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FOREWORD

Since Independence, the Republic of Djibouti has continued to
emphasize the special importance of energy in the activities
and programs undertaken by the Government.

Like water and food, energy la an easential element of national
development.

Possessing nelther coal, petroleum, nor natural gas, Djibouti
must import all of the energy supplies required for the Key
sectors of the economy: industry, transportation, and the

generation of electrical power.

Only fuelwood can be counted as an indigenous source of energy,
but It is a reasource whoae very use contributes to the
descertification which threatens itg future.

Faced with an energy bill which has been increasing year after
year, the Government has decided to launch an ambitious program
for the development and management of the energy sector based
on the following themes:

- the development and strengthening of energy sector
institutions
~ increasged efforts to train engineers, analysets, and

technicians

- +the implementation of comprehensive demand management and
energy conservation measures

- the development and exploitation of indigenous energy
reaources.

The recent increase In the price of oil, and the
unpredlctability of future energy supply and demand underscores
the neceasity for effective national energy planning.

Djibouti poasesses the manpower and the resources needed to
plan for the future. Instead of an almost total dependence on
the world market and its shifting prices, Djibouti will develop
its national energy resources such as geothermal energy, solar
energy and wind power, and will take advantage of the
significant energy savings which can be realised by energy
congervation.

It ig this context which gives the Iimportant work carried out
over the last year by analysta from ISERST, the UNDP, USAID,
and VITA, its particular significance.



The MEDEE-S computer model, adapted and improved for the case
of Djibouti, is a powerful tool for the modeling of energy
supply and demand.

Together with a comprehensive database, which has been enlarged
and brought up to date, the MEDEE-S model now provides analysts
and decigion-makers with the means to study the present energy
gituation, to forecast future energy demand, and to outline the
framework of an integrated national energy plan.

This first approach to national energy planning has examined
two quite different development scenarios for Djibouti. This
atudy confirms the validity of the energy sector initiatives
already underway, and recommends that the strengthened by
implementing a series of priority energy sector development
projects.

Aware of the social, economic, and technological impact of
energy policy formulation and implementation, the Government of
Djibouti fully supports the implementation of the projects set
out in the National Energy Plan which will eventually bring a
significant improvement in the standard of living for the
popuiation, aa well as affording a gignificant and welcome
degree of energy independence for the nation.
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EXECUTIVE SUMMARY

The purpose of this study of the energy sector is to formulate
a long term energy policy for the Republic of Djibouti, to
propose initiatives and to define objectives in the short and
medium term, and to facilitate the financial support of these
actiong by the international donor agencies.

The aims of the atudy are:
- to formulate an Integrated Natlional Energy FPlan.

To identify, degcribe, and present the technical and economic
analyses of asapecific projects for which funding will be
golicited.

Thlis chapter summarlizes the principal actions carried out by
the project and the conclusions reached.

THE ENERGY BALANCE FOR 1985

Tables 1 and 2 present the national energy balance and the
disposition of final energy for the year 1985. Theae balances
were developed as a part of the analysis conducted for the
implementation of the MEDEE-S computer model of the energy
gector of Djibouti.

The main polnts I1lluatrated by the energy balances can be
sunmarized ags follows:

a) Fnergy produced from national resources accounts for 13% of
the total energy consumed in the country. The remainder is
imported and is almost entirely petroleum products.

b) Of the energy consumed, losses due to converslon and
distribution account for 28%. Thus, the efficiency of the
energy sector in Djibouti ias approximately 72%.

¢) The losses due to the generation of electricity account for
80% of the overall lossaes. The remainder ig due to the
production of <charcoal (7.8 %), and the losses in the
transmiassion and distribution of electricity (12.2 %).

d) The final consumption of energy in 1985 amounted to 71,300
TPE which represents a per capita energy consumption of



SINWLSAMTY WITLISIIVAS

£355 202 HHE £Lb " 0LE2 28 AWEY HONEHS
] 1795 L5695 L% 02y P S0 WIS
£90L SIEE 02 i 459 T s v SHIAYS
EAER2 £4E82 86274 2y 9L NOTLYLHOJSHN,
1458 %Y L9LE 19E NOTLOVMISHOD @ AMISOONL
481 9 £ Ebb ONTHSTS WY JuNLNDTEN
Bs2hL 8h02) £928Y 0 vz 95004 205K £4904 £29 2 <30k 0 0 0 SLH0b NOT1SN0D NS
¥9ZE- ohz- G- b2s- b - bib= ¢ 535507 NOLLMATHIST] ‘20uH0lS
89h2- 0 2t 0962- 962~ NOTLONCHd MO
o 0 0 ONTNLS3Y WML
< seE- 2L 09¥9E- CEFEL- QE0E- 0 NOLIVAINE ALTITMINTE
L 59084 0 0885Y bGAEE 99852 9500} sy 2540 729 o SELEL 0 0 0 GEVE} L3HAsE NOTION M10L
bEL 8L 9262~ 1oLh 795 o044 of- 0 STONMI 015
0 1] M M- 0 QUYL
LEEYGH~ LE5¥Sh-  1R9% 20~ B09.5- 0 SLI0dY3
BRGAEZ L4452 YEVES 12519 18 bLZ23 ¥9ch 859 0% 0 SLHOMNT
SEAEY 0 SEHEL SELEL NOTLONG03d

w0 AP CONI0NH [0 Tang  [353lg ws0day [y qar  BuL[eseg  ad] [edey)  Jo4IE He[0§ "W (10 poom

W.0L AMI4d dil
wioL

AOH3INT AHYANDDIS ADUINT A¥UNT YA SEEF:BYIA

I11n08t1rd 40 3n0T78nd38

jHL 303 3INYIvE

ADHINTG ]



B624L D EeEy cavad 95001 q0cy EH90k £29 L0y o SLI0k wiel

EbSG ¥202 484E ELh " 0LEZ Z AW HONIH
£8L59 ¥bb6 LIV 2 96004 T Ev2e be¥ LI0vH e SO wiOL 8ns
§ir] 1996 L8h st 02r 0083 e SO WILOAIS3H
BOY 90t ONIdWd LM -
oo 3 ONTLHOIN JT7ENd -
B624 Jit) 189 019 ] SIWHWIS3Y ‘SIVG ‘STALH -
099 o SN OV I0UIR0D -
¥y SLah s92 058 & o9 SIITAES JTHN *NIWR -
<90L o8> DS2E oRgh 469 ) 7 $3TNES
b69 ves %S 52 WILTIM -
| 08} 08 908 ATV -
2295 prad) e 9174 MNQIATONT -
o bi29 829 big vy -
_ vt 2y 26 HIY -
£AER2 £4ETE 229 /1) £0%L NOI LYLH04SHYIL
L6GE 9EY WHE b9HE NOTLONWLSNDD (W AHLSOONT
8 U £V Ebb ONIHST QMY WU NITER
WO0L A3 CEWIOMDAR (10 [and [aSIIQ uaseiay  [anp 1af AUIOSE) DAY SSWOIE  [PolJeyd  paoN
wiol wio 431
51304 NOGYYIONTAH SSyM0I8 Sg51 1V

A093INT 46 NOTLJWASNDD? TWNTd 3HL ¥04 F2NVIVE ADUINI 2 Il




- 16 -

0.166 TPE. The energy Intenslty per unit of Groas ‘lational
Product was 1.18 TPE per mlllion Djibouti Franca (FD).

e) The figurea below present the relative welght of each
gector In the final consumption of energy.

Agriculture and fishing 0.3 %
Industry and construction 5.0 %
Transportation 39.8 %
Services 17.6 %
Residential 37.3 %

£f) The atructure of the consumption by energy type is as=s

follows:
Wood and charcoal 15.5 %
Hydrocarbon fuels 67.6 %
Electricity 16.9 %

THE EVOLUTION OF ENERGY DEMAND: THE SCENARIOS

The MEDEE-S model has been used to study two quite distinct
scenarlos. The results of these simulations are presented in
the paragraphs which follow.

The Reference Scenario

This sacenario aasaumes that the social and economic development
of Djibouti will continue at the same pace as that seen in the
laat few years. The GNP is assumed to increase at a rate of 4 %
per annum, a rate alightly above the average rate of increase
over the last 5 years which wag 2.5 %. The industrial and
agricultural sectors are assumed to grow at a faster rate than
the other economic sectors.

The results of this simulation are presented in Tables 3 and 4.

According to this acenario, which might be termed "Business as

-

Usual”, overall energy demand increases by 63 %X during the

period 1985-2000. The demand for electricity increases by 69 %,
petroleum products by 67 %, and biomass by 42 %.

Disaggregating the demand for biomasa, one finds that the
demand for charcoal is estimated to double, while the final

demand for fuelwood increases by 37 %. However, the manufacture
of charccal imposes its own demand on wood, and the demand for
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wood as primary energy increages by 45 % to about 19,100 TPE by
the year 2000.

These estimates emphasize the need to study the forest resource
base in Djibouti, to evaluate the extent of deforestatlon and
degertification, and to initlate reforestation programa In
those regiona which are the worst af fected.

Table 3 Reference Scenario - Energy Demand, TPE

1985 (1) 1990 1995 2000
LPG 623 752 857 990
Kerosene 100946 12752 15786 19739
Gasoline 10613 11137 11738 12223
Diesel fuel 22425 27015 32689 39325
Jet fuel 4506 5537 6737 8196
Sub total 48263 57193 67757 80473
Electricity 12018 14113 16781 20263
Wood 10175 11724 12833 13508
Charcoal 842 1094 1346 16921
Renewable energy - - - -
TOTAL 71298 84124 98717 116335

1. Energy balance

Table 4 Reference Scenario - Demand by Sector, TPE
Sector 1985 (1) 1990 1995 2000
Induatry and 3597 4704 6114 7913
construction

Agriculture and fishing 189 240 280 327
Trangportation 28393 33009 38621 44838
Services (inc. F.A.) 12578 14047 15912 18168
Reaidential 26541 32124 37789 45039
TOTAL 71298 841214 98716 116335
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The demand for kerosene alao increases quite sharply in this
scenario--almost doubling during the period.

By sector, this scenario shows a very strong increase in energy
demand by industry and conatruction which increases by 120 %
during the period. It should also be noted that, by the year
2000, the residential sector takes over from the trangportation

sector as the largest energy consuming sector.

The Growth Scenarlio

This scenario assumes that the economy of Djibouti develops
strongly, with a rate of growth in the GNP of 5 % annually up
to the year 2000.

Industry moves ahead passing from 8.2 %¥ of the GNP in 1985 to
13 % in 2000 ; the energy sector also takes a larger share,
while agriculture grows from 4 % to 8.5 % during this period.
The aervice sector declines proportionately going from 76.6

at the present time to 63.5 % at the end of the period.

D

This scenaric alao assumes quite a gignificant increage in the
rate of household electrification. The regults of the
simulation of this scenario are presented in Tableg 5 and 6.

Table 5 Growth Scenario - Energy Demand, TPE

1985 (1) 1990 1995 2000
LPG 623 916 1379 2346
Kerosene 10096 12867 16795 21893
Gasoline 10613 11758 13270 15815
Diesel fuel 22425 289466 37868 50300
Jet fuel 4506 5809 7414 9462
Sub total 48263 60316 76726 2v816
Electriclity 12018 14828 19470 26655
WUood 10175 11036 92823 8150
Charcoal 842 1073 1259 1562
Renewable enecgy - 449 1726 4391
TOTAL 71298 87702 109004 140574

(1) Energy balance
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Table 6 Growth Scenarlo - Demand by Sector, TFPE

1985(1) 1990 1995 2000
Industry and construction 3597 5007 7063 10247
Agriculture and fishing 189 280 343 430
Tranaportation 28393 35561 45819 61421
Serviceg (inc. F.A.) 12578 14855 178446 21325
Reasidential 26541 32000 37932 47052
TOTAL 71298 871703 102003 1405675
(1) Energy balance F.A. = French Army

The overall demand for energy under this scenario very nearly
doubles during the 15-year period. Disaggregated by energy
type, there is a marked increase in the demand for LP Gas,

which increasea by a factor of more than 3. The demand for
kerosene, Diesel fuel, jet fuel, and electricity more than
doubles.

L)

The demand for charcoal increases by 86 %, while the final
demand for fuelwood actually decreases by 20 % - gubstituted by
lterosene in this acenario. Overall, the demand for wood still
increases but only slightly.

By 4gector, this scenario predictably shows a atrong increase
in energy demand for the Industrial and conatruction sector, as
well ag for agriculture and fishing. The consumption of energy
by the transportation sector alzo more than doubles.

Evolution of the Demand for Electricity

Given the importance of electricity in energy gupply and hence
energy planning in Djibouti, it ia esaential that the i{future
demand for this particular form of energy be carefully

evaluated and asgessed.

I+ s8hould first be recalled that MEDEE-S ies a model of final

demand, i.e. a model of consumption not of energy production.
In order to estimate the production of electricity gliven the
projection of final demand, one muat take account of the

consumption of electricity which takes place in the powver
stationas themselves, aa well as the energy losses which occur
in the transmission and distribution aystem.
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During the period 1981-1985 in-house or auxillary consumption
by EdD averaged 7.5 % of production, while transmission and
dletribution losaes accounted for 12.9 & of net production.

Asauming that these numbers decrease slightly in the future, a
figure of 18 %  has been used to calculate the difference
between electricity production and consumption. The evolution
of the production of electricity according to the 2 acenarios
modelled ig shown below in Table 7.

Table 7 Evolutlion of the Demand and Production
of Electricity

==-==_—==-="-:==""=-_===‘=-‘===-'-"---"-—--_"—“"-"'=="=-"==="=""====.'-'======"‘

REFERENCE SCENARIO GROUTH  SCENARIO
1990 1995 2000 1990 1995 2000
Final demand 164.1 195.1 2358.6 172.4 226.7 30%.9
GWh/an
Production 200.1 238.0 287.3 210.3 276.1 378.0
GUh/an (1)
Average annual 1.0 3.8 3.8 5.1 5.3 5.7

rate of growth, %
(from 1985)

1. Losses and auxillary consumption taken as i8 % of production.

Taking account of the most recent data on the economic
development of Djlbouti, as well as the latest figurea on the
present level of electricity demand, the reference scenario isg
conaidered to be the most realistic scenario with regard to the
future demand for electricity.

ENERGY SUPPLY: THE OPTIONS

Primary Energy

Renewable energy resources -- solar energy and wind energy -~
play only a small role in the supply of energy in Djibouti.

With regard to the supply of petroleum products, it is assumed
in thlas report that these fuel supplies will be avallable on
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the world market at least up to the year 2000; the price of
these products, however, is obviously very difficult to
predict.

It seems unlikely, though, that a serious shortage of petroleum
resources will occur over the 15-year planning period <covered
by this study.

Duriny the zame period, the avallabllity of wood for cooking
and for the production of charcoal would appear to be
sufficient to meet the projected demand--a conclusion, however,
that remaina to be confirmed by an appropriate atudy.

Given the above, it may be concluded that it is nctably the
future supply of and demand for electricity which requires the
most detalled atudy.

Options for the Development of Electriclty Supply

The nature of electrical power requires that it be generated in
response to the demand, and supplied to the points of
consumption via a transmisslion and distribution network. The
supply of electriclty therefore depends on the capacity of the
generating aystem to respond at any glven moment to the demand
imposaed by all the consumers linked to the syatem.
Consequently, with regard to electricity supply, it is the
total electricity syastem which must be conglidered: power
atatlona, and the tranamiasion and diatribution system.

The acenarlos consldered for the future generation of
electricity are ag followsa:

a) Electrici.y produced by additicnal Diesel generators.
b) Geothermal power

¢) Coal-fired power generation

d) Hydrnpower generation at Lac Assal.

e) Development of solar power stations.

These optiona might also be combined in an optimal manner
depending on the future development of the electricity system.

It should also be noted that these options do not in any way
exclude the generation of electricity in the rural areag of the
country by samall-scale renewable energy systems such as
photovoltaic panels or wind turbines.
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These options can be classified in the following manner:

- Those capable of implementation by the year 2000: options a,
b and c¢.

- A backup option for the same period: option c.

- Those optlona probably impossible to implement before the
year 2000: option d (if studies confirm the technical and
economlic feaslibility of such an installation); and option e
(if the development of solar energy technologies, both
photovoltale and solar thermal, continues to progress, and
if the cost of electricity from these systema becomnes
competitive with the cost of electricity from the
technologies now in operation in Djibouti).

PRINCIPAL ACTIVITIES AND CONCLUSIONS OF THE STUDY

The principal activities and conclusions of the atudy can be
pregented ag follows

1. The strategy proposed by the Government for the development
of the energy s8ector has been validated. The aim of this
strateay is to assure the supply of energy to the country, and
thua ita continued sgocio-economic development.

The reduction of energy imports by the introduction of energy
conservation measures, and by the development of Djibouti’s
national energy resvurces will lead to a progressgsive
improvement In both the energy situation of the country and its
balance of payments.

The major actlons proposed are: energy congervation at all
steps in the energy system from supply to final end-use; the
development of national energy resources -- wood, geothermal
energy, wind power, and solar energy; the diversification of
energy imports; and the institutional development of the
energy-sector agenciea and services responsible for policy,
planning, management and research.

2. A modern approach to energy planning has been adopted. A
methodology specially suited to the elaboration of the national
energy balance (presented for 1985) haa been applied, together
with a sophisticated technique for the analysis of energy
demand which has enabled the gimulation of the evolution of the
demand for energy from 1985 until the year 2000,
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The model used for this analysis is the MEDEE-S computer model.
This model, only recently devised for the developing countries,
has been get wup at ISERST and adapted to the apecific
conditiong and the energy gituation of Djibouti.

For the decision-makers in the Government agencies responeible
for energy policy and planning, the MEDEE-S model is a powerful
planning tool. It ig imperative that the database used by the
model ia continually developed and kept up to date.

3. Although the overall energy planning strategy proposed by
the Government ias validated by this study, the formulation of a
comprehensive National Energy Flan has not been possible. The
lack of data on certain energy supply options, geothermal
enetrgy for instance, means that an economic comparison of the
possible energy supply options can not be conducted at the
present time. The presgent situaticn permitas only a general
technical and economiec comparison of the possible energy
alternatives.

In apite of this limitation, it ig nevertheless posgible to
set out the general policy framework of a national energy plan
as follows:

- Although the supply of petroleum products on the world
market seems assured at least in the short term, it would be
ugeful *o study the national sasystem of aupply in more
detail.

- The energy conservation programs are a priority and should
be vigorously promoted and extended.

- The present overcapacity at the Boulaos power station will
cover the projected electrical demand until 1992-93. This
provides a period of about 3 years before decisions
regarding additional capacity need to be taken.

- In a more general manner, the evolution of the overall
demand for energy does not require that in the very short
term irreversible decisions regarding energy supply need to
be taken, since 87 % of the demand is covered by petroleum
imports and 13 % by biomass. However, it should be recalled
that the construction of new energy supply systems requires
very long lead times and thease delays should be taken into
account.

4. The economic viability of geothermal power in Djibouti has
been confirmed.
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5. It 1as recommended that a national energy conservation
program be Implemented. Thia program, which would insulate
approximately 11,000 refrlgeratoras and which would replace
about 15,000 incandescent lighta with fluorescent lights, would
be flinanced by a fund accrued by EdD following the fall in the
price of oll. )

These measures will not only reduce the cost of electricity for
the poorer houaseholds, but will also reduce the quantity of
petroleum products imported and generate a degree of
employment.

6. A study of electricity tariffs and a technical and economic
assegsment of EdD have been conducted. It ia proposed that a
tariff atructure based on long term marginal costs be
implemented. However, electricity tariffs should take into
account social and political considerations such as the cost of
electricity for the poorer households. The precise tariff
structure has yet to be determined.

7. Recommendations are made for a serles of actiona related to
eneray consgservation in the regidential sector {(thermal
insulation, 1lighting, refrigeration, and cooking), in industry
and agriculture, in the trangportation sector, and also in the
operations of EdD--both technical and economic.

It should alse be noted that a number of specific energy
development projects have been formulated. These projects will
be submitted to the Iinternatlional funding agencies with the aim
of securing funds for the financing of the proposed activities.

RECOMMENDATIONS

This &atudy has identified a number of apeciflc measures which
are easential for Iimproving energy management and energy
planning.

It is recommended that the studies, analyses, and research
carried out as part of the preparation of the National Energy
Pian should be continued by a full-time group of researchers
and analysts. ISERST would appear to be the best place for this
activity since the institution would be able to integrate the
energy planning work into its current energy research and
development programs,

The principal tasks of the new group would be to continue the
energy planning work already started; to develop a database of
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energy and economic statlistics and an information centre on
energy; to conduct and direct gpecific studiea on iasues
related to energy; to prepare subsequent National Energy Plans
and to improve the analysis and refine the methodology; to
prepare specific proposals for consideration by the Government,
and to oprepare and complete the energy sector development
projecta to be submitted to the international funding agencies.

For the next few years expatriate technical asslatance ahould
be maintained and, if pcssible, increased.

The National Energy Plan should be revised and updated as more
and more Iinformation and data on the various sasupply options
become avallable, if changes in technical and economic
varlablea warrant supplemenatry analysea, or lf the analytical
techniques themselves change -- for example: the development of
a computer model for optimizing the energy supply options.

The recommended actions, activities, and analyses are presented
in more detail In the following section.

Energy Management: Flnal Demand

Reaidential Sector. Improvements in the thermal insulation of
buildings are recommended together with the promotion of energy
congervation in lighting, refrigeration, ventilaiion, and
cooking.

Agriculture and Animal Husbandry. Inmprovements in the

efficlency of water pumping isg recommended together with the
gsubgstitution of solar and wind energy for motor pumps fuelled
by gasocline and Diesel fuel.

Industry. Energy conservation measures are recommended in
indugstrieg which are heavy energy usera.

Transport. Energy conservation by an improved management of
all modes of transportation ia recommended.

Energy Management: Secondary Energy

Petroleum Products. A study of the posgibility of replacing
light fuel oil (600 seconds viascoaity); with a heavier grade of
fuel oil for the Diesel engine generators at the Boulaos power
station is recommended together with a study of The posaibility
cf reducing the consumption of lubricants. An adsessment of the
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overall supply system for petroleum products, including pricing
policy, should also be conducted.

Charcoal. 1t is recommended that the techniques of charcoal
production be improved, together with the gystem of
distribution.

Electricity. A study of the possibility of reducing in-housge or
auxiliary power consumption in the Boulaos power station by
changing to an engine cooling system wusing seawater s
recommended. The proposed arrangement may be less costly to
operate than the present system which uses air cooling.

A astudy of the power losses in transformers and in the
transmiggion and distributicn system should alsc be conducted.

A follow-up study of the prouposed tariffs designed to improve
the management of electricity demand, particularly peak demand,
ahould be carried out. This study shou'd establish a tarlff
structure which takes inte account the <~ocio-economic and
pollitical implications of energy prices.

Detailed analyses of the different wupply —ptions, geothermal
power for example, should be conducted as soon as more precise
data becomes availabie. For the rural areas, technical progress
in wind and photovoltaic power zhould be closely followed, and
anaiyses periodically conducted if the technical and economic
characteristics of these options change.

Development of Indigencus Energy <=z2sources

Given the absence of fogsil fuel rescurces in Djibouti, the
country should make every effort to develop alternative energy
resources even if the gignificant {inancial committment which
may be required enables only a gradual development of these
gources of energy.

Fuelwood. A study of the biomass resource base should be
conducted in order to provide a barter egtimate of thea
quantities of wood available for fuel and the production of
charcoal. Such a study would also permit an evaluation of the
poggibility of substituting kerosene for fuelwood in the rural
areas.

Gecothermal Energy. Special attention musat be given to the
results of the study of geothermal resources which is now 1in
progress. If detailed technical and economic gtudies show




geothermal energy to be feasible and economic, the construction
of the first geothermal power station should be undertaken.

Hydropower. Although Djibouti haa no permarently flowing
streams or rivers, it may be possible to generate
hydroelectricity by taking advantage of the fact that Lac Aasal
is 150 m below gea level. A preliminary analysis might be
carried out to ascertain whether or not such a proposal |is
teagible.

Solar Energy and Wind Energy. The statistical database on wind
and solar energy resources is very limited and should be
gstrengthened. Triese data are important not only for the

introduction of solar and wind energy systems in the rural
areasg of the country, but algo for assessing the posszibility of
building a large solar power plant in the future -- either a
photovoltaic system or a solar thermatl gystem using
concentrating collectors.

ISERST <could help efforts to develop the country’'s indigenous
energy resourcesd : wood, geothermal ¢energy, golar energy and
wind power, by setting up an energy database, and in following
the technical progress being made elsewhere in the development
of technologies exploiting these resources.

Inatitutional Development

A systematic study of the institutional structure of the energy
gector is necessary. This study should define the tasks and the
responsibilities of the varlous agencies and institutions, and
should outline a network for the exchange of information.

It is therefore suggested that the membhers of the team which
participated in the preparation of the National Energy Plan

should set up a working group, which should include
representatives from the Energy Service, the Public Hydrocarbon
Establishment (EPH), Electricité de Djibouti (EdD), the

Miniastry of Public Works and Urban Development (MTPDUL), the
Rural Engineering Service (Génie Rural) and the National
Meteorological Service, which should examine and discuss ways
in which the management of energy supply, production, and
demand could be improved, and how the different services,
agencies, and institutions should collaborate to achieve this
aim. Thia collaborative effort might be organized under the
aegis of the National Energy Commiasion.
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Energy Planning

The National Energy Plan has been prepared with the asalstance
of the MEDEE-S computer model. In order to extend and Iimprove
thia computer model at ISERST, a team of at least two analysts
should be trained in energy sector planning.

It ghould alzo be noted that EdD has agreed to assign an
analyet to electrical power planning. This analyst should work
clogely wlth the ISERST team.
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INTRODUCTION

This introduction to the satudy of energy planning in the
Republic of Djibouti preagents the broader context that will
serve ag a back-drop to the more detailed chapters wvhich
follow.

Geographic Posltion

The Republic of Djlbouti ia situated on the East coast of
Africa between Ethiopia and Somalia at the mouth of the Red Sea
anc the Gulf of Aden at a latitude of between 11 and 12 degrees
North. (Figure 1-1).

Djibouti has a surface area of 23,310 km2 divided into three
gpecific regions : the coastal plain situated 200 m above sea
level; the mountains which reach an altitude of 2000 m, and
behind the mountaina, the plateau where Lac Agsal is =asituated
at 150 m below sea level--the lowest point in Africa. /i-1/.

Climate

Diiboutli has a tropical climate and is officially clasaed as a
maritime desert : a climatic region that is hot and humid in
the winter and very hot and humid in the summer.

In the maritime desert the air temperatures are only slightly
lesg than these of the inland regions. However, the presence
of the warm ocean in the area creates a high level of humidity.
The +temperature of the sea near Djibouti varies from 25°C in
winter to 32°C in the summer.

Table A 1-1 in cnnex Al glvea monthly average temperatures and
levelis of humidity at the airport in Djibouti based on the
effective temperature--a measure of comfort calculated by
ombining temperature and humidity /f1.2/.

The <c¢limate of Djibouti for most of the year is uncomfortable
by European standards. Figure A 1-1 in Annex A 1 shows monthly
comfort profiles for Djibouti, which vary between ’'cool’' in the
winter and 'intolerable’' in the aummer.

Rainfall

Annual rainfall in Djibouti is not very high. It varies between
50 and 300 mm per year. Figure A 1-2 of annex 1 shows the
level of rainfall and itg regional variations /f1-3/.
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Solar radiation

Djibouti’s equatorial position, together with its generally
ciear saskies, provide the country with very good solar energy
regsources. The wutilization of solar energy in Djibouti is

deacribed in more detail in Chapter 3.

Hydrology

The hydraulic resources of the country conslst of both surface
and underground water.

The surface water produces two types of hydraulic networks.
East of a North-South line passing through Ali Sableh and
Randa, flood waters flow into the sea; whereas in the WUest the
network is more of the endoreic type, i.e. the waters are
absorbed in the plainsg, or in Lac Assal or Lac Abbé, and do not
reach the sea /1-4/.

There are no permanently flowing streame or rivers in Djibouti,
and none of the wadis maintain a regulated flow. During the
periods when the wadis are in flood the volumes of water
flowing can be gubstantial, and the floods often cauge serious
damage. The floods, which generally last from one to three
days, occur 3 or 4 times a year. Most often, they occcur in
February-March West of the line noted above, and in October-~
November to the East.

As for underground water there are many known aquifers—-
classified as alluvial aquifers and phreatic aquifers. The
alluvial aquifers are guppllied by water from the wadis in the
North of the country, and in the reglion between Djibouti and
Ali Sabieh by basalt alluvions. However, further to the South
the water aquifers are more often sand-ridden.

It ig the phreatic aquifers which are most frequently used to
aupply water. There are two types: the local aquifers and the
general phreatic aquifer. The depth of the local aquifers
varies between 60 and 180 m, that of the general phreatic
aquifer between 0 and 100 m. Figure A 1-3 of annex 1 gives a
general picture of the =zones and the depth of the local
aquifers /1-4/.

Population

Since its independence in 1977 the Republic of Djibouti has
experienced a significant increase in population, due not only
to an increase in the birth rate (now 3.5% per year), but also
to the periodic influx of refugees.
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The population increased from 300,000 inhabitants in 1977 to
more than 430,000 in 1985. This large increase of
approximately 45 % in 8 years has taken place in different ways
in different parts of the country, with a noticeably greater
increase in the town of Djibouti - the main hub of activity in
the country.

The towns in the interior (Ali Sabieh, Dikhil, Tad jourah,
Obock), degpite a certain amount of migration towards the town
of Djibouti, have also seen an increase in their populations.
According to a census of August 1986 taken by the National
Office of Refugees and the Homelesas (ONARS), 13,800 refugees

have settled in Dikhil, and 2,322 in All Sabieh.

It should be added that Djibouti s home to about 15,000
foreign nationals whoae main activities include technical
assistance, commerce, and Ilndustry -- a large part being the
French Army which counts approximately 4,000 men.

Table 1-1 below presents the dlstribution of the population in
1985.

Table 1-1. Distributicn of the Population in Djibouti (1985)

excl. expatriates expatriate refugee

excl. refugees population population total
T T e tsewe 250,000
U
urban centres 69,000 15,000 84,000
rural areas 96,000 96,000
ol wo.000 15,000 15,000 430,000

Reaources

The known natural resources are limited and consigt essentially
of salt (Lac Assal), calcium, perlite (from the Geraleyta
massif between the Sida plain and the Ghoubet), diatonite
(Hanlég, Asasal and Gobbad), gypsum (lLac Assal) as well as other
minerals which could be useful for the production of cement.



