(b) Resource Sustalnability. The improvement of household welfare is intertwined with
the issues of resource use and environmental impact. Clearly, if a resource such as
woodfuel is depleted, household welfare will decline unless appropriate substitutes
are made available and affordable. Although Yemen currently faces depletion of
woody biomass resources, it enjoys a supply of LPG adequa!e for several decades
of domestic consumption. The household energy strategy stresses the prudent use
of indigenous energy resources to promote resource sustainability.

(c) Institutional ViablIty. The Government of ROY faces an enormous task in
managing the recently discovered petroleum resources and maintaining the
momentum of development. Its skilled human resources are at a premium.
Therefore, the household energy strategy does not rely primarily on government
resources for strategy implementation. Yemen has always been characterized by
a buoyant private sector, and the household energy strategy aims to mobilize this
resource through a market approach to policy and program implementation.

Elements of the Strategy

7.2 Chapters 4-6 developed the individual recommendations which comprise the household
energy strategy for the northern governorates and provide a basis for formulation of a strategy for
the entire country. The key elements are: (a) options to improve woodfuel resource management;
(b) measures to accelerate LPG substitution; and (c) activities to enhance rural power supply.
These are summarized in Table 7.1, along with information on implementation, estimated cost and
status of the recommendation.
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7.3 OrganizationalResponsibilities. Yemen's household energy strategy should ideally be
developed within the context of a coherent national energy policy. However, the development of
a national energy strategy requires an institutional framework capable of carrying out planning
and implementation tasks, a well-defined division of responsibility between sectoral institutions,
and basic tools such as databases and evaluation mechanisms. At present, proper energy planning
and coordination do not exist in Yemen for strategy formulation, project selection or general
programming. RECOMMENDATION: To implement the household energy strategy, the
Government will need to designate an existing agency as a centralized energy planning and
coordinating agency and provide for qualiied staf£, including expatriates, or, at a minimum, an
interministerial energy committee with an operational staff to coordinate the components of the
strategy which will involve several different Government entities. This action has also been
recommended by the Bank's Energy Strategy Review. The Planning Department of MPD appears
to be the best suited to this task.

7.4 Seven different Government organizations will be primarily responsible for strategy
implementation. It is anticipated that much of this work will be done by non-governmental Yemeni
experts and foreign consultants. As part of accelerated LP substitution, YPC will need to upgrade
its WP unit to the status of a Department with more personnel and an improved budget. In
addition, the respective roles of YPC GCOMR, and MOMR need to be clarified so that YPC has
more autonomy to develop W as a household fuel but also so that GCOMR and MOMR account
for and coordinate YPC decisions on L utilization with overall gas and oil policies and
investments. The rural electricity supply strategy formulation should be managed by the YGEC,
in cooperation with the planning section of the MEW. Private sector counterparts would be
operationally involved in the LPG tannur and household PV system projects; government
supervison of the n tannur project could be carried out bly GCOMR and YPC; MEW could
supervise the household PV project. Finall, elements of the natural resource management
component can be jointly or separately prepared by the Forestry Department of the Ministry of
Atobelthe and the Land Survy Authority.
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75 For specififc activities, other Govenment and non-governmental organizations may be
involved in implementation and evaluation, with overall management by one of the institutions
mentioned above. For eample, development of improved LPG tannurs and household PV systems
may involve development of the University of Sana'a for technical and monitoring support and local
women's councils for determination of social acceptability.

7.6 Einandin Financing requirements were roughly outlned in Table 7.1. As noted above,
some of the recommended activities can be or will be financed under the LPG Crash Program or
the National Agriculture Sector Management Program. For activities that do not fall under these
projects, Yemeni authorities can follow two broad avenues for mobilizing necessary funds for
components which cannot be self-financing. The Government may wish to organize an Energy
Sector Donors' Meeting which brings together the principal bilateral, multilateral and NGO
organizations which are or would like to be active in the Yemeni energy sector. The household
energy strategy would then be one element in a portfolio of projects and programs for the sector
which would be presented for discussion and rinancing This would entail a good deal of
preparation to assemble the portfolio and schedule the meeting, but could have important benefits
not only in the enhanced mobilization of funds but also in efficiency gains from improved
coordination of donor activities. Alternatively, the household energy strategy could be circulated
to the donor community for financing in its entirety, or on the basis of individual components or
even specific activities. Full financing would increase the likelihood that an integrated strategy
would be implemented (something that would be hard to achieve through piecemeal
implementation) but may be more difficult to accomplish than farming segments out to donors with
parochial interests.

7.7 Training Needs. Yemeni officials clearly need training in data collection and analysis,
pa1nning, project selection, monitoring and evaluation for the entire energy sector. Beyond this,
specific training is recommended for skills related to the acceleration of LPG market penetration
and improved natural resource management. For the substitution component, training is needed
for (a) the development and enforcement of safety procedures, and (b) the education of operators
in safe cylinder handling and filling practices. For the forest energ management component,
training of relevant Yemeni staff would be helpful in (a) interpretation of aerial photography and
remotely-sensed images, (b) the development and analysis of a database on woody biomass supply
and demand, and (c) dissemination of improved agroforestry techniques.

7.8 Monitoring and Evaluation. As the strategy is implemented, two types of monitoring and
evaluation can provide useful feedback to the central body which will coordinate the effort, as well
as to the relevant authorities which will be responsible for managing each separate component.
First, regular collection of data on relative fuel prices, quantities purchased and collected, energy
equipment purchases, behavioral changes, etc. should take place to determine how effective
different measures are in reducing woodfuel consumption and improving household welfare. Some
of this can be obtained through market surveys while much of it should be developed from periodic
surveys of randomly selected control households throughout the country. Second, a mid-term and
final assessment should be conducted by experts (local and/or intemational) who are not directly
concerned by the success or faiure of strategy implementation. Assuming that the strategy is
implemented over a ten-year period from 1991 - 2000, then these in-depth reviews should occur in
1995 and 2000.
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Ected Results Cos And Bnfits

7.9 Extd . Implementation of the stategy will result in significant financial savings
to households. Table 72 provides an estimate of household fuel consumption and expenditure
trends with and without strategy implementation. Calculations were made assuming that:

(a) increased LPG consumption will direcdy substitute for woodfuel;

(b) the price of woodfuel will not escalate as rapidly with strategy implementation due
to reduced demand pressure;

(c) LPG costs will be lower with the strategy due to lower prices for cylinders, appliances,
and fuel; and

(d) electricity consumption and total expenditure will not grow as rapidly due to the
implementation of efficiency measures and dissemination of household photovoltaic
systems.

The results of the rural power strategy study and the improved carbonization activities have not
been considered.

7.10 Even with successful execution of all strategy components, wood will continue to play a
vital role in the Yemeni energy economy, dropping from 6.7 million tons in 2000 to a little over 6.0
milion tons when the strategy is followed. Thus, the strategy can slow the growth in woodfuel
demand but not prevent it. Nonetheless, given the precarious status of woodfuel resources in
Yemen and the deleterious effects of resource depletion on household welfare, interfuel
substitution efforts are justified. Widespread woodfuel resource depletion would likely lead to
more rapid growth of LPG consumption than suggested in this report. Together with long-term
woodfuel supply programs, it is hoped that the negative consequences of woodfuel depletion can
be minimized.

7.11 During its first ten years the strategy should result in woodfuel savings of over 3.2 million
tons and electricity savings of over 400 Gwh, as well as savings of kerosene, gasoline and diesel fueL
The present value of the household savings which have been quantified amounts to over YR 2.3
billion (US$236 million) in 1988 YR.

7.12 The LPG Crash Program (US$9 million) and the National Agriculture Development
Project are essential elements of the household energy strategy. In addition, the purchase of
450,000 LPG cylinders the first year would cost approximately US$9 million and the purchase of
about 175,000 bottles per year subsequently would cost 3.5 million. Finally, other activities which
were identified earlier in this chapter but which would not be financed under the cylinder purchase,
or LPG program amount to US$1,550,000.
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Tabte T.2: HNUSEHOD FUEL CONUSMPTION tRENDS, 1991-2040

WITHOUT StRATEGY
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Woodfults 000 t 5284 5424 5567 5713 5861 6013 6168 6325 6486 6650
Woodfuet cost YR/t 769 801 835 870 907 946 986 1028 107n 1119
LPG 000 t 114 117 121 125 129 132 137 142 147 151
LPG Ct YRIt 7500 7500 7500 7500 7500 7500 ?500 ?500 7500 7500
Etectricity Gih 446 480 517 S60 603 643 685 725 765 804
flee. cost YR/NWh 3093 3072 3044 3004 2970 2954 2942 2941 2947 2959

a" uuauuusunuunua. -ufl 3um

Consumer expenditure 6296 6696 7129 7591 8076 8576 9125 9702 10313 10949
million YR

WITH STRATEGY
1991 19919 9993 1994 1995 1996 1997 1998 1999 2000

Woodfuets 000 t 5242 5347 5420 5496 5574 5649 5741 5835 5933 6027
Woodfuet cost YR/t 769 793 824 859 895 933 973 1014 1058 1103
LPG 000 t 120 128 142 156 170 184 198 212 226 240
LPG cost YR/t 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000
Electricity Gdh 446 473 504 538 570 599 625 655 688 723
Elec. cost YR/HUh 3093 3072 3044 3004 2970 2954 2942 2941 2947 2959

U * U U U 3333U3
ComUler expenditure 6128 6461 6854 72O 7703 8146 8612 9119 9660 10228

million YR
ArivlAt savings 167 235 275 321 373 431 513 584 652 721
NPV of savings YR 2,33? miLlion

7.13 Because many elements of the household strategy have been incorporated in other projects
which have already been initiated, calculating an economic rate of return for the strategy would be
a rather academic exercise. Furthermore, calcuating economic values for fuels such as firewood,
environmental degradation, or household welfare would yield rather arbitrary results. Further
economic analysis would not provide additional insights into the value of a household energy
strategy in Yemen, or clarify decision making Rather, in Yemen the adoption of a household
energy strategy is perhaps best viewed as a strategy for reducing the cost of energy to households
and thereby improving their welfare.
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HOUSEHOLD FUEL MARKETING SURVEY METHODOLOGIES

Introductin

1. Three household surveys were performed in 1987/1988 in the YAR: two household energy
surveys carried out by the University of Sana'a (HES 1 and 2), and a household energy module for
the CPO Family Budget Survey (FBS). These three surveys were designed to be complementary.
The abundance of surveys created nroblems, e.g., which survey is more reliable in cases where there
are different answers for duplicated questions, but also yielded a rich database on household energy
consumption. The nature and limitations of each survey are described below.