However, the most lmportant resource is geothermal energy--a
resource which can be found in many areas of the country. The
ma jor resourcea are at Lac Abbé, Hanlé, Gaggadé, Arta and Lac

Agsal. Studies are now underway to determine the posgibility of
fully exploitating these rescurcoesa.

With respect to agriculture, activity is very limited. It is
eatimated that 320,000 ha of land are irrigable of which only
400 ha are worked a: the present time by a thousand or so
farmers. Neverthelesgs, the country has made great progress.
National production rose from 50 tonnes in 1979 to almost 1,300
tonnes in 1985.

However, the marketing of the products of livestock farming,
agriculture and the fishing industry remains poorly organized,
and hindergs the development of this sector. Ag far as
liveatock is concerned, +the situation igs becoming increasingly
critical.

The free range of livestock combined with frequent droughts
over the past ten Yyeara has <c¢reated acute problems of
overgrazing In most of the grazing pasturesg. The regult has
been a degradation of plant species in the pastures /1-7/.

Although great progress has been made in the fishing industry,
the rate of development is held back by the relatively low
consumption of sea-food.

Economy

In 1984 Djibouti'a Gross Domestic Product (GDP) was 60,450
million Djibouti Francs (FD), almost $375 millionm (US); 77 * of
the GDP is generated by public services: the port, the airport,

the Djibouti-Ethiopia railroad, the private banking sector,
and general services for the large expatriate population, both
civil and military. Agriculture, moatly pastoral, accounts for

only 4.4 % of the GDP. Industry accounts for 16 %.

In the case of the Djiboutian economy, there is a significant
amount of economic activity which is not included in the GDP.
The Gross National Product {(GNP) would therefore appear to be a
more realigstic indicator of the growth of the national economy.

Due teo the limited amount of natural resources, and a limited
capacity for production, Djibouti is very dependent on imports,
especially on food from France and Ethiopia, and ocn petroleum
products. This places a heavy load on the country's balance of
trade.



The low level of exports produces a significant imbalance
between imports and exports. This situation could be improved
by:

- reducing the level of imports, particularly energy imports.

- increasing the level of exports by developing indigenous
regources.

For several years the value of the Djibouti franc (FD) has been
tied to the US dollar (177.721 FD = $1 US). The absence of any
real black market in currency trading is a measure of the ease
with which the Djiboutian currency can be exchanged.

The external debt of the country was 44.4 billion FD in fiscal
year 19$86.

Energy in the Economy

Table 1-2 shows the great importance of imported energy for
Dijibouti. The figures suggest opportunities for a government
which seesks to reduce its commercial deficit by curtailing
these imports /1-5,1-6/. The table shows the real expenses
incurred by the Djiboutian economy (i.e. excluding taxes,
salaries, ad justments ete.) for petroleum products consumed by
the country (net petroleum imports).

Table 1-2 sashows that expenditures on energy were over 6.2
billion FD ($9.5 million US) in 1982--10.3 % of GDP and 31.6 %
of net imports. In the past, the cost of net imports

noticeably increased when the price of o0il rose,

Since 1986, the substantial fall in the international price of
0il has produced a significant positive effect on the balance
of payments and the foreign debt of the country.

However, the impact of the importation of petroleum products on
the balance of payments will continue to remain important for
the country until such times as the substitution of geothermal

energy or renewable energy, or the adoption of energy
congervation measures, enables the country to reduce these
imports.

Moreover, the decentralization inherent in renewable energy
resources, as well as the devalopment of geothermal energy,

will help to protect the country from possible exterior
presaures.
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Table 1-2 Energy In the Economy of Dj}ibouti (MFD) /1-5,1-6/

Groas Domestic Product (GDP) 46,920 53,527 6,818 59,997 59,997 §0,234

Total importa CIF (a) 28,436 33,390 36,465 38,381 37,423 37,382
Exporte (domestic) 2,047 2,111 3,048 2,400 n.a. n.a.
Re-exports 12,100 16,500 17,300 18,000 n.a. n.a.
Total exports FOB 14,147 19,171 20,348 21,200 n.a. n.a.
Trade balance (total -14,289 -14,219 -16,117 -17,181 n.a. n.a.

exports - total imports)

Internal market 16,336 16,890 19,165 i¢,581 n.a. n.a.
(imports ~ re-exports)

Domeatic Energy Economy

Domestic market 1,754 3,449 3,783 3,737 4,040 n.a.
International market:

Imports for aviation 1,303 1,227 1,465 1,552 1,301 n.a.
Importa for shipping and 370 648 731 898 898 n.a.
other (b)

Coat of energy for economy 3,427 5,344 5,979 6,187 6,239 n.a.

(Percentage)
Energy expenses {c):

As a percentage of GDP 7.3 9.9 10.5 10.3 10.4 n.a.

As a percentage of net imports 21.0 31.6 30.7 31.6 n.a. n.a.

(a) Excluding transfers in the free zone; includes producta (re-exported
products) destined for the French Army, to other non-residents, and neighbouring
countries. According to United Nations Conventiona, the French Military Base and
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its personnel (including their families) are in Djibouti to serve the
interests of France, and are therefore conesidered as non-realdents; their
expenses and thelr consumption are considered as re-exportation. The
technical advisors and other foreignera are considered as residents.

(b) This figure does not include Diesel fuel used in the tranaportation of
imported goods. Thias fuel 1is already included in the 'Internal Market'
category and is relatively small.

(¢} Fire wood and charcoal not included

n.a. : not available

The National Energy Balance in 1985

The national energy balance for a given year presents the
overall balance between energy demand and energy supply. The
balance shows both the end-use sectors and the different types
of energy which satisfy the demand.

The methodology used to develop the national energy balance
and the Importance of studying its evolution and planning for
the future are discussed in more detail in Chapter 2.

At thias point, it is appropriate to give a brief overview of
the energy slituation in Djlbouti In 1985 by pregsenting national
energy flowg from primary energy resources through aecondary
convergion to final consumption.

The diagram of energy flows ghown in Figure 1-3 ig a schematic
representation of the national energy situation. These figures
are presented in greater detail In tables 2.1 and 2.2 in
Chapter 2.

In general, the production of energy is as follows: the
national production of primary energy is limited to wood,
corresponding to 13,135 TPE (tonnes petroleum equivalent).

With respect to the intermediate or secondary forms of energy,
apart from a small quantity of imported charcoal (50 TPE), the
principal import Is 239,478 TPE of hydrocarbona, of which
154,337 TPE (64.5%) were re-exported. The internal market
supply amounted to 99,065 TPE.

O0f this quantity, 36,460 TPE (36.8%) was used to generate
electricity, 2,960 TPE (3.0%) was used In the production of
charcoal, and the remaining 60.2% went directly towards
providing final energy for the end-use sectora.



*Gg6T ‘3IdL ‘tanoqilg o oriqndey ayj ut ABJ2uy Jo moTg 2yl ¢~1 3Ty

SEICT
100M TYOJHYHD
QAIHOLNHT
TYOSHYHD 40 NOILINQOHA
6T16E — as
AWHY HONZHA
Z2062 SEDTA¥IS
ADYANE “TYIINZQISTM SHI0LS
1n43sn
SLIOT 5EL
J
' £6c82
on
2 NOTLIYIHOLSNYHEL av9es
_ 03858
LIANHYW TYNOTLYN
SNOGHYIONAAH
A . —
ooie \mmﬂﬁlvllllrii\ SA5501 \\\\\\
60499

4 - w.m
DHNIHSIA *HIOLSIAIT
17e
y Lvan NOILINHISNGD ‘AHLISNONI o9vse 8LPEES
SY LSO ALIOIHLONTH SNOGHVYCOHAAR
ADHANT !

” MOTIONAOEd TALY0dHI
L0TZ S3ASS0T R FHL HOA ddsn ﬁ
’ SMOYEYOOHOAH
£OSvZ hw
Ly3H <V
LS0T ADHANT
LEEHST
_ 03140d%334
SNOBYVIOUAAH




- 39 -

The consumption of final energy (including electricity)
amounted to 71,298 TPE, disaggregated as followa

Agriculture and fishing 0.3 %
Industry and construction 5
Transport 49
Saervices 10
Residential 37
French Army 7.7
100.0 %

The major asectoras of final energy consumption are the transport
and residential sectors, with 40 % and 37 % respectively.
Industry and construction account for only 5 %, below the
service sector and the French Army.

Electricity, 16.6 % of final energy, ia consumed in decreasing
order by the residential sector: 47.2 %, servicea: 31.7 %X, the
French Army: 16.8 %, industecy: 3.6 %, and agriculture and
fishing: 0.7 %.

Apart from the atill minimal contribution of solar and wind
energy, only 13.1 % of the energy consumed in Djibouti in 1985
was provided by indigenous energy reaources: wood; 86.9 % of
the energy c¢onsumed was imported. 1t is important that a
national energy policy seeks to reduce thig heavy dependence on
imported energy by developing the geothermal and renewable
energy resources of the country as asoon as pogsible.
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ANNEX 1 THE CLIMATE OF DJIBOUTI

Djibouti’s climate is officlally clagsed as a maritime desert,
a region which has hot and humid climatic conditions in winter,
and an extremely hot and humid climate in the summer.

Table A 1-1 shows the levels of temperature and relative
humidity, taken every three hours over a 30 year period at the
alrport of Djibouti /1-2/. These figures, taken tfwo kilometers
from +the gea can be considered as representative of the
temperatures in the town of Djibouti as well as of the areas
along the coast in the rest of the country. The table
illustrates the characteristics that make Djibout’'s climate
unique: high average temperatures throughout the year, only
moderate variationsg In temperature during the day, and a high
level of relative humidity.

Figure 1-2 of the Introduction shows average temperatures over
the year.

Figure A 1-1 of this anneX shows graphically the relative
comfort 2cnes Wwhich, determined subjectively, range from
'intolerable’ to ’'cool’. The diagram shows at what times of

day and at what times of year one has to adapt to the exterior
climate in order to be comfortable, Air-conditioning systems or
ceiling fansa are generally used when the effective temperature
ia in the 3 highest ranges; for the lower ranges, natural
ventilation is generally sufficient /1-2/.

Figure A 1-2 shows a rainfall chart for Diibouti /f1-3/.
Rainfall is very low, and 70 - 100 percent is lost through
evaporation and transpiration. Any improvement in comfort Jasts
only for a few hours -~ at moat a few days -- and it is quickly
followed by an uncomfortable rise in relative humidity as the
moisture evaporates.
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CHAPTEHR 1

ENERGY DEMAND AND CONSUMPTION

Each sector of the economy imposes a demand for different
forms of energy. The sum of the various sectoral demands
constitutes the country's total energy demand.

This chapter preasents an Inventory of the sectorsa which are

part of the national econony, discuases thelr principal
characteristica, and provides an analysis of sectoral energy
demand.

1.1. RESIDENTIAL AND SERVICE SECTORS
1.1.1. The Reasldential Sector

Although the 1lifestyle of the population varlies considerably
from one diatrict to another and within the districts
themselves, the population can be broadly disaggregated into 3
principal groups in terms of lifeatyle and patterns of energy
consumption. These groups are defined geographically as
Djibouti ville, the Diatrict centres and the larger towns, and
the village and rural populations.

The characteristica of each of these groups are deacribed in
the sections which follow.

1.1.1.1. Djiboutl ville

The authora of the urban development master plan /1.1/
deacribed 1living conditions 1In Djiboutl ville in 1983 as
follows:

»The dlstribution of the populatlon In the caplital city, ita
atructure, and Ite varlous levels of density indicate different types
of urban groups, each having its own specific customs. Socio-economic
segregation Is very apparent and divides the city into two very
distinct parte :

- Residential sectors well-equipped, separsely populated, alry, green
and clean resulting from planned, controlled management.

- Realdential esectora under-equipped, densely populated and cramped
which are the result of spontaneous urban growth.”



These zones, or quartiers, generally contain uniform social
groups with well defined patterns of energy consumption.

The survey carried out during 1986 for the National Directorate
of Statistics {DINAS, annex 1.2) on household energy
congsumption made it possible to obtain the different elemants
necessary to evaluate the residential gector : type of dwelling
(building material, number of rooms, etc.), water, electricity,
number and type of home applliances, energy billa, etc.

Thia analysis ahowed that the number and type of electrical
applliances In use, and particularly the presence or abaence of
air conditioning units, presented the most accurate criterion
for differentliating among soclo-economic groups

Four principal household typea were thus defined within the
population of Djiboutl ville : 1low-income families, those with
middle level Ilncomea, those in the higher income bracket, and
finally expatrlate householda.

It &ahould be noted that the household is the unit employed for
the estimation of energy consumption. The average number of
persons In the houaehold ia taken as 7.5.

However, the defliniticn of 1low, middle and high income
households is related more to the pattern of energy consumption
than to actual income. For instance there may well be high-
income households with 1low-income patterns of energy
consumption, and vice versa.

a~1) Low Income Households

This category groupa all of the houaseholds which do not have
accega to alr conditioning--close to 71.8% of the total number
of households. However, they may have accesa to electric power
for other wuases. Their dwellings are rarely made of cement
blocks, but are more generally conastructed of materials such as
wooden board, plywood, and sheetmetal, which provide for only
minimal interlor comfort.

When these households have access to electricity, either by
direct connection to EdD, or by pirating it off a neighbour’s
meter, they will generally use it for two or three lighta (most
of them fluorescent), a fan in the main room, and posaibly a
refrigerator or a television set.
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Cooking 1is done tradltionally wuasing Kkerosene satoves. The
central zones of the clty (quartiers 1 through 7) contain the
ma jority of these households.

When households do not have acceas to electricity (mainly in
Balbala), they wuse kKerosene, and leas frequently wood, for
thelr energy needs -~ cooking and lighting. At least 12,000
housaholds are in thias category, which constitues too large a
figure to be ignored. It should be noted, however, that this
number will significantly decrease over the short and mid term
due to wurban development projects which are already in
progreas.

Table 1.1.1. is based on the asurvey undertaken by the DINAS and
gshowa the number and type of appliances found in the low income
households.

Table 1.1.1 Appliances In Loew Income Householde
nuaber of Lighting fans air refrigerators
low income  incandescent  flusrescent conditioners tele-
households bukbs lights visions
number of 23,056 12,361 11,528 0 §,056 5,356
househalds
using the
appliance
% of low incope 533.6 % 50 % 0x MY 247
households
average number of 1.08 1.9 1.5 0 1 1
appliances

a-2) Middle Income Houaelioids

Thia category includes all hougseholds owning an air-
conditioner~-cone only. This group accounte for 16.5% of total
households.
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Thease dwellings, concentrated In clusters or residentlial areas
in well deflned zones, are made of concrete blocks, in
contrast to the light conatructlion of low lncome homes.

In addition to the air conditioning unit, which is used only
during the worst heat of the summer when the high
temperatures (45°* Centigrade) and the hot khamsin wind cause
great discomfort, these households also frequently own a
refrigerator, a television, at least four lights (the majority
of which are incandescent) ae well as two or three fans.

With the exception of a few familles who uase a gaa satove,
cooking is done on kerosene sgtoves.

Table 1.1.2 gives a more precise breakdown of the type and
number of electrical appliances in use by these households.

Table 1.1.2 Appliancea in Hiddle Income Households
nuaber of lighling fans air refrigeralors
middle  incandescent fluorescent conditioners tele-
income visions
households
nvsbar of 5,278 5,278 5,000 5,278 4,792 4,693
households
using the
appliance
% of aiddle 100 % 95 % 100 % 90.8 88 %
incone
households
average 1.42 3.08 2.54 1 1 1
nusher of
appliancess

a-3) High Income Households

Thia category groupas the householdas (excluding expatriates) who
own more than one air conditlioner. The group accountes for a
relatively low percentage of total householde -- 5.2 ¥%.
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The houses, which are 1located in the city's most affluent
neighbourhoods (Plateau du Serpent, 1le Heron, 1le Marabout,
etc.), are made of concrete and provides a high level of
comfort.

Theae houaseholds own a refrigerator, one or more television
seta, ten or aso lights, as well aas ceiling and wall fans.
Cooklng 1a done on gas stoves or on Kerosene stoves, depending
on what type of meal is being prepared.

The distribution of electrical appliances in these households
is given in Table 1.1.3.

Table 1.1.3 Appllances in High Income Households

nusber of lighting fans air- refrigerators
high incame candilioners tele-
house- incandescent  fluoresceni visions
holds bulbs lights
number of 1,46k 1,656 1,666 1,66 1, bbb 1,666
househr!ds
using the
appliance
% of high income 1006 % 100 % 100 % 100 % 100 %
households
average nuaber 4.8 4.0 3.7 2.45 1 i

of appliances

a-4) Expatrlate Households

The total number of expatriates In Djibouti (viasiting
consultants, merchants, industrialists, military persconnel) is
estimated at about 15,000, which represents approximately 2,000
households or 6.5% of the total. Average family slize is much
lower than the Djiboutian average.
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In addition, a significant part of thlas group does not belong
to traditional householda. Thia segment ia made up principally
of the military peraonnel in the different reglments of the
French armed forcea. From a atatistical viewpoint, they are
accounted for in the category of collective households.

The 1location of these expatriate dwellings is simllar to that
of high income local famllies. However, there are certain areas
near the regiments and the air base where these households
pradominate.

The houses are extremely comfortable, and all have several air
conditioning units. Cooking is done on butane stoves--rarely on
electric atovea.

The number and type of electrical appliances owned by this

category 118 comparable to those owned by high-income local
families shown in Table 1.1.3.

b} The Different Uses of Energy

b-1) Lighting

The assumptionas used in calculating electricity consumption for
lighting are given below

- average power of incandegscent bulbas 60 W
- average power of fluorescent tubes 30U
- daily use {(cooler sgseason)}
-~ 1low and middle income households 3 h
- high income and expatriate households 3
- daily use (hot aseason)

-~ low and middle income households
- high Income and expatriate households 3 h

o
[Eg]
= 3

Taking into consideration both the number of appliancea in use
and the time of use, energy congumptlion for lighting purposes
reaches 4,232 MUh, diastributed as indicated in Table 1.1.4.




Table 1.1.4 Electricity Consumption for Lighting
in the Realdential Sector

[

Household number of number of sonthly consumption

fnnual consumption

group house-  households per household (kWh} per
holds vith cool hot household total
lighting 5eason season {kHh) {ih)
loy incone 23,0536 12,351 10.9 9.1 122.4 1,516
aiddle 5,278 5,278 16.0 13.3 178.8 944
income
high 1,666 1,656 42.8 34.7 483.2 803
income
expatriate 2,000 2,000 42.8 34.7 483.2 987
Total residential sector 473t

b-2) Ventilatlon

Baasis for calculating consumption
Average power per fan

Average Daily Use : (cool geason)

Low income households

Middle income households

High Income households and expatriates

Average Dally Use : (hot season)

Low income households

Middle income households

High lncome houaeholde and expatrlates

Table 1.1.5 glvea the consumptlion
ventllation by type of houaeholda.

80

= - SO
===

[FLI — B

of electricity

-

for
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Table 1.1.5 Conaumption of Electricity for
Ventllation in the Reaidential Sector

Household nuaber of nuaber of Honthly tonsusption Annual consumplicn
group house- households per household (kdh) per heusehold
holds vith tool hot (kh) tolal
fans season $6350n {h)

low income 23,056 11,528 &2 25.2 302 3,485
eiddle 5,278 5,000 36,6 3b.6 378 {1,890
income

high 1,666 1,666 53.3 26.4 504 843
infome

expalriate 2,000 2,000 53.3 26.b 506 1,013
tolal 1,232

b-3) Air Conditioning

Baslas for calculating consumption

Average power per unit 1400 W
Average Daily Use : (cool aeason)

Middle income householde 0 h
High income houaeholds and expatriates 3 h

Average Daily Use : (hot season)
Middle income families 10 h
High Income households and expatriates 10 h

Table 1.1.6 gives a breakdown of reaidential alr conditlioning
consumption by household type.
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Table 1.1.6 Consumption of Electricity for Alr-
Conditioning in the Realdential Sector

e e s e e s

househald  number of number of

Honlhly consuaplion fnneal consuaption
group house- households per household (kih) per
holds vith air cool hot househola Total
conditioners 5£as0n 58as0r, (kh) {(MHh)
low income 23054 0 1 0 0 0
middle 5278 5278 0 3% 1677 8853
income
high 1bbb {664 204 823 3536 9257
incoae
expatriate 2000 2000 204 823 5554 141412
total sector 29eze

v o o

pi-t e —-— i

b~-4) Refrigeration

Basia for calculating consumption

Average monthly consumption per reirigerator

(Amblent temperature 25°C)

Small model (140 1) 40 kUh

Large model (220 1) 50 kWh

Large model with freezer (300 1; 60 kUh

Average monthly consumption per refrigerator

(Ambient temperature 28.5 °C)

8mall model (140 1) 50 kUh

Large model (220 1) 75 kUh

Large model with freezer (300 13 90 kUWh

Average Monthly Conaumption per Refrigerator

(Amblent temperature 39° C)

Small model (140 1) 120 kWh
Large model (220 1) 140 kUh

Large model with freezer (300 1) 180 kWh




- 55 .

These values are taken from readings of the curve in "Equipment
1983 " published by ASHRAE /1.2/.

Table 1.1.7 gives the distribution of electricity consumption
for realdentlal refrigeration according to household groups.

It should be noted that the monthly consumption rates do not
correapond to thoae of any particular refrigerator model but
are based on Iinformation collected durlng the DINAS survey.

Table 1.1.7 Electrlcal Consumption for Refrigeration
in the Rasidential Sector

household  number of nuaber of aonthly consumption annual consumplion
group house- households per household (kih) by

helds vith household Tolal

refrigeralers coal hot
5€as0n Season (kifh} (Fh)

low income 23056 8054 &7 13z 1429 20975
eiddle 5278 4792 &0 122 1030 4935
income
high 1664 166h 56 103 904 1511
income
expatriate 2000 2000 56 84 812 1624
Total sector 1165

b-5) Other Domestic Usea of Electricity

Under this heading are grouped the other domestic energy uses
which have not been considered above: television, radlo and
small appllances.

The eatlmation of electricity consumption ia based on the
number of televialon and radlos In use, and on the average
ligtening time.
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Baslas for calculationa:

Average power of a radlo/TV set

Small model 80 W
Average model 126 W
Large model 150 W

Average listening
the houasehold.

Table 1.1.8

time varies from 3 to 5 hours depending on

Electricity Consumption for Televiaion,

Radio, and lMiscellaneous Appliances

o e e s e ]

household  number of nusber of monthly censumplion annual consumplion
group house- househelds per household (kWh! by

holds with radio, househnld Total

television, conl hot
piscel laneous season gaason (kkh) {HHk)

lov income 23056 9356 7 7 86 480
niddie 5278 4453 15 15 180 838
incoke
high 1664 1664 22 22 27 450
income
expatriate 2000 2000 22 22 2710 540
Total 2308

b-6) Electricity Demand Balance

Tables

demand by type of houaehold and category of use for

month

1.1.9 a,

of the

reapectively.

b, and c give the final distribution of the

c¢ool season,

1985, one
and one month of the hot aeason



_ 57 —

Table 1.1.9 (a) Annual Consumption of Electricity by
Category of Household and by Use, 1985

e —— .
—

=;:::=— 1;;;;;;;==::::::::;;;'"”";;;"=== refrigeration ot;;r Total
household cenditioning uses {kwh)
low income 12 302 0 1129 84 1639
niddle income 178 378 1617 1030 180 3443
high income 483 506 3556 206 )] 121
expatriate 443 506 5536 842 270 7627

Table 1.1.9 (b) Monthly Consumption of Electricity
in the Cool Season by Category of
Household and by Uase (kUh)

- - v v — -
— e ——— ————

usei lighting venlilation air refrigeration ather total
Househeid conditioning uses kbh
low income 10.9 25.2 0 &7 7 110.4
;;ddle income 16.0 3.6 0 &0 15 127.4
;;gh incone 42.8 53.3 20b 3 22 380.1
expatriate 42.8 33.3 206 3 22 380.1

Tables 1.1.9 b and 1.1.9 ¢ show the evolutlon of electricity
demand by household type during the course of a typical vyear.
This information should be taken into account when EdD’'s
electricity tarlffs are revised.

This evolution is presented schematically In Figure 1.1.1 and
ahows a ratio of 1.6 between conasumptlon during the hot and
cool seapong for low income families; this ratlio is 4.1 for
midddle income familiea and 2.6 for the higher income
houaeholds.



Table 1.1.9 (c)
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Honthly Conaumption of Electricity
in the Hot Season by Category of
Household and by Uase (kWh)

use? lighting ventilalion air refrigeralion ather total
Household conditioning uses k¥h
low incoae 9.1 25.2 D 132 7 173.3
aiddle income 13.3 3.6 336 122 13 522.9
high income 36.7 26.6 823 103 1041.3
sxpatriate 34.7 2b.6 823 B 22 9e2.3
sonthly
electricity
consuaption
—_——— Hiigh income
A wh T Tmm o lidd!e income
low income
1000 | \
i /// \
4 \
/’//// N
/ ~
- ~
500 . P - ~ \
i / . ™ \
b - ™~
~ ~
- ~N
~
- d N
P \
- ~
100 F
J F H A M J J A s 0 N D wsonth

Flgure 1.1.1

Annual Varliation In Household
Demand for Electricity




The final balance for the entire reasldential sector of Djibouti
ville is shown in Table 1.1.10. The total demand for
electricity reached approximately 60,000 MUh in 1985.

Table 1.1.10 Demand for Electricity by the Reasidentlial
Sector of Djiboutl ville, 1985

use: lighting venlilation air refrigeralion olher Total
Heusehold condilioning Uses Mh
lov incokes 1514 34846 ] 9095 480 4 577
piddie income - 944 1890 8853 4935 838 17 440
high income 805 843 9257 1514 450 12 846
;;;;;;iate 967b‘- 1013 11112 1624 540 15 256
Total (¥uh) - -;é32 7232 29222 17465 2308 60 159

In conclusion, thig table shows that 50% of the electricity
consumption by the residential sector can be attributed to air
conditioning, 28% to refrigeration, 12% to ventilation, 7% to
lighting and 3% for other purposes.

Regarding energy c¢ongervation policy, it is clear that
initiativea should focus on air conditioning and refrigeration.
These activities should highlight bioclimatic or energy
afficient bullding design with thermal insulation where
appropriate, as well as the thermal insulation of
refrigerators. These aspects will be dealt with later in this
study.

Note: Although the towna of Arta and Oueah are not a part of
Djibouti wville, they are an integral part of the Digtrict of
Djiboutl and they receive thelr electric power from the
generating atationa in Djibouti ville. Their electricity
consumption shows certain differences In comparison with that
found In Djiboutl ville and in the District centres. This isa
due In part to the climatological conditlona affecting Artu--
ite altitude significantly reduces temperatures—-and also to
the type of electriclty consumers: wveekend and summer
vigitore, military families, etc.
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A quick survey taken by ISERST of 25 households Iin Arta
identified the type of energy used for the principal end-uses,
and also provided an idea of the average number and type of
appllances in use.

However, the survey did not permit any preclase definition of
average consumption by household type, particularly for those
households only Intermittently present at weekenda, or In the
aummer, etc.

The esatimate based on the information collected Indlicates a
demand of approximately 1600 kWh, or 137 TOE.
Ceooking

In Djibouti ville, households wuse four different methoda of
cooking

- wood fire: the peripheral populatjon as well as a
portion of the households In Balbala.

- kercsena stove: low and middle income families.

- gas stove: upper income familiea (often together with
a kerosene stove), and expatriates.

- electric stove: the very few in use are employed In a
number of expatrlate and upper income
householda.
HWood
In addition to the daily preparation of food, there are
particular cooking traditions which entall specific energy
congumption: feagts and ceremonies, for example, are occaslons

when large amounts of wood will be congumed (35 kg/year per
family according to the report by Dominique Briane} /1.3/.

Apart from auch occasional use, a number of households In
Balbala and in the areas surrounding Djibouti ville uase wood
for cooklng. Brlane estimated that 1,200 householda fall into
this category with an annual consumption of about 1,700 ka.

The number of theae households ls decllining steadlly becauae
wood ias costly and nor always avallable, whereas kercsene is
aubaidized by the Government and ls widely distributed.



- 61 —

Charcoal

Only a very few households use charcoal for cooking. Charcoal
ia more frequently used by expatriate households for "Bar-B-
Ques”, and by other types of households for a variety of
purposes : religious rltea, to repel mosqulitoea, etc

Average consumptlon per household waas eatimated by Brlane at
29.6 kg/year. Consumption varlea according to the saseason.
Greater quantities are wused during the ralny season from
November to February.

Kerosene

Daily kerosene consumption was checked during the DINAS

gurvey. The =survey ahowed that the average houasehold conaumes
approximately 1.03 1litera of kerosene per day, or i40
ml /person/day. This rate of consumption may vary even though

foods use daily remained more or less the same: rice, or boiled
pagta with meatballas and aauce.

LPG

The Shell Gil Petroleum Company has a monopoly on the
diatribution of LPG in Djibouti. 1In 1985, it sold 628 TPE of
LPG, of which 132 TPE were sold to the French Army, 71 TPE to
the service gector and 420 TPE to the reslidential smector.

According to the DINAS survey and other calculations, 11t was
found that the average expatriate househecld coneumes 70 kg of
LPG per year, whereas a local household in the middle or upper
income range consumeas 176 kg per year. Thia dlfference is due
both to the different styles of cooking--the 1local culsline
requiring more preparation and being cooked for a longer
period--and the fact that expatriate hougeholdas are smaller.

It should be noted that many households also use a kerosene
burner as well as an LPG atove. The kerosene gtove is used for
the preparation of certain traditional dishes.

Electricity

The use of electric atoves isg not common. The impact of this
mode of cooking on energy demand ie negligible.

Recapltulation

Table 1.1.11 provides a aynthesls of cooking habitas as well as
an eatimate of Individual and total annual consumption for each
energy type.



Table 1.1.11 Energy Consumption for Cooking in
Djibouti ville

Household Use finnual consumplion finnual consuaption
graup per household
Tolal 1FE
Hood Low incoee households cooking 1790 kg 2000 T 740
gn the eulskirls
All househalds ceremonies 35 kg 1300 T 480
gxcept expatriales fétes
Charcoal A1l households religious rites 29.6 kg 96T 470
excepl expatriates mosquito repellent
Expatriates harbecues
grills 52 kg 1307 %0
Kerasene All households cooking 375 1 10231 o3 8140
except expatriales
LPG High income cooking 176 kq 21 239
households
Expatriates cogking 70 kg 145 1 149
Eleclricily A few high income tooking
households and negligible
expalriales
TOTAL 10548

1.1.1.2. The Districts

a) Electricity Demand - Qualitative Analyais

The first important difference which appears in the pattern of
energy consumption between the households in Djibouti ville and
those in the Districta is the marked reduction in the
electricity demand of households in the Districts.
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Based on the number of subscribera and the amount of
electricity sold in 1985 (although the official figures of EdD
do not account for fraudulent use or parallel hookups), annual
average consumptlion per low-voltage aubscriber is approximately
4,000 kWh in Djibouti ville, while it la only 2,200 kUWh in the
interior, i.e. there 1ls a ratio of almost 2 to 1 between the
two levela of consumption.

To determine the reason for these differences, ISERST conducted
a survey during the third quarter of 1986 of household energy
consumption in the Districts.

This survey was conducted in Arta, All Sabieh, Dikhil,
Tad jourah, Obock and in the region of Hol Hol. In each town
the Interviewvers contacted 50 households whilch were
representative of the local population.

The analysias of the responses clearly show that the main reason
for the difference In household electricity conagumption
between Djibouti ville and the other towns is because the
percentage of the population uaing air conditioners is much
lower in the Digtricts.

There are a number of reasonsa why air conditioning 1is less
prevalent in the Districts: the climate is different, family
incomes are lower, and there are very few expatriate families.

Table 1.1.12 summarises the results of this survey and shows

the number of households with electricity, as well as the
type of appliances belng uged.

Table 1.1.12 Electricity Consumption in the Diatrict Centreas

nusber of househalds(a) Number of housshplds possessing’ households
vith withoul electric refrigeralors  fans air vith
slectricily eleclricily lights{d) conditioners  electricity (el

Ali Sabieh 29 13 20 22 23 8 63 X%
{b}

Dikhil 20 17 20 13 20 b 58 4
(b}

Tadjourah 37 12 37 K4 k(] 19 &9 4

Obock 38 1 38 31 3 17 68 1




- 64 —

Notes

a) The survey was based on 50 houaseholds in each town, but
certain reasponses have not been included.

b) The percentage of houaeholds with electricity ies In fact
much lower 1f one takea account of the refugee populations.
This 1ls particularly true of Dikhil where there are about
15,000 refugees without electricity.

¢) This value is based on the weighted mean of the results
from each quartier. The figures are generally higher than
the number of registered subscribers because of parallel
hookupa, etc,

d) Fluorescent lights are generally used for lighting.

b) Electricity Demand: Quantitative Analysis

The data available on electricity sales to the residential
sector are few, and are often open to Iinterpretation. For
example, the figures do not allow one to precisely estimate the
demand at each Diatrict centre.

Noting the above, Table 1.1.13 presents an approximate profile

of electricity demand for each of the District centrea.

Table 1.1.13 Estimation of the Residential Demand for
Electricity In the Diatrict Centres

low voltage subscribers Total annual Estimated dewand  Average demand

public private production per household
Mih #dh kWh/year
Ali Sabieh 74 382 914 800 1400
Dikhil 74 291 1190 1000 2000
Tadjourah 84 317 2671 1800 3500
Obock 44 164 &40 550 {300

TOTAL 278 1138 5418 4150
Note: Household electricity consumption In Tadjourah |is

markedly higher than the other towns. This characterlstic
appears to be due to a more widespread use of air conditioning.
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Bearing in mind the remarks above, these flgures suggeat that
the total demand In the Dietricts only reaches a little over
4,000 MUh, or about 6% of national electricity conaumptlon in
the residential asector.

These flgures emphasize the need for a detalled analysis of

household energy congumption in Djibouti ville so that this
demand sector can be accurately modeled.

¢) Cooking : Qualltative Analyeia

The survey undertaken by ISERST in the Districtas also examined
the use of different fuels for cooking. Table 1.1.14, taken
from Dominique Brlane's report, gives a breakdown of the number
of householdas by type of energy used for cooking /1.3/.

Table 1.1.14 Fuels Used For Cooking in Different Diatricte

Number families families families average For the families
of tooking using both generally nusber of ceoking with
families only wood and using persons kerosens!
surveyed wilh kerosene kerosene per family consumption per
wood, X i 1 family,litres/day

Tadjourah ville 50 41 15 M B.4 1.3

Randa (1) U %0 10 0 10

Evali {1} 10 100 0 0 1.5

Obock 50 17 14 &9 7.5 2

Ali Sabieb 50 i2 12 76 8.3

Hol Hel 9 - 1 b7 5.5 1.6

Goubetto 5 100 - - 8.6

Dasst.yau 10 30 20 30 8.2 2.2

Bikhi} 35 §1 9 86 8 1,6

{exc. refugees)

fAis Eyla 10 80 10 10 7 2

Yoboki 10 70 10 20 8 2

Refugee encampsenl 13 60 20 20 1.7

at Dikhil mean = 8.24

i

it i et =

{1) Estimate based on a 7 day survey of consumplion.

Thies table shows that a large majority of the urban population
cooks with kerosene: 76% in Ali Sabieh and Dikhil (not counting
the refugees), 69% in Obock. Only in Tad jourah 1is wood still
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used as the principal cooking fuel aince only 44% of the
population wuses Kerosene. The refugee camp in Dikhil was
surveyed separately; 80% of these hougeholds cook with wood.

In the rural centres, those close to Djibouti ville (but also
along the Djibouti-Addie railway) tend to mainly cook with
kerosene. However, the centres further away from the capital
(As Eyla, Yoboki, Randa) for the most part use wood.

The surveys also show that all familles use wood for <certain
ceremonies and fétes, and that almost all families use charcoal
for additional wuses such as burning incense, making coffee,
smoking tobacco using water-plipes, and as mosquito repellant.

As for the collectlon of wood, only a few families in the urban

centres collect the wood themselves. However, In the smallesat
towns the wood 1sg collected directly for use.

d) Cooking: Quantitative Analysis

A survey of household wood consumption waa conducted in the
region of Tadjourah-Randa taking a sample of 42 families.

This survey was carried out by weighing each day the wood (and
where appropriate the kerosene) used by each household. These
checks were performed every day for a week. Table 1.1.15 shows
the regults of this survey.

Over the total area astudied, consumption per day and per person
waa found to be relatively homogenous

Tad jourah 538 g
Randa 611 g
Ewali 529 g
Overall mean: 565 g

The figure of 565 g of wood per person per day is the figure
retained as the basis for calculating total consumption. By
comparlgaon with consumption in other arid countries of Africa
(685 g in Niger, for example, in the urban areaas), the figure
obtalned for Djiboutl is significantly lower.

The dlifference could be due to differences in the kind of
foods cooked -- those in Djlbouti perhaps needing less
preparation and shorter cooking timee.



Table 1.1.15 Conasumptlion of Wood and Kerosaene in
the Reglon of Tadjourah

average consunption of consunplion of families
family wood per person kerosene per purchasing
size q/day person, ml/day wood, X
TARJOURAR
- lolal families 10.4 434 160 %
- fanilies cooking 538 81
only wilh vood
- families cooking KX5] 258
with both vood
and kerosens
RANDA 10.1 b1 150 40
EWAL] 7.5 529 58 Q
RANDA + EWALI 8.8 578 113
Total families 963 94
cooking wilh vood
Tolal families 9.7 501 138

surveyed

Based on the analyses presented above, Table 1.1.16 ghows the
consumption of energy for cooking in the Districts.

An eatimation of the quantities of charcoal consumed annually
ig more difficult slnce a large number of households using wood
as fuel recover the charcoal for later use. The figures
presented in Table 1.1.16 do not include this consumption.

The calculation of kerosene consumption in the Districts s
based on a mean consumption of 0.9 litres per household per
day.
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Table 1.1.16 Consumption of Energy for Cooking
in the Diatricts

- I NI S S E S S FESR SR DI S S S SN CSC RS R SRS E S SRS ES S SRS SES=SESESE=STISCERS

Ali Sabieh Dikhil Tadjourah Obock TOTAL TPE

Hood 470 350 750 230 1800 660
(tonnes)

Charcoal 52 35 20 17 124 82
{tonnes)

Kerosene 759 400 228 198 1585 1277
(=3)

LPG a few households 12 12
{tonnes)

TOTAL 2031

SEZSSSCSSSCS S SE TSRS E NI IR SIS SN C oSS crransmassooamssansszozoD

1.1.1.3. Rural Peopulations

a) Electricity Demand

Strictly apeaking there iasa no demand for electricity in the
residential agector of the rural population. The few Dieael
generators which exist in the rural areas are used exclusively
for water pumping and will be accounted for in section 1.1.2.4.

These populationa do not have refrigerators or fans; lighting
is by wood firea, or occaasionally by kerosene lanterns. UWater
pumping, when the population is not near a well or a borehole,
is generally done with human energy by lifting water with a
bucket.

b) Cooking
With a few rare exceptions, cooking is done with wood over 3
atone fires. The wood 18 collected from around the encampment

and later used for cooking and lighting.

The total consumption of wood by district was eatimated by
Briane /1.3/. The figures gliven in Table 1.1.17 are taken from
that report.
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Table 1.1.17 Consumption of Wood For Cooking in
the Rural Areas

™ e e e e o it i o = g e —mm e -

Ali Sabieh  Dikhil  Tadjourah Obock Consuaption, Total
Lonnes in
TPE
Total annual wood 8300 8500 5700 1900 22300 8295
consuaplion
{tonnes}

For the purposes of modeling thias aspect of energy consumption
the use of fuel other than wood can be consldered negligible.

1.1.2. The Service Sector

The sectoral analysis of Djibouti depicted in the document
"DJIBOUTI, projet de développement urbain”, prepared in 1983 by
the World BPRank with the collaboration of +the "Groupe Hulit
Sedes”, began:

"The Djiboutian economy is marked by a preponderance of service
activities, due not only to its limited natural potential but
to the presence of a large expatriate community, and to the
importance of the regional transport and commercial activities
which are supported by the rail-port-airport-telecommunications
network which services & hinterland extending far beyond the
borderes of the country”.

Even if the sltuation has evolved somewhat since that time,
thia statement remains true In 1985, and this sector requires a
particularly careful analyeila with regard to its energy demand.

The atudy of thla asector’s energy use will cover government and
public services, businesses, banks and lnsurance companies,
hotela, baras and restaurants, as well as the supply and pumping
of water.

Table 1.1.18 shows the importance of each of these subsectors
in the national economy.
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Table 1.1.18 Structure of the GDP (1983) excluding Import
Duties and Taxes

=====__=_"‘==.—.._-=__=====:=====__=—"='__====—‘--"=——=—__.—_-_——_==—-.-__—====-_‘_.—_...—_—_

Percentage Percentage
of the of real
service GDP
sector

Government, and public servicesa 61.8 % 47 %
Commerce, banks, inaurance 25.2 % 19.2 %
Hotela, bara, restaurantsas 7.8 % 5.9 %
Uater supply 5.2 % 3.9 %
TOTAL service gector 100 % 76 %
1.1.2.1. Government Administration and Public Services

The masterplan of the Directorate of Public Housing prepared in
November 1983 /1.1/ deacribed the administrative altuation as
followsa:

"The predominance of government and administrative offices
within the city did not take place in a uniform and balanced
fashion throughcut the urban perimeter,. It was concentrated in
one aection of the city: the administrative and commercial
sector..."”

Thisa situation has only slightly changed with the
decentralization of certain public services (Minlstry of Public
Works, ISERST...) to the outlying areas, and with the
eatabliahment of varlous small enterprlses which have created
new jobs. However, the administrative sector ias atill the main
source of employment in the country: 40% In the Government and
its administratlon, 13% in +the transport sactor and
telecommunicationa, 5% for the National Water Authority (ONED),
and Electricité de Djibouti etc..

The Cité Ministérlielle, Peltier Hospital, the National Security
Force (FNS), National Education, the Djiboutian National Army,
the Dlatrict of Djibouti as well as various ministries and
other public services employ substantial numbers of peoplas.
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Uithin the Districte, Government jobas are not numerousg even
though the government has made an effort to provide services to
these areas (achooling, development of water points,
eatablliashment of diapensarlea, atc.).

The major part of the demand for energy in thls sub-sector
therefore originates in Djlboutl vilie. This demand concerns
gasoline, kerosene, Diesel fuel and electricity. Although a
emall amount of wood and charcoal ls consumed in this saub-
sector, it ias negligible, and will not be taken into account in
the section which follows.

a) Gasoline.

The demand for gasgoline ls eggentially created by the
government’'s fleet of vehiclea (registered am A, B or (3},
military vehicles, etc. Estimates based on information provided
by Total, Shell and Mobil give a consumption of 640 TPE for
thie sub-gector.

b) Kerogene.
Kercesene 1ia used mainly for cooking in certain institutions
(prisons, the hosapital etc.). Consumption le about 49 TPE per

year.

¢) Diesmel Fuel

Information provided by the three 0ll companles permita a
falrly preclse breakdown of Diesel fuel consumption.

Total demand is about 1880 TPE dlstributed among the principal
ugers as ahown in Table 1.1.1% below.

Table 1.1.19 Consunption of Diesel Fuel by Government
and Public Services in 1985
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National Army 891.3
Port 435.4
Road gervicea 215.0
Alrport and Air base 204.0
Other services 134.3
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d) Electricity

Electric power consumption reached 22,955 MUh, or 1975 TPE,
primarily in the mid range voltage.

Demand is mainly for air conditionling, 1lighting, ventilation
and in certain caases refrigeration {refrigerated warehouses in
the port, for example).

Apart from certaln specific needas for activities such as the
terminal containment center at the port, there algo exlasta an
energy demand for coffice machines and equipment.

Table 1.1.20 gives a liast of the services which congume the
moat energy. This list ils important because it allowe one to
rank future energy conservation activities according to the
Importance of their potential Impact.

Table 1.1.20 Consumption of Electricity by Government,
Public Services, and Other Large Users
(MUh/year); Data from EdD.

R B BB 5 5 5 T F T U e A o o e —
-..._.—.._...__——u-—-.-.————....—__——_-.._...-____-.___..___—-.—-'-'_—————..-—q—_——_—.——_

1983 igs4 1985
Peltier Hoapital 1613 1404 2057
Doraleh radio/TV atation 801 784 1066
Alrport ngc 1168 1058
Cité Ninlstérielle 677 646 682
STID nc nc 602
Cold store depot at the port 166 793 568
National Security Force nc nc 538
Post Office and Telephones (OPT) nc nec 499
Palais du Peuple nc nc 482
STID (emisaion) nc nc 443

R R R . 2 1 T T 1 2 1 1 1 T 0 1 5 3 1 1 3 5 L L T L

1.1.2.2. Commerce, Bankas and Insurance Companlies

Energy demand in this aubsector deals exclusively with
electricity since consumption of kerosene, LPG or diesel 1isg
negligible.
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a) Commerclal Sector.

Energy consumption Iin the commercial sector la dominated by
the three largest asupermarkete in Djiboutl ville: Pierront,
Prisunic and Semiramis. These supermarketa are air conditioned
throughout the year, and offer fresh produce from Europe which
requires refrigeration and sometimea freezing for its
conaervation.

The other major use of electricity in this subsector is for
artificial 1lighting elnce natural lighting was not taken into
consideration when these astores where built.

A number of small businesses In the towncenter (hardware
gtores, bookatores, household appliance stores...) are also air
conditioned. The @atores are generally much smaller, sgo their
demand ia not comparable with that of the three supermarkets,.

There {8 a third category of stores In the town center which
covers a variety of satores (notions, pharmacies, tailora,
groceriega, etc...). These gstorees do not use alr conditioning;
their only real use of electricity ie for lighting, usually
fluoreacent, and for ventilation with electric fana.

Small kioskes are sascattered throughout the city aa well aa
throughout the towns and villagesa of the Interior. These sell
beveragea, dairy produce, canned goods, etc. Each klosk has one
or two lights, a ceiling fan and a refrigerator-freezer for
cold drinks. This last appllance is obviocusly the one which
imposes the greatest energy demand.

Finally, it &s8hould be noted that a great deal of business 1ls
conducted outslde of any well-defined commercial structure:
the central market is such an area, as well as certain astreets
of which the "Rue des lMouches” ias a typical example. Thia type
of commerce doea not involve any significant energy use.

b) Banks and Insurance Companleas.

The banklng aystem consistas of a few large firma located in the
centre of Djiboutl ville, supported by a number of emall
branch offlcea in the quartiers.

Moat of the energy ls consumed in the main offices and is
mostly for office equipment, lighting and, above all, for air
conditioning.



Insurance companies are in relatively small offices for the
moat part and do not figure in the list of major consumers In
this sub-gector which is given in Table 1.1.21

Table 1.1.21 Consumption of Electricity in the Principal
Commercial Enterprisea and Banks, MUh/yr.

e e 2 - e e T T -t e Lo =

1983 1984 1985
Pierront (supermarket) 737 740 873
Prisunic (supermarket) 673 807 799
B.C.I.M.R. (bank) ne nec 426
Sémiramis (supermarket) 376 370 420
B.I1.C.8 (bank) nc nc 404
British Bank of the Middle East nc nc 133

e e e e L 1 L R R e

1.1.2.3. Hotels, Bars and Regtaurants

a} Hotels

According to the table taken from the 1985 Statistical Yearbook
showing the number of hotel registrations for that year, a
total of 316 rooma were avallable in the 5 major hotels
surveyed by DINAS (Sheraton, Plein Ciel, Palace, Ali Sableh,
Menelik) with an average occupancy of 50%.

These atatiestica deal only with the five hotels mentioned
above, but there are also other hotels within Djibouti ville of
comparable atanding (La Siesta for example) or of a lesser
quality. These hotels significantly increase the number of
rooms available in the city.

Thiea capacity permits the city to host international
conferencesa or to handle sudden demands such as that which
occurred during the events in South Yemen in January 1986.

Outalde o7 Djibouti ville the hotel induastry remains extremely
limited even though the Tourigst Office has been encouraging the
development of hoatels Iin the Interior of the country (As-Eyla,
Ali Sabieh, le Day, for instance).

The energy demand for this asubsector is easentially for
electricity: for alr conditioning (a central ayetem Iin the case
of the Sheraton Hotel, individual room unite in the other
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hotela}, lighting, fana, and misgcellaneous unite such as
televialion, irona, etc.

In certain caases, there also exists a demand for petroleum
fuels for water-heating or for generating steam for laundry
(the Sheraton, for instance), or for the generation of

electricity in remote areas--the hoatel at Ali Sabieh for
example.

b) Reataurants.

This subsector groups all restaurants, whether ailr conditioned
or not, offering regional, oriental or western cooking.
OQutdoor restaurants are also included. The latter are most

often located along the aldewalks of the maln avenues and offer
local cooking.

Uith the exception of a few speciality restaurants using wood
for cooking (baking fish in ovens), or charcoal (grilled meats,
brochettes etec...), cooking is done on kerosene satoves by
outdoor restauranta, or on electric stovesa by other restauranta
for reasong of gafety. LPG stoves are less common.

There ie also a secondary demand for lighting, for ventilation
and for air conditioning. However, energy demand remains
rather low because of the small slze of the rooms and the way
in which the rooms are uged (lunch and dinner only). In a
hotel and restaurant complex, the demand is of course much
higher as shown in Table 1.1.22 below.

Table 1.1.22 Consumption of Electricity in Hotels with
Reatauranta, MUh

1983 1984 1985
Sheraton 3163 2891 2742
Plein (Ciel nc nc 390
Ménélik nc nc 325
Ali Sabieh nc nc 234
Sieasta nc nc 92

-~ — =g =R M e e

c) Bars

Djiboutl ville haa a large number of bars and taverns which are
well patronised in the evening and at night.
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These eatablishments use electricity for lighting, fans, and
for air conditioning. Their indlvidual consumption is
relatlvely modest.

d) Total Subsector energy demand.

The total energy demand by thls subsector is ashown in Table
1.1.23. Total consumption la eatimated at 7,065 TPE, to which
ghould be added a small quantity of wood and wood charcoal.

Table 1.1_23 Energy Conasumption in the Service
Sector (TPE)

Petroleun Fuels Electricily Tolal

LPG Gasoline Kerosene Diesel Total subsector
Adainistration, and &40 49 1880  254% 1975 4544
Public services
Conmerce, Banks, and &40 &40
Insurance
Hotels, Bars, and 71 &10 &17 1298
Restaurants
Public lighting 135 135
Hater pumping 408 408
TOTAL 71 430 539 1880 350 3815 7055

1.1.2.4. Uater Supply and Pumping.

Physical and Socio-Economic Background.

Rainfall in Djibouti 1ie very low and Iirregular ( see Figure
A 1.2 and Table A 1.2), and often causes flooding--2 to 8
floods per year depending on the region. The rainfall aupplies
the subterranean aquifers which flow to the gea. These floods
create soil ercalon and cause great difficulties for the
nomadic tr. 3 and thelr livestock, as well as for the amall
farmerg along the banks of the rivers.
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In addition, drought has sacattered the small herds of
liveatock, and threatens one third of the population.
Desertification ls overtaking the country's limited pasture
lande.

However, the maps presented in the annex ahow the quality and
depth of the asubterranean water resources, and offer a degree
of optimism regarding the poassibility of irrigated agriculture
and Intensive livestock raising.

Djibouti, a country of nomadlic traditiona which depended untlil
recently on ite lliveatock, now Importes almost all of its food
principally from Ethiopia and from France. Thls dependency
represents an significant part of the trade deficit. But the
high prlces of these imported producta provides an Iimportant
incentive for the development of agriculture.

The abaence of any permanent water courses makes water pumping
ann absolute necessity. Energy conaumption for water pumping
and the transportation of water ia only a very small part of
final enargy demand, but the coat of energy isa an important
component of the cost of pumping water.

The contribution of agriculture to the GDP, currently 4%, le
expected to become more important in the future, and the
esasential role of energy in lrrigation wunderscores the
importance of energy in the pumping of water in Djiboutl.

Political and Institutional Setting

The National Water Commigasion formulates policy with reaspect to
water resources. The Commlission is preaslded over by the
Ministry of Agriculture and Rural Development, and is made up
of the Ministry of Health, the District of Djibouti, as well as
ISERST.

The different institutions concerned with the problems of water
aupply are:

- ONED, the National Water Office, which ia part of the
Miniatry of Induatry and Industrial Development, haa the
responsibility for the water gupply in the wurban Zzones
(Djibouti ville, Tadjourah, Obock, Dikhil, Ali Sabieh, Arta
and Oueah).
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- Rural Engineering (Genie Rural), a part of the Ministry of
Agriculture and Rural Developmen*, ls responsible for water
supply projects in the rural areas of the country.

- The District of Djibouti, a part of the Minlastry of the
Interior, ia reaponalible for the water supply of Djibouti
ville. Thias office ls alao responsible for the sasupply of
water to the nomadic population and ita 1livestock 1living
within the district who are victims of the drought.

- The four other Districts of the country, In addition to
enasuring the water aupply to their amaller urban centres,
are responslible for providing water to the nomadic
popuiations and their liveatock from wells or boreholes.

-~ ISERST, which falla under the office of the Presldent of the
Republic, 1ia responaible for studies and research on water

resources, a8 well aag for the development of renewable
energy technologiea for water pumping Iin the rural areas.

Uater policy in Djibouti aima at the following:

1) enguring the water supply for the large urban center of
Djibouti ville and the townas of the interior.

2) developing water sourcea (borehcles, wells, dikea, etc.) in
the atruggle againast drought, as well as assistanrce for the
development of irrigated agriculture.

3) providing water to the nomadic populatlons and their live-
stock, victims of the drought.

The Urban Zonea

a) Consumption and Need for Uater

Population estimates in the various towns together with a per
caplta water requirement of 100 liters per person per day have
been used to egtimate the need for water of the urban
population. Consumption flgurea were provided by ONED.

Table 1.1.24 shows that a consumption of 100 liters per day
per perason was far from being reached In 1985. Thie was
particularly true of All Sableh and Dikhil.
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Table 1.1.24 Annual Consumption and Needa for Uater in
the Urban Centrea, 1985

(a) Djlboutl ville Alil Dikhil Tad Jourah Obock Total
Arta, Oueha Sableh

Populatlon (e) 250,000 22,500 22,500 7,500 6,400 308,900
Uater needs
{(thousand m3) 9,125 821 821 274 2314 11,275
Conaumption
billed (b) 7,612 181 2348 163 139 8,331
(thousand m3)
Conaumption
{l/caplta/day) 83 22 29 60 60 74
deflcit
(thousand n3) 1,513 640 585 it1 95 2,944

=--=====———n.—-—¢-—=---.-—=====———--.-.-.==—-——=======—-—..——===—-—=======--—-.——_—=_—__-s=

a) DJjibouti-ville, Arta and Oueha are grouped together.

b) Annuaires Statistiques /1.5/. For Djibouti ville, 75% of the total is
assumed to be for houaehold use,

¢) The populatlon flgures shown here are thoae supplied by ONED.

ONED 1is currently faced with a aituation where the demand for
water ia increasing, but where borehole inastallations are
limited, and a somewhat decrepit and underslzed network can not
ensure the water supply required.

Distribution 1losses (leaks, consumption not accounted for,
water used for firefighting etc..) represent a significant part
of production -- 30% in Djibouti ville, 23% in Ali-Sableh, 17%
in Arta-Oueah, 13.5% in Tadjourah, 15% in Obock and 17% in
Dikhil.

These problems are aggravated by the urbanization of Djlbouti
ville. Thie Ias mainly taking place in the suburban sector of
Balbala which is principally inhabited by nomad victims of the
drought, and by refugees.

The demand for water will become more and more pressing, and
ONED has begun a large project to rebuild and extend ita aupply
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network, to provide hydraulic and electro-mechanical equipment,
and to drill two supplementary boreholea for Djiboutl wville.

Thia development ahould not only allow ONED to meet the

projected demand, but will also produce economies in energy
congumption.

b) Energy Demand

A volume of water, 20 to 30 % greater than that actually
bllled, la pumped from depths ranging from 50 m to more than
100 m. The submerged electric pumps are connected to the grid
wlith the exceptlion of All Sableh and Dikhil which wuse less
efficient Diesel generators.

Thus, as indicated In Table 1.1.25, energy consunption per

cublc meter of water pumped 1Is relatively high, particularly in
All Sabieh where the total dynamic¢ head is substantial.

Table 1.1.25. Energy Consumption for Uater Pumping,

ONED 1985
Djibouti Arta- Ali Obock Dikhil Tadjourah Total
ville Oueah Sabiah
Water pumped 10,441 34z2 235 164 283 200 11,4665
thousand @3 (a)
Energy 31,984 550 782 191 113 222 5,842
consumption,
MWh
Conaumption 0.4 1.6 3.3 1.2 0.4 1.1 0.5
kUh/m3
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a) Annuaires statistiques 1.5/

The Rural Areas

Two quite distinct populations can be found in the rural areas
with marked differencea in their manner of living:

1) a sedentary population residing around the water points
and the administrative centers (echoole, district



administrations and military encampments) which is nomadlc
to some degree but whose transhumance is not the only
aource of lncome.

2) a nomadic population whilch practices wide gcale
transhumance in search of pastureland and which is becoming
more and more constralned to exiating water points because
of the drought. A slgnificant number of the nomadic tribes
#atill practice wide range transhumance across the frontiers
of Djibouti, Ethiopla and Somalia.

The total population in the rural areas is estimated to be
about 100,000 people (see Table 1-1 of the Introduction).

In 1985, the water points under the dual responsibllity of the
Diatricts (operation and maintenance), and of Rural Engineering
(development of the wella and installing the equipment)
provided a significant quantity of water to the rural areas of
the country.

A part of this volume of water ia transported by water trucks
over long distances to supply rural famlliea and thelr
livestock.

However, the greatest part of the water requirementas of the
nomads and thelr livestock is provided by rainfall, often
torrential, and by some 200 welle (apringa, traditional wells
as well as some 60 cement wella). There are more wella in the
South than in the North.

Traditlonal wella are dug in the wadig by nomads who must often
dig them again them after each flood. However, many of theae
wells dry up during the dry season.

a) Congumption and Need for Uater.

Eatimates of the rural and nomadic population’'s need for water
are based on a minimum conasumption of 20 litera per peraon per

day. Table 1.1.26 shows eatimates of the rural and nomadic
population by district, together with their estimated water
needs. Also shown are estimates of the water provided in 1%85

based on flgures avallable on the consumption of fuel by motor
pumps pumping from rural wells.

It io difficult to estimate the degree to which the human need
for water is really satlsfied in the rural areas @&ince the
conaumption shown Iin Table 1.1.26 includes the water consumed
by livestock--a very asubstantial consumption (see sgectlion
1.3.2).




Table 1.1.26 Conasumption and Needa for Water In the
Rural Areas, 1985

Population (rural and nomadic) 96,000
Uater requirements for humang (1) 700,800 m3/yr
Water requirements for liveastock (2) 1,177,000 m3/yr
Total water consumption (3) 925,000 m3/yr
i. Based on a requirement of 20 litrea/day per caplta
2. Based on a requirement of 30 litres/day per Tropical
Livestock Unit
3. Human and liveatock together
Nevertheless, it would appear that the need for water for the

rural and nomadle population ie by and large covered, except
for the district of Tadjourah where it is well known that the
supply of water 1s inadequate for the need. Thia diastrict does
not have enough tube wells or shallow wells.

A samall quantity of well water ia transported by truck to the
rural nomada. The need for this action illustratce the
dimenzionas of the water dlistribution problem in Djibouti. The
quantity of water distributed in this manner and the distances
covered are shown in Table 1.1.27. Thiag method was not used iIn
Dikhil in 1985.

Table 1.1.27 Proviaion of Water by Truck in 1985

Quantity of 0.5 1.8 5.4 5.8 16.5
water supplied,
thousand mi/year

Diastance 5.7 57.1 15.¢6 10.9 89.3
covered,
thousand km/year



b) Energy Consumption

Table 1.1.28 shows the quantities of water pumped and
delivered by truck. and the amount of fuel used for theae
tasks.

Table 1.1.28 Energy Consumption for the Proviaion of
Uater In the Rural Areas

T NS TSNS oo RSN NN S NS I TSRS RS EES S EETERESIEE=RS=E=

Pumping

Volume of water pumped _ 952,000 n3/yr
Fuel consumption for pumping 124.6 m3/yr
Fuel ugsed per litre of water 0.131 litres/m3

Truck delivery

Volume of water delivered 16,500 m3/yr
Fuel conaumption for delivery 44.3 m3/yr
Fuel used per litre of water 2.7 litres/m3

From the ebove table it may ba seen that about 125 m3 of fuel
wag consumed in pumping approximately 0.95 million m3 of water
from the wells in the rural areas. A small part of this amount,
about 16,500 m3, wag diatributed by truck Iin the different
localities with a consumption of 44.3 m3 of Diesel fuel--
about one third of the energy used for pumping.