2. The CPO effort was an extensive family budget survey (FBS) to which 3 additional pages
were attached regarding energy consumption and appliance ownership. It concentrated on
expenditures incurred by households to acquire such fuels. Theoretically, this survey should provide
higher reliability because of the large sample (over 1600 households) plus the fact that households
were visited several times during the three-month period of each round and were requested to
record their expenditure in booklets provided by the CPO. However, this method was not
appropriate for collected traditional fuels such as firewood, crop residues and dung, or self-
produced charcoal. The enumerators estimated the quantities consumed and costed them according
to the market prices. There was no physical weighing of quantities in this survey.

3. The first University survey was a comprehensive household energy survey (HES) designed
to gather basic information on all types of fuels used by households in the YAR, including sources
of supply. HES 1 presented some limitations compared to the FBS; (i) the sample size was smaller
(759 completed questionnaires), and (ii) each selected household was visited once and the
information collected is based mainly on the memory of the respondent. On the other hand, HES
1 used systematic fuel weighing to determine the daily consumption of firewood, crop residues, dung
and charcoal.

4. The second University survey (HES 2) was launched in 1988 to collect more information
on household electricity consumption as neither the FBS nor HES 1 coacentrated on this energy
source. Electricity usage in YAR is particularly interesting because of the extensive use of
generators owned by the private sector. The scope of work of this survey also focused on tree
planting and management, and household fuel preferences.

5. Given these characteristics, the following procedures were developed:

(a) Feqees

Since the samples of the FBS and the first HES are actually subsamples of a single
sample it is possible to pool both samples which will increase the statistical significance
of information common to both. It appears from the comparison of the two data bases
that when the number of households possessing a certain attribute (e.g., the use of LPG)
is large enough, the difference between the two data bases is relatively small;
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(b) Q0

(i) Priority should be given to information based on weigbing which means that data
on firewood, crop residues, dung and charcoal should be taken from the first HES.
When compared to other countries and given the Yemeni traditions, the average
consumption of firewood is more reasonable in HES I (10 kg per day per user-
household) compared to the FBS (5.2 kg per day),

(ii)Conventional fuels which are primarily purchased in standard units should be taken
from the BS. The information computed from the FBS database matches better with
the available information when checkaed For example, LPG consumption of households
was about 71 million tonnes according to the FBS estimates, compared to almost 89
milion tonnes according to the HES I database, whereas the total sales of the country
for the same year and for all sectors was about 80 million tonnes, and

(iii)The quantity of electricity consumed by nouseholds should be estimated from HES 2 for
the reasons mentioned above; and

(c) DisagMaion

The samples were distributed over all 11 Governorates (i.e. the northern governorates of ROY).
Rural and urban households from each governorate were selected for enumeration. The FBS
included semi-urban households as well. This samplingprocedurewas designed to have all three
categories (urban, semi-urban and rural) epresented i the fi sample. However, governorate
results require cautious analyss because of very small number of observations in certain cases.
The number of observation was checked every time disaggregated information was needed. To
obtain a more reliable geogaphic grouping governorates were Classified by regional variation
of rainfll sol conditions, vegetation and topographic structure. The following zonation was
developed:

Sanaa: Sana'a governorate, including the capital situated in the central highlands,
where about 20% of the population live,

The ca : Hodeida governorate, representing coastal lowlands of the Thama,

Ihe Souther ghlgd: Taiz and Ibb governorates, situated in the mid-highlands,

Ile Central Highlands: Dhanar and Al-Beidha, also located in the mid-highlands
but differentiated from the Southern Highlands by different difference biomass
coverage and firewood availability,

Ihe Northwest Escarpment: Haja and Mahweet governorates, situated on the
Western Slopes, and

TheNorth-Northe: Saada, Mareb and Al-Jawf governorates, representing the
Eastern Slopes

6. The distrbution of households by zone and the sample size for each area (rural and urban)
are mmaried in the following table:
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Jakbe t: DISTRIBUTION OF HOUSEHOLDS BY ZONE
(CPO saiple and University sapse)

URBAN RURAL TOTAL
Households X Households X Households X

SARM 71,474 50.5 209,02.Q 17.1 280,496 20.5
(381)a (196) (577)

COAST 26,153 18.5 176,499 14.S 205,652 15.1
Hodeids (145) (199) (344)

NORTH-lEST 3,203 2.3 163,490 13.4 166,693 12.2
ESCARPNENT C 49) (169) (218)
HaJJa-Nehweet

SOUTHERN HIGHLANDS 29,382 20.7 640,635 36.1 470,017 34.4
Teiz-Ibb (218) (412) (630)

CENTRAL HIGHLANDS 9,109 6.4 160,859 13.2 169,968 12.5
Dhamr-Beidha (101) (195) (296)

NORTH, NORTH-EAST 2,215 1.6 70,009 5.7 72,224 5.3
Saer-Nareb-Jawef ( 60) (185) (245)

Y A R 141,536 100.0 1,220,594 100.0 1,362,130 100.0
(954) (1356) (2310)

IV pooled sa*Wle size.

Sampling

7. All samples were drawn by the CPO from the household frame of the February 1986 national
census. Ihe size of FBS was 1638 households representing 1.2 per thousand of the whole
population while the size of the University sample was 761 households, or 0.6 per thousand. The
sample is distnbuted over the 11 Govemorates of the country, with households randomly chosen
from 3 strata: urban, semi-urban, and rural areas. Only 2 strata (urban and rural area) were
retained in the University sample. 58 vilages from 40 districts selected from total of about 24,000
villages scattered in 197 districts were visited by the CPO team. Of these 58 villages, 29 from 29
districts were visited by the University enumerators (See Table 3).

8. For each of the 29 vilages selected in this group, every "nth household was selected, where
n is the appropriate sampling interval for that village. The selected households were allocated in
an alternating manner to each of the two surveys. For example, the Inth household was selected
for the CPO survey, the 2 'n"th for the University survey, the 3 Wn"th for the CPO survey, the 4
n'th for the University survey and so forth. The number of households selected from these 29

villages was approximately equal to twice the number of households selected from the 29 villages
where only the CPO survey was carried out. Consequently, the CPO sample size is twice as large
as the University sample. The distnbution of the samples by urban and the rural location within
each Governorate does not reflect the real distribution of the population for two main reasons:
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(a) Dispersion of population in the country, particularly in the isolated rural areas, where there
are 24,000 villages with an average size smaller than 50 households per village. This makes
it expensive to increase the rural sample size; and

(b) Rural households are more homogenous than urban, so that the urban households are over-
sampled relative to their representation in the population to ensure higher statistical
significance.

9. From a statistical point of view, the larger CPO sample is more statistically significant than
the University demand survey. If we consider p as the proportion of the households having a given
characteristic, the CPO survey results reach a 95% confidence level for all p > = 0.05 to be
estimated within 20% error difference. To have an equivalent p. the level of confidence of the
University survey results inust come down to 85%. The contrast becomes more important if we
intend to have results concerning the urban and rural area separately. To reach 95% of confidence
level we have p > - 0.11 in the urban area and p > - 0.10 in the rural area of the CPO sample;
and p > = 0.27 in the urban area and p > u 0.16 in the rural area of the University sample.

CIPO Swe

10. Interviewer training and the pilot testing were held during the last week of January 1987
and the frst visit of the first round began on February 8, 1987. Due to a shortage of manpower,
preliminary results of the fist round were made available only by the end of December 1988. The
Family Budget Survey Questionnaire included 4 sections on energy, with questions on:

(a) geographic location of the household and socio-economic criteria and the summary totals
for expenditure groups;

(b) different fuels consumed; quantity, cost and degree of availability,

(c) sources of supply of energy, method of transportation and time needed for fuel
transportation, and the reasons for not using LPG stoves in cooking; and

(d) the appliances used for each end-use and the proportion of fuel consumed for each end-
use.

University Sum=e3

11. Training and pilot testing took place from February 18-21, 1987. Twenty-four demand
questionnaires were pre-tested in and around Sana'a, covering urban and rural households. These
were then discussed with supervisors and interviewers. It was determined that households were
usually unable to tell the quantity of traditional fuel acquired in standard units and were unable to
give reasonable estimates for the period during which the fuel was consumed (especially for long
periods). Therefore each team had to periodically weigh the traditional fuels consumed.

12. The field work began on February 22, and finished on March 15, 1987. Five teams of 2 to
4 enumerators and 1 supervisor each were involved in data coliection stage (18 individuals in total).
The Sana'a team was made up of 2 women to facilitate the interviewing process without offending
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local custotis and traditions. A supply questionnaie was filled in by the supevisors in the same
areas where the demand survey was being carried out. The supply system investigation included
priazy producers, wholesalers, truckers and retaier (about 60 questionnaires). The information
collectedfrom suppliers was used to cross-check answers given by households with regard to prices
of different units of differnt types of fuels.

13. The HES 1 questionnaire was divided into S sections, with questions on:

(a) geographic location of the households and socloeconomic criteria including an attempt to
determine the income;

(b) consumption of traditiona, fuels such as charcowI, wood, dung, and crop residues;

(c) consumption of non-traditional fuels such as electricity, LPG, and Kerosene. The previous
two sections provide the following information:

(i) the quantity of fuel consumed during the period of November-December-January, with
daily consumption of traditional fuels weighed by interviewers;

(ii) the cost of fuel consumed during the same period;

(iii)estimation in percentage of the distribution of fuels consumed by end-uses; and

(iv)Sources of supply;

(d) cooking practices, epecially the different kinds of utensils and stoves used; and how often
such practices are used, together with fuel used, together with the cost of appliances, thbr
age and their expected life; and

(e) energy consumption trends and preferences. Households were asked if their consumption
has changed since 1984; and if so to indicate the main reasons and their reaction to such
change. Information was also collected on the reliability of the supply and the reasons for
not using particular fuels.

14. The Supply questionnaire included six sections:

(a) general information on the primary business activity and type of fuel supplied;

(b) wood production and distribution;

(c) charcoal production and distribution. Sections (b) and (c) provided information on the
average monthly sales according to each type of wood and each major outlet supplied and
the corresponding prices. Information was also coliected on seasonal variations in sales and
location of markets and their importance;

(d) species of wood collected for direct sales and for charcoal production; and the main source
of supply;

(e) transportation, capital and operating costs of fuelwood and charcoal suppliers; and

(f) issues and problems facing the business of wood and charcoal
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15. The main problems encountered were basically technical and can be summarized as folows:

(a) The University sample is not a sub-sample of the larger FBS because it was judged to be
difficult to interview the same households twice during the same period. However, both
samples were drawn from the same master sample so that they could be pooled or
compared on a general basis (according to the areas, the regions and the occupation of head
of household) rather than case by case;

(b) The enumerators had never used pre.coded questionnaires before so intensive training and
careful checking of the completed questionnaires were necessaty; and

(c) The first version of the questionnaires was written in Enlish and then translated to Arabic,
and special care had to be observed not to invert variables' order in the coding space.
However, the SPSS package uses a Roman alphabet so files and variables names had to be
entered in English. Thus, data from the Arabic questionnaire were entered on SPSS English
spreadsheets. Special care was required to record the right value for the right variable.