Table 1.1.28 <clearly shows the heavy energy consumption per
cubic metre of water delivered for the water diastributed by
truck.

In conclusion, in 1985 the wells in the rural areas only
satisfied about 50 ¥ of the need for water. The energy
consurption for water pumping and for delivering water by truck
was abocut 150 TPE.
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1.1.2.5 Public lighting

Although public 1lighting 1a of Ilmportance in all the urbhen
areas in Djiboutl, the consumption of energy in this asub-sgector
iz almost entirely in Djlbouti-ville.

In 1985 the capital had 2,400 1lights installed of which
approximately 2,300 were mercury vapour lamps, the remainder
belng high presaure sodium lamps. The luminous flux of the
lamps, particularly the mercury vapour lamps, la often
insufficent for adequate illumination. This fact contributeas to
the high level of nighttime vehicle accidents.

To Iimprove this situation the District of Djlboutl Intends to
slgnlficantly ralige the quality of the lighting; these measures
are discusged in more detall in chapters 5 and 9.

The energy conaumption of this subsector was closge to 1800 HMUh
of electricity in 1985 - a little more than 1% of the total
electricity consumption for the country.

1.2 INDUSTRY AND CONSTRUCTION

The Industrial and bullding sectors represent approximately
7.5% of the GDP. The Coubeche Company, which produces soft
drinkas (Coca Cola) and blocke of lce, ia the largest Iindustry
in Djibouti. The building sector is dominated by Union
Engineering, the contractor building the Route de 1°Unité
between Djibouti ville and Tad jourah.

1.2.1. Industry

The Industrial asector in Djibouti suffers from the coat of
energy and of local labor which, even though relatively modest,
appears to be higher than that found in countries where the
altuation is similar.

Avare of thia problem, the public authorities are currently
reviewing ways of reducing the price of medium voltage
electricity 1in order to increase the competitivenecaa of 1local
production.

For these and other reasons, the industrlal sector exports very
iittle merchandise or produce, Almost its entire production,
predominantly food proceaslng, is marketed locally. The three
ma jor companies in this sector are the Coca Cola and ice-making
factory, the water bottling factory at Tad jourah, and the
Djibouti dairy.
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In 1986, Industrial activity waa reinforced by the atartup of
a flour mill 1located in the port area. Several assoclated
pro jecta (biscuits, pasta, etc.) are expected to begin soon.

Other projectas, auch as the cement factory proposed for the
region of All Sabieh, could increase the importance of the
induatrial sector in the national economy.

The following paragrapha brlefly review energy consumption by
the principal industries.

a) The Coubeche Company

Thie company, whoge activities iInclude many which are outaide
the Industrial sector (the Semiramia Supermarket, the Hotel
Flein Ciel), operates the Coca Cola company.

The company was very Impertant before refrigerators became
widely available, but now the production of ice ia expected to
diminish over the next few years. Production exceedad 4,900
tonnea In 1984, roase to 5,150 tonnee In 1985, but 1ia not
eXpected to exceed 4,600 tonnes In 1986.

Energy consumptlon for this production 13 estimated at
approximately 100 kUWUh per ton of ice.

The consumptlion of Coca (ola im also decreasing, and est!mates
for 1984 are lower. The departure of a part of the population
for Somalia or Ethiopia during the hot season also reduceg the
demand gince the hot season is traditionally a period of heavy
conaumption.

Table 1.2.1 gsummarizes energy consumption for the production of
ice and Coca Cola in 1984 and 1985,

Table 1.2.1 Energy Consumption by the Coubeche Company for
the Manufacture of Ice and Coca Cola

R R T e e e s P T 1 T 1

1984 1985
Electricity (kWh) 2,408,000 2,302,500
Fuel o0ill and Diesel fuel 583,000 616,000
of which trucksa: 63,000 72,000

{(litres)

2 - - 1 5 2 525 F 5 375 5 33333 3N ¥R F]
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b) Tadjourah Springwater Bottling Flant

The factory whlch bottles Tadjourah apringwater has been in
operation asince 1981.

The factory, located in Tadjourah, sends the ma jority of its
production by ferry or barge to Djibouti ville. Thias method of
trangport costs approximately 10 francs per bottle and
significantly increaseas the retall price.

The factory uses only one form of energy: electricity produced
by the EdD power station In Tadjourah. The installed capacity,
about 100 kW, is used for pumping, the fabrication of bottles,
water treatment (uslng ozone, U.V., etc...) and the production
proceas.

Average production 1lasa about 1,500 caaes per day, or 18,000
bottlea. The maximum capacity of the factory is around
5,000,000 bottlies per year.

Table 1.2.2 shows the productlion of bottled water and the

conaumption of electricity for the past two years:

Table 1.2.2 Consumption of Electriclity for Tadjourah Water

e g T T T Y S T T T F F - 41 1 L e
_—--—————_-—--..-——-———-...q-—————_._4.-...-—.———-_—-..———-_.—-—-..-———————__-—

1984 19856
Electricity (estimation) 320,000 310,000
kYh
Production 338,000 250,000

No. cartonas (12 bottles)

c¢) The Djibouti Dairy Company

This company, 1like the Tad]}ourah Bottling Company, is8 a
nationalized industry which forma part of the base for
Djibouti's food production sector.

The dalry uses two sourcea of energy:

)y Fuel oil for generating sateam used for washing,
pasteurization and sterilization. Average consumption of
fuel ls about 6,000 liters every 65 days, or 92 liters per
day.
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2) Electricity for motors, centrifuges, compressors, lighting
and air conditioning. Daily conaumption varies but |is
generally around 2,000 kUh.

The total monthly production of the dairy ls about 250,000
liters. The managera bellieve that future production might rise
to about 400,000 liters per month.

Table 1.2.3 sashowe this company’'s energy consumption in 1984
and 1985,

Table 1.2.3 Conaumption of Energy of the Dairy

1984 1985
Electricity 235,275* 679,400
(k¥Wh)
Diegel fuel (estimated) nd 33,700
(litres)
* The dairy started production in 1984

nd: no data

d) The Flour MIill

Thie mill, which is privately financed with SOPINAD funds,
became operational in mid-1986. When in full operation, 1t
will process 18,000 tona of wheat per year and will produce
13,500 tona of flour.

The eatimated energy consumption, mainly electricity, ia about
80 kWUh per ton of wheat, or a total demand o¢of approximately
1,500 MUh per year.

1.2.2. Conatruction
The construction sector concernsa three maln activities:

buildings, roada, and other construction projecta (airport,
port, etc.). A review of each of these sectors iasa given below.
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a) Bullding Construction

As ahown in Table 1.2.4, which is based on data taken from the
annuaires statistiques /f1.5/, building activity has seen a
noticeable slowdown in 1985 mainly in the public sector wvhere
the area under construction waa only a quarter of the area
conatructed in 1984 or 1983.

Table 1.2.4 Building Construction from 1983 to 1985

1983 1984 19856

Public bulldings 28,717 31,231 7,411
surface area

(m2)

Private buildings 76,305 48,732 46,525
gurface area

(m2)

Number of conatruction 38 57 40

permites (simplified)

EE—mCCEESCSSEZESSZSSSSSSCSXCSC==SSSSSSERSESSSSSSREZSESSSESS=SSS

The buillding market is shared among several small and medium-
aized civil engineering firms which are taking on fairly small
contracts.

In fact, after the large construction contracts which followed
Independence (the Sheraton Hotel, the People’s Palace, the
Ministry of Foreign Affairs, etc...), the construction firms
are now faced with a depcressed market. The slze of the
contracta is amaller and this has led to a degree of
reatructuring of the flrms.

The Iimpact of thls aituation on energy demand was immediate,
and the demand for Diesel fuel (for motors) and for electricity
decreased conslderably.

In addition, overall energy demand 1ia the sasum of the
individual demands of the work (n progress, and therefore
varies according to the amount of conatruction underway.
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b) Road conetruction

Variabllity of energy demand is also a feature of this sub-
sector.

In addition to the basic¢ conastruction and maintenance work
carried out by the Ministry of Public Works and the Districte,
there may also exiat occasional projecta whoae a8ilze may
dominate the sectoral energy demand. This is preclesely the
case at the present tims.

The Ministry of Publlic Workas has a large fleet of trucks and
construction vehicles wused for the maintenance of existing
roada and the construction of new roads (in 1986, the road
between Dikhil and As-Eyla, for example)}. The consumption of
fuel of the 40 largeat trucks belonging to Public UWorka was
approximately 150,000 liters in 1985,

This demand is, however, very low compared to that of the Route
de 1'Unité conatruction project between Djiboutl ville and
Tad jourah. Thies project began at the end of 1985 and will
continue until mid-1988. It is being carried out by the Union
Engineering Company under the superviasion of the Miniatry of
Public Uorks.

The =alze of this project la exceptional for Djibouti (170 km
of road to be constructed acroasa rough terraln) and its impact
on energy consumption, which waa felt aa early as 1986, will be
significant. Union Engineering estimated that lts purchases of
gagoline and Dieael fuel In 1986 would be 5,000 liters and
4,000,000 litres respectively.

This demand of approximately 3,300 TPE will double the demand
of the industry-ceonstruction sector, and represents
approximately 5% of total national energy consumption. These
two figures show the importance of this construction project on
the energy bhalance.

Should this demand be taken into account when projecting energy
demand over the ahort and medium term, or should it be
consldered an event which is unlikely to be repeated?

In fact, even if the projections made by Union Engineering show
an increase In consumptlion for 1987 (5,500 liters of gasoline
and 5,500,000 1liters of Diesel fuel), 1988 ahould see a
sizeable decrease 1in fuel consumption which will eventually
drop to zero when this project ia completed.
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This demand ahould therefore be considered as a one time event
and it should not be taken into consideration when modeling
future energy demand scenarios.

¢) OQther Actlivities

The same question can be posed for other projects being
undertaken s=uch as the extensions to the Port and the airport,
and the geothermal research and development project.

As far as the port and the airport is concerned, these
extensions should be conaidered as part of the normal program
of conatruction and development undertaken by the atate.

The geothermal project 1a different both because of its
importance and its character. This project, which began in
early 1987, <conalsta of several phases whose characteriatics
will depend on the results obtained in the field. Energy demand
will be intermittent and spread over a number of years, and
will have an Impact at the sectoral level which will need to be
taken into account in modeling this sector.

The consumption of Diesel fuel In 1987 is estimated to be

approximately 1,000,000 liters for project equipment, and for
the production of electricity by Diesel generators.

Total Energy Demand By Industry and Construction

The total demand for energy by thia asector Is shown in Table
1.2.5.

Table 1.2.5 Total Energy Consumption by Industry and
Conatruction 1985, TPE

e e L T L R s i R P E R R R e

Annual conaumption of 3,161 436 3,597
energy by the construction
sub-gector
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1.3. AGRICULTURE, LIVESTOCK RAISING AND FISHING
1.3.1. Agriculture

Agricultural activity in the Republic of Djiboutl only atarted
to develop about 50 yeara ago. At that time, the country was
inhabited mainly by nomads living on the products of thelr
livestock, and by a aettled population attracted by the
activitiea flourishing around the port of Djibouti ville and
the railroad.

In addition, the particularly difficult climatic conditions,
and the lack of water and irrigable lands did not encourage the
development of agriculture.

The wurbanisation of Djibouti ville, and that of the towns in
the Interior of the country, has created a sharp increase in
the demand for agricultural products. Given the degradation
of the land by drought, overgrazing and desertification,
agriculture is a less risky proposition, and provides an
important aource of Income for a significant part of the
population.

The Goverunment of Djibouti has made the development of
agriculture a priority. Thus, gince the country'’'s
independence, this sector has shown quite rapid development.

The total land area used for agriculture increased from 100
to 400 hectare between 1978 and 1985, and agricultural
production, which for a long time waas almoat negligible,
accounted for 12. 9% of the 10,000 tonnea of frulta and
vegetablea consumed locally in 1985.

The number of people dependent on the agricultural sector is
eatimated to have tripled during this period and today numbers
about 10,000 people.

In 1985, the number of small market gardena wasg estimated at
about 1,000. The largeat agricultural centers are organlized
in the form of cooperatives and are therefore bettor able to
market their produce In the urban centera, particularly in
Djibouti wville. Production is almost entirely vegetables,
except for the PK 20 Prol}ect where the large scale production
of jojoba ias being attempted.

Because of inasufficient and irregular rainfall, only irrigated
agriculture ias poasible in Djibouti. In the majority of
cases, water lIs drawn from ashallow wells of about 6 meters
depth supplied by phreatic aquifers.
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Although there are a few government sponsored agricultural
projects Irrigated by deep wella (with a total area of about 70
hectares of which the project at PK 20 accounts for 50 ha),
small-acale agriculture ils much more important, and has ao far
been the mosat successful, Moat of the plots, which vary
between 0.2 and 0.6 hectare, are sltuated on the edges of the
wadia.

The "chadouf”, the traditional technique for lifting water, la
used now much less frequently, and is being replaced by 2-4 HP
motor pumps.

The volume of water used by small scale agriculture in 1985 is
eatimated at about 7.5 million m3, with a fuel consumption
(Diesel fuel or gasoline) of around 340 m3.

For several years, the small farmer has faced a growing problem
of water salinity. Over a period of about 5 yearas, the salt
rulna the &80il and makes the ahallow wells uselesgsa. One
reagon for this progresgsive galinization iz that the motor
pumps are too large in comparison with the capacity of the
wells.

Pumpa which have an output of over 9 m3 per hour are often uaed
on wells whoge sustainable output is less than 3 m3 per hour.
Aa a regult, the pumps often run for only an hour in the
morning, and an hour Iin the afternoon.

1.3.2. Liveatock Raleing

An eatimated 100,000 people in Djibouti are Involved in raising

livestock and Iin animal husbandry. The last census of
liveatock numbers taken in 1978 counted 40,000 cattle, 400,000
aheep, 500,000 goats, 50,000 camels, and 6,500 assea,

altogether the equivalent of 155,000 TLU (Tropical Liveatock
Units) /1.6/.

Recent estimateasa of livestock numbers In the vicinity of the
water asources in the Dlatricta, glive a figure of 108,000 TLU,
i.e. a number slgniflcantly less than that ccocunted In 1%78.

The traditional methoda of 1liveatock rearing have hardly
changed since the beginning of the century. The animals
provide meat and milk to those who tend them. The contribution
of this activity 18 not Included in calculations of the
national economy. In addition, Djiboutl 1a a tranait point
for the re-exportation of liveatock from Ethiopia and Somalia.
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The exploitation of the local meat industry thus appears to be
of secondary importance.

The traditional nomadiasm, although declining, c¢ontinues to be
supported by a sector of the urban population whose outlook to
some exXtent remains nomadic.

In the future, the 1linking of 1llvestock raising with
agriculture might permit a more lntensive lliveatock farming.
Some sahifta in this direction are already observable; for

example, forage crops are being grown in some areas.

1.3.3, Fiahlng

Djibouti 1is turning more and more towards the sea to exploit
lts abundant reaources of fish.

Without threatening the marine environment, the aea could
produce about 5,000 tona of local fish, and more than 9,000
tona of migratory fish per year.

Production of all types of fish was slightly over 600 tong in

1985. This suggesta that a potentially important source of
food 1is available. The Boulaos fishing project leads the
development of the Djiboutian fishling induatry, and its

immediate Impact was an increase in the sale of fish In 1986
as well as the establishment of an export market principally
with Reunlon and Saudi Arabla.

With regard to energy use, the flahing activity consumes a
gignificant amount of electricity (for the freezing of the
fiash), and of Diesel fuel and gasoline for the operation of
the fishing veassgels.

a) Electricity

The DBoulaos installation consistas of a freezlng chamber, two
ice-making planta (with a capacity of 1.5 and 3 tons per day),
two 15 m3 refrigerated chamberas, and two 50 m3 freezer chambers
(-18°C and - 20°C).

Electricity consumption 1la roughly constant throughout the
year. Consumption in 1985 was approximately 447,000 kUWh.
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b) Diesel fuel

The amall fiahing boata used approximately 1,000 liters of
Dieamel fuel per month; the three large flashing veasela consume
2,500 litera per month. Total annual consumption isa therefore
eatimated at 42,000 liters of Diesel fuel.

¢) Gasoline

The fleet of 80 amall fishlng boate uases gasoline engines.
Monthly gasolines consumption is about 8,000 liters, or 96,000
liters for 1985.

It should be notasd that the fishing Iindustry is graduclly
replacing the gasoline engines, and expects to have the entire
fleet changed over to Diesel engines within three years.

Table 1.3.2 below aummarizes the congumption of energy by the

flahling sub-sector.

Table 1.3.2 Energy Conasumption due to Fishing in 1985

.._....---——...—_.._—._...-"__._.___._._-_.._—._."_—_.__.",...____—....—'__-_.__"_—___—_——__"'—__.__...—_—___-'_—_"'_.'—

Electricity 447,000 kUWUh
Diesel fuel 42,000 litres
Gaaoline 96,000 litres

1.4 THE TRANSPORT SECTOR
1.4.1. Background

The transport sector represents a ma Jor asset for the economic
development of Djlbouti. The influx of foreign currency, the
importation of industrial products, and the access to the
different parta of the country and to neighboring countries,
are among the advantages of an adequate transportation saystem,
Thia is eapecially important for a country like Djibouti where
natural reaources appear to be limited.

In effect, Djiboutli is situated at a point which permita the
convenlent exchange of goods between different countries and
reglons of the world. The port, the International airport, the
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Djibouti-Ethiopia rallroad, and even the road transportation
gsyatem provide for maritime, air and land traffic.

The contribution of the trangportation sector (including
telecommunicationa) to the GDP has been cloge to 10% during the
past few years. The largest component of the sector 1is road

tranaport (buses, taxia and trucks) followed by the port, then
the international airport and Air Djibouti (the National
Aviation Company). The Djibouti-Ethiopia Railroad Company makes
the amallest contribution to the sector.

As a part of the service sector, which accounts for over 75%
of the GDP, the tranaport sector contributes about 14%.

According to DINAS, the transport sector accounta for 14% of
the salariesa in the service sector.

The number of employees working in the sector as a whole, both
private and government, is approximately as follows:

- Porx 3,500
- Internatiocnal Airport 100
- Djibouti Air 200
- Railroad 250
- Busg drivers 600
- Bus agesistantsg 500
- Taxicab drivers 500
- Truck drivers 3sgo
- Truck loaders 150

The diftferent parts of the trangport system in Djibouti are not
well integrated, and show a lack of structural balance as well
as certain economic distortions.

This aituation <can be explained by circumatances which are
specific to the country: the limited availability of natural
regources, the highly concentrated population in Djibouti
ville, the limited government budgets, and the attraction of
activities linked to international tranaport.

1.4.2. Total Energy Demand and Conaumption in the Transport
Sector

The transport sector is the largest sectoral consumer of
energy; it accounts for almoat 40 % of final demand.
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Table 1.4.1 presents more detailed data on the structure and
activitiea in this aector.

Table 1.4.1 Traffic by Rall, Sea, and Air

-y I T P T s S L E T P T Y Y P I T i I e I -

Rall traffic

-paasengers 1336 1204 1430 1114 247 743 - 11.1
-goods 263 211 217 241 269 291 2.3
Sea traffic

-ghlpsa (2) 1174 1129 1122 1967 i029 937 5898 - 4.4
-boats (2) 851 784 631 534 724 780 813 - 0.8
-passengers(3) 2100 2799 4174 3573 3030 3357 3199 7.3
Freight 1359 1388 1325 1381 1618 1450 11hR3 - 2.7
Goods 370 395 440 3946 404 528 611 4.7
-~esbarked 120 114 135 97 115 148 140 2.6
-disembarked (4) 250 281 305 299 289 a1 471 11.1
Djiboutl - - - - 195 240 234

Ethiopla - - - - 59 67 174

Somalia - - - - 12 23 15

Alr traéfic

aircraft (2) 8091 7548 6574 6660 6915 6740 6360 - 3.9
pagsengers (3) 235 241 221 264 264 267 278 2.8
arrivala 59 61 64 71 64 58 55 - 1.2
departures 58 61 40 68 59 54 48 - 3.1
transit 118 119 97 130 141 154 175 6.8
freight (4) 19 8 9 9 8 8 8 - 13.4

e e R e R e Ew mm e e e e A NS W AR MR SR AN P A ok A A M A M ke R Ak b e A ey v Y T B N M M e T AN R NS SN M R A b el ek ek e e e o .
R S R e N N -

(1) average annual rate of growth 197%-1985%
{2) nuaber of arcivala

(3) passengera In thousanda/year

(4) thousand tonnes /year

unita : thousands of tonnes
unite : thousands of passengers

Source: Figurea derived from Statistical Tables of Djibouti /1.5/.
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1.4.3. Rall Transport

Although all the modes of trangportation provide saimilar

services, each finds its most important role in well-defined
sectors.

Transport by rail, for example, which is provided exclusively
by the Djibouti-Ethiopia Railroad Company, handles imports of
fruits and vegetables from Ethiopia to Djibouti. Its
activities are not limited to food imports, but include freight
tranaport, and the transportation of care and construction

materiale from Djibouti to Ethlopia, as well as passenger
trangportation.

The railroad, which began operating in 1918, runs over the 700
km track between the port of Djibouti and Addia-Ababa. The
line in Djibouti is 110 km long and runa between Djibouti ville
and the Ethiopian frontier a few kilometers from Ali-Sabieh.
Each country holds 50% of the company.

The transportation of goods ia determined by the demand, with
two or three tralns running every day. The capacity of the
traing ia& limited by the condition of the track -- eapecially
the section just before Ali-Sabieh.

Passenger traffic was 261,700,000 paassenger—-km i{n 1985;
freight traffic wag 214,690,000 tonne-km.

Railroad activities have recently been on the increase. After
the closure of the lesg lmportant lines, the rallroad is being
uzed more and more for the importation of food produce and the
re-exportation of goods passing through the port of Djibouti
and destined for Ethiopia.

As a result of this tendency, the consumption of fuel has
increased by about 21% over the last few years. The
consumption of Diesel fuel on the Djiboutian side haa evolved
as shown in Table 1.4.2. Lubricantas, on the other hand, have
ahown the reverse tendency due primarily to the following
changes:

- The retiring of several old and =slow locomotives
- The acquisition of more modern equipment

- The use of new lubricants
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Table 1.4.2. Consumption of Fuel by Rall Transport, m3/year

1983 1984 1985
Diesel fuel §39 244 1,592
Lubricants 43 37 25
In the short term, an increase in fuel consumption by the
railroad company will probably occur. This is likely to
continue &t least until the program proviaing emergency

supplies to the refugees in Ethiopia comes to an end.

In order to handle this operation effectively, the railroad
company is considering transporting 1000 tons of freight ©per
day.

The acquisition of replacement parte for the old locomotives
should no longer be a problem since the European Economic
Community provided 3 million ECUS for these supplies.

1.4.4. Maritime Transport

The port is at the centre of the country's economy, both with
regard to the importation of foodstuffs and other goods, and to
their re-uexportation.

However, since there are no Djiboutian cargo ships, imports and
exports are handled by foreign shipsa. The cost of this
service has a significant impact on the bhalance of payments.

S5ea transport in Djiiboutian waters ig carried out by two
ferries, named Unity and Peace, which have been In operation
gince 1981, and by a few private sailing vessels.

The ferries transport passengers and {reight between Djibouti
ville and Tadjourah and Obock.

Total fuel consumption for the two ferries in 19895 was 197,000
liters of Diesel fuel.

In transporting heavy equipment, the ferries make a
contribution to the economic development of the North of the
country. In the future, the role of this service may i1ncrease,

encouraged by the development of small manufacturing plants in
the North of the country.



On the other hand, the construction of the Route de 1’Unité
will lead to competition for the ferry service and this raises
doubts about the proposal to purchase another ferry for the
port.

There are several dhows which carry freight and passengers to

Tad jourah and Cbock. Most of the vessels carry between 30 and
50 tonnes of cargo, although the largaest vessels can carry 80
tonnes.

1.4.5. Air Transport

The 1location of the Djibouti International Airport, its
facilities and equipment, give it many advantages over other
airports in the region. Foreign airlineas flying into Diibouti,
most of them in transit, account for 84 % of the airport's
activity. Passgsengers in transit represent 63 % of the total
number ©f passengers.

The average annual rate of increase in the number of passengers
was clogse to 7 % between 1979 and 1985, The number of
departing passengera has, however, decreased by 3.2 % per year.

87 % of the passenger traffic is handled by four companies: Air
Djibouti, Cotam, Ethiopian Airlines and Air France; the rest is
handled by other companies including Alyemda, Yemen Airways,
Air Tanzania, Aeroflot and Somalia Airlines.

Air Djibouti, the national company which began operating in
1980, has seen a reduction in traffic since its Djibouti-Paris
and Diibouti-Rome flights were cancelled. The company owns one

DC9 and two DHIL aircraft.

The number of passengers transported by the DHL's in 1985 was
24,100, or 47 % of the total of 51,387. The DHL'z fly the
shorter routeg: Djibouti-Tad jourah-Obock (124 km), Djibouti-
Aden (252 km), and Djibouti-Hargeisa (292 km).

However, it ig the long distance flights which accounted for
the major part (87 %) of passenger-kilometers travelled in
1985,

The consumption of jet fuel by Air Djibouti in 1985 was
almost 5,000 m3, or 19 % of the total consumption by the
trangsportation sector.
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The extension of the Djibouti Alrport will include a
maintenance and service area, an industrial zone, a freight
area, a preasidential area, a pasaenger zone, and a zone for
general aviation.

These additional facilities should strengthen Djibouti’s
international position and encourage the development of
commercial and industrial activities.

1.4.6. Road Transport

Djibouti’s road network of 2,905 km is divided into two
categorles: the national roads: 1,105 km, of which 281 km are
surfaced, the rest being tracks; and the district roads, which
comprise some 1,800 km of tracks.

Thiasa network connacta all the towns, villages and Important
reglons of the country, and links Djibouti with itas neighboring
countrles. However, with the exception of the surfaced roads
of Djibouti wville and of the principal rural areas of Arta,
Queah, Ali-Sabieh, Dikhil and Yoboki, through to the Ethiopian
frontier, road <travel is generally very difficult because of
the poor mailntenance of the tracks. This explaina the 1low
level of motor traffic in the country as a whole.

However, the importance of road traffic between Djibouti,
Ethiopia and Somalia &8hould not be underestimated. For
example, 14,423 tons of merchandise were re—-exported in 1985
from the Port of Djibouti to Somalia uasing the Loyoda road.

Reocad travel remalins an essential means of communication for
people and for the transfer of goods both to and within the
interior of the country.

Acceass to the moest remote areas of the country is only possible
by road at the present time, aince maritime transport is only
just belng developed, and the only aviation company |In
operation does not yet offer a freight service.

The fuel consumption fur the road transport sector totalled
7,657 m3 of Dieael fuel in 1985.
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1.4.6.1. Transportation Outside of Djibouti ville

The different modes of transportation in the interior reglons
of the country in 1985 are shown in Table 1.4.3.

This table, which is based on a report by the UNDP, estimates
that 56% of the traffic is within 40 km of Djibouti on the
Djibouti-Arta corridor. This region can be taken to represent
the surburban area. The average distance travelled in this
network would be 40 km.

Table 1.4.3. National Traffic by Mode of Traneport in 1985

e L A T T - 1 T T T 1 1
3333 % 5 5 & 5 8 N F F 8 5 5 B8 bf g5 5B =R e e e e e

Mode of Passengers Freight Route
transportation (tonnes)
Maritime 30,000 nd Djibouti-Tad jourah
Obock
Alr 24,000 nd Djibouti-Tad jourah
QObock
Rail ND 2,800 Djibouti-Chebelle
Goubetto
Hol Hol
Daasblyou
Ali Sabieh
frontier
Road 1,262 1,643 Djibouti-Loyada
Arta
Oueah
Ali Sabieh
Dikhil
Yoboki
Galafi

@ o A o i i A . A e T W A MR W O e W s e e e e e I AR AN SR W Em e e W MR R R W M e W A S A S S

(1) Data are for 1981 and are taken from a UNDP report on
traffilc clrculation in Djiboutli.
nd no data

1.4.6.2. Urban Transport

Road transport in Djlbouti-ville and its suburban regions
dominates, from every viewpolnt, the urban tranaport
plcture. The infrastructure, equipment, employment, imports,
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taxea, motor fuel consumption, production costs, and mobility
are the elements, inter alia, most influenced by the evolution
of the urban tranaport sector.

The wurban network is made up of 68 km of surfaced road and 83
km of unsurfaced roads (excluding Balbala). The primary rocad
system allows for adequate circulation within the city (except
at certaln intersections and roundabouts, for example).

On the other hand, the secondary network makes c¢irculation
between sections of the city extremely difficult, principally
because of the poor atate of the roads. The area North of the

city to the center of town is probably the best served from the
point of view of the urban rcad system.

Quartiers 1 to 7 have nartrow streets which are often poorly
maintained. Road conditions in Ambouli are better. Balbala is
the worst point in the network.

Distances traveled are short despite the triangular shape of
the «city, the port and Balbala (the extremities) being less
than 12 km apart. However, there is heavy traffic between the
port and Ambouli.

Taking only privately owned vehicles into account, distances

traveled are sgshorter gince most vehicle owuners live in the
Nerth and the center of town.

1.4.6.3. Public Transport

Public transport in Djibouti is by bus and minibus; the
vehiclea carrying 25 and 15 seats regapectively. There are, at
pregent, more than 500 of these vehicles in operation in
Djibouti-ville; about 50 vehicles service Ali Sabieh, Dikhil,

Arta and Loyada.

Approximately 150 units are normally out of circulation for a
number of reasons: under repair, lack of spare parts, or simply
a lack of financial means to keep them in operation.

Taken together, public transport vehicles number 650 of which
40% are exclusively busesg. The average age of these vehicles
is quite 1low according to data from the Bureau of Statistics
(DINAS). Between 1983 and 1985, 372 buses and minibuses were
regiatered, or 53% of total vehicles in operation (Table
1.4.4).
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Table 1.4.4. Characteristicas of the Public Tranaport
System in Djibouti-ville
unit bus minibus total

1. passengera transported/day passengzera 60600 90000 150000
2. vehicles in circulation vehicles 201 302 503
3. number of places per vehicle places 25 15 19
4. diatance run per vehicle km/an 58000 68000 64004
5. average vehicle speed km/h 20 20 20
6. working daya per year days 288 288 288
7. working hours per day hours 10 10 10
8. rush hours per day hours 4 1 q
9. % of traffic during rush-hour 1 70 70 70
10. % of seats occuplied during

rush hour % 40 45 13
11. passengers transported passengers 299 298 298

per vehicle per day
12. seats occupied per day

on average % 23 26 25
13. % of aseats occupied during

of f-peak hours t 11 13 12
14, vehicle-km/day per vehicle km 201 236 222
15. diatance/passenger/day {ave.) ko 3.9 3.1 3.5

I I I 3t it i it i b e A e

To serve the different sectiona of the c¢city, the buses travel
on 7 different routes departing from Place Harbi in the town
centre. Two routes go towards the port and the Peltier
Hoaspital, two others towards Ambouli, one towards the quartier
of Arhiba, one to Balbala, and the last servea the 2zone betwesan
the airport and the center of town. A different color
distinguishea each of these routea; thils aimplifies travel for
the passengers.

Distances and travel time vary from 3 km (10 minuteg) from
Place Harbi to Arhiba, and 15 km (35 minutes) from Place Harbi
to Balbala (Table 1.4.5).

Bug fares are generally 30 franceg; 50 francs to Balbala. Fares
were saet by the Government and have not been increased since
1974. Public transport vehicle owners are organized into

gseveral syndicates.
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Table 1.4.5. Diastances and Average Running Times for the
Different Bus Routes

Route Colour Distance, km av. time (1)
Port pink

to 2.9 7
from 2.8 8
round trip 5.7 15
Hoepital black

to 2.7 10
from 2.2 7
round trip 4.9 17
Amboull green

to 4.5 10
from 5.4 16
round trip 9.9 26
Arhiba blue

to 1.5 5
from 1.5 5
round trip 3.0 10
Balbala brown

to 8.4 18
from 6.0 15
round trip 14.4 a3
hRéroport orange

to 6.1 5
from 6.1 5
round trip 12.2 i0

- o e e S A A AR T T TER W = o qmm ek vem o G A WS DM W M My M s M e S wer M e vy M W e b ek e mmt e S MY M e e e S e me S mm S A am e e .
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1) The average time in minutes.

The advantages of the present system are itas flexibility, the
fareas, the lack of subslidies by the Government, the good
distribution of the network (the different routes were
established by the Diatrict in 1984), the cost of vehicles
compared with the cost of large buses in other countries, the
employment generated, and the rapidity of travel.
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On the other hand, the inconvenlences of the aystem weigh
heavily on the economy and on the population: for example, the
excegasg of buses and minibuseasa given the demand, the

underutilization of the buses, the excessive consumption of
fuel, the traffic jams created by the vehicles at certain
placea, the high rate of accidents, the lack of security, and
the lack of comfort for the passengers.

1.4.6.4 Private transasport

The registry of the District of Djibouti’s Mining Service shows
that 1204 cars were registered in 1985 compared with 436 in
1977--an average increase of 13% per year. Salea of 4-vheel
drive vehicles increased by 40% between 1983 and 1985.

The sgelection of 4-wheel drive over other models has become a
fashion which is alaso followed in other countr’es. The reason
often given for purchasing this type of vehicle is that 4-wvheel
drive vehicles are more appropriate for the tracks in the rural
areas of the country. However, this reason would geem to be
invalid since most of these vehicles are driven within the city
and only rarely in the bush.

The large increase in the purchase of vehiclea is a recent
phenomenon. It ie only alnce 1977, the year Djibouti became
independent, that sales of vehicles in the city started to
Increase markedly.

Private transportation accounts for 10,382 m3 of gaaoline and
9,935 m3 of Diesel fuel annually.

1.4.6.5. Transport of Goods via Truck.

The lack of well-eatablished maritime and air freight
transport means that transport via truck is the only posaible
alternative for certaln goods being shipped to the neighboring
countries.

It was only after 1980 that the use of trucks as a means of
transport began to develop. This growth ia continuing, with
much larger and heavier trucks now in service.

The fact that the International Port is located within the city
of Djibouti makes the capital a redistribution center for goods
and freight arriving from many different countries.
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Transport of goods to the interior

The tranaport of gooda le not well developed in the interior of
the country, mainly because of the poor condition of the roads
and tracks.

Of the 2,905 km of existing roada, only 10 % are surfaced, the
rest consgisting of more or less usable tracks and trails. This
creduceg delivery to placeg llke Goubetto, Oueah and Hol Hol to
one or two trucks.

At Dikhil, generally considered the second commercial center of
the country, many small businessmen bring in goods from the
capital and regell them in the area.

A redigtribution network alsc exists in Tadjourah which
receives 1its goods via the ferry. This type of commercial
activity appears to be the beat organized in this region.

Ninety percent of road traffic is made up of amall trucks which
supply goods and foodstuffs to the moat distant places such as
Airi, Guirori, Assa Gayla, Dorra, Randa and Kalassa.

The condition of +the roads is an important factor in the
development of the transportation of goods by truck. The
construction of the Route de 1’Unité points out the
government’'s willingness to promote this sector of the economy.

Transport of Goods by truck to Somalia

The transport of goods to Somalia is generally carried out
uging 6 ton trucks. These trucks are fitted out in such a way
that they can carry both freight and passengers.

In 1985, 14,423 tons of goods were reexported by truck from
the international port of Djibouti. This amount is
significant, considering the condition of the roads, and could
increase markedly as imports grow.

1.4.6.6 Summation

The total consumption of energy by fuel and by mode of
transportation is shown in Table 1.4.6 below.



Table 1.4.6 Energy Consumption In the Transport Sector
gasoline jet fuel Diesel total
m3/an mi/an m3/an hydrocarbonsa
Air transport 5478 5478
Road tranaport 76517 7657
Individual 10382 9935 20317
Rail transport 1592 1592
Uaterwvay 178 690 868
TOTAL 10560 5478 19874 35912

For both gasoline and Diesel fuel, the transport sector
accounts for the major part of the consumption of these fuels.

It is also evident that the consumption of Diesel fuel by
private transport is higher than that consumed by trucks. This
characteristic ie due to the large number of private Diesel
engine 4-wheel drive vehicles in use.
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ANNEX 1.1 UATER SUPPLY IN THE URBAN CENTRES

Djibouti ville, the principal urban center, is serviced by 26
wells with an average depth of 40 meters each and a capacity
of 25,000 m3. Thia is distributed through a network 157 Kkm
long which & aufficient except for the Balbala low Iincome
housing district. Balbala’s needs are met cost fraee from
public fountains. The c¢city network gsupplies energy to the
submersible pumps.

Arta and Oueah, towns near bLjibouti-City, are fed by two wells
located in QOueah. The power for thease wellis is supplied by
Djlbouti-City.

Ali Sabieh receives its water gsupply from three wells 1located
in Mouloud. Theae supply the needs of the agricultural
cooperatives, the population and the livestock. Two 165 kVa
generators give power to both the submerged pumps and to the
village of Mouloud,

Dikhil 1is served by a natural spring and two deep wells (100
m). Ethiopian refugeea (about 13,0008) are supplied by a few
local fountains and tank trucka.

Tad jourah in the north haz three wells of which one has a water
quality problem. The wells are powered off a grid; total head
ia 100 meters.

Obock ias equipped with two wells with an average total head of
100 meters. Electricity ile supplied by two generators of 50
kVa and 32 KkVa.
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ANNEX 1.2 DINAS SURVEY OF HOUSEHOLD ENERGY CONSUMPTION

During 1986, DINAS (the National Bureau of Statistics)
conducted a detailed survey of household energy consumption in
Diibouti ville

The survey , which was carrled out on a representative sample
of 432 households, concerned only Djiboutian households, i.e it
excluded families of military personnel and of other

expatriates.

The households, 16 to a group, were located in 27 zones of
study carefully selected on the basis of criteria such as
income-level, type of housging, and the weight of the zone in

the total population of Djibouti ville.

The energy consumption in each household was meagured 3 times
over a period of several months. The first survey conducted was
an inventory of household appliances and fixtures. The second
and third surveys focused on the different types of household
consumption : food, leisure, energy etc,.

Each day for a week, an analyst came to each household to
weigh, edtimate or calculate the different types of
consumption.

With the help of DINAS, ISERST introduced into the
gquestionnaire sgeveral pages of questions concerning energy
consumption. The gquestions focus on

- the structure of the building (in order to evaluate the
thermal characterigtics)

- the electrical appliances and fixtures (lighting, fans, air
conditioner, refrigerators, etc)

- the method of cooking and the fuels used (LPG, kerosene,
wood etc)

- recent energy bills.

The processing of the data obtained in the survey generated
easential information the structure and level of energy use in
the residential sector - a sector which previously was poorly
understood from an energy point of view.
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The principal results of the survey are presented in sgsection
1.1 of this report. In particular, the sgsurvey clearly showed
the difference between the official number of EdD subscriber in
Djibouti ville, 16,500, and the number of households which were

counted as having electicity: 21,300.

The difference laga partly due to a significant amount of fraud-
either by illegal hookups, unauthorized sharing of the supply,
or moedification of the subscribed power.
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ANNEX 1.3 ISERST SURVEY IN THE DISTRICTS

In parallel with the survey carried out by DINAS in Djiboutl
ville, ISERST conducted a asurvey of energy consumption in the
districts.

The survey (1986) was carrled out on a agample of 50 houaeholds
in seven towns : Obock, Tadjourah, Yoboki, Dikhil, Ali-Sabieh,
Hol Hol and Arta. As far aas possible households were
representative of the local population.

The queationnaire used iIn the survey lis preaented overleaf. The
principal results of the survey are presented in section 1.1 of
+hia report.



- 117 -

I.S.E.R.S.T
BP 486
Djiboutl

PLAN ENERGETIQUE NATIONAL

Enquéte préalable sur la conaommation énergétique
dea ménageas dana les cercles de 1’Intérieur

————————— VUM Ve G M T M e e e S e b M S S Sk e e N ek M B R G S A B NN W M W W AR FIE S S wm S . S D R N W SR W AN S e

Date de 1'enquéte : /] /19
Locallté : Quartier :
Nom de 1'enquéteur

Nombre de personne dana le ménage

- e N R M mm A mE S M e e o e wr TR AR A A AR W A R N e e S e e R S S S A G M e
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A) CUISINE

La culsine eat faite

A

~

Trouvez-voue facilement du bois?

A

.2) Culaine au kérocadne

typa de réchaud

principalement:

[

.1) Culasine au bois

Type de foyer 3 plerres _
autre -

Conaommation _ _kg/semalne

|

simple foyer

double foyer

Conaommation

.3) Charbon de boia

type de réchaud

autre

au bols

au kérosine

au charbon de bols
autre:

acheté prix
récolté
oul non

litre/asemaine

consommation
.4) Autre

type de réchaud /foyer

kg/eemaine

consommation

/aemaine

Utillasez-vous d'autrea combuatibles pour d’autres usages ?

pour:

aucun bolia c

autre:

kéroadéne autre:

cérémonie religieuas

harbon de bols

_ féte

81 vous utilisez du charbon de bola, quelle

est sa provence 7
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B} ELECTRICITE

Le logement dispose-t-11 de 1'électricité: oul
non

S5i oul

B.1) Pulssance souscrite: kVA

B.2) Derniare facture EdD:

A Ak b S A e e e oy W P R . e e R S S e et Ve e W R M M M MR R . A G M EE AR MR A MR b —w e e
—— A i A e e o e e o o ey T —— — — —— —— ————— o n A —— A i i
—— et L W e e e e W e e e e e M M e e A ke e e e v e T W TR R EE MR M e e e W
v e v M M mw mm e A M M R M R MR R M R S S i e v e W M S S M M M M M A . —f = M e —w W W R MR M R AR e S A

S5i non: Mode d'éclalrage
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C) EAU

Comment 1’'eau arrlive-t-elle au logement 7 réaseau
tuyau
sceau
autre

C.1) Pour le réseau ou lesa tuyaux

Nombre de pointe d’eau

Conaommation journaliare litres

C.2) Pour lea autres cas

Diatance au polint d'’eau métres
Nombre trajleta/jour

Consommation journalidre litres




D) BATIHMENT

D.1) Tolture béton
tole
autra:

D.2) Faux plafond aucun
non ventilé
ventilé

D.3) Murs (béton, parpaing)
plerre

tarre

tole

bols

autre:

D.4) Fenétre volet imperméable A& l'alr
volet perméable & l'air
rideaux

vitrage

D.5) Sol terre
béton
carrelage
autre:

D.6) Ventllation

Le logement est-il doté de bouches de ventilatlion:

aucune
bagae nomrbre:
haute nombre:

D.7) Protection asolalre

Exiaste~-t-il une bonne protection solaire du logement: oul
non

51 oul: Quelle type de protection:
arbre canniasase

avancée de tolture autre:




- HAPTER 2

THE ENERGY BALANCE FOR 1985

Tables 2.1 and 2.2 present the national energy balance and the
disposition of final energy for the year 1985. These balances
were developed as a part of the analysis conducted for the
implementation of the MEDEE-S computer model .

The main points illustrated by the energy balances c¢an Dbe
asummarized as follows:

a) Energy produced from national resources accounts for only
13 % of the total energy consumed in the country. The
remainder is imported, and is almost entirely petroleum
products.

b) Losses due to conversion and distribution account for 28 %
of the energy consumed. The efficiency of the energy sector

in Djibouti is theresfore approXximately 72 %.

¢) The losses due to the generation of electricity account for
80 % of the overall losses. [he remainder is due to the
production of charcoal (7.8 %), and losses due to the
transmission and distribution of electricity (12.2 %}).

d) The final consumption ot energy in 1985 amounted to almost
71,300 TPE which represents a per capita energy consumption
ot 0.166 TPE. The energy intensity per unit of Gross
Domestic Product was 1.18 TPE per million FD.

e) The figures below present the relative weight of aeach
sector in the final consumption of energy.

Agriculture and fishing 0.3 %
Industry and construction 5.0 %
Transportation 39.8 %
Services 17.6 %
Residential 37.3 %

f) The atructure of the consumption by energy type is as
follows:

o

Wood and charcocal 15.5
Hydrocarbon fuels 67 .6
Electricity 16.9

e

"
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CHAPTEHR 3

PRIMARY ENERGY

3.1. FUELUQOD
3.1.1. Potent:'al Resources

Adequate data on fuelwood resources are not avallable because
the Republic of Djiboutl doee not possess the means to fully
atudy the resource base.

The sole forestry projects completed or in progresa concern the
Day forest, which ia not repreasentative of the vegetation of
Diibouti.

There iga no inventory of forest resources, and the natural
production of the country's various foregst stands la not Kknown,
It iag therefore Ilmpossible to assesgg the current avallability
of thia resource with any precision /3.1/.

3.1.2. The Uge of Uood

Uood is widely used by rural populations for household uses
such as:

- cooking food

- producing charcoal for the urban areas

- building the traditional ahelter, the "taboita” (a
hemliapherical hut covered with matting)

- fencing off gardens or other enclosures.

Generally, only dead wood is collected. Among the Afara,
cugtom forbids the cutting of live wood, and imposes a penalty
of 12 goata for such an infraction. Thia respect for the
environment steme from the Afars’ +tribal system of land
ownership.

In the gsouthern regions between the coast and Ali- Sabieh, the
cutting of wood seemsa now to have become a more common

practice. According to one FAOQO expert, It would appear that
along Djibouti’'s coastal plain south of the capital the felling
of live +trees has become a habit, whereas tradition used to

require a meeting of the Council in order to obtain the
agreement of the tribe /3.2/.
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Besides the use of fuelwood for cooking and making charcoal,
the other major use of wood is for grazing. In fact,
specialists believe that overgrazing around the villages and
around the wells and other sources of water is the main cause
of the degradation of the natural stands, particularly because
it prevents spontaneous regeneration.

Data collected in the fleld seem to indicate that in areas of
high firewood consumption adequate supplies of dead wood

remain, but no one can say for how long. In some areas around
rural centers with a high population density (e.g., Randa, As-
Eyla, Yoboki), dead wood for local use must now be collected

from farther and farther away (4 to 10 kim or more).

By contrast, in areas of low population density, where the
ma jority of the population is nomadic, the availability of
dead wood does not seem to present a problem.

According to an expert participating in a 1livestock breeding
project in an extensive area around Dorra, dead wood is under-
utilized in this region.

In general, the exploitation of the resource consists of simply
gathering dead wood strewn on the ground, or of cutting up dead
trees, either those s8till standing or those uprooted by the
khamsin (the hot summer wind) or by the flooding of the wadis.

Wood for persgonal wuse is colilected by women, maids, or
children within distances which may range from several hundred
meteres to 5-6 km depending on the circumstances. Uood 1is
gathered rather than cut; the pieces collected for use as

firewood are small in diameter (2 to 8 cm).

The wood sold beside the roads or trails may come from the
surplus gathered by the women living in nearby camps (thereby
providing them with a cash income), or from the cutting of wood
and dead trees by sedentary nomads for whom such exploitation
haa become one of their actlivities. Such men may also work as
woodcutters and charcoal-makers.

Camel-driving nomads may also collect wood for sale or barter.
Gathering and cutting dead wood has become an economic activity
for a gizable number of rural people with no other source of
income.



- 127 -

In the nomadic populations, or in sedentary campa of 1low
population density, wood ia never purchased. The wood Iia
collected from the area surrounding the camp by a member of the
family--usually women or children. Migrating nomads gather

their wood where they stop, depending on their route.

In sedentary rural populationa of high density, wood is either
collected from the surrounding area by the women and children,
or purchased directly from camel- or ass-drivers who gather
wood over long distances (often more than 10 km). The 1latter
mode of asupply occura chliefly in the rural centres, such as Ra-
Eyla or Yoboki, where adequate supplies of wood can no longer
be found nearby. 1t is common for nomads to gather dead wood
for barter.

In these areas, finding, gathering, and transporting wood often
requires an entire day (and often more in Yoboki). The wood is
sold directly to families by the camel-load, the half camel-
load, or an ass-load.

In the Digtrict capitala, wood 1is llttle wused except in
Tad jourah, where it ig atill the most commonly used fuel. The
aupply patterns of this region are discussed below.

Very few families collect their own wood. Most buy it directly
from camel- or ass-drivers or In the wood markets,. Uood is
generally transported in light trucks (rarely by camel), then
sold in the markets,

The wood comes from nearby natural gstands (forests or wadls),
where the carrierg purchese it directly from the cutters or
gatherers along the roads or trails. In Tad jourah, wood comes
chiefly from the region of Sagallou and Kalaf, as well aes from
wadis located along the road to Randa.

The carrier sells wcod to merchants who sture it for resale to
consumeras. It is generally carrliers returning empty who take
on loade of wood as return frelight. In Tadjourah, merchants
tranaport a large portion of their astock to Djibouti in dhows.

Wood is sold by the bundle. The average weight of a bundle has
been estimated at 11.8 kg, based on 130 weighinga at various
pointe (on the roadside, the port at Tadjourah, the Salines
market in Djibouti ville).

In Djibouti wville, the trade in wood and charcoal 1is not
atructured. The main market for wood is the Sallnes market.
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Most of the wood which the supplies the marketa of D]ibouti

comes from the Tad jourah region. The wood is atored In the
port of Tadjourah before being tranaported on dhows. When it
arrives at L'Escale, the wood is carried to the markets on

carts drawn by asses.

Deals are struck between the merchants of Tadjourah and those
of Djiboutl. The cost of tranaportation by dhow and cart is
paid by the merchant and depends on the number of bundles
carried.

The carrlers are therefore not intermediary purchasers. Carting
feas are approximately 50 FD per bundle--about 1,000 FD per
cartload.

Over a period of two weeks at the end of August, 1986, the
gquantities of wood and charcoal arriving at the port in dhows
from the north were recorded. These arrivalg, and the amounts
transported, are not regular. During this period, 1,342
bundles of wood welghing approximately 16 metric tons entered
Djiboutl ville via this route.

A two-week record 1ls not sufficient to make an accurate
determination of the quantities entering the town of Dijibouti
annually, but 1t gives an idea of the amounts involved.

Records compiled over month-long perlods in different aeasons
should be made.

In Djiboutl ville, one also sees women carrying bundles of wood
on their backs which has been gathered at the city limits, or
even within the city. The wood is usually for household wuse,
although sometimes it is sold (e.g., to reataurantsa). However,
the quantities involved are not large. In outlying areas of
the city, samall quantities of wood are gathered directly for
personal consumption.

The total annual consumption of fuelwood used for cooking in
Djibouti, which is diacussed in greater detail in Chapter 1, is
eastimated at 10,175 TPE, or 13,135 TPE if one adds the wood
used In the manufacture of charcoal. The latter figure is the
equivalent of about 35,000 tonnes of wood.

From data collected 1In the Districts by local authorities,
rural development technicians, various pastoral prcjects, and
the population, it seems that for the great ma jority of those
who depend on it, the availability of fuelwood is not a
problem. The populations involved do not feel that they are
affected by any particular criais.
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UWill supplies of dead wood remain adequate to meet the future
demand for fuelwood? Thies is a queatlon which remains to be
anawvered. However, until a atudy of the forest reaource base
can be carried out, that answer will not be forthcoming.

Uith reapect to the low-density nomadic and rural populationsa,

the supply of fuelwood ils not a problem. Becauase these
populations are widely scattered the exploitation of the
reaource is spread widely, and supplies of dead wood remain

greater than the demand.

In the towns in the rural areas, and especlally in the District
administrative centres, the demand for wood is more
concentrated, and dead wood is gradually becoming scarce in the
surrounding areas. The resource is disappearing around the
population centers, and the distances which must be travelled
in order to find wood are progressively lncreasing. These are
the areas that should have priority in the event of future wood
congervatlon effortsa.

As a point of information, one might note that 35,000 tonnes
of wood per year ls generally considered equivalent to the
natural production of approximately 90,000 hectares of foreated

area. However, +this figure would certainly not hold for
Djibouti, since the natural stands are of different apeciesa,
and overgrazing severely impedes natural regeneration. The

above flgure is provided solely as an indication of the order
of magnitude.

From another polint of view, if one considers that a typical
tree gauch a8 the acacia has a dry ligneous mass of
approximately 80 kg, 35,000 tonnes of wood iIs equivalent to
about 440,000 dead treea of thia type.

3.1.3. Economic Aspects

In contrast to the asituation in most African countriea, the
regource 1Is Initially free. The wood seller or charcoal
producer pays no tax (in the form of a cutting permit for

instance).

On the market, wood is generally sold by the bundle (at an

average weight of 11.8 Kkg). However, bundles are found in
varying sizea in Dikhil (5-6 kg) and As-Eyla (20 kg or more).
In the rural centers, wood is sold by the camel-load or the

asa-load.
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A camel-load Is estimated to be between 100 and 180 kg, and an
ass—-load between 40 and 60 Kg.

The price of wood is fairly stable throughout the year, asa
opposed to the price of charcoal, which fluctuatea. The latter
fuel is 1less costly in the hot season when the demand is
lower .

Table 3.1.1 Average Price of Fuelwood in DBjibouti, FD
price price of price
per larger per kilogram
bundle volumes

District of Tadjourah

- road side 100 8.4
- Tadjourah after
tranasportatlion 120-130 10.6

- Tad jourah market 150 camel load 12.7
1200-1500

Digtrict of Dikhil

- road side 100 8.4

- Ag-Eyla 100 camel 1500 8.4
ass 500

- Dikhil 150-200 12.5-17

Obock 100 8.4

Djibouti

- Salines market 300 25.1

- Avenue 26
~ Retail sale

In thie table, a typical bundle weigha 11.8 kg.

The Kkilogram prices indicated in the preceding table are only
approximate and should be considered as such.

In general, it ia very difficult to obtain accurate data from
the varlous participants in the supply network concerning
purchase prices, the gquantities involved, and the mode of
proviasion. One often obtains contradictory information.



3.2. SOLAR ENERGY
3.2.1. Reaource Potential

Solar energy is an lmportant energy resource for Dj}ibouti for
several reasons:

- levels of sunlight are amcocng the highest in the world and
remain relatively constant throughout the year.

- under conditlions such as those preasent in Djibouti, a number
of solar energy technologiesa are already economically
competitive with conventional oil-based technologies.

- solar energy i3 available in all regions of the country,
and is therefore a particularly appropriate resource for
rural areas that possess no other local energy tesource.

Solar energy potential ia measured and calculated based on the
intensity of the Insolation on a horizontal asurface. These
values vary widely at different points on the globe, depending
on latitude, 1local climatic conditions, the elevation of the
gite, and other factors. Inasolation levels range from very low
levels (leas than 1,500 MJ/m2.year at the poleas) to values that
may reach more than 9,000 MJ/m2.year in the most favorable
parts of the world.

With average levels of insolation of 7,800 MI/m2.year,
Djibouti enjoys very sizable solar energy resources. Each
year, the country receives the solar energy equivalent of 4
billion TPE, an amount of energy 40 thousand times greater than
the country’s current level of energy consumption.

Table 3.2.1. shows monthly average levels of daily global
insclation measured during 1983 and 1984 by instrumenta
installed by ISERST.

For the country as a whole, the mean dally insolation la 21.4
MJ/m2.day. Different regions show average valuea between 19.1
and 23.4 MJ/m2.day. There is some seasonal variation, but it is
not pronounced.

Djibouti’'as solar energy resources are extremely reliable 1in
comparison with many other areas of the world. Cloudy
conditlions and rain are very infrequent.
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Table 3.2.1 Solar Radiation in Djibouti, MJ/m2.day

Locality Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct HMev Dec  mean
Ali Sabieh 1983 16.2 18.0 22.0 23.4 22.7 22.0 24.2 23.0 23.0 23.4 21.6 21.6
1984 21.6 22.7 24.8 26.3 23.4 21.6 20.2 21.2 22.3 23.0 19.8 15.8 22.0
Dikhil 1983 22,7 22.0 22.7 22.3 23.8 23.0 23.8 23.4 23.8 22.0 20.5 22.7
1984 20.2 23.0 24.5 25.6 23.4 24.1 22.7 24.1 24.1 25.% 23.0 21.2  23.%
Djibouti- 1983 14.8 20.% 22.0 22.7 22.0 21.2 ©23.0 23.0 22.7 22.0 21.2 2.2
ville 1984  21.6 22.3 24.5 26.3 23.0 22.0 22.0 24.1 21.6 24.8 23.4 20.2 23.0
Hol Hol 1983 8.4 20.2 20.2 20.2 19.8 20.9 19.1 15.8 19.4
1984 22.0 20.9 22.0 22,3 20.5 19.8 19.1 20.%
Obock 1983 16.6 20.5 22.3 23.0 22.3 20.2 19.1 21.6 22.0 20.9 19.4 20.5
1984  18.4 22.0 23.4 24.8 23.4 22.7 24.2 23.4 22.3 2.3
Tadjourah 1983 21.2 1%.4 18.7 21.2 20.5 18.7 17.6 19.1
1984 16,9 20.5 22.3 24.4 20.9 20.9 19.1 22.3 21.2 19.8 7.3 20.5
Yoboki 1983 20.5 22.0 20.9 20.5 22.0 22.0 20.9 19.1 20.9

1984  19.1 22.0 23.4 24.1 22.0 21.6 20.2 22.3 20.5 23.8 20.5 18.7 21.6

3.2.2. Present Uase of Solar Energy

Photovoltaic aystems are the subject of considerable Interest
in Djibouti, chiefly for pumping water, for communications, and
for conserving refrigerated vaccines in rural clinics.

The installed photovoltale capacity in the country is
approximately 12 kWU peak. The largest system is installed on
the renewable energy bulilding of ISERST in Djibouti ville.
This 5.3 kW peak system powers the fluorescent 1lighting,
ceiling fana, and the office equipment in the bujilding. From
Oztober to May, the building is supplied with electricity
entirely by the photovoltaic aystem.

The facilities of RTD (Djlbouti Radio and Television) in Alj-
Sabieh are alsoc equlpped with a photovoltaic aystem. This
installation uses German modules (AG Telefunken) and has an
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effective capaclty of 600 watts. The power produced by these
modules asupplies the Arta FM radio relay and the tranamitter
for the Ali-Sableh region.

In addition, a 2.6 kW aolar energy pumplng atation is running
in an experimental garden in Attar, south of Djibouti wville.
The asystem doea not perform the primary pumping, but pumps 100
to 150 m3 of water per day from a holding tank into drip
irrigation channels supplying individual gardens.

One of the moat promising examples of the use of solar energy
is the pumplng of water using solar pumpa. In Djibouti there
are now approximately 10 photoveltale pumps inastalled in wells
located In rural areas and used for the irrigation of swrall
garden plots.

Generally small (300-400 watts peak), these systems use either
floating pumpa (SEI, AEG, and TED brands) or aurface pumps (AY
McDonald brand).

Another Important installation la the 4890 vatt ARCO
photovoltaic system used in Djibouti’s vocational aschool (the
lycée d’'enseignement professionnel). This system is used by
the school’'s science clagsses to power laboratory equipment, and
for coursea dealing with direct current and photovoltaic
technology.

Other equipment powered by photovoltaic energy can be found in
Djibouti. The German army is participating in a program
designed to train and equip the police, and has supplied
photovoltale emergency systems for a part of the country's
police radio network. An 80 watt/24 volt AG Telefunken sysastem
waa purchased to provide for the permanent operation of these
radios. Ninety 20-watt paneles have been Installed for the
radios used in rural areas, In addition, photovoltaic modules
are ingtalled on top of watertowers in Djibouti ville. Thesae
panela provide power to instrumente which monlitor +the water
level in the towers,

Solar refrigeration technology holds a good deal of interest
for the HMNinistry of Health since many dispensaries in
the rural areas do not have electricity. A refrigerator powered
by a photovoltaic system can be used to conserve vaccines or to
make ice for use In tranaporting the vaccines to more distant
areas. ISERST has recently installed the first such syatem in
the dispensary at Hol Hol. The syatem also supplies power for
several fluoreescent lights in the building.
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There are few solar heating systems in Djibouti. Their use in
the housing sector is not widespread since water temperatures
are naturally rather high. However, a number of filrms in the
industrial sector require large quantities of hot water for
their manufacturling procesgses, In thease casges, it may be
advantageous to install solar collectors.

3.2.3. Future Uses of Solar Energy

Solar energy can be used to produce all of the principal forms
of power: thermal, electrical, and mechanical.

These forms are interchangeable (although energy conversion
alwaye entaile losaea), and the technology needed to convert
one form of energy into another is well known and widegpread.
Moast of these technologies are too expensive to be competitive
with conventional energy technology. However, a number of
solar technologlies are economical, or very nearly 8o, and
should be considered as poassible optionsg for Djibouti.