16. To avoid these problems, the following actions were undertaken:

(a) Data had to be entered from right to left according to the Arabic version of the
questionnaire;

(b) A very important set of editing rules was established to ensure automatic control of entered
data;

(c) For the CPO questionnaire the serial number of the question (or table) and the number
of the line within each question (or table) is integrated into the name of the variable to
facilitate data entry and processing to non-fluent English operators (see Annex 5). Because
the questionnaire design was not appropriate for data entry, the last 3 pages of the
questionnaire (Energy sections and summary group expenditures and Head of Household
criteria) had to be copied during the revision and coding period in designed formats. The
use of these formats presented the following advantages:

(i)It shortened data entry time from 30 minutes to 10-15 minutes per questionnaire;

(ii) It reduced the number of variables from 320 to 295 by eliminating the impossible cases
such as baking bread using battery-electricity;

(iii)It reduced the risk of error as all the answers were pre-coded and the missing items
were taken into account;

(iv)The formats were written in both languages, Arabic and English, which could help
controlling data entry by non-fluent English operators;

(v)The formats included the coding instructions for qualitative variables; and

(vi)The formats included also SPSS instructions to get files and save data entered.



94

Annex2
Page 7 of 9

Table 2: DISTRIBUTION OF THE POPULATION IN URBAN, SENI-URBAN AND RURAL AREAS
YAR - FEBRUARY 1986

in Household
Governorate Urban SemI-Urban Rural Total

Sana'a 71,474 43,022 166,000 280,496
Tafz 21,808 2,368 229,000 253,176
Hodeidah 26,153 12,499 164,000 202,652
Ibb 7,574 4,267 205,000 216,841
ohamar 7,144 179 117,000 124,323
HaaJja 2,081 1,998 114,000 118,079
8.1dha 1,965 3,680 40,000 45,645
Salada 1,837 2,089 47,000 50,926
Mahweet 1,122 492 47,000 48,614
Mareb 185 0 14,000 14,185
Jawf 193 0 7,000 7,193

Total 141,536 30,594 1,190,000 1,362,130

sourge: CPO - 1986 Census.

Tsble 3: NUMBER OF GOERNORATES, DISTRICTS AND VILLAGES IN YAR
AND THE NUMBER COVERED BY 1HE CPO SURVEY AND

SANA'A UNIVERSITY SURVEY

Governorate District Village Nouseholds
(Nahya)

YEMEN (Feb 1986) 11 197 24,000 1,362,130
CPO Survey 11 40 58 1,638
University Survey 11 29 29 761

Table 4: PROPORTION OF URBAN, SEMI-URBAN, AND RURAL HOUSEHOLDS
IN EACH GOVERNORATE

Governorate Urban Semi-Urban Rural Total

Sana'a 25.48 1.08 73.44 100
Taiz 8.61 0.94 90.45 100
Hodeidah 12.90 6.17 80.93 100
Ibb 3.49 1.97 94.54 100
Dhamar 5.75 0.14 94.11 100
HaJJa 1.76 1.69 96.55 100
Beidha 4.31 8.06 87.63 100
Sa'ada 3.61 4.10 92.29 100
Mahweet 2.31 1.01 96.68 100
Mareb 1.30 0 98.70 100
Jawf 2.68 0 87.36 100

YEMEN 10.39 2.25 87.36 100
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Table 5s PROPORTION OF URBAN AND RURAL HOUSEHOLDS
IN EACH GOVERNORATE

In X
Governorate Urban Rural Total

(Including S. urban)

Sana'e 25.48 74.52 100
Tai2 8.61 91.39 100
Hodeidah 12.90 87.10 100
Ibb 3.49 96.51 100
Dhamar 5.75 94.25 100
HajJa 1.76 96.24 100
Beidha 4.31 95.69 100
Salada 3.61 96.39 100
Mahweet 2.31 97.69 100
Mareb 1.30 98.70 100
Jawf 2.68 97.32 100

YEMEN 10.39 89.61 100

IbLe 6: DISTRIBUTION Of THE CPO SAMPLE
(for each round* by area within each GovernoraSte)

In households
( ) Completed questionnaires
Governorate Urban Semi-Urban Rural Total

Sana*a 300 21 102 423
(281) (122) (403)

Taix 120 21 123 264
(112) (130) (242)

Hodeldah 120 33 87 240
C98) (133) (231)

Ibb 48 24 102 174
. 48) (126) (174)

Dhamar 48 9 60 117
( 48) ( 68) (116)

HaJJa 24 21 60 105
( 23) 72) (95)

seidha 24 18 39 81
(24) (56) (80)

Sa'ada 24 21 39 84
(21) (59) (80)

tahweet 18 9 39 66
(12) (48) (60)

Mareb 12 0 30 42
(12) (28) (40)

Jawf 12 0 30 42
(12) (18) (40)

Total 750 177 711 1,638
(691) (860) (1,551)

*There are four rounds covering the whole survey year, although the
household work was based on only one.
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table : DISTRIBUTION OF SAMASA UNIVERSITY SAMPLE
BY AREA WITHIN EACH GOVERNORATE

In households
) Completed questtwmutres

covemorato Urban Nurat Total

Sanm'a 101 74 175
(100) (74) (174)

Tali 42 85 127
( 42) (85) (127)

Hode.dah 42 62 104
( 47) (66) (113)

Ibb 15 71 86
(16) (71) ( 87)

ohamar 16 44 60
C 20) (37) C 57)

Haljl 8 29 37
C 8) (22) (30)

Befdha 8 32 40
s 9) (34) (43)

Sa'ada 8 29 37
e 8) (28) (36)

Nahweet 6 27 33
C 6) (27) (33)

Nareb 4 31 35
C 3) (30) (33)

Jawf 4 23 27
C 4) (22) ( 26)

Total 254 507 761
(263) (496) (759)



1968, PHYSICAL QUANTITIES (thousand metric tons, except for etectricity in GV and natural gas in usf)

Firewood Charcoat Dung & Res Electricity LPG Gasoline Kerosene Jet Fuet oiesel Fuel Oil

Industry 207 64 79
Coanerce 62 107 4
Transport 554 62 281
Households 4896 41 822 356 83 64
Other 96 9 56
Total 4896 103 8a 766 96 554 64 62 40 119

2000, PHYSICAL QAUATtTIES
Firewood Charcoal Dung & Res Etectricity LPG Gasoline Kerosene Jet Fuel Diesel fuel Oil Naturat Gm

Industry 1019 82 18 7420
Commerce 78 285 10
Transport 1225 140 550
Households 6027 57 822 804 240 55
Other 165 19 136
Total 6027 135 822 2273 269 1225 SS 140 7w6 18 7428

1988. TOE EQUIVALENT
Firewood Charcoal Dung & Res Electricity LPG Gasoline Kerosene Jet fuet Diesel Fuel Ofl Total

Irdustry 0 0 0 18 0 0 0 0 6 79 161
Caimerce 0 43 0 9 4 0 0 0 0 0 S7
Trawsport 0 0 0 0 0 571 0 63 281 0 914
Househotds 1860 29 260 31 88 0 65 0 0 0 2332
Other 0 0 0 8 10 0 0 0 56 0 74
Total 1860 72 260 66 102 571 65 63 401 7 30#

2000, TOE EQUIVALENT
Firewood Charcoat Dung & Res Electricity LPG Gasoline Kerosene Jet Fuel Diesel Fuel Oil Natural 6am Total

Industry 0 0 0 88 0 0 0 0 82 18 183 371
Commerce 0 55 0 25 11 0 0 0 0 0 0 90
Transport 0 0 0 0 0 1262 0 141 550 0 0 1953
Households 2290 40 260 69 254 0 56 0 0 0 0 2969
Other 0 0 0 14 20 0 0 0 136 0 0 170
Total 2290 95 260 195 215 1262 56 141 76 8 183 53
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WOODY BIOMASS ASSESSMENT

1. A survey of woody biomass growing stocks was undertaken in the northern governorates
between July 30 and August 13, 1988, as part of the ESMAP Household Energy Strategy Study.
The objectives of the study were to:

(a) make a preliminary assessment of the woody biomass growing stocks and their productivity
in the northern governorates;

(b) identify fuelwood deficit and surplus areas to enable fuelwood 'crisis' areas to be defined;

(c) assess the sustainability of the woody biomass resources;

(d) discuss fuelwood exploitation in terms of the main environmental problems in the northern
governorates; and

(e) identify appropriate follow-up activities.

The methodology used to accomplish these objectives is briefly described below.

2. Measurements of trees and shrubs were made in all of the land-use zones identified in the
USAID-sponsored Land-use Inventory (1983), except urban areas. 51 sample plots were selected
in the Tihama, Western Highlands, Central Highlands and Eastern Plateau. The following
information was collected for each plot: (a) general site description, including aspect and dominant
slope; (b) height, crown point, trunk/stem diameter at breast height (dbh), crown diameter, and
evidence of coppicing and pollarding for all trees; (c) height, crown diameter and evidence of
cutting of shrubs, dwarf shrubs and succulents which are known to be used as fuel; and (d) site
photographs when light and weather conditions permitted.

3. The data collected were converted into estimates of woody biomass growing stocks (both
as total above-ground volume and wet weight) using equations developed in areas of northeast
Africa with similar ecological conditions. Wood productivity was estimated using Clement's
equation and local precipitation data. The use of roots as a woody biomass fuel was evaluated in
the context of charcoal production, but no quantitative estimates of their growing stock or
productivity were made. Dead wood stocks were considered, along with the mechanisms by which
these stocks are replenished. Various methods for the estimation of dead wood stocks were used,
but the estimates finally used in the study were based on measurements taken in the field sample
plots.

4. Interviews were held in seven wood markets around the northern governorates, and with
woodfuel consumers. Information gathered during these interviews were combined with the data
on woody biomass stocks to identify fuelwood regions (wood-surplus and wood-deficit areas). A
map of the wood-surplus areas and the main supply routes between surplus and deficit areas was
produced.