Several of these technologies are described below.

3.2.3.1. Photovoltaic Pumps

Az mentioned above, there are several photovoltaic pumps in
operation in Djibouti. The reliability of these systems, and
particularly of the solar panels which are their moat expensive
component, has been clearly demonstrated.

The water needs in the rural areas of Djibouti are of primary
importance, and solar pumps are a technology that works well in
thegse zones. They are economically competitive with other
pumpling technologies (e.g. wind- powered and motorized pumps)
under certain conditions which will be diacussed in Chapter 9.

3.2.3.2. Refrigeration

Photovoltaic panels can be used to supply direct current to 12-
volt DC refrigerators. A number of asystems have been installed
in other developing countries and the results have been
encouraging /3.4/. The systems are reliable and require very
l1ijttle maintenance or supervision. The <cost of a solar
refrigeration system ia about $4,000--8everal times more
expensive than conventional electric refrigerators or units
that operate on kerosene or natural gas.



However, the greater reliability of the photovoltaic units, the
minimal mailntenance they require, and the posaibility of
connecting additional electrical equipment to the photovoltalic
aystem make solar refrigerators an important technology for
rural dispensaries and vaccination centers that do not have
electricity, or that are supplled only intermittently by the
power utillity.

3.2.3.3. Alr Conditioning

Solar thermal energy may also be used to drive absorption
chillera in order to produce cold water for air conditioning.
Such agystems are typlcally central units which provide air
conditioning for large buildings. Prototype systema have been
installed in aseveral locatlions in the United States and in
other countriea.

However, absorption chillers powered by solar energy are
complicated ayateme that require the preasence of specialized
technicians If the units are to operate without problems. They
are also costly because of thelr very low efficiency, and thus
cannot be considered appropriate for Djibouti at the present
time.

3.2.3.4. Thermal Production of Electricity

Solar power plants are deslgned to transfer concentrated solar
energy to a heat transfer fluid which drives a Rankine cycle
thermodynamic aystem generating electric power.

Central recelver ("power tower") asystems consist of a tower
aupporting an absorber that ia heated by direct solar radiation
reflected on to the absorber by a fleld of helioatata. Thermal
energy ia tranaferred from the absorber by a heat transfer
fluid which in turn becomes the heat source in a thermodynamic
cycle that produces electricity.

Other types of solar power plants make uase of parabolic
reflectors. Direct sunlight is focused on an absorber through
which flows a heat transfer fluid.

There are 2 principal types of sasolar power plantas wusing
parabolic collectors:

- systems uging hemiaspherical parabollic solar collectors
focug sgunlight on to a cavity absorber positioned at the
focal point of the parabolic dish.
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- aystems wuaing linear parabolic solar collectors concentrate
gunlight on to an absorber pipe positioned along the linear
focus of the parabollc trough.

Solar power plants using flat plate solar collectors are also
technically feasible, but these are not cost-effective for the
production of electricity.

A number of solar power plants are operating in the industrial
countries (e.g. in France, the United States, Spain, Japan,
and the USSR). The largest system ls the SEGS II plant in
southern California, which produces 30 MW peak. Although such
plants are not yet cost-effective, the coat of installation is
dropping ateadily.

For example, the «cost of SOLAR ONE, one of the firast solar
power planta built in the United States In 1981, wasa
approximately $14,000/kW peak. SEGS II, built in 1985, cost
$3,100/kW, and it is believed that the cost of aimilar plants
now under construction will be about $2,000/kU.

As gsoon as costs fall to these levela, solar power plante may
become a coat-effectlve option for Djibouti /3-3/.

The technical and economic development of solar power plants iIn

the industriallzed countries should be closely monitored by
Djlbouti’s researchera.

3.2.3.5 Photovoltaic Power Generation

Photovoltalc panels <c¢an be mounted on heliostats which,
connected together, can generate electricity at the megawatt
lavel.

The largest Installation of this type lis in gouthern
California generating over 5 MU peak.

The coat of producing electricity in photovoltaic power planis
remains much higher than that of electricity produced using
conventional technology, including geothermal power.
Nevertheless, the cost of photovoltaic electricity is falling,
and 1t would be prudent to periodically review this technology,
and to compare the reported coat of PV power with the coat of
electricity being produced in Djibouti.
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3.2.4. Economic Aspectsa

As mentloned earlier, many solar technologles are too coatly to
be considered as alternatives to the more conventional
technologies based on petroleum.

The photovoltaic technologiea which are the most economic at
the present time are photovoltalc communications systems and
PV refrigeratora. Solar pumps are competitive, but are
generally less economical than windmill pumpe, except where
water needs are low. This aspect ia examined in greater detail
in section 9.1.2.1. and in annex 9.3.

However, the price of photovoltaic cells continues to fall
ateadily, and a selling price of $2 per peak watt (1985
dollarse), or about a third of the current price, is almost
certaln to be reached by the end of the decade.

3.3. WIND POUER
3.535.1. Resource Potentlal

In addition to solar energy, another renewable energy reaocurce
is readlly available in Djibouti: wind power.

In general, average wind speed must be at least 2.5 mfa for
water pumping, and at least 5 m/s if wind ls to economlcally
generate electricity.

During 1983-84, average wind apeeds in Djibouti were measured
at almost exactly 4 m/s. Furthermore, mean windapeeds at this
level suggest that there are regions where the wind may be
adequate for the production of electricity using wind turbines
at a cost comparable with that of photovoltaic aystems and
small Diesel generatora.

Table 3.3.1. showa monthly average wind speeds for seven
regions in Djibouti, measured by ISERST during 1983-84.

From this table, it is clear that average windspeeds in moat of
the diatricta of Djibouti are aufficient to power windmill
pumps. Only the areas around Hol Hol show an average wind speed
of leas than 3.5 m/s



The region that stretches southeast of Yoboki to Dikhil and to
All Sabieh shows an average annual wind speed of more than {
m/a. Only in Tadjourah is the wind speed higher, but it is
suaspected that these data are erroneous, and are not
representative of the windspeeds in this region.

Seasonal variations are significant and vary widely with the
aite. All Sabieh and Dikhil consistently show windspeeds lower
than the annual mean between May and September. The game
tendency existe at Yobokli. The other regions show the
influence of the khamsin, which blowa from the wesat during July
and August.

These windspeeds confirm that windmills are a viable option for
water pumping in Djiboutl. It should alse be noted that
windmills can 1ift water from depths as great as 200 metres.

Table 3.3.1. Monthly Mean VUindapeeds in Djibouti (m/s)
Locality year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
All Sabieh 1983 6.0 7.3 4.6 3.2 2.3 3.2 4.3 2.9 4.4 5.6 4.6 4.4
1984 3.9 4.3 4.0 3.7 2.7 3.0 3.4 2.9 3.4 4.4 5.1 4.7 3.7
Dikhil 1943 5.4 5.9 4.8 3.8 2.4 2.6 3.1 3.05.4 5.85.1 5.2
1984 4.5 5.7 6.6 5.7 3.5 3.6 3.0 2.6 3.2 5.6 5.85.2 4.5
Djiboutl 1983 3.3 4.6 2.9 3.0 3.4 4.0 4.0 3.03.1 3.83.8 3.6
ville 1984 4.2 5.7 3.5 3.1 3.3 3.33.83.84.13.3 4.5 3.2 3.7
Hol Hol 1983 1.6 1.3 1.5
1964 1.3 1.7 1.81.,51.52.52.82.21.81.7 2.11.9 1.9
Obock 1783 3.4 4.1 3.0 2.8 3.25.05.3 3.6 3.4 3.3 4.0 3.8
1984 3.3 3.2 4.4 4.2 3.8 3.8
Tad jourah 1983 3.2 2.94.04.85.6 6.4 &.9 6.6 5.1
1984 7.0 6.9 7.6 6.8 6.5 7.9 7.8 6.5 7.5 7.55.7 7.1
Yoboki 1983 3.0 3.7 4.0 3.3 4.7 4.9 4.8 4.0

FE R - - -t - - - i i e e e e ey e .
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3.3.2. Present Use of Uind Energy

Windmill pumps have been used in Djibouti for more than 20
vears. At the present time, there are 5 large windmilla
inetalled, as well as several smaller units. Table 3.3.2 shows
the location, type, and operating condition of the windmills in
Djibouti.

Table 3.3.2. Uindmille in Djibouti

Site Machine Rotor Comments
dlameter (m)

Obock Aermotor 3.0 good condition, pumping
Ambouli Aermotor 3.6 good condition, pumping
Aramadoule Aermotor 3.6 good condition, pumping
Asa Geyla Aermotor 3.4 good condition, pumping
Tad jourah Humblot 1.0 out of service

Douda Qagis 2.0 pumping from a small well

with low cutput
Ali Addé Alisé (2) 2.6 pumping from amall wells

Hanlé Pumpomat (2) 1.7 pumping from small wells

3.3.3, Future Uae of Wind Energy

3.3.3.1. Pumping water

The results of the economic analysis of water pumping
technology deacribed 1in section 9.1.2.1. show that in thosae
regions of Djibouti where the wind speed is greater than 4
m/s, vind-powered pumps are the moat economical option for
pumping water in wells of average depth. It is reconmended that
the use of windmill pumps be encouraged in Djibouti.
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ISERST'es technicliana now have several years of experience In
installing and servicing wind-powered pumps. If this knowledge
and s8kill can be tranasferred to the technicians of the Genie
Rural and to those of the Diastricts, the maintenance of wind-
powered pumps in the rural areas should not posge gerious
problema.

3.3.3.2. Electric¢ power

The use of wind to produce electricity is well developed in

many ¢ountries. For example, in California in 1985 wind-power
atatione (wind farms) produced nearly 700 million kWh of
electricity, about the smame output as a conventional 100 MW

power plant /3.5/.

Producing electricity from the wind at a cost that c¢an compete
with Diesel generators requires average wind apeeds of at least
6 m/8. The meteorologlcal data collected to date do not show
such windepeeds, but measurements have not yet been taken at
+he most favorable gites (especlally those on the northeast
coast and in the mountains in the north).

One application of electricity produced from the wind |is

pumplng water using an electric pump. This arrangement has one
ma jor advantage: the wind turbine may be located on the top of
a hill for inatance, where windas are usually atronger, while

the pump itself ig placed at the water gource.

3.3.4. Economlc¢ Aspects

3.3.4.1. Yater Pumping

The economic aspects of using windmillas to pump water are
examined in Chapter 9.1.2.1. Additional details can be found

in annex %.3.

3.3.4.2. Electric Power

The cost of the electric power produced by wind turblnes is
extremely sensitive to the wind characteristics at the proposed
ajite. The most recent experience with wind-power stations in
California Indicates that electric power can be produced at a
coat of 9 t . 14 FD/kWh at sitea where the average wind speed is
approximately 7 metera per gsecond /3-5/.
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Assuming that the efficiency of wind turbines ls Independant of
wind speed, and noting that the power of the wind varles with
the cube of the windaspeed, the cost of electricity at different
windspeeds may be estimated as follows:

Uindapeed (m/s) Coat of electricity (FD/kKUWh)
4 48 - 75
5 24 - 38
6 14 - 22

Windapeed data collected by ISERST during 1983 and 1984, shown
in Table 3.3.1, do not show average windaspeeds greater than 4.5
m/s (excluding the data for Tadjourah, which are not considered
reliable). However, it is certainly posaible that aites with
mean windapeeds greater than 6 m/a exist in Djibouti, and it
would be wuseful to atudy the windspeeds in aome 0of the more
isclated reglonas of the country in greater detail.

It should be noted that the costa indicated above are based on
US wind farme that are directly connected to the power

diatribution system. For unitas operating in isolated regions,
accumulator batteries and inverters would be required, which
would considerably increase the coast of the electricity
produced.

3.4. GEOTHERMAL ENERGY

The highest concentrations of geothermal heat are found where
the hot molten magma beneath the earth's surface exerts
sufficient pressure to produce volcanic activity. Among the
reglions with the higheat geothermal concentrationa are those
which, like the Republic of Djibouti, are situated above
ahifting faults in the earth's cruset.

Within the territory of Djibouti, this i1s particularly true of
the Afar Depression (also known as the Danakil Depression),
which liea at the junction of three large tectonic atructuresa:
the Red Sea, the Gulf of Aden, and the East African Rift.

As a result, Djibouti possesses considerable geothermal
reaspurces which could play a major role in the future energy
development of the country.
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However, for a geothermal flield to be fully exploited, high
underground temperatures are a necessary but not a gufflcient

condition; there must also be a permeable rock structure
through which water may circulate. When extracted through
boreholes, the water makes it posaible to transfer the

geothermal heat of the subterranean rocks to the power
generatlon ayatems on the surface.

Identifying geothermal flelds where these baslc conditlions are

met, and where operating facilities might be developed under
sulitable technical and economical conditions, involvea a
painastaking process of exploration, testing, and analysis -- a

proceas that can be long and costly.

One of the principal objectives of the national energy policy
is to develop Djibouti’a geothermal resources. Explorationsa
conducted by France prior to Independence, and later by Italy,
have 1led the government to believe that it may be able to
aucceasfully develop this national energy resource.

To +thias end, the government has undertaken a program of
exploratory drilling that is now in progreas, and which |is
financed by a group of lenders led by the UWorld Bank. The

program 1s almed at determining the posalibility of exploiting
Djibouti’'s geothermal resources In the most effective and
ecohomlc manner.

The Asaasal zone, the Hanlé-Gaggadé region, and the Abbé
Depreasion are the main areas of interest. A deep well
previously drilled in the Assal zone confirmed the existence of
geothermal reaources, but found highly saline fluida that
would make exploitation more difficult. However, in the other
zones, the hydrogeoclogical structures create conditions for
the recharge of the geothermal system with asweeter water, thus
improving the quality of the geothermal fluids.

The results of the scientific atudies, together with certain
logistical conditlons, have made it possible to narrow the
choice for the exploratory phase of the geothermal development
project to the Hanlé zone. This exploratory phaase will involve
the drilling of four boreholes to a depth of 1,500 +to 2,000
meters. If any of these wells is asuccessful (in terms of
commercial viability), the development phase could follow.

The drilling of the firat well began in January 1987. The
second well followed shortly after.
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The potential of a geothermal resource depends on the volume

of the subterranean reservoir (representing the total
exploitable energy), the rate of flow of the geothermal fluid,
and its temperature. These parameters determine the electrical

power which can be obtained from each production well.

Although the total fluid flow may be increased by Increasing
the number of wella, the temperature of the fluld representa a
fixed characteristic of the resource which significantly
Influencea the economica of the project.

To show the importance of fluid temperature in the economics of

geothermal power, annex 3.2 presents an analysis of the
electrical energy obtained from fluldas of temperatures ranging
from 220 °C to 300 °C. The electrical power produced depends

partly on the quantity of steam produced by the flashing of the
geothermal fluid at the wellhead, and partly on the difference
in pressure between the steam pressure at the turbine’s intake
and the low presgure in the condenser.

An optimal separator pressure exists for each fluid
temperature. Table A 3.2.4 shows the influence of the
temperature of the geothermal fluid on power production. For
example, a temperature of 240 °C makes posaible an increase in
electrical power of the order of 25 % compared with a fluid at
220 °C. At 260 °C one obtains a power increase of 55 %.

It follows that it is of the utmost importance to identify and
exploit the geothermal fields with the higheat temperatures.
Provided that the c¢riteria of permeability and of fluid
compoaition are met, these filelda will produce the cheapest
electrical energy.

The development and implementation of a national program to
assese the country's geothermal potential 1Is a long-term
project that requireas technical expertise, perseverance, and a
willingneaas to take risks.

However, if succesgsful, the exploitation of geothermal energy
in Djibouti will have a major poaitive impact on the social and
economic development of the country.

Figure 3.4.1. shows the main areas of geothermal potential in
Djibouti /3.6/.
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ANNEX 3.1 COST OF ELECTRICAL POUER GENERATED BY WIND
TURBINES AND PHOTOVOLTAIC SYSTEMS

For the wind turbines the computation is based on an analysls
of two commercial systems, the Whirlwind A 120 wind turbine and
the US UWindpower model 56-50. The technical details are
pregsented below.

Table A 3.1.1. Wind Turbine Characteristics
WHIRLWIND US UWINDPOWER

A 120 56-50
Rated power, kU 2 50
Rated windapeed, m/e 11.2 9.8
S5tart up windapeed, m/a 3.1 3.6
Cut out windapeed, m/s 13.4 17.9
Rotor dismeter, m 3.05 17.07
Number of blades 2 3

The eastimate of the electrical energy produced each year s
baged on two assumptions:

- the wind apeed frequency follows a Rayleigh distributlon

- the power output of the wind turbines followa a quadratic

curve between the sgtart-up wind speed and the rated
windepeed. The power output then remaina constant at the
rated power up to the cut out windspeed when it drops to
zero. This approach is discussed in more detall in monograph
/3.7/.

The power produced by the two generators can then be estimated
ag shown in Table A 3.1.2 overleaf.
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Table A 3.1.2. Wind Turbine Power Production, kWUhe/year

Uhirlwind A 120 712 1818 3234 4583 5549 6057
U.5 Windpower 56-50 18508 53092 %8283 144401 184381 214371

Y - - e 133 1

The coat of electricity 1ia computed on the basia of the
Inatalled coast of the wind turbines, taken here as $2,000 per
rated kUWU. The capltal cost is amortized over a period of 10
vyears at an interest rate of 10 percent. Installation and
maintenance costs are estimated at $0.01 per KkKilowatt hour.
The results of this analysis are shown in Table A 3.1.3 below.

Table A.3.1.3 Cost of Power Generation from Wind Turbines

e R I It e

3 4 5 6 7 8
Uhirlwind A 120
capital cosat, $ 4000 4000 4000 4000 4000 4000
cost of capltal, $/yr 451 651 651 651 651 651
operation and maintenance:
$ 0.01/kUhe §/yr 7 18 32 46 55 61
total cost, $/yr 658 669 683 697 106 712
electricity production
kWhe/yr 712 1818 3234 4583 5549 6059
cost of electricity,
US cents/kUhe 92 37 21 15 13 12
US windpower 56-50
capital cost, $ 106000 160000 100000 100000 100000 100000
cost of capital, $/yr 16275 16275 16275 16275 16275 16275
operation and maintenance
$ 0.01/kUhe $/yr 19 531 983 1444 1844 2144
total coat, $/yr 16294 16806 17258 17719 18119 18419
electricity production
kWhe/yr 18508 53092 98283 144401 184381 214371

coat of electricity
centa/kihe 88 32 18 12 10 9

e e e ik A W L W N EA B SN WA EE S S R W WS A M s e Sy M W e e e e A e e e M e e M W W M ML M AR R M AN B S M S W EA AR S e M e e e i —— e v v W
1ttt t T i i sttt bt i i i i i r r r it it ittt i ittt i it 1
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The filgures presented in the table above can be compared with
the coat of electricity produced by a photoveltalc system. It
is assumed that solar panels can be installed for $10 per peak
watt (Up), and that 1 WUp will produce an average of § Wh/day of
electricity, given the high levels of insolation in Djibouti.

A capltal recovery factor of 0.13147 (15 years at i0%) s

employed. The cost of operation and maintenance is taken as
$0.01 per kllowatt hour, Ildentical to that used for the wind
turbinesa, Baged on these assumumptions, the cost of

photovoltaic power isg gliven by:

10 x 0.13147 + 0.01 (5 x 365/1000)

5 x 365/1000

= $0.73 per kilowatt hour

It would therefore appear that wind electric aystems are more
economle than photovoltaic aystema, provided one can rely on
average windapeeds greater than about 3.5 m/s. DMany areas |in
Djiboutl have average windapeeds that are greater than thia
value, (see table 3.3.1.).

It may be noted that if the cost of solar panels drops to $2.00
per watt peak, which could occur before the end of the decade,
the coast of photovoltaic electricity will be about 15 cents per
kilowatt hour, and photovoltaic aystems will be more economic
than wind electric asystema except in regions where average
windapeeds are equal to or greater than 6 m/a. HMean wvindapeads
at thia level have never been recorded in Djibouti, although
they might poasibly be found in certain coastal areas, or in
the mountalns in the north.
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ANNEX 3.2 POWER PRODUCTION FROM GEOTHERMAL FLUIDS AT
DIFFERENT TEMPERATURES

Geothermal fluid from a production well 1la flashed at the
wellhead into steam and the more concentrated brine by dropping
the presgsaure of the fluld Iin a separator. The steam is then
expanded through a turbine to produce electricity.

The design preassure of the separator, and the quantity of steam
thus produced, is a function of the temperature of the
geothermal fluid and of other thermodynamic factors. For
different fluld temperatures, there exists an optimal separator
preasure that will produce a maximum amount of eleaectrical
power,

The fraction of steam produced from geothermal fluids at
different temperatures and separator pressures is shown in
Table A 3.2.1.

Table A 3.2.1. Fraction of Steam Produced for Fluida
of Different Temperatures

- —r - ————— o A S . . e T e o e e e ok SR A e M . e e i M SR me m e T W T T Mok AR M DW M mm S An ma mw ww omw e wr M
gt B R~ -~ — iR R R R ]

e m W A A o AN M W P e e et M M M e e S MR A E S mm e e e v

Fluid temperature 3 5 7
220°C 0.177 0.145 0.120
240 0.220 0.190 D.165
260 0.265 0.235 0.215
280 0.312 0.285 0.265
300 0.362 0.335 0.315
However, although lower separator presaures produce greater
guantitieas of steam, the enthalpy of the ateam produced |ls
lower. An optimal combination of steam fraction and adiabatic

drop will produce the greatest amount of electric power.

The steam from the separator is expanded through a turbine, and
is then condensed in a condenser operating at below atmospheric
pressure (typically 0.1 bar). At this presasure the saturation
temperature of steam ia 45 °C, provided that the temperature of
the cooling circult is no higher than 35 °C,
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The expansgion of the steam pasasing through the turbine, and the
transfer of energy from the steam to turbine, can be
represented on a Mollier diagram as indicated in Figure
A 3.2.1.

The vertical lines represent the ildeal isentropic path of the
ateam as it expandas in the turbine. The ateam pressure drops
from that of the meparator (3, 5, or 7 bar), to the preasure in
the condenaer (0.1 bar). The energy that is transferred to the
gencrator ia equal to the isentroplc enthalpy drop reduced by a
factor that accounts for the conversion effliclency of the
generator——asaumed here to be 76 percent.

Based on the values given in the Mollier diagram, the output
of the generator can be estimated in kilojoules of electricity

(kJe) per kilogram of steam. These values are shown in table
A 3.2.2.
Table A 3.2.2. Electrical Energy Produced at Different

Separator Presaures per Unit Hass of Steam

..—_-__._---._—..-——-—-—---.-.———-—-——-.__...—..———-———_..—_—-—.-.-——__-__._—.-—_-—_..-_—_-.-—
—-.-——..--—_-__—__..—.-—_-.-—--——-——_--—--—..--—---.—-——-.—--.——..-———--——--———-—.—-—_

Separator Enthalpy of Enthalpy of Electrical
pressure saturated gaturated energy
ateam at steam at produced
aeparator condenser
bar presaure, kJ/kg preasure, kl/kg kJe/kg
3 2725 2583 108
5 2749 2583 126
7 2764 2583 138

—-a—_-———_-.—-——_—-—---—-—__....-—_-..q._-_—--—--—--_-.—_-——_—_—_-.—-—_—---—--..----
-...-—_.-...-.—_---—_-._-—.-—...-—__...-—_-_--——-———--..-——-_q-_—_..--—-..---_....-———.-——_——-

The optimum pressure in the separator for a given fluid
temperature is found by combining Tablea A 3.2.1. and A 3.2.2.,
and by calculating the amount of electrical energy produced by
a kllogram of geothermal fluid.

At each fluid temperature, the steam fraction given in Table
A 3.2.1 is mnultiplied by the electrical energy coefficient
appearing in the lagt column of Table A 3.2.2. The results of

this calculation are shown in Table A 3.2.3.
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Table A 3.2.3 Electrical Energy Produced from Geothermal
Fluids at Different Temperatures, kJe/kg fluid

Fluld temperature Separator pressure, bar
°C 3 5 7
220 19.1 18.3 16.4
240 23.8 23.9 22.6
260 28.6 29.6 29.5
280 33.7 35.9 36.3
300 39.1 42.2 43.2

The optimal separator pressures are those that produce the most
electricity per unit of geothermal fluid. From the data shown

in Table A 3.2.3. the optimal separator pressure can be
determined. These values are shown in Table A 3.2.14.,
Table A 3.2.4. Optimal Separator Pressures and Increase
in Electrical Output at Different Fluid
Temperaturea
Fluid Optimal separator Electrical energy Percentage
teuperature pressure produced increase in
°C bar kJe/kg fluid output
220 3 19.1 -
240 5 23.9 + 25.1
260 5 29.6 + 55.1
280 7 36.3 + 90.0
300 7 43.3 + 126.2

It is «c¢lear that the electrical energy output is extremely
sengitive to the temperature of the geothermal fluid. A modest
temperature increase from 220 *°C to 240 °C produces a 25 %
increase in power production.

if fluide with temperatures greater than 280 °C could be found
and exploited, the amount of power produced would be about
twice that produced by geothermal fluide at 220 °C.



- 153 -

CHAPTER 4

SECONDARY ENERGY

4.1 CHARCOAL
4.1.1 Natlonal Production
In Djibouti, the majority of charcoal comea from

- the diastrict of Tadjourah, particularly from the areas on the
coast between Tadjourah and Sagallou (e.g.Kalaf), but also
from the wadis between Tadjourah and Randa, as well as the
area around Obock in the Diastrict of Obock.

- the district of Dikhil, predominantly in the area of Asz-Eyla
and Garabous.

Smaller quantities are produced on the plain of Djibouti gouth-
weat of Loyada; one also find occasional production In and
around the town of Djibouti /4.1/.

The wood used for making charcoal is often too cumbersome to
transport and to be umrad as fuelwood because of its size or

length. This wood conaists of dead trunks or large branches
which have been uprooted by the wind or by the flooding of the
wadis. For this reason, and since one can find sand in these

areas, a large quantlty of charcoal la produced in the wadla.

An open flre la the moat frequently used method of productlion.

The charcoal-maker makes a plle of wood, saetes fire to it and
then covers it with sand. The wood is gradually transformed
into charcoal. This method is certainly the most simple, but

the worst from the point of view of energy efficiency.

The production of charcoal is very low during the summer for
a number of reasons

- There is a glgnificant drop in demand.

- The Khamsin is a real danger, given the method of production.

- The wood made available by the flooding of the wadis has been
uged up.

- The hot weather.

- Many charcoal-makers are also nomadic farmers (this is the
case of the charcoal-makers on the coast between
Tad jourah and Sagallou).
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It is difficult to estimate the quantities produced annually by
the charcoal-makera; quite often they are unable to estimate
the amounts themselves. Moreover, many of them only make
charcoal from time to time.

The majority of charcoal-makers are farmers, nomadic or
aettled, for whom the production of <coal is a secondary
activity.

In general, they work for themselves. However, in As-Eyla, in
one unusual case, the charcoal-makers are wage-earners for six
months of the year, employed by a person who atocks the
charcoal and who organizes the marketing. This is also one of
the few groups which uses a relatively efficient method of
production. In thie case, the employer pays two charcoal-
makers.

I+ is extremely difficult to estimate the exact number of
charcoal-makers as it is not easy to locate them all and many
of them work only part-time.

Accordling to the deputy of Tad jourah there are between fifteen
and twenty charcoal-makers in the District. The Commissioner of
Obock counted eight workers. In as-Eyla one can count five or
gix, with another three or four in Garabous.

From Djibouti-ville, the sacks of charcoal are carried to the
District centres in the same way that wood s often
transported, i.e. carried along the tracks by camels. Charcoal
coming from Tad jourah and Obock also follows the same route as
that of woeod.

Ae noted in Chapter 1 the total congumption of charcoal is
estimated at 842 TPE, of which about 50 TPE are imported from

Somalia.

On the wholesale market one finds different sizes of sacks
being sold:

- large sacks (between 38 and 50 kg)
- average sacks (20 to 27 kg) and
- small sacka (7 to 8 kg).

The supply routes for both wood and charcoal are shown
schematically in Figure 4.1.1.
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4.1.2. Iamportation of Charcoal

A certaln amount of charcoal comes from Somalia. Very little
data exists on the amounts lmported as no controls are in
place. During the hot season only very small quantities of
charcoal are imported.

4.1.3. Economlc Aspects

The retailer gets his supplies from the wholesale markets, or
sometimes directly. The charcoal is sold in packets or gmall
bags, sometimes by welight.

The price per kg variea enormously: between 66 FD and 153 FD
per kg. The variations seem illogical as it is often more
advantageoua to buy several packets costing 20 FD rather than a
amall bag coasting 100 to 200 FD.

Table 4.1.2. Retall Cost of Charcoal in Djibouti

Denomination welght, g price in price per kg
FD FD

20 FD 235 20 85

Average packet 291-300 20 68-66

” " 291 30 104

amall bag 355 50 140

1/2 kg 655 100 152

200 FD bag 1835 200 109

little bag 1300 200 153

According to the DINAS aurvey, the average household spends %7
ED for 1 kg of charcoal.

Taking the country as a whole, the fuelwood and charcoal supply
system, although apparently economically unimportant, should be
recognized as a real economic activity which contributes to the
monetary income of a number of social groups: wood-cutters and
nomads for instance.
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4.2. IMPORTED COIL PRODUCTS

4.2.1. Sources of Supply

Imported oil products account for the major part of the energy
consumed in Djiboutli. The posaibility of finding petroleum
resources in Djibouti is considered to be highly unlikely
because of the unfavorable geoclogy of the country.

Three 0il companies : Mobll 0il, Shell, and Total share the
market. Mobil O0il holds 50 % of the market, the other two

companies hold 25 % each.

The system of sgupply is well matched to the demand in the
senge that, up to the present time, there haa been no ashortage
of the products on the market.

The o0il companies are based in the Port of Djibouti, a
strategic point which facilitates their operations and helps
reduce their coste. Each company has its own petrol atations

located both in Djibouti ville and in the Districts.

Large consumers such as EdD and the French Army solicit bids
from all the companies in the hope of obtaining reduced prices
and more favorable terms of supply. For example, the lack of
fuel atorage tanks at EdD means that almost daily supplies of
fuel are required.

4.2.2. The Role of the Publlc Hydrocarbons Establishment

The Public Hydrocarbon Establishment (EPH) was established by
Presidential order on July 14th, 1980. The importation of
hydrocarbons and its effect upon the balance of the economy and
Gross Domestic Product (GDP) ie only one of the reasons for
the gsetting up of thia organization.

For the Government, it ia a necegsary instrument for promoting
economic and soclal policies consistent with the economic
development of the country.

The activities of this establishment can be gummarized as
follows:

- EPH ie responsible for supplying the national demand for
hydrocarbons at the most advantageous price, and in the mosat
effective manner.
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- the agency deals in only 4 types of fuelg: super gasoline,
ordinary gasoline, Diesel fuel (gas-0il), and kerosasene.

- the agency regulates prices with the aim of stabllizing the
market.

Since EPH sets prices for the four fuels mentioned above, it isa
able to maintain the prlice of the different products at higher
or lower levels. The prices of Diesel fuel and kerosene, for
example, are kept at a low level for economic and soclal
reasons by means of subsidies.

A comparison of the recent fluctuations in international oil
prices, and the stable prices found in Djibouti, c¢learly shows
the ability of Goverment policy to regulate prices and to
stabillze the market.

4.2.3 Impact on the Economy

According to figures published by DINAS in 1983, the cost of
petroleum Imports was of the order of 6 billion FD--about 10 %
of the GDP, and 32 % of total imports.

Although the cost of imported petroleum entalls a sasignificant
disbursement of foreign exchange, the sale of petroleum
productgs in Djibouti generates a substantial revenue for the
Government.

The financial management of the importation and sale of
petroleum productsa is one of the moset important
reaponsgibilities of EPH, and one which has obvious
implicationas regarding the overall conaumption of energy in
Djiboutl.

4.3. ELECTRICITY
4.3.1. General Overview

The electrical supply system in the Republic of Djibouti is
only really developed in the main urban centres where the
transmission and distribution aystem is managed by EdD /4.2/.

The production of electricity relies exclusively on Diesel
generators fuelled by imported oil products. The total
elactrical production by the EdD power stations in 1985 wasg
164.2 GUh, or 382 kWh per capita.
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The amount of electricity produced by other power plants owned
by various organizations, or by private owners, isg not
preciasely known.

However, it ia estimated that this supplementary production
does not amount to more than 5 % of EdD's production. The total
production of electricity per capita in 1985 was therefore
about 400 kWUh per capita.

At the present time, the transmission of electricity is not
very well developed. Only two transmission lines exist in the
country: one 20 kV line 86 km long, and a 60 kV line 6 km
long.

4.3.2. Analysis of Electricity Demand

4.3.2.1. Evolution of Electricity Consumption

In the discussion which follows, we refer only to electricity
produced and distributed by EdD. One should note, however,
that +this represents around 95 % of the total amount of
electricity produced in the country.

The statigtical data concerning the evolution in the production
of electricity are shown in table A 4.2.1 of annex 4.2.

It can be aseen that in 1985 Djibouti’as network represented 96.7
% of total production, the remainder being divided between the
four other generating stations which include those at Ali
Sabieh and Dikhil which were Interconnected in 1985.

The production of electricity in 1985 was as follows

GUh %
Djibouti-Arta network 158.827 96.7
Ali Sabieh 6.911 0.6
Dikhil 1.19%90 0.7
Obock 0.640 0.4
Tad jourah 2.677 1.6
164.245 100 %

The annual rate of increase in the production of electricity
during the past seven yeara is 7.1 % overall, but there are
marked differences among the various District centres as ahown

in Table A 4.2.1.



- 160 -

Taking the centres together, the average rate of increase in
production was 12.3 % -- gignificantly higher than that of the
main network which was 6.9 %.

The difference in the rates of growth has progressively reduced
the part of the total EdD production provided by the
Djibouti-Arta network: the contrlbution has fallen from 97.4 %
in 1980 to 96.7 % in 1985,

Table A 4.2.2 of annex 4.2 showas the evolution in the
production of electricity, energy output and peak demand of the
main network between 1971 and 1985. Alsoc shown 1is the

consumption of electricity by auxiliary plant services, and the
duratlion of the peak demand.

Total electricity consumption is about evenly divided Dbetween
two consumer groups: small consumers who receive a low voltage
supply, and the rest which Includes the average and large
conaumers. The latter group, which subscribe to a power supply
of over 36 kW, are supplied with mid-range or low voltage
power.

Table A 4.2.3. showa that a balance has been maintalined between
these two groups as far as the netwerk in Djibouti is concerned
with no great long term variation over the period 1971-1985.
There are certain variations from year to year, due mostly to
random factoers such ag delaysg or anomalies in billing.

The last column of Table A 4.2.3. also showsa changes in
transmission logses during the same period, which vary on
average between 10.5 and 12.9 %. Thia aspect will be commented
on in more detalil later. Figure 4.3.1. shows the evolution in
electrical energy production and peak demand Iin the main
network sgince 1971,

4.3,.2.2. Seasonal and Daily Variations in Electricity Demand

Electricity consumption in Djibouti is characterized by strong

seasonal fluctuations. Table A 4.2.14 shows electricity
production and peak demand for each month in 1%85. It can be
seen that the ratio between the maximum value, which o¢ccurs

duyring the hot seascn and the minimum value, is 2.59 for energy
and 2.20 for peak power.

Figure 4.3.2 (a) shows the peak demand profiles for each month
during the pagt three years. The marked seasonal variations are
very apparent, and seem to be increasing.
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GWh. MW,
450.
400. 90-
350. 80.
100. 70.
250. &80.
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150, \ / AQ.
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Figure 4.3.1. Increase in the Production of Electricity

and in Peak Electrical Demand
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These curves clearly show the considerable impact which the use
of air-conditioning and refrigeration has on the total
electricity consumption in Djibouti.

Figure 4.3.2 (b) shows the daily fluctuations in demand over
several typical months of the last year. One can c¢learly see
that these fluctuationa are quite different from one season to
another. During the cool season, the demand curve has two peaks
-- a characterigtic of the moderate climate. One peak is in
the evening, at sunset, and the other is in the morning at the
start of the work day. However, during ihe hot season, the
peake occur during the night around 11 or 12 p.m., and during
the aieata time around 2 to 3 p.m. During the summer, work
hours correspond with the low polnts in the demand curve.

These variations in the curves show that it is household air-
conditioners which have the most aignificant Impact on peak
electrical demand.

Veekly variations in demand are shown in Figure 4.3.2 (c). One
can once again observe that domestic consumption is
significantly higher than commercial consumption during the hot
seasaon.

An analysis of the production curves of EdD ghows that the
weekly peak generally occurs on Vednesday and tnat Friday |is
frequently the day with the least consunption.

These obaervations, however, are always a function of climate
since variations In temperature, relative humidity, and the

wind have a signiflcant impact on the use of air-conditioning.

It should also be noted that during the period of Ramadan there
ia a marked increase Iin the use of air-conditioning.

4.3.2.3. Demand Curves for Different Categories of Consumers

In order to analyze the structure of electricity consumption
disaggregated by class of consumer, it is possgible to record
the level and variation in consumption at certaln pointa in the
distribution system.

Thias technique was applied by EdD during October 1986, but the
regults obtained should be viewed with caution for the
following reasons:

1) The samples, although carefully chosen, cannot assure
complete homogeneity. The consumption of one large conaumer can
significantly influence the demand curves.
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For example, if one takes the consumers subscribing to 1 kVA,
with two fans and two lights, the demand would be only about
200 W. However, a single consumer with an air conditioner would
have a demand of 2 kW -- the equivalent of ten 1 kVA congsumers.
This demand clearly has a marked impact on the recorded levels
of consumption.

This example points out the risks involved In analysing
electrical demand based on the data presented in Figures 4.3.3
(a) and 4.3.3 (e)

2) The data was collected for 2 days during October--a month
fallling between the period of heavy electricity consumption

during the hot months, and the period of modest consumption
during the cooler montha of the year. It would therefore be
useful to repeat the analyaisg, thia time taking data in the
summer and in the winter, in order to assess the influence of

temperature and humidity on the demand.

These data, aupported by more detalled studies, wvould provide a
data bage which would permit marginal costs to be much more
preciasely calculated.

However, there is another technique which can be used to
analyse the structure of the demand for electricity. Surveys of
the different consumer groups can be carried out in order to

determine the pattern of electriclity use, the appliances and
equipment in operation, the hours of use, etc. This
information is then c¢ross-checked against the actual

electricity bills.

This approach has been taken by ISERST, and has permitted the
definition of the demand curves for various categories of
consumers during the different aeasons. These curves are shown
schematically in Figures 4.3.3 (f) and 4.3.3 (&).

These curves, which require further study, are intereasting in a
number of ways because the curves allow one to study the
creation of the daily peaks in the demand curves,.

Refrigeration is regponsible for the base of the demand, which
varies appreciably with the ambient temperature. In the middle
of the day, the egieata 1is accompanied by an electrical
consumption by fans or air conditioners according to the type
of household. Finally, at around 6.30 pm, lights are turned on,
perhapg with a televiaion, followed by fansa and air
conditionera. Theae applianceas produce the second daily peak.
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A compariscen of the two techniques, the first based on
measuring the consumption of consumera as a group, the second
based on a aurvey of Iindividual consumers, allowa one to cross-
check the profile of the demand curves, and also pointas out the
dangers of basing a study of tariffication solely on measuring
the coneumption of a group of consaumers whose homogenelity ls
open to quegtion. The air conditioning load is
disproportinately heavy, and a clear distinction should be made
between households that employ such appliances and those that
do not.

In effect, as Figures 4.3.3 (f) and (g) clearly sahow, the
demand peaks during the hot period are due to air-conditioning.
This contribution should be taken into account when calculating
the marginal coat of production, and the appropriate tariffs to
be appllied.

As for offlices and commercial activity, Figures 4.3.3 (d) and
(f) show that consumption generally takea place at those timea
when domesatic consumption is lowest.

It can be concluded that the peaka in the agaregate demand
curve are almost excluslvely due to domestic congumption.

The busineas and commercial sectors conaume electricity mainly

during the low perloda in domestic consunmption. This
combination producea a daily demand curve Wwhich is relatively
flat -- a load factor of around 0.8 during hot montha, 0.85

during the mld-season montha, and about 0.76 in the <cool
seadon.

4.3.2.4. The Structure of Electricity Consumption

Annex 4.2 presenta a detalled analysis of electricity
consumption. Tables A 4.2.5 (a) and (b) show consumption in
the 1low voltage range, and Table A 4.2.6 shows consumption in
the mid-range voltage. A atatistical analysis of the
consumption by the different subacribers can be aseen In Figures
A 4.2.1 (a) and (b).

For the low voltage consumption it can be seen that

- 90 ¥ of low voltage =eubacribers are domeatic customers;
they account for 87.1 %X of the total consumption of low
voltage electricity.

- Among these domestic consumers, 65 % subscribe to a power
level of 1 kU and benefit from this favorable tariff.
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- The average monthly consumption in the gummer of 206 kWh by
subscribers using 1 kW is reached by only 35 %X of the
group. The moast frequent level of consumption by these
subascribera is between 30 and 180 kWh per month.

Table A 4.3.6 shows the consumption Iin the mid-range voltage
for each branch of activity for 1986.

It should also be noted that a single asubscriber may Include
several households. For instance, there are 21,305 households
with electricity, but only 14,711 domestic subscribers in the
1-36 kU range.

4.3.2.5. Reactive Energy

The conaumption of reactive energy in the main Djibouti-Arta

network is quite moderate. The power factor of production is
generally between O0.85 and 0.9, which can be considered
satlafactory. However, although generally valid, this
conclusion should not 1lessen efforts to improve the power

factor where this appearas to be neceasaary. In fact, the overall
powver factor is favorable mainly because of the predominance of
domestic consumption and the use of air conditioners--equipment
which ig well compengated.

This characteristic produces seasonal fluctuations in the power
factor as shown In Figure 4.3.4. In the zones of the
distribution network dominated by industrial consumption such
as the port, the control of reactive power consumption is atill
neceagary, and the electricity tariff structure should provide
the appropriate incentives for these large consumers.

Figure 4.3.4 and Table A 4.2.7 of annex 4.2 show data pertinent
to the diascusaion above.
4.3.3. Analysls of the Supply and Distribution of Electricity

4.3.3.1. Power Stations

Iinstalled Capacity

At the preasent time, EdD operates six power stations of which
two are located in Djibouti ville and four are located in the
District centrea. For the most part, two types of units are
installed at these planta: Diesel generators with a rated powver
output of between 2 and 15 MW running on fuel oil, and Diesgel
generatoras of between 100 to 600 kU running on Dieasel fuel.
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The larger wunits burning fuel oil are installed in Djibouti
ville, while the smaller generators run in the District centres
ag ghown in the table which follows.

number of units total power installed
MU
Generators in 12 74.5
Djibouti ville
Generatora in
the District centres 15 3.6
27 78.3

A list of these units is given in Tables 4.3.1. and 4.3.2. It
ashould be noted that many of these units are older than the
normal 15 year life time, but are maintained in working
condition in reserve.

With respect to electricity produced by operators other than
EdD, the data are incomplete, but their contribution & of only
minor consequence for energy planning purposes.

Until 1984, there were often Iinterruptiona in the supply of
electricity in Djibouti. This was partly due to delays in
inatalling new generators. In 1985, after the Inastallation of
two 15 MU generators, the asituation changed completely, and
there is now an excess capaclity.

If one calculatea the groas capacity coefficlient -~ the ratio
of the Inastalled capacity to the peak demand -- for each
distribution network, one obtains the figures shown in the

table which follows.

The coefficient of 2.16 for the Djibouti-Arta network, which is
quite high, {8 a result of the choice of 15 MU aa the unit
power of ithe new generators insgtalled in 1%85.



Djibouti network

Dikhil-Ali Sabieh

Tad jourah
Obock

Table 4.3.1

)
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Installed
capacity
MU

Power Statlon Capaclty
as of 31 December 1985

1986 gross
capacity
coaefficient

power
kW

Installed Operating

power

kU

Station Commencement Hours of

and unit of service operation,
31.12.85

MARABOUT

Gt 1963 42858

G2 1963 §2653

BOULAQS 1

G1 1976 54957

G2 1979 57548

G3 1969 74101

G4 1967 73783

G5 19465 71959

Gé 1974 55255

G17 1980 24493

G8 1982 1¢744

BOULAOS 2

G21 1985 5212

G22 1985 4535

[ T T I T T 1 T 1
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Table 4.3.2. EdD Power Station Unite in the Diatrict Centres

kW
Ali Sabieh : 1 x 100 + 1 x 200 kVA 240
Dikhil : 2 x 200 + 2 x 400 + 2 x 600 kVA 1920
Obock : 3 x 135 kVA 324
Tad jourah : 4 x 400 kVA 1280
3764

Thia increment of installed power (15MW), equal to 43 % of the
network’'s peak demand, is unusually high for a relatively
mature power ayatem where ten generators are already in
operation. However, this Increment in capacity was introduced
after technical and economic studies pointed out the advantages
of operating, and s8uccessively Iinstalling, a serles of
generatorg with the same unit power.

At Tadjourah, 3 generators are installed; the coefficient of
2.13 is within normal limits. At Obock, which also has 3
generators Inastalled, the coefficlent of 1.88 shows that the
syatem la approaching saturation, and that additional capacity
wlll soon be necessary. As for the Dikhil-Alj Sableh network,
the very high coefficient of 4.50 ia the result of a new power
statlon which started up in 1985. This new station will permit
the retiring of some of the older generatora (and possibly re-
inatalling them in other Districts). On the whole, the
relatively hligh overall coefficient of 2.19 suggested a slight
over—-capacity, but not one which is extreme.

Specific Fuel Consumption

The specific fuel consumption by the power stations in Djibouti
changed noticeably in 1985 after the inatallation of the two
new generatora. Previoualy, the average consumption of fuel was
about 250 g/kUWh. In 1985, however, consumption dropped to 231
g/kUh, and in the first eight months of 1986 it fell to 226
g/kUh. This reduction is due to the two new generators whose
average specific rate of fuel consumption is around 220 g/kWh.
Neverthelesa, this latter figure remains disappointing since
the fuel .« tumption of the new generators was expected to be
around 200 g/kUWh. With the generators now in service, the
specific fuel consumption for the Djibouti network should
average around 225 g/kUh.
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During the last few Yyears, the actual consumption rate of the
generatora in the Diegtrict centres was about 300 g/kWh (see
table A 4.2.8. of annex 4.2). But the figures vary congiderably
depending on the condition of the generators. The equipment in
Tad jourah, and especially the new plant in Dikhil, have
efficient generators which one would expect to congume about
260 g/kWUh or even less.

Thig specific fuel consumption should be reached in the next
few vyears ag the more Ilnefficlent and the amaller generatorsg
are retired or held in reserve. This fligure will be conaldered
as an average for the Diatrict centres.

The congumption of lubricants has been very high over the past
yvears -- greater than 4 g/kkh. In 1985, the consumption dropped
to 3.67 g/kWh, which is atill unusually high.

EdD should conduct a detailed study of the consumption of
lubricants with the aim of redefining maintenance procedures

and o0il changes, and/or reviewlng the technical specifications
of the lubricating oils now being used. The specific
consumption of 1lubricanta ahould be brought down to a
significantly lower 1level, to about half the pregent

consumption.

Power Station Operation

In general, the EdD plants are well operated and correctly
maintained, and the availability of the equipment ia on the
whole satisfactory. However, the operation of the atations does
not glve a clear indication of the avallability of each
generator or of each atation. It is recommended that EdD
nclude these satatistics in their analyses of performance, and
jeep track of the long term variation. This will permit both an
evaluation of overall production efficlency, and the ready
identification of generators which are not running
satisfactorily, or which are expensive to maintain.

Energy consumption by auxiliary (in-house) services ia a
particular problem, and one which should be asubjected to close
examination. During the last few vyears this consumptlon
amounted to 7.5 % of electricity produced. Although in 1985
this figure dropped to 6.5 % it a8till remains too high.

However, one reason for this high consumption could be the
method of cooling: the Boulaos station uses a dry alr cooling
gyastem. [t 1Is recommended that EdD astudy the possibility of
cooling the engines by other means--perhaps by using a

aecondary circuit of sea water.
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The Coast of New Equipment

In 1984-1985, two 15 MW generatora were installed in Djibouti
ville as part of the new phase of development of the Boulaos 2
power atation. The building which was then congtructed holds
only the two generators at present, but & further extension Is
planned for the installation of two more generators.

Based on the figures available, the coat of the 1last four
generators installed at Boulaog waa about 143 MFD/MU or
approximately $805 US per kW installed.

Az far as the Diesel generators In the District centres are
concerned, the latest addition (1985-1986) is the atation at
Dikhil with four generators. The total turn-key cost was 431.2
MFD, or an inatalled coat of 270 MFD/MU.

This is an unusually high coat for this type of installation
and is a result of the kind of contract which was entered into.
The cost of the actual equipment, Iincluding auxiliaries was
about 160 MDE/MU, the remainder being the charges for «civil
englneering, around works, and other expenses.

4.3.3.2. The Transmission and Diastribution Systen

The EdD grid systems have three voltage levels : low voltage at
220/380 V, mid-range voltage at 20 kV, and high voltage at 60
kV. By the end of 1985, 193 km of low voltage lines, 202 km of
mid-range voltage lines, and one 6 km line of 60 kV were in
operation (asee Table 4.3.3). Included in the above are two
tranamission lines of 20 kV totaling 86 km, (Djibouti-Arta 40
km long and Dikhil-All Sableh 46 km long). The reat are
diatribution networks within the areas aupplied with
electricity.

The unit length of the networks per GUWh consumed is 659 m for

tranamission lines, and 2,414 =m for distribution lines (of
which 1,479 m are low voltage and 935 m are mid-range or high
voltage). Theae are rather low flgures. For the diastribution

lines this ia due to the amall area supplied and the
significant consumption of air-conditioning units.

The unit length of the transmission system is particularly low.
This ia partly explained by the fact that production is
entirely from Diesel generators, which are easily adaptable to
the demand at each locality.
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Table 4.3.3 Tranamission and Distribution System
Dec. 7% Dec. 81 Dec. 83 Dec. 85
High voltage 60 kV
underground lines, km 6.0
transformer posta (60/20 kV) 2
Mid range voltage 20 kV
underground lines, kn 35.0 51.0 66.9 79.1
lines above ground,km 63.9 63.0 71.2 120.2
lines above ground, insulated, km 2.2 2.5 2.5 2.5
101.1 116.5 140.¢6 201.8
Transformer posts
Public posts 111 115 125 134
Mixed posata 23 30 33 34
Subacriber posts 17 20 21 26
Total number 151 165 179 194
Public posta, MVA N 16.9 10.9 44.2
Mixed posts, MVA ces 13.8 i4.8 15.1
Subecriber poats, HVA . 7.3 8.0 11.5
8.0 3.7 70.8
Lov voltage
underground lines, km 27.4 30.7 35.2 40.1
linea above ground, km 134.1 137.8 143.6 163.3
161.5 168.5 178.8 193.3
Publlc lighting
underground lines, ka 7.8 12.3 21.6 27.1
lines above ground, ko - 2.2 5.3 5.5
lights (thousands) 0.3 1.9 2.1 2.3
Production of electricity, GUh 102.5 123.4 147.6 164.2
Specific length, km/GUWh
mid range voltage 0.9% 0.94 0.95 1.23
low voltage 1.58 1.37 1.21 1.18
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The transformer stations in operation in 1985 congiagted of 2
stations 60/20 kV, and 194 stations of 20 kV/low voltage. Of

the total, 134 are public, 34 mixed and 26 are subscriber
stations. The tranaformers ingtalled in the mid-range
voltage/low voltage statlons put out a total power of 70.8

MVA, which shows a correct adjustment of the transformers to
the power demand.

In 1985, transmlsalion losses were 12.3 %, about the asame as the
average over the last five years of 12.9 % (sgee table A 4.3.3).
These losses, while not unusual for well run networks, arae
atill slightly too high, conaidering the reduced length of the

lines as mentlioned earlier.

EdD should ensure that they are able to quickly detect
saturated areas of the network, and can reinforce them In time.
In addition, effortas to prevent the stealing of electricity
should be continued.

With regard to the electrical connections, one should note
that, despite a certain simplification of the technical norms,
the consumer is offered a choice of too many variants. This
situation is partly due to the tariff structure in effect which
permits a wide range of subscribed power levels commencing
with 1 kKVA. It should also be noted that monophase connections
are available only up to a power of 6 kVA, and triphase
connections from 3 kVA upwards.

In order to reduce dlstribution costs, it is recommended that
the diffusion of triphase connactions should be limited to
congumers who subscribe to the higher levela of power (over 9
kVA), and that the introduction of a monophase connection of 10
or 12 kU should be installed at first only in the zonea where
the network is sufficiently robust and where the consumera are
a homogenous group.

The atandardas applicable to the connections should be
reviewed, and the range of possible connections offered to the
consumer should be reduced; for example

- a monophase connection of 6 kKU.

- a monophasge connection of 10 to 12 kV, to be only offered in
areas where the network is suitably adapted.

a triphase connection of 18 kU.

1

a triphase connection of 36 kU.
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- apeclial low voltage connections up to 250 kW, installed on a
case by case basls, for very large consumers.

Annex 4.1 shows recent coatas for high voltage electrical lines,
and the present cost of connections.

4.3.4. The Cost of Electricity Production

In order to analyse the cost of supplying electricity, four
categories of electricity supply need to be atudied: low and
mid-range voltage saupply in both the Djibouti network and in
the District centres. The calculation of the cost of production
of each category is only possible if one can separate the
actual expenditures of each gector of activity from the part
which ls shared.

Since EdD is not equipped with an analytical accounting
system, it 1ia obliged to uase a rather empirical system, i.e.
the disaggregation of expenses is estimated indirectly by
analysing the annual accounts of each centre of production.

The overall cost of supplying electricity in 1985 was as
follows:

MDF %
Proportional coste : 1,942 41.4
fuel and lubricants
Direct flxed costs : 1,694 36.1
(of which, personnel) (844) {18.0)
Financlal chargea + aupplies 1,054 22.5
TOTAL 4,690 100 %

As in all asyatems based on Dieasel production, fuel accounts for
over 40 % of the total cost. One can alaso note the high level
of personnel coats which is typlical of a relatively small
aystef.
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The c¢alculation of oats for each distribution range is
carried out by assuming that electricity supplied to the
trangformer stations of mid-range and low voltage hag the same

cost, without making the distinction between individual
consumer stations, mixed stations, or public stations. At thig
level, therefore, the coat of production isa made up of all

expenses including general administrative costs.

The cost of production of low voltage power also includes
specific expenses such aa the low voltage networks (including
the 1low to mid-range transformers) and the administration of
the low voltage subscribers. For 1985, these costs were as
follows

1985 Productlion Coats, FD/kWh

Djibouti District Aggregate
network centres
mid-range Joltage 31.67 69.51 32.81
low voltage 35.46 76.72 36.78
Aggregate 33.57 75.87 34.85

4.3.5. Electriclty Tariffs

The current tariffs, in force since 14 February, 1983, are
shown in Table 4.3.4. The tariff structure js made up of 3 low
voltage classes, with various categories, a public lighting

tariff, and a mid-range voltage tarciff which ig different for
the Djibouti network and that of the District centres. All
tariffe include a fixed price, a furiction of the power
subscribed to, and then block rate chargeg which vary according
to the aubscribed power.

The mid-range voltage tariff has a fixed price linked to the
power subscribed to by a generally declining block gtructure
which atarts, strangely enough, with a very low price block. It
would egeem that this structure was introduced for <certain
specific consumers (e.g. for lighthouses). The energy cost per
block shows a progressive reduction in cost depending on the
duration of utilization.
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There ls a marked dlfference in energy prices between Djibouti
and the District centres: prices are 50 % higher in the
Districts.

The principal objection to the mid-range voltage tariff is that
it is higher than the low voltage tariff which is a serious
distortion of the tariff structure. The average sale price of
mid-range voltage ls higher than that of the low voltage. For
the Digtrict centreg, even the prices per block are higher in
all the mid-range voltage cases.

This anomaly obvioualy produces unugual consumer responses:
clienta wusing large amounts of power prefer to be suppllied
with low voltage power because, not only do they avoid having
to install their own transformer atations, but they also pay a
lower tariff.

Low voltage tariffa are made up of two categories depending on
the type of conaumer : domeatic¢ or non-domeatic. For non-—
domesgtic consumers, there are two tariffs: one aimple
binominal tariff, which 1is not very widespread as it is the
most expensive; and a tariff of 4 blocks of which 3 decline in
price while the fourth i1s slightly more expensive.

This tarliff ls unnecessarlily complicated and even includes two
variants, depending on the presence of a maxXimum power
indicator on the electriclty meter of each subscriber.

For domestic consumption, the tariff has two block rates and a
fixed cost. The two block rateg are quite similar. The most
notlceable characteriastic of thia tariff las the algnificant
difference between prices per kUh for power consumers of 1 kU
and the others. The very low price allowed to 1 kW power
consumers has encouraged the proliferation of such subscribera,
with income levels well above those which one would normally
conslder modesat.

Among these 1 kU subsacribers, one finds several hundred or more
who are using an amount of power far above that which ls

physically possible. EdD should eliminate thias abuse by wusing

a proper system of control on the cut-out awitches. The

problem ils to identify the genuine low income consumers, and

to decide whether or not to provide subsidies.

Any new tariff structure should be carefully studied, and its
financial impact on low Income subscribers should be fully
considered.



Table 4.3.4. (a) The Present Tarlff Structure

TARIFFS Fixed cost Consumption Price
LOY VOLTAGE FD/month block structure FD
I General {(code 03)
PS < 36 kVA 350 FD
PS > 36 kVA 38 FD/kVA Unique 46
or 46 FD/KVA
II Domestic
Code 01 - P§S = 1 kKVA 360 FD tat : 90 kUh 29
Znd : the rest 25
Code Q2 - PS5 = 3 kVA 560 FD ist : 90 + 5.BS 37
6 630 FD 2nd : the rest 35
9 770 FD
> 9 880 FD
II1I Degresaive (code 04) ist : 75.BS 46
PS ¢ 10 kVA 300 FD 2nd : 90.PS 42
PS > 10 kVA 880 (P5-10) 3rd ; 100.PS 37
4th : the rest 43
I11 2nd Degreseive (code 05) 1at : 95.PS 46
PS < 8 kU 300 FD 2nd : 110.PS 42
PS > 8 kU 1100 (PS-8) 3rd : 125.PS5 37
4th : the rest 43
IV Public lighting {(code 08) unique 36
V District centres
ARTA, OUEAH (code 06)
PS < 36 kVA 350 FD unique 46
BS > 36 KVA 38 FD/kVA
(code 07) Ali Sabieh, Dikhil, Obock,
Tad jourah.
PS ¢ 36 kvVA 150 FD unique 46
PS5 > 36 kKVA 38 FD/kVA
Code 09 : work asites
PS ( 18 5000 FD
BS = 18 - 36 10000 FD unique 46
PS > 36 350 FD

Note: PS is power subscribed to.
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Table 4.3.4 (b) The Pregsent Tariff Structure
(contlnued)

Fixed price : FD/month

for the first 8 kW 300 FD
firat block 8-500 kU i100¢ FD/kU
gsecond block 501-900 kV 1045

third block 901-1300 kU 9290

forth block, above 1300 kU 935

Price of energy: FD/kUh

DJIBOUTI ALI SABIEH, DIKHIL
ARTA, OUEAH OBOCK, TADJOURAE
firat block 32.00 §6.00
aecond block 26.10 39.10

Size of the first block: kW/month

for PS5 ¢ 200 kW 250.P5
for 201 to 500 kU 200.P8
for PS5 > 500 kU 175.P8

Mipimum consumption KUh/year

800 . PS for teaching inatitutions
1200 . PS5 for all other subscribers

(to be revised in the near future)

In the District centres there is only one low voltage tariff,
with no distinction made between domeatic and non-domestic
congumers. This tariff is set in the same way as the general
tarlff for Djibouti ville, but with a lower energy price which
is about the same as the comestic tariff in Djibouti ville for
PS > 3 kWU.

The only exceptlons are the centrea at Arta and Queah, where
srices are much higher, equal to thoase of the general tariff.
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Arta and Oueah are auppllied by Djlbouti’sa network and should
therefore have the same tariffs as other subscribers of this
network.

The average pricea paid by low voltage gubacribers according to
the different tarlffs, are shown in Figure 4.3.5. The declining
average price as a functlon of the duration of power utillzed,
due to the decllining unit coat, is common tO all tariffs.

The management of the present tariff aystem suffers from
several opractical difficulties, notably the difficulty of
checking the general subscriber and applying the appropriate
tariff. The general tariff has therefore been shunned by
consumers, who have made every effort to become part of the
groups enjoying a lower tariff.