5. To assess the Jong-term sustainability of woody biomass supplies in the northern
governorates, gap analysis was used. Data on current woody biomass stocks (both live wood and
dead wood), woody biomass productivity, and household consumption (both current and projected,
to account for populaton growth) were combined. The resulting analysis suggests that woody
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biomass stocks will be severely depleted by the end of the century, i.e., over the next decade. These
projected trends were consistent with the land-use conversion/woody biomass depletion analysis
carried out for the Jebel Bura area.

6. These projections of woodfuel resources are based on several considerations and
assumptions:

(a) Woody biomass standing stocks: The values obtained for both total above-ground tree
volumes and woody biomass wet weights are in the same range as previous estimates for
the northern governorates and adjacent areas. Nevertheless, problems remain with the
projection made here:

(i) the desert area east of 45°30'E has not been included in the estimates, although including
this area would not significantly increase standing stocks.

(ii) very high growing stock situations, e.g. windbreaks and coffee shade trees, have been
omitted from the calculations;

(iii)trees and shrubs around houses have not been sampled;

(iv)not all of the woody biomass in a tree is available to meet woodfuel demand, e.g. in
many agricultural areas pollarding is very common and the tree trunks (which may
account for large amounts of wood in some land-use units) are not used;

(v) other end-uses, e.g. construction timber, leaf fodder, browse, and shade, reduce the
amount of wood available.

Whereas factors (i) through (iii) would increase the current stock estimate, (iv) and (v) would
reduce it. In addition, the limited number of samples in the inventory may not provide a
representative estimate. In any case, once the national stock fails to 25 to 30 million t, the
depletion of wood supply accelerates.

(b) Dead wood stocks: Estimates of dead wood stocks are less reliable than those of live wood.
First, there are very few studies with which to compare the estimates used here for the
northern governorates. Secondly, the estimate is based on relatively few sample plots.
Thirdly, more needs to be known about the trade in dead wood, in particular the decline
in dead wood stocks and rates of replenishment.

(c) Wood productivity: Wood productivity estimates have been extrapolated from sources
outside Yemen. Although these estimates are comparable to those suggested by several
foresters, there are two factors which need to be accounted for in more detail:

(i)increased productivity due to occult precipitation; and

(ii) decreased productivity due to frost.

In this analysis, these factors were taken into account using a simplified methodology.

(d) Wood consumption: Total consumption projections made here are based on a 6% annual
growth in urban consumption and 2% growth in rural consumption, reflecting population
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rowth in these two areas. No fuel switching is assumed. Rural consumption per household
s auumed to be greater than urban consumption, which reflects the findinp that
urbaniation in the northern governorates results in lower fuelwood consumption per
household. Nonetheless, even taking into account the trend of urbanization (ie. lower
woodfuel consumption per household but more households), fuelwood resources are
threatened. Naturaly, as the wood resource is depleted, wood prices wi rise, providin
stronger incentives for tree planting and fuel switching. It is unlikely that the resource w
ever bme trul depleted; in addition to behavioral changes related to fuelwood supply
and demand, certain trees will remain for shade, fruit, and fodder. A more relevant
question than when the resource will be depleted is what changes will take place in
consumer and producer behavior as a resiut of rising prices and increased scarcity.

7. The relatonships between woody biomans eVploitation (both current and projected) and the
Yemeni environment were considered. In particular, the impact on soil erosion and terrace
degradation, groundwater recharge, wind erosion and sand encroachment, microclimate degradation,
and agricultural productivity were evaluated. Follow-up activities were identified in five areas: (a)
land-use conversion analysis; (b) woody biomass supply mechanisms; (c) additional woody biomass
inventory investigations; (d) charcoal production; and (e) agroforestty. Detailed results of this
survey are available in the following report: Millington, Andrew YAR: Woody Biomass Resource
Assessment," consultant paper prepared for ESMAP, July 1989.
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DUNG AND CROP RESIDUE RESOURCES

1. Resource Base and Supply System. Animal dung and agricultural residues constitute the
remainder of biomass fuel resources in Yemen, after woody biomass. Although the northern
governorates has a livestock population of 4.8 million, only the cattle herd of roughy 950,000 is
taken into consideration for assessing the dung resource base. Cattle are mainly, if not completely,
handfed and more or less permanently kept near the house. Ihe other livestock such as sheep,
goats, donkeys and camels roam around the rangeland. Taking annual dung production of 1 ton
per head of cattle, the total "useful' dung production is about 950,000 tons per year. However, due
to the extensive use of dung as a fertilizer (by as much as 76% of all agricultural holdings), dung
burned for cooking fuel represents only a small fraction of this figure.

2. To determine the crop residue resource base for fuel purposes, one must estimate not only
residue production but also its use as fodder. There is a high demand for fodder in YAR and crop
residues find willing buyers. Many cereals such as sorghum, millet and maize are selected not only
for their grain yield, but also for their complementary use as fodder. In case of crop failure, the
yield can still be harvested for use as livestock feed. If crop prospects look favorable, the leaves
of the growing maize and sorghum plants are stripped (except the top ones) and fed to the
livestock, either green or dried. After the harvest the entire upper stalk is cut to be used as forage.
The residue of threshed pulses are also used as feed, as are potatoes, the tops of many vegetable
crops and residues of oil seed, sugar cane and sesame. Apart from residues, forage crops such as
alfalfa, Sudan grass and silage-type maize and sorghum varieties are especialy cultivated to be used
as fodder.

3. It is difficult to estimate the level of production of crop residues because dry matter per ha.
can vary considerably, from 1 to over 6 tons, depending on local conditions and management.
However, an attempt is made to quantify annual residue supply in Table 1. Assuming 25% losses,
available residues amount to about 1,495,000 tons per year.

Table 1: PRODUCTION OF CROP RESIDUES

Crop Production Residue to Residue Production
(tons) grain ratio (tons)

Wheat 70,000 1.75:1 122,500
Nfize 53,000 2.50:1 132,500
Sorghwummillet 635,000 2.50:1 1.587.500
Barley 54,000 1.75:1 94,500
Sesame 5,000 8.750

1,945,750

4. One must now compare crop residue supply with the estimated fodder needs of the livestock
population. Production from rangelands of the northern governorates is estimated at 508,500 tons
of dry matter per year, maiuy composed of leaves, loppings and pods. It is assumed that 50% of
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this yield is available as feed. From Table 2 it is evident that this is not sufficient to feed the
existing livestock population. If one takes half of the rangelands yield and adds it to the quantity
of available crop residue plus the yield of forage crops such as alfalfa (45,000 tons produced,
equivalent to a dry weight of 9000 tons), the total available animal fodder is 1,758,250 tons annually.
Assuming that Yemeni livestock are slightly underfed, this balances with total fodder needs from
Table 2. Therefore, it can be concluded that, currently, crop residues are not widely available as
a fuel due to competing demands for use of residues as fodder.

Table 2: ESTIMATED FODDER NEEDS OF LIVESTOCK

Average Total Equivalent Estimated Fodder
Livestock Number Live Wt. weight Livestock Requirement

(kg) (kg) Units IV (tons)

Camels 90,200 200 18,000,000 36.000 120,000
Sheep 3,000,000 15 45,000,000 90,000 300,000
Goats 1.985,000 I5 30,000,000 60,000 198,000
Cattle 976,000 130 126,000,000 253,500 845,000
Donkeys 455.000 110 50.000.000 100.000 333.000
Total 6,506,200 470 269,000,000 539,000 1,796,000

&/ One livestock unit equals 500 kg of livestock.

5. Demand and Price Structure. The household energy surveys did not turn up statistically
* gnificant evidence of energy purchases of dung or crop residues. If these are bought, they are
used for fertilizer or animal feed. Therefore, no data on prices for non-woody biomass fuels are
available. The quantities of dung and residues consumed by rural and urban households in the
govemorates where these energy sources are used can be found in Table 3. Residues are a
relatively important fuel (constituting 10% or more of final household fuel demand) in the rural
areas of lbb, Dhamar and Beida, and in the urban part of Ibb. Dung is similarly important in the
rural areas of Dhamar and Beida, but does not play a role in urban household energy demand.

Thbte 3: DEHAND FOR OTHER BIONASS

Rural Urban
Regfon Residue Dung Residue Dung

KGOE (X of total annual fuel consumption)

Sana'a 73 3) 120( ) 3W(1) 6 (1)
Coastal 109 (7) 56 (4) 0 (0) 0 (0)
Northwest 121 (6) 40 (2) 47 3) 0 0)
Souther 115 9) 38 (3) 58( 8) 2 (0)
central 296 (13) 278 (12) 3 (W) 61 ( 5)
Northeast 10 ( 1) 1 ('1) 0 ( 0) 0 ( 0)
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6. End-uses. To the extent that they are consumed by Yemeni households, crop residues and
dung are burnt primarily as a cooking fuel. Residues and dung are most important in the rural
parts of Beida governorate where they supply 10% of useful cooking energy. In all other
governorates, other biomass provides less than onetenth of energy used for cooking purposes.
Additionally, some residues and animal manure may be burned for water and space heating.

7. Trends and Issues. Without more information about Yemeni household attitudes towards
the use of fuels which are inferior to woody biomass as well as data on the relative prices of
residues and dung for use as a fuel versus, respectively, use as fodder and fertilizer, it is difficult
to make predictions about projected demand for this biomass. However, some preliminary
predictions may be drawn from neighboring countries, e.g., Ethiopia. There, as woody biomass
became increasingly scarce, some households moved up the energy ladder to use kerosene and LPG
but many more moved down the ladder towards increased consumption of dung and crop residues.
In the northern governorates, incomes are higher than in Ethiopia but there still may be a
significant number of poorer households who cannot afford to move upwards to substitute
petroleum fuels. Thus, as fuelwood resources dwindle and become prohibitively expensive, these
consumers may turn to these other biomass resources and their use as a fuel will increase, with
potentially negative consequences for livestock and soil fertility.
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TANNUR AND STOVE TESTING PROGRAM 1/

Introduction

1. In the framework of the World Bank's ESMAP "Household Fuel Marketing Study, Phase
2", a field visit of five weeks was made by P. Visser (Biomass Technology Group), to the Yemen
capital of Sana'a. Counterparts for this mission were the Central Planning Organization of the
Yemen Arab Republic, and the Faculty of Science of the University of Sana'a. Basic goal for the
mission was to evaluate and improve existing Yemeni tannurs (the local bread oven) and
cookstoves.

2. A survey was done to evaluate the energy consumption of professional tannur bakeries. The
tannurs and cookstoves were tested and improved at the laboratoty of Sana'a University. Finally,
negotiations were started with a local manufacturer of metal tannurs for the manufacture of gas
burners to retrofit the traditional wood-burning clay tannurs.

3. The report opens with a brief description of relevant Yemeni cooking habits and cooking
equipment (chapter 2). Then, in chapter 3, a survey of known literature on tannurs is presented,
which focuses on the available data on energy consumption. Chapter 4 describes the testing and
improvement of the tannurs, and is the main chapter of this report. Next, chapter 5 discusses the
production facilities for the burner used to retrofit the traditional clay tannur with LPG. The
survey on the professional tannur bakeries is presented in chapter 6 and finally, the testing of
cookstoves is described in chapter 7.

Cooking Habits nd Coing ELuipMent

4. The cooking habits in Yemen differ widely from region to region (Steverlynck, 1988, Zabara,
1988, and Young, 1986). However, the following generalizations can be derived:

(a) The basis for every Yemeni meal is bread of which many types are made (Bornstein, 1972).
The type called chobazas is the most common, followed by malloog, tameez and rashooz.
Basic ingredients are flour, yeast and water. The breads differ in size (the diameter of
malloog being much bigger than that of the other breads) and in the additives used (for
rashooz oil is added, for malloog the outside of the bread is covered with a thin layer of
helbah, a vegetable sauce).

(b) All breads are flat and baked on the wUl of the so-called tannur, a vertical, conical, clay
oven, see figure 4.1.

v/ Exced from Vwr, P, WHusehold Enu Opdons in he Yemen Ab Republk Tet Resut on
Tanw and Cookstov, ESMAP, Decembe, 198& Rfewenc in ths secton refer to anne In dhe
Now~ne reP0
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(c) The side dishes of the meals are comprised of rice, vegetable stews and meat, chicken, or
fish. TraditionaJly these dishes are cooked on the wood-fired tannur. They are kept warm
in a maugad which uses the remaining charcoaL The maugad is also used to reheat cold
food.

(d) In recent years, the urban cooking habits have changed. An all-metaL, gas-fired tannur has
appeared on the market. Moreover, gas burners have become available to retrofit the wood-
burning clay tannur (no data is available on the actual penetration of this gas equipment in
the hou.seholds). On top of this an increasing number of people buy their bread. Moreover,
kerosene and/or gas burners are used for the preparation of the side dishes.

(e) Many different types of pans are found on the market. They differ in shape, size, and
material. The most common pans are cylindrical, have a diameter raning from 200 to 600
mm and are made from aluminum. They are sold with lid. Ceramnc pots are used for
special preparations. Pressure cookers are becoming more and more popular, especially for
the preparation of meat. Unfortunately no numerical data is available on the use of these
pans.

Review of Literature on Tannurs

5. Publications dealing with the general technical aspects of tannurs (or the similar Pakistan
and Indian tandoors) are small in number. The publications known to the author are shown in the
list of references. Even more scarce are the numerical data on the performance of tannurs. Table
3.1 gives data gathered from the available publications. Most of this data is obtained by
interviewing the users of the tannurs and not by measurement.

6. The Family Oven is an improved tandoor, developed by Usinger. It is a dome shaped oven,
very much like the Italian Pizza oven. The Bread Oven is a big traditional brick oven, originally
fired with wood, but now retrofitted to burn diesel oil.

7. As a final reference the energy consumption of some modern bread ovens are mentioned:

(a) Shirey and Selker (1985), electrical oven, SEC = 1.96 MJ per kg of flour; and

(b) Schmitt and Siemers (1985), automatic gpsfired tunnel oven, SEC = 1.1 MJ per kg of flour.

The SEC values in table 3.1 range widely and are quite high compared with the energy consumption
of modern ovens given above. The data suggests a correlation between the SEC and the amount
of flour: the larger the latter, the smaller the SEC. However, the table also shows some
contradictory values. From the table it is difficult to decide on the SEC which could be used as a
reference for improved models. Therefore it was felt necessary to perform a series of tests on the
traditional clay tannur using wood as well as on the traditional tannur using LPG and on the gas
fired metal tannur.
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Tale : TANNUR PERFORMANCES

Reference Fuel Total flour (kg) SFC.j/ k f kg.ftlour SEC.k flj kg.ftour Stove type

Young 1968 gas £/ 25.0 0.14 6.4 Tafnur
Al Notawakelgas 1.3 0.64 29.4 Tenmur
Usinger 1985wood S/ 4.4 0.91 15.4 Tamur

St U 5.0 0.98 16.4 Tawnur
4.9 1.20 20.4 Tlnr

a' 'S 3.7 1.39 23.3 Twwwr
'S 'S 7.0 1.01 16.9 Tannur

nS " 27.0 1.45 24.4 Tenur
4.4 0.50 8.4 Fam. Oven

'S" 5.5 0.51 8.6 Fam. Oven
aS nS 5.1 0.59 10.0 Fam. Oven
SI n S 3.5 1.14 19.2 Fam. Oven
HS nS 8.9 0.74 12.5 Fam. Oven
aS U 28.0 0.30 5.1 Fam. Oven

Atl otawakelwood j/ 1.6 0.96 18.1 Tanmur
Schmitt 1985 - 27.0 Tanmur

a 'Sa - 17.6 Tannur

Eatimated performances:
Young 1986 gas 100 0.12 5.5 Tenr

n O150 0.12 5.5 Tannur
'S ' 150 0.16 7.3 Tamur

50 0.24 11.0 Tarnur
'S ol f/ 500 0.16 7.0 Bread Oven

IV Specific Fuel Conswption (see section 4.3)
k/ Specific Energy Con8uptf0n (see section 4.3)
5/ Coabstlon value - gs: 45.7 (NJ/kg)
gi Combustion value - wood: 16.8 (NJ/kg)
j/ Codbustion value- wood: 18.7 (NJ/kg)
/ Combustion value - oil: 43.5 (NJ/kg)

/ Intermittent baking

Testing and I roing Tnnurs

Introdctin

8. Two tannur types were tested:

(a) the traditional Clay Tannur; and

(b) the Metal Tannur.

9. The main goal of the tests was to get reliable data on the Specific Energy Consumption
(SEC) which is the ratio between the energy needed to bake the bread and the quantity of flour
used.

10. Two series of tests were performed. The first series on tannurs without modifications, the
second on the traditional Clay Tannur retrofitted with a gas burner. Moreover some possible
improvements were tried out on both the Clay Tannur and the Metal Tannur.
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11. The chapter begins with a description of the tannurs and burners used in the tests whereafter
the test procedure is explained and the test equipment is described. The chapter ends with a
presentation of the results and the conclusions

Description of Tannurs and Burners

12. he Clay Tannur. The traditional wood-burning Clay Tannur is shown in figure 4.1. It
consists of a ceramic insert, encased in a metal cylinder of galvanized steel sheet.

Eigure 4.1: THE TRADMONAL CLAY TANNUR

'1X 1
1~~~~~~~~~~~~

t'.l
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13. The annular pp between the tannur and the cylinder is filled with a mixture of sand and
salt. This layer is said to have insulating qualities but is more heat storing than insulating At the
top this layer is sealed with a mixture of cement and gypsum. At the bottom of the tannur an
opening is available to add wood and which allows combustion air to enter. This opening cannot
be closed and therefore the airflow cannot be controlled. The traditional wood-burning Clay
Tannur is locally made by artisans and costs about 350 YR.

14. The Metal Tanur. The Metal Tannur, figure 4.2, is a relatively new device on the market.
It is completely made out of 1 mm metal sheet and has a built.in gas burner. The Metal Tannur
is locally made by a company called 'Ready made windows and modem gas furnaces" in Hadda
street, and costs about 1700 YR.

Figure 4.2: THE METAL TANNUR

1% 1.

15. The Metal Tannur consists of three metal cylinders. The innermost cylinder forms the actual
oven in which the bread is baked. Between this cylinder and the second one, two concentric gas
burners are mounted which are made from steel tubes of e 22 mm. The annular gap is closed at
the bottom, a number of holes allow some gas flow. The outer cylinder serves as a protection
against the hot cylinders.

16. The Disk Burner. The Disk Burner (figure 43) is a Taiwan copy of an Italian gas burner.
It is sold to retrofit the traditional wood-burning Clay Tannurs. The Disk Burner is made of cast
iron, and consists of two slightly conical disks which are about 4 mm apart. The gas burns at the
rim of the disks. The gas flow is controlled by a valve, but is more easily adapted by the pressure
control valve on the gas bottle. It is sold for about 450 YR.
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Figure 4.3: THE DISK BURNER

17. T`heRing&Burne. The Ring Burner (figure 4.4) is also made in Taiwan. It is made of cast
iron and consists of three rings with small holes in their top surfaces. Each ring is separately fed
and hence they can be used independently. Pan supports ar incorporated in the design. The
burner is sold for 340 YR.

igure 4A: THE RING BURNER

Test Procedure

18. In testing bread ovens, the results are expressed as the ratio of the fuel used to bake the
bread and the quantity of flour used in the dough. (Schmitt and Siemers, 1985). The ratio is
normally determined for a whole baking session, that is the baking of several charges, one after
another, with reheating of the oven in between. The quantity of fuel used can be expressed in
kilograms as well as in Mega Joules. This gives lead to two different definitions:

Specific Fuel Consumption, SFC = fuel used (kg)
initial flour (kg)

and

Specific Energy Consumption, SEC - fuel used (M)
initial flour (kg)
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The Specific Energy Consumption is used when comparing the performance of bread ovens using
different types of fuel.

19. To get a better feeling for the heat involved in the baking prooess a number of temperatures
were recorded. Three thermocouples were fixed to the walls of the tannurs. Their position is
indicated in the figures 4.1 and 4.2. Gas and bread temperatures were measured too.

20. The procedure of the actual testing was as follows:

(a) The ingredients to bake 15 chobaz were weighed, the dough prepared, and the fia quantity
of dough was weighed;

(b) The reference temperature for the thermocouples as well as the ambient temperature was
measured with a mercury thermometer;

(c) The initial amount of fuel was weighed, and the fire started (wood was lit with a little
kerosene). Time was recorded and the temperature recorders were started;

(d) After the heating-up period, the time of the actual baking was recorded;

(e) Of some of the chobaz the gas temperature in the vicinity of the bread as well as the crust
temperature were recorded;

(f) When using wood, the necessary extra batches were weighed and charged to the fire;

(g) At the end of the baking, the time was recorded, the recorders were stopped and the weight
of the baked chobaz was determined;

(h) Finally the remaining fuel was weighed, as well as for wood, the remaining charcoal.

21. The tests were executed by two experienced women bakers who prepared the dough and did
the actual baking. The university gave the required technical assistance.

22. Each test was repeated three times and the data collected was used to calculate the following
quantities:

(a) average power of the fire;

(b) specific fuel consumption (SFC);

(c) specific energy consumption (SEC); and

(d) energy cost expressed in YR per kg of flour baked.

The above quantities were used to make a simple heat balance of the different tannurs. (See annex
5 for calculation procedures.)
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ELquipment

23. Weighing was done with a Sartorius industrial electronic balance, type IP31 with a capacity
of 31 kg and an accuracy of I.g.

24. Temperatures were measured with cromel-alumel and colpper-constantan thermocouples.
The thermocouples were connected to two Philips chart recorders. Range of 20 mV with an
accuracy of 0.2 mV.

25. Conversion of the mV readings to degrees C was done using polynomial equations from
Hewlett-Packard. Accuracy of the conversion was I C.

26. The gas consumption was determined in two ways; first, by monitoring the weight of the gas
bottle and second by means of a Schlumberger accumulating gas meter, Q - 0.016 to 2.5 m3/h.

Results: Qualitative Evaluation

27. Traditional Clay Tannur. According to the standards of the bakers, the traditional wood-
fired Clay Tannur produced perfect chobaz and malloog bread. However, the disadvantages of the
traditional Clay Tannur are clear: a lot of heat is transferred to the surroundings and there is a
serious smoke problem.

28. Clay Tannur with Disk Burner. The traditional Clay Tannur with the Disk Burner did not
produce bread of an acceptable quality. The flames touched the lower side of the bread, where it
burned, while the upper part wasn't yet done. Moreover, the wall temperature appeared to be too
low, causing the bread to stick to the wall. To improve the burner, a deflector plate was mounted
on top of it. Although the flames were reduced and directed to the wall of the tannur, they still
burned the bread.

29. Clay Tannur with Ring Burner. The traditional Clay Tannur with the Ring Burner did not
perform well either. The wall temperature remained too low, especially in the lower part of the
tannur. A deflector plate improved the heat transfer to the wall, but also produced large flames
which burned the bread.

30. Clay Tannur with Ring Burner and Radiator. Inspired by the wood fire, we looked for a way
to change the convective heat transfer of the gas fire and make it more radiant. A spherical cover,
made of fine (5*5 mm) wire mesh was placed over the burner. This configuration gave promising
results. The wall was heated evenly and hardly any flames came out of the radiator. The bread
was of a good quality and the baking of malloog did not cause problems. Another advantage of the
radiant heat source is that the use of a lid is less essential. With the radiant heat source, the
temperature drop was much less important when taking off the lid.

31. Metal Tannur. The gas burning Metal Tannur performed well, although it takes some time
to get used to it. The Metal Tannur produced a good quality chobaz and malloog. To improve the
oven, insulation of the tannur was attempted with pebbles between the two outer cylinders. The
pebbles had no positive influence on the SEC, they only provided better stability of the tannur. No
insulating materials, like glass-wool, are available in Yemen and therefore this line of improving this
oven was not pursued.
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Results: Quantitative Evaluation

32. Table 4.1 summarizes the results of the tests. For a full aeposure of tests results see Visser,
Annex 1. The calculation procedures are given in Visser, Annex S.

Table 4.1: TEST RESULTS CHOBAZ BAKING

PoWer kV SFC k/kg SEC NJ/kg Cost YR/kg

Clay Tannur Uood 29 2.7 35 5.2
Ctay Tannur + Disk Burner Gas 9 0.4 19 1.5
Ctay Tannur + Ring Burner Gas 12 0.5 22 1.8
Clay Tanmur + Radiator Gas 13 0.4 18 1.4
N#tal Tannur Gas 12 0.2 10 0.8
Netat Tannwr, pebbtes Gas 11 0.3 14 1.2

Energy prices used: (Ferguson, 988) - wood 148YR/GJ, gas 82 YR/GJ.

33. The table shows, first, the striking difference between the power of the wood fire and the
gas burners. The latter all have about the same value and are roughly 40% of the power of the
wood fire. Second, a gas fire of 12 kW is sufficient for baking a good bread. Thus, big fires are
not required for the baking process (bad habit). Third, the energy costs when using wood at half
the measured power output are still higher than with gas. Fourth, all gas retrofitted Clay Tannurs
give similar results in terms of energy use and financial costs. However, only the Ring Burner
with radiator produces a good bread. Fifth, the Metal Tannur is almost twice as energy efficient
as the gas fired Clay Tannur. This is due to the low mass and direct heat input to the bread. The
differences between the models with and without pebbles are more due to fire management
(different bakers) than to the hardware.

34. To get a better insight into the heat quantities involved in the baking process, two
efficiencies were defined:

ri - heat absorbed by the tannur/heat input from the fuel
r2 = heat to bake the bread/heat input from the fuel

rl and r2 are defined for the whole baking cycle.

35. Table 4.2 summarizes the results. A full exposure of the calculations is given in annex 2 of
Visser, while the calculation procedures are given in annex S of Visser.

Tsbte 4.2: EFFICIENCY RESULTS THERNAL ANALYSIS

ri 12
(tawwur) (X) (bread) (X)

Clay Tarnur Wood 10 4
Clay Tannur, Disk Burner gas 19 10
Clay Tarnur, Ring Burner as 13 7
Clay Tarmir, Radiator gas 15 9
Metal Tarmur gas 28 13
Natal Tar Dr, pebbles as 22 16
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36. The table shows, once again, that the Metal Tannur is much more efficient. The traditional
clay tannur with ring burner and radiator, the only one producing a decent bread, is an
improvement over the wood fired tannur, but does not achieve the performance of the metal
tannur.

Conclusions

37. The Ring Burner with Radiator is an acceptable burner with which the traditional wood-
burning Clay Tannurs can be retrofitted. A careful selection of the radiator material must be made
to ensure a reasonable lifetime. Looking at the energy cost it is clear that the Metal Tannur is
much better than the Clay Tannur. Moreover, it is expected that the Metal Tannur can be further
improved by filling the annular space between the two outer walls with a lightweight insulating
material like glass-wool or rockwool (experiments are required). However, it should be borne in
mind that the price for the Metal Tannur is more than twice that of a Clay Tannur with a Ring
Burner.

38. The SEC of the Metal Tannur lies in the same range as the SEC's given by Usinger for the
Family Oven. Thus a dome shaped oven like the Family Oven does not offer a good alternative,
also because it requires the introduction of a completely new way of baking.

Production Facilities

39. If the traditional Clay Tannur is to be retrofitted with the Ring Burner plus radiator, then
this equipment preferably should be locally produced. To get an impression of the possibilities of
local production, a visit was paid to the factory producing the Metal Tannur: the 'Ready made
windows and modem gas furnaces' factory in Hadda street. The factory is well equipped with sheet
cutting and bending machines, presses, drilling machines, spot-welding equipment and a number of
self developed special production machines. Further the factory has a workshop with lathes etc.
in which tools for the factory are made. The factory is well organized, has a maximum production
capacity 200 Tannurs per day and realizes a production of 130 Tannurs per day. The Metal Tannur
is sold to retailers all over Yemen. There even is some export to Yemeni abroad.

40. Prof. Motawakel of Sana'a University and the author met with the technical manager, Mr.
Muslak Guddam and with the owner Mr. Muhammed AI-A-Wdi According to Mr. Guddam they
would not have problems in making the burner as specified. However, he would not give a detailed
cost estimate and referred to the owner Mr. AI-A-Wdi. The latter was afraid that a new product
would be brought on the market which would compete with the Metal Tannur. Therefore he was
quite reluctant to collaborate. After showing us around he left and no cost estimate for a Yemen
made burner was obtained. However, it is the author's strong feeling that this factory is able to
produce a good burner for a reasonable price and it therefore is recommended to pursue this
contact.
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TanU Bakedi

IntWducion

41. Tannur bakeries in Sana'a were surveyed to gather additional data on the energy
consumption of tannurs (see also Table 3.1). The survey was done in cooperation with the Central
Planning Organization. The survey was constrained by the fact that many tannur bakeries are run
by women and hence are not accessible to men. Therefore we focussed on bakeries which had close
working relationships with restaurants, which are freely accessible. Eight bakeries were willing to
participate.

QOu,ionnaire

42. The Questionnaire was comprised of 4 questions:

(a) What is your basic fuel?;

(b) Which type of bread do you usually make?;

(c) How much flour do you use per day?; and

(d) How much fuel do you use per day?

If the answer to questions three and four was '2 sacks' or "1 can', then additional questions were
asked to specify the quantities in terms of kilograms or liters.

43. During the visit, the tannur and burner were examined, to get an idea of the equipment used
in professional bakeries. Moreover the bakers were asked whether they would be willing to
participate in an experiment to determine the SEC experimentally.

Results

44. The results of the questionnaire are summarized in Table 6.1.

Iable 6.1: BAKERY SURVEY

Bread Fuet kg/day Ftour kg/day SEC kg/GJ

tameez gs 12.5 25 23
rashooz gas 25.0 75 i5
chobez gas 4.2 25 8
natLoog wood 64.0 50 24
rashooz gas 25.0 50 23
rashooz gas 12.5 38 15
rashooz gas 25.0 75 i5
roti oil 166.4 300 24
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45. The roti bakery used and oil-fired rectangular dome oven, built of bricks. It was about 3
2.5 meters, with a maximum height of 1 meter. The bread, called roti, produced by this bakery
differs from the others. Rotis are small loaves baked in a bread tin.

46. Two different types of Tannur burners could be distinguished. Type 1 is a cylindrical box
diameter 350 mm, height 80 mnm, with twenty holes of 3 mm diameter in the outside wall of this
cylinder. Once installed in the tannur, the burner is covered with a round metal or ceramic plate
which leaves about 80 mm between the edge of this plate and the wall of the tannur. Tannurs
equipped with this burner are rather big. They have their largest diameter at the bottom (about
1200 mm), a height of about 1200 mm and a top opening with a diameter less than 500 mm.
Bakeries nr. 1 and 3 were using this type of tannur and burner. The second type Tannur burner
consists of a gas-jet which impinges on a metal or stone object in the center of the tannur bottom.
This object becomes red hot and radiates heat (the gas flames, which are bright yellow, radiate
too). This burner type is used in Tannurs which are considerably smaller (dimensions 700, 1000,
and 400 mm respectiely).

Conclusions

47. The table shows that Tannurs fired with gas have an SEC between 24 and 15 MJ per kg of
flour (the Chobaz baker, no. 3, gave unreliable data). These figures agree with the numbers found
byAl Motawakel and Usinger (see Table 3.1). The SEC numbers differ however considerably from
those found by Young (1986) for large bakeries. The difference cannot be explained by the quantity
of flour used. Only measurements can clear this discrepancy.

48. The performance of the roti-oven is poor, certainly against the number given by Young for
a similar oil-fired oven. Again, only measurements can reveal the actual SEC.

Testing of Cookstoves

49. In the framework of this mission, a representative sample of existing cookstoves was tested
and improvements proposed. Zabara (1988) provided the basis on which stoves were selected (see
also Annex 4). The Primus pressurized kerosene stove, although often found in households
(Zabara, 1988), was not included in the series. Extensive test-data on these stoves can be found
in Prasad et al (1985).

50. Th Maugad. Te Maugad is the traditional charcoal stove which keeps the food warm after
it has been cooked on the tannur. The Maugad is not really a stove, it *is more appropriately
described as a receptacle for holding hot ashes and charcoal on top of which is placed a pot.
(Young, 1986). It consists of a metal bowl on a cylindrical stand. The stove has pan supports but
no grate or any other feature to control the combustion air. It costs about 150 YR.
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51. be Ring Burner. In the tests discussed here, the Ring Burner, used in the Clay Tannur,
(see Figure 4.4) was used to represent the burners without frame (see Annex 4). Only the two
miner rngs of the burner were used. The buner allows control of the quantity of entrained
combustion air. This burner is sold at 340 YR.

52. The Casful S . ITe third stove, called Casful, is made in Taiwan, and consists of a burner
which resembles the ring burner, mounted in a cast iron frame. The bumer is composed out of two
ring The quantity of entrained combustion air can be controlled. The stove costs 200YR.

53. The Rna iStv. The Rinnai Stove is a luxurious stove modeL It is made in Japan fron
enamelled steel sheet with a stainless steel top surface. The two burner heads are very well made
of special alloys and the stove is equipped with a piezo-electrical ignition. It costs 700 YR.

Test Procedure

54. The stove characteristics to be determined in the tests are:

a) the maximum power output, Pmax;

b) the efficiency at high power, rmax;

c) the ability to produce a low fire for simmering operations, Pmin;

d) the efficiency at low power, rmin; and

e) the turn down ratio, Pma/Pmin/.

The test methodology which was used is basicaly the one proposed by CILSS. A pan filed to 2/3
of its capacity with water is brought to the boil whereafter the water is kept simmering for half an
hour. The pan has a diameter of 25 cm, which corresponds to the pan most commonly used
(Zabarah, 1988).

55. The procedure of the actual testing is as follows:

a) The pan was filled with 5 kg of water and the water temperature is measured;

b) "Ie fuel is weighed and the stove lighted;

c) The pan with water is placed on the stove, and the time recorded. The stove is operated
at maxmum power;

d) As soon as the water reaches boiling temperature (-93C at this attitude), the fuel as wel
as the pan with the water is weighed and the time recorded;

e) The pan is placed back on the stove for a simmering period of 30 minutes. The tve is
operated to keep the water temperature at or just under 93eC, in any case not to drop under
90°C;

f) At the end of this simmering period, both fuel and pan with water are weighed again;
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g) From this data Pmax, rmax, Pmin, and rmin are calculated (see annex 6 for details). Each
test is repeated three tines and the results averaged.

RMnh

56. The results of the water boiling tes are summarized in Table 7.1. (Full exposure of the test
results in appendix 3).

Tblue 1 Ut LTS OF C0lSTOVE TESTS

Puax rmx Pmln ruin Turndoin
(Wk) tX) (W) tX) ratio

NUad charcoal 4.1 8.8 1.5 6.1 2.7
Rin Surner as 3.4 45.8 1.4 36.5 2.4
Casfut as 4.3 43.0 1.4 34.4 3.1
irial gas 2.6 57.1 0.6 35.7 4.5

57. The efficiency of the Maugad at high and low power is extremely poor. The stove is not
suited for cooldng. The stove also performs poorly for the job it was designed for, namely keeping
the food warm. It explains why, traditionally, the Maugad with pans and pots are covered with a
heavy cloth.

58. The gas stoves perform well, the Rinnai clearly being the best of the three. It gives not
only the highest efficiency, but also the highest turn down ratio. Both characteristics make the
Rinnai the most energy and time efficient stove for normal cooking practices. The other gas stoves
perform on an acceptable level, and are reasonable stoves. Their turndown ratio is somewhat lower
mainly because of a les sophisticated design of the gas valve.

59. There is a sufficient number of good gas fuelled cooking stoves on the market. Quality and
performance vary with the price of the stoves, but even the cheapest performs on an acceptable
level Controllability is, in combination with the reducing valve on the gas botde, good for stoves
of the Rinnai type and reasonable for the cheaper stoves. The equipment now on the market is
also suited for dissemination in the future, even when the gas composition changes (all gS botdes
are, and wil be, provided with pressure reduction valves and the stoves themselves are equpped
with combustion air control features).
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ECONOMIC ASSESSMENT OF RURAL POWER OPIIONS

1. As discussed in Section 6, the majority of rural households in the northern governorates
consume small amounts of electricity. Few of these households are connected to the grid; most
instead rely on small private generation. Despite the high costs of rural power supply in the
northern govenorates, whether by grid extension or private diesel generation, there is a high
willingness and ability to pay for electricity. Given the willingness and ability to pay, the high cost
of conventional options, the low level of power consumption, and the relatively good insolation
found in the northern governorates, decentralized photovoltaic (PV) systems appear to be a
promising power option for rural households.

2. The following assessment economicaLly compares grid extension, diesel generation, and
individual household PV systems to establish the conditions under which each option is least-cost.
This assessment considers decentralized rather than centralized PV systems. Many earlier PV
system designs for household power supply were centralized, meaning that small settlements would
be supplied by a central PV system, possibly including a large inverter, and a mini-grid for power
distribution. Recent studies 1/ have indicated that for household loads and settlement sizes where
PV is most likely to be competitive with other electricity supply options, the decentralized approach
has the following advantages over centralized systems:

(a) lower capital costs per consumer;

(b) lower real levelized energy costs;

(c) no right of way needs for the mini-grid or centralized facility;

(d) power outages affect only individual loads;

(e) technically less complex and hence easier to maintain and more reliable;

(f) modular, more flexible system responsive to changes in load requirements of individual
users; and

(g) responslbility for payment, care, and maintenance of system easily defined (all lie with the
individual system owner).

3. A typical decentralized PV system was depicted in Figure 6.2. It consists of PV modules,
batteries to store energy for nighttime use or during periods of poor insolation, and a controller for
preventing the over-charging or excessive discharging of batteries. The system would provide 12
VDC power, but unlike most remote generators, power would be available on a continuous basis.
Batteries are sized to provide enough energy to power the load for a given number of days. Two
days of storage are assumed in this asessment, since the loads are not critical. Modules are sized
to provide enough energy to supply all loads during the day when the ratio of monthly average
daily insolation to total daily load is least. It is assumed here that daily household loads are
constant throughout the year, so that modules are sized to provide enough energy daily to meet
daily load during the month with the worst monthly average daily insolation.

1/ For utaxce, see "PakLtr Awwnen of Photovolai Propws, 4pplicadon and Mw*eU*, Wod
Bwsk/tcND?4ilaterl Aid EneW Sec ManaentAssistance Prviw4 Acii Complt Repow
103/89, Octobet, 1989.
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4. The three technologies under consideration are assessed with respect to the economic cost
of providing households the average level of service currently found among rural electricity users,
i.e. low-power lighting and television. The border price of a household PV system, including
interior wiring and lights which would meet these needs is approximately US$ 760. This compares
favorably to the average cost per consumer of grid extension connection under Power 5, which
ranges from US$ 900 to US$ 1300, which does not include interior wiring or lights. It must be
noted, however, that grid extension will allow for greater loads per household connection, as well
as for other electrical applications, such as irrigation water pumping, for which PV systems are not
cost competitive. On the other hand, grid extension will not reach most households in Yemen over
the next 20 years simply due to fmancial constraints.

5. The 12 VDC output of a PV system does not seriously limit the type of end-use devices that
may be used. Twelve volt DC televisions and radios are commonly available throughout Yemen,
as indicated by the household energy survey results. Twelve volt DC fluorescent tube lights are
already sold in Sana'a for small battery lamps and cars, and may be available elsewhere. If the local
production of system controllers is not feasible, these components are easily available
internationally. If 220 V AC output must be available, small yet efficient electronic inverters (90%
+) are available internationaly for approximately US$ I per peak load watt.

6. Given the widespread use of liquid batteries for household power supply, small photovoltaic
systems (a few hundred peak watts) could also be used for battery charging in rural areas. This
approach as been used successfully in Thailand, and could be considered for development in Yemen
as well. Smaller individual PV systems, perhaps providing only two lighting points are also a lower
cost option. The border price of such a system in Yemen would be around $450. These options
are not assessed here, but may be a component of the proposed household PV commercialization
project.

7. Insolation in the northern governorates has been measured only recently, starting in 1986.
Results for that year are given for several sites in the table below. These figures represent the
average daily amount of total solar energy received on a horizontal surface during each month of
the year for each site, as measured by the YAR Meteorology Department By tilting photovoltaic
arrays, the amount of solar energy received can be increased for certain months, so that the amount
of available solar energy may be greater during the worst months than this data suggests. It must
be emphasized that this is data for only one year; long term averages, or the insolation in any other
given year may be different. Furthermore, there is no guarantee that the recording devices were
operating properly, particularly given the incidence of months for which readings are not available.
Nonetheless, these results seera to be reasonable given the location and climate of Yemen, and the
variations in insolation by region appear to be consistent with what one expects. Tese results at
the very least show the range of insolation quantities and patterns in Yemen.

8. In order to economicaly compare grid etension, small diesel generation, and decentralized
photovokaic systems, it must be assumed that each system provides the same level of service.
Although PV and grid systems would provide virtually continuous power, small diesel generation
would only be avaiable durnng the evening for 5 or 6 hours. Since evening loads such as lighting,
television, and radio are the predominant rural household loads (over 90% of total rural household
consumption), this difference in system avaiabflity does not appear to invalidate the economic
comparison.
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Monthly Average Daily Insolation for Various Cities In YAR
(1986 only; figures given In kWh/saWddy)

Salado At-Jawf Mereb Mocha Hodeido Tei Sanamo
Jan 8.2 5.8 4.5 n.e. n.e. 4.6 3.9
Feb 7.3 6.1 4.6 S.3 4.8 4.2 4.3
Nar 8.4 6.4 5.0 6.1 S.3 5.7 4.6
Apr 7.3 S.5 4.7 6.1 5.8 5.4 4.2
Nay 8.9 7.3 n.a. S.8 5.9 6.1 5.0
Jun 8.0 6.5 n.e. n.e. 5.4 S.4 4.5
Jul 7.0 5.8 5.2 n.e. 5.1 4.8 4.4
Aug 7.6 6.0 S.1 S.1 5.3 5.3 4.5
SOp 8.6 6.5 S.7 S.9 5.2 5.3 5.1
Oct 7.8 6.4 5.6 7.0 n.e. 6.0 4.8
Nov 6.6 5.9 4.9 5.6 5.3 S.4 3.7
Dec 7.0 n.s. 4.3 4.9 4.8 3.8 5.1

Source: YAR Statistical Yearbook, 1988.

9. The average appliance stock for rural electricity-using households is 2.6 fluorescent tube
lights, 1.1 incandescent bulbs, and 0.7 televisions. Other appliances have an average incidence of
0.08 per household or less. On average, fluorescent tubes are used about 4.5 hours per day, while
incandescert bulbs are used 2.1 hours and the television 3.2 hours. Interestingly, fluorescent lamps
are more common and used more than incandescent bulbs; it is not known whether this is due to
relative availability or household preference. For this assessment, the base case level of service is
considered to be three lights operated 4.5 hours per day and a television operated 3.5 hours per
day.

10. The PV systems considered here would meet these service requirements with high efficiency
fluorescent lamps and baasts. These lamps would be sold as part of a complete household PV
package. Although they are more expensive than conventional lamps and bulbs, they last longer
and consume approximately one-fifth the amount of power that an incandescent bulb requires for
the same level of service, and one-half to one-third the consumption of a standard fluorescent lamp.
For example, the Philips PL 11 W DC fluorescent lamp draws 14 W and has an estinated life of
6000 hours, but provides the same illuminance of a 75 W incandescent bulb, which has an expected
life of only 1000 hours. The high cost of high efficiency fluorescent lamps is offset by the reduction
in module and battety requirements and their longer lIfe. Similarly, black and white DC televisions
which are commonlY found in YAR consume only 15W, less than AC consumption of the same set.
Consequently, the three systems cannot be compared on a cost per kilowatt-hour basis since the
PV system provides the same service with less energy and therefore a higher cost per kflowatt-
hour. The base case PV system consumption is 0.25 kWh/day, and for the conventional systems it
is 0.75 kWh/day, which reflects average rural household consumption based on the results of the
University Surveys. For sensitiviy purposes, a high consumption case of 1.25 kWh/day for the PV
systems and 2 kWh/day for the conventional systems is used; this is higher consumption than
current rural average YGEC consumption of 1.6 kWh/day.

11. Rather than usink cost per kilowatt-hour, this assessment compares the annualized
economic cost of providing the base case level of service with each of the three power options. All
costs are given in 1989 US$ border price equivalents. PV system values are based on current
international prices and eting t ical performance. Given existing manufacturing technology,
c.if. module prices could fall to US$ 3/Wp with a significant increase in world production. Base
case worst month insolaton is conservatively estimated at 4 kWh/sqm,nday, although of 5
kWh/sqm/day is used for sensitivit analys, given the insolation data presented in the previous
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section. The combination of US$5.50/Wp module cost and 4 kWh/m2/day composes the base case
for PV systems, while the combination of US$3/Wp module costs and 5 kWh/m2/day is the "best
case" scenario.

12. Grid extension costs are based on Power 5 feasibility study estimates from 1987 escalated
by 5% annually for two years to 1989 equivalents. Sensitivity analysis is performed with respect to
distance from the existing grid, line costs per kilometer, number of connections, and load per
connection. Local components of the Power S costs have been multiplied by a border price
conversion factor of 0.8. The base case line cost of US$ 6,600/lkm represents the use of single phase
35 mm2 6.35 kV line over easy terrain, and the high line cost case of USS 15,500 represents the use
of 35 mm2 three phase 11 kV line over difficult terrain. A mid-point cost of USS 1 1,000/km is also
used, and can represent a mix of the 6.35 kV single phase line with the 11 kV three phase line.
Loading capability of the single phase line is assumed to be 600 kVA-km for a spot load, or 1200
kVA-km for a distributed load; for the three phase line, the loading capability for a spot load is
2400 kVA-km, and for a distributed load is 4800 kVA-km.

13. Diesel generation costs are also based on current international prices, consistent with retail
prices found in the northern governorates. Sensitivity analysis is carried out with respect to load
per connection, number of connections, and real fuel cost escalation. Two fuel cost cases are
considered. The base case uses the economic cost of delivered diesel fuel (US$ 0.22/li), while the
high case uses a US$ 0.25/li fuel cost and a 3% real annual fuel cost escalation rate. It is assumed
that the diesel generator is always properly sized to meet the total load of all connections. This is
an assumption favorable to dieseL in that site visits revealed consistent over-sizing (resulting in
lower efficiencies), and that in general, households in a settlement that has diesel power will not
all be connected to a single large generator, but may be connected to numerous small, less efficient
and more costly generators if they are connected at all

14. Base case assumptions for the different alternatives are given in the
table below.

Assumptions for a singl decentralized PV svstem
Real Discount Rate = 10 %
Worst Month Insolation = 4 kWh/m2/day
Photovoltaic Module Unit Costs 5.50 US$/Wp
Module eficiency (STC) 11.5 %
Module lifetime = 15 years
Battery energy efficiency 80 %
Maximum depth of discharge = 70 %
Battery Lifetime 2 years
Battery Unit Cost - 70 US$/kWh
Controller cost 75 US$
Controller lifetime = 8 years
Cables, etc. = 30 US$
System Load m 0.25 kWh/day
Fixed annual O&M cost - 5 US$
Overall NOC system efficiency 5 8 % (incl. batteries)
Photovoltaic system availability 95 %
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Derived base case PV system characteristics:
Modules required - 90 Wp
Battery storage required 1 kWh
System capital cost 760 US$
Levelized energy cost 5 1.44 US$/kWh
Annualized cost per household 152 US$

Grid extension assumptions
Load Distance From Grid (kilometers) 7 kilometers
Feeder Costs for Distribution Lines - 6600 US$/km
15 kVa 6.35/0.4 kV Transformer Costs = 900 US$
Secondary line costs - 4000 US$/transformer
Number of Connections to Buildings = 50

Number of Connections per Transformer = 25
Average Daily Load per Connection = 0.75 kWh
Cost per Single Phase Service Connection = 200 US$
Annual Power Line Maintenance Cost = 2 % of capital costs
Long Run Marginal Electricity Cost = 0.10 US$/kWh

(Generation and Transmission only)
Lifetime of All Equipment = 25 years
Grid availability = 95 %
Real Discount Rate = 10 %

Derived base case grid extension characteristics:
Connection Cost per Consumer = 1325 US$
Levelized Energy Cost = 0.76 US$/kWh
Annualized Cost per Household = 201 US$

Diesel generation assumptions
Number of Connections = 50
Power Requirement per Connection = 0.4 kW/connection
Average Daily Load per Connection = 0.75 kWh
Diesel Generator Unit Cost = 450 US$/kilowatt + US$ 200
Diesel Fuel Cost = 0.22 US$/liter
Average Daily Diesel Operating Hours - 6 hours/day
Site Civil Costs = 1000 US$
Site Lifetime 15 years
Distribution Line Costs - 500 US$/10 connections
Service Connection Cost - 500 US$/connect
Annual Maintenance & Repair = 10 % of capital costs
Annual Operator Costs (half-time) = 500 US$
Engine Overhaul Cost Factor = 30 %
Diesel-Generator Lifetime = R years
Frequency of Diesel Engine Overhaul - 4 years
Diesel Generator Availability a 90 %
Real Discount Rate = 10 %
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Derived Base Case Diesel System Characteristics
Diesel Engine Size 20 kilowatts
Total Average Daily Load 15 kWh/day
Annual Fuel Consumption a 7005 li
Capital Cost per Connection 309 US$
Levelized Energy Cost a 0.49 US$/kWh
Annualized Cost per Connection = 124 US$/kWh

15. In the cases described above, diesel generation is least-cost, followed by PV and grid
extension. However, the relative ranking of these systems changes considerably as conditions such
as insolation, number of households, average load per household, etc. vary. The following figures
present the results of sensitivity analysis, and are used to identify the conditions under which each
alternative provides least-cost electricity supply.

16. The following conclusions emerge from this analysis:

(a) Assuming base case energy consumption, decentralized PV systems could provide the
least-cost household electricity supply option throughout the northern governorates for
settlements of less than 20 to 45 electrified households (depending on fuel price trends and
insolation) in areas where there are fewer than 12 to 16 household or other lower power
connections per kilometer of 11kV line (depending on insolation and assuming easy grid
access. More difficult grid access would increase this number, e.g. for grid extension costing
$15,500/km, PV would be cheaper in areas with less than 35 connections per km of 11 kV
line).

(b) At reduced module costs expected in the next few years, PV would be the least-cost power
option for settlements of less than 100 to 160 households (depending on fuel price trends)
located in areas with fewer than 25 connections per kilometer of 11kV line (assuming easy
grid access and single phase line; more difficult access would increase this number.) Even
if average grid-connected loads would increase to 2kwh/day, PV would still be least-cost in
areas with less than 4 electrified households per kilometer of 11kV line.

17. In general, the larger the total load (number of connections multiplied by the average daily
load per connection) and the closer it is to existing 11 kV supply, the more likely it is that grid
extension will provide the least-cost means for household power supply. However, given that a
considerable portion of the rural population (which is characterized by relatively low power
consumption per electrified household) is dispersed throughout areas away from planned or existing
grid supply, grid extension is not an economically least-cost option for many of these households.
Moreover, even if it was economically justified to connect these households to the grid, it is
improbable that the financial resources to do so can be mobilized within the next 20 years whereas
at least some households would be able to finance a PV system on their own.

18. In areas where grid extension is not economically or financially feasible, diesel generation
or decentralized photovoltaic systems are the only feasible means of meeting household power
needs. Diesel generation is better where loads are more concentrated, but the above results suggest
that PV systems are economically less costly for settlements or villages of less than 20 to 45
electrified households. Settlements of this size would have populations in the range of 120 to 275
inhabitants or more if not all households are electrified. Certainly there are many such settlements
scattered through the rural areas of the northern governorates. With further reductions in module
costs, PV systems could be appropriate for settlements of as many as 1,000 inhabitants.
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PV VS. DIESEL GENERATION
BASE CASE ELECTRICITY CONSUMPTION
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PV VS. GRID EXTENSION
LINE COST SENSITIVITY
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