Another problem -- as yet unresolved —-- concerns the control of
the power subacribed to. Although subscribera have cut-off
switchea installed, EdD has been unable to cnsure thelr proper
operation. Problems also remain with the supervision of the
electriclity meters.

4.3.6. The Coat and Sale Price of Electricity

Table 4.3.5 glvea a general view of the principal data
concerning electricity producticn and sale in Djibouti.

From an economic standpoint, one sahould note that the present
tarlffs appear to be adequate, as ls conflrmed by a comparison
of the cost of production and the sale price. In 1985,
electricity was sold at a slightly higher price than its
production cost in Djibouti ville, while in the District
centres the production cost was approximately double the sale
price.

In general, the surfeit in Djibouti compensated for the losses
in the District centres, and EdD's accounts for 1985 resulted
in a profit of 332.5 MDF, or 6.6 $ of total revenues for the
period.

The evident deflcit in the District centres should, however, be
considered as a s8serious problem, and a golution should be
found. Should one try to balance the accounts of each Diatrict,
or should one accept that, with such a complicated industry,
aome parts of the system remain in permanent deflcit ?
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Table &4.3.5 Principal Indicators of the Electricity
Sector (EdD) 1985.
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Djibouti District centres Total
Mih b4 HWh % MUh %

Production 164200 100
Energy emitted 100 100
Total energy delivered 130513 4069 134582
- mid range voltage 65014 483 65497
- low voltage 65459 3586 469085
Coat of Production FD/kUh FD/%Uh FD/kUh
- mld range voltage 31.67 69.51 32.81
- low voltage 35. 446 76.72 36.78
Total mid + low 33.57 75.87 34.85
Average gale price
- mid range voltage 38.23 54.96 18.35
- low voltage 36.09 40.90 36.34
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ANNEX 4.1 RECENT POUER LINE AND INSTALLATION COSTS FOR EDD

The 60 kV installation is the only one in Djibouti. It was put
into operation in 1984-1985 during the extension of the
Boulaos power atatlon. There is a 60 kW transformer poat
installed in the power station, which takes the output from the
2 new generators and an underground cable, which links the
Boulaos atation to a post aupplied by the Marabout power
station about 6 km away.

It isa a permanent connection embedded in sand, 3 x 1 x 4060 mm2,
which will probably never be repeated. The coat was 356.3 MFD
for the line and 175.5 MFD for the 60/20 kV post at Marabout,
equipped with a 36 MVA transformer. The 60 kV poat at Boulaoasa,
alaso equlpped with a 36 MVA transformer, cost 221 MFD.

The 20 kV tranemisalon line between Dikhil and Ali Sabieh waas a
turn-key contract, and its total «cost was 238.4 MFD. Taking
into consideration the distance of this line, 46 km, the cost
per kilometre of 5.18 MFD/km is relatively high. EdD now has
the technical capability to 1Install power lines and
trangformer posts, and in the future should not have to resort
to turn-key contracts, which are always more costly. The cost
of the 20 KV lines installed might have been approximately 20 %
leas expensive, that is about 4 to 5 MFD/km.

For building sites a very practical system has been developed
which consiatas of an inatallation price of 24,000 FD for PS <

18 kKVA or 48,000 FD for PS = 24 to 36 kVA, together with a rent
of 6,000 FD/month or 12,000 FD/month respectively.

The cost of the connectlions is studied and brought up-to-date
periodically by the Transmiseion and Distribution Service of
EdD. According to a recent study (7 Auguast 19%86), the prices
were as shown in Table A 4.1.1. overleaf.

The connection chargea include the cost of reinforcing the
lines 1f the power is increased. The charges also apply to
communal establlishmenta, workshops, etc.
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Table A 4.1.1. Coat of Electricity Connectionsa

Ordinary connections of less
than 50 m

- monophase, 1 kVA 25,000 FD
- monophase, 3 to 5 kVA 40,000 FD
- triphase, 6 to 12 kVA 60,000 FD
- triphase, 15 to 18 kVA 75,000 FD
- triphase, 18 to 36 kVA 180,600 FD

Connections of over 50 m

- in addition to the above prices, a supplement of 2,400 FD per
metre is charged baged on the length of the extension from
the last post to the delivery point, independent of
aubgacribed power.
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ANNEX 4.2 THE STRUCTURE OF ELECTRICITY CONSUMPTION

In order to describe the structure of electricity consumption
in more detail, the subscribers have been grouped according
to thelr aize and category. Table A 4.2.5 (a) shows the
consumption of the low voltage subscribers for the Djibouti
network, and Table A 4.2.5 (b) shows the consumption of the low
voltage conasumeres for the Diatrict centrea.

It can be seen from these data that domestlc consumers make up

-

90.7 % of all low voltage users and their consumption is 87.1 %
of total low voltage consumption.

Among the domestic consumers, 65 %¥ aubacribe to a 1 kU power
supply, and thus benefit from a reduced tariff. One should
note, however, that this subscribed power isa not always

correct. A more detailed analysis of consumption reveals that a
large number of these subscribers (around 15 %¥) are clearly
uging higher levels of power.

For the District centres one has only statistics for the power
subscribed, with no knowledge of whether the consumers are
domestic or professional. The consumption per consumer is
slightly higher in the District centres than in Djibouti,
eapecially for 1 kW subscriptions (this could be due to a
large proportion of irregular consumers, taking power at a
level higher than that to which they have aubscribed).

To eliminate, at least in part, these Iirregularities in power
subscribed, the statistical distribution of monthly consumption
for consumers subscribed to the same power has been atudied.
The results of this analysis are shown in Figures A 4.2.1 (a)
and (b) for 1 kW and 6 kW consumers reapectively.

For 1 &W subscribers one can see that the average monthly
conaumption in summer (shown in Table A 4.2.5 a) of 206
kWh/month is only reached by approximately 36.5 % of
subscribera, whereas the median figure is 160 kUh/month. The
most frequent levels of consumption of these subscribers ias
between 30 and 180 kWh/month as can be aseen from Figure A 4.2.1
(a). In terms of energy consumed, therefore, about 20 X ia due

to subscribers in fact consuming more than 1 KkU.

1f we <consider that the average consumption of real 1 kW
subscribers is quite close to the median, for the 6 kW
subscribers, casea of fictitioua subacription appear to be lesasa
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common, although they do atil]l occur, as one can aee when
examining the computer results. In fact, the median figure and
the average are practically the same for these subsacribers.

A review of Figures A 4.2.1 (a) and (b) illustrates another
characterlatic which is important for the study of the tariffa:
the aeasonal fluctuationa In the consumption of energy by
different categories of coneumers. For amall conaumers, the
ratlio between summer and winter consumption is a factor
between 1.5 and 2. However, for the é kU consumers the ratio
is between 3 and 4.

For domeatic consumers subscribed to hlgher power levels, the
difference in consumption is even larger. It is Interesting to
note that this characteristic is more closely linked to the
level of monthly congumption than to the actual power
subscribed to. Thia can be seen In Flgure A 4.2.1 (b)) when
comparing the forms of the two functions.

Table A 4.2.6 showa the consumption profile for each branch of
economic activity for subscribera of over 36 KU, gupplied with
elther mid-range or low voltage. This profile, which reflects
the nature of activity of the subscriber, does not permit the
ldentificatlion of homogenous consumer groups, because, for
example, the "administrative” group, which represents 30 % of
conaumptlion, includes all types of consumers : offices, houses,
technical services, hospltals, etc... which have very different
types of conaumption. Knowledge of the form of consumption for
each economic branch of activity is essential for the
projection of future electricity demand.
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Figure A4.2.1. Frequency Distribution of Monthly
Electricity Consumption for
consumers subscribing to 1 kW.

In the hot season :

_ T5% of subscribers consume less than 250 k¥h/wenth
_ 50% of subscribers consuse less than 160 k¥h/wonth
- 25% of subscribers consume less than 90 kWh/month
In the cool seasonconsunptxon is 135,90 , and 50 kWh/month
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Figure A4.2.2. Frequency Distribution of monthly Electricity

Consumption by Domestic Consumers, Power
subscribed 6 KkW.

In the hot season :

_ 75% of subscribers consume less than 1000 kWh/month
- 50% of subscribers consume less than 620 k¥h /month
- 25% of subscribers consume less than 280 kih/month
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Table A 4.2.1. Evolution of the Production of Electricity, GUh

Principal Ali Sabieh Dikhil Obock Tadjourah Sub total

network District

Djibouti-Arta centres TOTAL
1971 43.204
1972 48.4463
1973 56.342
1974 61.584
1975 72.983
1976 82.030
19717 8%.070
1978 92.800
1979 102.500
1980 113,658 0,450 0.911 0.334 1.343 3.038 116.696
1981 119.505 0.544 1.036 0.443 1.889 3.932 123.437
1982 126.5413 0.599 1.169 0.508 2.053 §.329 130.892
1983 142.188 0.813 1.340 0.804 2.413 5.370 147.558
1984 140.863 0.952 1.347 0.536 2.463 5.298 146.1461
1985 158.827 0.911 1.190 0.640 2.677 5.418 164.245

Average annual rate of growth (percent):

1971-80 11.3

1930-85 6.9 15.1 5.5 13.9 14.8 12.3 7.1
Contribution
1980 1985
Hain network 97.4 % 926.7 %
District centres 2.6 % 3.3 %
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Table A 4.2.2. Production of Electriclity and Peak Demand
in the Principal Network 1971-1985

__-..——._-—__..-.—__.—__...-.___.-__...-—.....—.___...._-—__-——_...-.._.....__.____.___.___.....__—_—...-.————
..—_--—-....-—_-_....-..--...--....—._-—.__-___.—-.—___...-__....-...—-.—_..-.——..—_——-.-.-_—_-..-__...__.._—..____

Production  Energy Consumption by Peak duration

GUh/an emitted auxiliaries demand utilization
GUh/an % MU hr/yr
1971 43.204 41.676 3.54 9.00 4800
1972 48.4463 46.694 3.65 10.25 4728
1973 56.342 54.229 3.7% 12.00 4695
1974 61.584 59.450 3.46 14.30 43046
1975 72.983 70.641 .21 15.10 4833
1976 82.030 77.400 5.64 17.10 4797
1977 89.070 82.620 7.24 18.15 4907
1978 92.800 86.450 6.84 19.70 4711
1979 102.500 95.060 7.26 22.10 4638
1980 113.658 104.810 7.78 23.95 4746
1981 119.505 110.913 7.19 24.80 1819
1982 126.563 115.04¢9 9.10 25.95 4877
1983 142.188 131.573 7.46 28.40 5007
1984 140.863 130.257 7.53 31.50 4472
1985 158.827 148.405 6.56 32.15 4940

.....-—_-_——...-__.-._—_..._-..__-—___.-.._-.____-..__.-_-.--—_--....__--__-....-__.—__..._—_..___.____-__
-c._.-—_-.-—-...-_--._—_-—--...-_--,.--.._-—_-.-__..-.—__—-____-.___....___.-_—_-.-.-——_-.._--——-




Table A 4.2.13. Conaumption of Electricity and Loases in
the Principal Network, 1971-1985.

iy b B At . o T e y En Tm o o AR AR S e e e W ws T W A M mm m o me =S e e Y T T T T T T T 11
-......_-_..-__.._....-_.._..__.-..._.......--—..--:_....q.-.___=....__.....--__-——_.-...—---_——..-——-—_-_—--——-—-.—

Energy  -—----- Consumption, GWh ---=-=--- Distribution
empitted low and mid range low voltage TOTAL loases,
GUh voltage, PS>36 kU PS<36 kU GUh %
1971 41.47¢6 16.514 20.32¢4 36.840 11.6
1972 46.694 18.728 23.427 42.155 9.7
1973 54.229 22.006 25.706 47.712 12.0
1974 59.450 24.963 27.600 52.563 11.6
1975 70.641 32.763 31.39¢ 64.162 9.2
1976 77.400 36.078 33.014 69.092 10.7
19717 82.620 39.688 34.105 73.793 10.7
1978 86.450 41.466 34.472 75.938 12.2
1979 95.060 47.662 41.124 88.786 6.6
1980 104.810 47.091 44.653 921.744 9.7
1981 110.913 48.720 48.1177 96.897 12.6
1982 115.049 £3.268 52.287 105.555 8.3
1983 131.573 54.504 55.613 110.117 12.5
1984 130.257 55.368 55.599 110.967 14.8
1985 148.405 65.014 65.49%9 130.513 12.1
71-75% 272.690 114.974 128.458 243.432 10.7
47.2 % 52.8 % i00 %
76-80 446.340 211.985 187.368 399.353 10.5
53.1 % 46.9 % 100 %
81-85 636.197 276.874 277.175 554.049 12.9

50.0 % 50.0 % 100 %

__..——.._-_.__.......—__-_-..-.___..—___-..._—___...____..,___.._____..____.....____--..._——-..—-_--.-.-..--
e T F 1 - b e R e e e
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Table A 4.2.4. Seasonal Varlatlon In the Production
of Electricity in 1985

Honth Production Peak demand Load

K¥h ¥ My % factor
J 78%7 5.0 14.70 i6 0.722
F 73183 1.4 14.60 45 0.753
i 9437 5.9 i8.90 59 0.671
A 12195 7.7 21.80 48 0.777
y| 15497 9.8 31.50 29 0.661
J 17589 ii.t 32.15%5 100 0.760
J 18810 11.8 31.75 9 0.79%6
A 18906 11.9 31.75 99 0.800
8 17796 11.2 31.40 98 0.7487
0 14227 .0 25.80 80 0.741
N 10383 6.5 18.20 57 0.792
D 8707 5.5 14.30 51 0.718
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Table A 4.2.5 Structure of the Conaumptlon of electricity

a) Low voltage subscribers in Diiboutl

Tariff PS number of number Total energy average
subscribera irregular (winter) consumption
MUh/month kUh/month
GENERAL 1 468 5 75 166
3 51 1 85 243
6 202 2 74 366
9 148 2 107 723
12 47 36 772
15 27 3¢ 1457
18 147 174 1186
21 3 5 1530
24 25 17 1866
30 12 29 2455
36 38 88 2324
1468 759 517
DOMESTIC i §569 340 1973 206
3 1584 9 669 122
6 1580 7 980 620
9 1268 4 1019 804
12 184 170 924
15 88 150 1701
18 112 556 1350
2] 1 1 800
24 2 1 570
30 3 13 4213
36 20 74 3699
aub total 3-36 5142 3633 7107
DIGRESSIVE 9 2 - 148
12 1 -
15 3 2 811
18 9 23 2503
24 3 21 7125
30 7 12 1743
36 3 10 3300
28 68 2428



Table A 4.2.5 b) Low Voltage Subacribers in the
Diatrict centres

P R N I S S S S S S S S S L C N O o o o o o o s o o o e o e v o o it ey e e e e A R L AR A 2.
-——.-...___——_--.-——_——_—‘-2_.—-—-———q--—-———u-----____——-_---.-——--_-——

Nupber of subscribers 1020 278 149 115

Classed by monthly
winter consumption (kUh)

~ 25 % consume less than 100 180 240
- 50 % conaume lesa than 190 300 480
- 75 % consume less than 360 660 1140
Table A 4.2.6 Mid Range Voltage Consumption by

Activity, September 1986

R R R S S S S S S N S S C S S S T o o T o N o o T o o S o o o v o o o e e e e e o
e e i e 1 1 1 T T E T T E

Type of activity monthly ¥
consunption
MUh

Adninistration and public 1934.2 30.7
service

Commerce, banks, inaurance 463.3 7.4
Hotela, bars, reastaurants 414.9 6.6
Industry 487.4 7.7
Agriculture and fishing 97.6 1.6
Water pumping 456.9 7.3
French army 2265.46 36.0
Public lighting 173.9 2.7

- - 5 B B B F B F o el
I e e e R e a3 + - + F 1 F F T 1 F 3 F ¥ Ty
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Table A 4.2.7 Average Monthly Production Power Factor

——-.—.-.—-:.——-._._..__..-_._..__—-..._.-.—_———-_..--__———-.--..-——-.-——-.-..-.—————————-.o——
——-—_—-—,—-—-...__——.--...__———-.-.-—_———q.q...—_—-——q-»...—-__-.-.——q..n-___—-—_-.—-...-_

J 0.841 0.848  ..... 0.848 0.84¢
r 0.83¢ 0.857 ..., 0.848 0.847
M 0.838 0.868  ..... 0.852 0.852
A 0.851 0.858  ..... 0.875 0.859
y] 0.867 0.8%4  ..... 0.858 0.873
J 0.875 0.903 0.892 0.852 0.880
J 0.888 0.907 0.877  ..... 0.891
A 0.877 0.918 0.%03  _.... 0.899
S 0.878  ..... 0.889  ..... 0.883
0 0.857 ... 0.866  ..... 0.862
N 0.842  ..... 0.862  ..... 0.852
D 0.831  ..... 0.838  ..... 0.834

....___...___.___—_-_———_..._-—_—..-__-—-.-—..-—_—_..—..._—__—-...-..._.—__——--..—-.-._
---.qq.-.—--—.--.-_—-...-..._-_—.-_—_..___—-...—-.-.-._———q..._—-—_—---———-q—-————_
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Table A 4.2.8 Consumption of Fuel and Lubricantsa
in EdD Power Stations

POWER STATIONS IN DJIBOUTI 1983 1984 1985

Diesel consupption, tonnes 1293 761 1467

Fuel o0il consumption, tonnes 34651 34364 35217

35944 35125 36684

Consumption lubricants, tonnes 643.7 675.8 683.7

Production of electricity, GWUh 142.188 140.863 158.827
Speciflic consumption, g/kWh

- fuel 252.6 249 .4 231.0

- lubricants 53 4.79 3.4817

DISTRICT CENTRES

Diesel fuel consumption, tonnes

-~ Tad jourah 654.5 671.5 718.7
- Dikhil 392.0 402.2 §02.3
- Ali Sableh 288.0 370.2 295.1
- Obock 248.6 234.2 220.0
1583.1 1678.1 1636.1
Production of electricity, Muh
- Tad jourah 2413 2463 26717
- Dikhil 1340 1347 1190
- Alj Sabieh 813 952 911
- Obock 804 536 640
5370 5298 5418
Specific consumption, g/kUh
- Tad jourah 271.2 272.6 268.5
- Dikhil 292.5 298¢ 338.1
- All Sabieh 354.2 378.4 323.9
- Obock 309.2 436.9 343.8
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CH¥APTER 5

FINAL ENERGY

Final energy ig8 the name used to describe the energy that 1is
actually or finally wused to carry out a particular task.
Fuelwood burned In a 3-stone fire, kerosene burned in a amall
kercomene atove, liquifled propane gas (LPG) ugsed In a gas
stove, or electrlicity consumed in an electric astove, are all
examples of different fuels being used to perform a sapecidic
task--in this case cooking.

For some uses (gometimes called end-uses), several sources of
energy can be used. Substitution among the different scurces
of energy is therefore posaible. The fuels used for cooking
cited above are an obvious example.

In other casesz, however, the type of energy required for a
particular task cannot be easily aubstituted; electricity,
running a television set for instance. But even i1f

subatitution by another fuel or source of energy ia not
possible, there are often other steps which can bhe taken which
will reduce the consumption of energy.

The ailm of this chapter ia to examine the posslbilities for

interfuel substitutlion, and for improving the efficlency of
energy use, in a number of end-use applications.

5.1. SUBSTITUTABLE ENERGY
5.1.1. Cooking

Cooking is one of the end-uaes where the posgibilities for

interfuel substitution are numerous. In Djibouti, several
types of fuel are used for cooking: fuelwood {and its
derivative charcoal), kerosene (more commonly but erroneously

called "gas”), LPG (a monopoly of the Shell petroleum company),
and electricity (used onliy in a very iimited number of
houaholdsa).

The range of possible interfuel substitutions is discussged
below.
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5.1.1.1. Fuelwood

a) Fuelwood - keroaene : The shift from cooking with wood on a
3 astome fire to cooking with kerosene using a metal atove,
generally occurs as a matter of course in households moving to
the urban centres.

Thelr distance from the areas where wood ig rollected, and the
high cost of fuelwood, are the main factors that prompt
households to choose kerogsene for cooking.

However, ln some districts, notably the District of Tadjourah
where fuelwood is 8till plentiful and avalilable at an
affordable price, a large part of the population still cooks
with wood.

Is the use of fuelwood for cooking depleting foreat resources,
or ls the blomass resource base sufficient to allow the use of
fuelwood for cooking, and even permit the use of wood to spread
to a greater number of householda? These questions could be
answered by a study of fuelwood resources, (see, for example,
paragraph 10.3).

Thia study would also permit planners to declde on the

approprlate atrategy to promote the appropriate interfuel
substitutions.

b) Fuelwood - L.P. Gas

The use of LPG requires & gas stove whoae cost is generally
too high for the majority of families with 1low or middle
incomes.

Moreover, cooking on a gas stove is quite different to cooking
over a wood filr:, and the transition {8 not always easy. It
therefore geens unlikely that one would see A ma jor

aubastltution of LPG for fuelwood without the intermediate
ahlift from fuelwood to kKerosene.

¢) Fuelwood - electricity

Electric cookers are not very commcn in Djibouti. The direct
ahift from fuelwood to electricity for cooking therefore seems
improbable.
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5.1.1.2. Kerosaene

a) Kerosene - firewood : This aubgtitution appeara to reverse
normal technical progress, but if a atudy of forest resources
shows that these resources are sufficient, this substitution

could take place in a number of households.

b) Kerosene - LPG : Rather than referring to substitution, it
would be more approprlate to speak of combined use, since
families that opt for LPG stoves often keep kerosene stoves for
cooking certaln types of diahes.

¢) Kerosene-electricity : Refer to fuelwood - electrlcity.

5.1.1.3. L.P. Gas

Only the LPG-electricity substitution la consldered In this
paragraph. Thia aubstitution will probably remain marginal
since electricity 1ls wused for cooking in only a very small
number of households.

5.1.1.4. Electricity

Refer to the paragraph above.

5.1.2. Lighting
5.1.2.1 Fuelwood

For nomadic populations the traditional meana of lighting |is
the wood flire. With improvements in the diatribution of
kerosene 1t 1is possible that keroaene lamps might slowly
replace wood firea for lighting.

§.1.2.2. Keroasene

Urban householda which do not have electricity provide
illumination with kerosene lamps. This means of lighting 1is
quickly replaced as soon as the house ls connected to the
electricity aupply. This possible interfuel sagubstitution |is
Important.



5.1.3. Refrigeration

Refrigeration, together with air conditioning, is one of the
end-uses which consumesa the most energy. This high consumption
occurs because only "western” under-insulated refrigerators are
avallable, and refrigerators are often placed in open and very
hot courtyards, most of the time directly in the sun.

Apart from a few isolated casea of substituting traditional
electrical supply with solar electricity, mainly in rural
dispensaries, it seems most unllkely that one will see any
significant substitution of the present type of refrligerators
in the near future.

However, if golar thermal refrigeration (absorption syastems),
are ever developed to the point where they are a realistic
alternative, it would be interesting to install a number of

prototype systemsa In Djibouti in order to evaluate the
feagibility of this technology.

5.1.4. Alr-conditioning

The problem 1ls ldentical to that of abaorption refrigeration
aygstems. In the event that this technology maturee, it would
be useful to egtablish a number of prototype installations with
a view to possible future gubatitution.

5.1.5. Transasport

5.1.5.1. Petrol - Diesel : The tariff structure of motor fuel
prices is at the present time very much to the advantage of
Diesel fuel, in an approximate ratio of 1 to 2 (68 FD for a
litre of Diesel, 132 FD for a litre of super). DBuyers are
therefore encouraged to purchase Diesel engine vehicles, often
j-wheel drive, whose fuel consumption is alightly higher than
that of petrol vehicles.

Thias asituation will evolve in response to the fuel tariff
atructure. Thus, one could see a petrol-Diesel subatitution,
or Diesel-petrol, depending on which way fuel prices change

relative to each other.

5.1.5.2. Diesel - Petrol

The same as the paragraph above.
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.1.5.3. Sea - road

Ue are not dealing here with a direct interfuel substitution,
but rather wlth a shift In the mode of transaport which could
result in interfuel substitution.

The Route de 1'Unité, now under construction, will 1link
Djibouti ville to Tadjourah by 1988, and will then continue
to Obock. Djibouti wville will then be legas than 2 hours by

road from the Northern districts, and there ia likely to be a
competition between the road and sea routes for the tranaport
of pasengers and goods, including the transportation of
Tad jourah's mineral waters.

The Route de 1'Unité 1is an important element in national
development which now needa to be taken intoc account.

5.1.6. Water pumping

Water pumping for irrigation, for livestock, or for the needs
of nomadic populations, is mostly carried out using surface
mounted motor-pumps, or small generating sets providing power
to electric aubmersible pumps.

Over the laat few years, the introduction of gsolar pumps in
several locations in Djlbouti has demonstrated the feasibility
of this technology. ISERST has trained and supported a team of
technicians able to intervene quickly and competently in the
event of technical problems.

During 1987, about twenty new solar pumps, financed by the
Agsasociation Francaise pour la Maltrise de 1'Energie (AFME), the
Fonds d'Alde a la Coopération (FAC), and the United States,
will be installed. There is every indication that this
development will continue, and that the contribution of @solar
energy for water pumping will become more than marginal in the
mld term.

The development of wind energy could also be important since
the meteorological data indicatea an Important windpower
potential. There are currently 5 large windmills in
operation, as well as several smaller machines.

For a number of reasons, notably because of inasufficient
gurveys on wind patterns and on the hydrology of the sites, a
number of the windmills have had to be relocated to more

favourable sites.
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In early 1987, ISERST, with logistical and technical asupport
from the French Army, moved 3 of the largest windmills to new
sltes where they are now in operation.

A well-organlzed program of maintenance and supervision could
facilitate the appropriate development of this mode of water
pumping which, together with asolar energy, could lead to &
glgnificant roie for these renewvable energy technologies.

5.1.7. Flahing

The fleet of flahing boats consiats of about 80 vessels. The
Fishing Service is considering gradually replacing the gasoline
enginea in the boats with Diesel engines -- 10 engines are
gcheduled to be replaced in 1987 for example.

This petrol-diesel subtitution will be accompanied by the
replacement of the present hulle by lighter plastic hulls. A
power limit will also be imposed on engine size.

5.1.8. Industrial Procesa Heat
The use of process heat in the industrial sector ia limited.

However, the dairy conaumee about 3,000 litres of fuel a month
for the generation of steam used in washing, pasteurization and
sterilization. The exceptional solar energy found in Djibouti
could reduce this energy consumption considerably by pre-
heating the water using solar collectors.

Other induatriea or conmmunitles may also be able to take
advantage of aclar energy for heating water.

It should be noted that solar energy technology, widely used
in many countrles for domeatic water heating, is not applicable
to Djibouti, since wurban water arrives at the tap at a
temperature of 35°-40°C. It does nct therefore need to be
pre-heated.

5.1.9. Sunmary

Table 5%.1.1. gummarizes the possible substitutions discussed
above, and indicates the status of each of the options.
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Table 5.1.1 Final Energy -- Posslble Substitutions
Eneray Subgtitution Conments
current posaible
wood kercsane N urban areas
LPG M
electricity I
keroaene wood M urban areas
CCOKING LPG N
electricty I
LPG electricity M
electricity LPG M few electric
atoves exist
wood Kerosene N urban areas
LIGRTING = =r-—mmmmmmmm oo s e s m oo oo sssm oSS smo o mET T
kerosene electricity N urban areas
electricity s80lAr energy H photovoltaic
REFRIGERATION traditional {dispensaries)
K abgorption
AIR COMDITIONING electricity solar energy E absorption
gasoline Diesel fuel N according to
Diesel fuel gasoline price structure
TRANSPORTATION B e T L ittt
maritime road N transport to and

i == R

WATER PUHPING Diesel fuel golar energy N

wvind energy
FISHING gasoline Diesel fuel N in progress
INDUSTRIAL fyel oil solar energy byl heating or pre-
PROCESS HEAT heating of water
E experimental, I improbable, M marginal, : normal

irom North via
Route de 1'Unité
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5.2. NON SUBSTITUTABLE ENERGY

The preceding section discussed a number of possibilities for
interfuel substitution among the different forms of energy used
in a variety of end-usea.

In parallel with these substitutions, which would lead to a
significant change in the pattern of national energy
congumption, there are a number of techniques capable of
modifying, not 8o much the pattern, but the level itaself of
energy consumption,

5.2.1. Cooking

Traditionally, the nomad women, or those 1living in the larger
villages, use stoves built with 3 large stonea. The atones
aupport the cookling pot which is heated by a wood fire.

Thia technique, which 1a very common in the developing
countries, has a very low energy efficiency (about 15 %). The
fire 18 exposed to the wind, and ie difficult to contrel and

adjust; e.g. adjusting the diatance between the pot and the
fire, or the size of the fire, controlling the flames, etc.

There are aeveral ways to Improve the efficiency of thia simple

stove, and thus to reduce the consumption of fuelwood. An
efficient mud stove would seem well suited for Djibcuti. The
deasign 1la seimple and requires only sand and clay. These
materials are abundant in Djibouti. The construction of the

atove does not tharefore entall any expenae.

Built around the 3 stones which are retained from the initial
atove, the conatruction of the improved atove involves
building a ring of clay around the pot which is to be wused.
The method of construction is presented Iin more detail in
annex 9.3.

This type of atove, if constructed and used properly, is twice
ag efficient as the 3-gtone fire,

In addition to efforts aimed at Improving the efficiency of the
traditional 3-stone fire, ISERST ia considering launching a
program aimed at improving the efficiency of charcoal
production in Djibouti.
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The c¢harcoal-making technique uged at the present time
starts with the lighting of an open wood fire. After
burning for some time, the fire ig then smothered by covering
1t with a layer of soll. Thia method produces charcoal of
varying and generally inferior quality, and the energy
efflclency of the technique is very low--in the region of 22 %.

An improved charcoal-making technique has been gucceagfully
developed by the techniciang at ISERST. This technique doubles
the energy output of the carbonization process, and requires
only a small inveatment for the purchase of corrugated
sheeting. Thig method is described In greater detall in annax
9.6.

The new technique will be demonstrated to charcoal-makers in
the different regionas of the country. If widely adopted in
Diiboutl, the technique will egignificantly reduce the
consumption of wood uaed for the production of charcecal.

5.2.2. Lighting

5.2.2.1. Incandescent Lighting

Incandescent lights are mostly used in the residential sector.
The use of incandescent lamps var.es appreciably £from one
category of consumer to another. For example, the 1 kVA and 3
kKVA consumers--thoge with the lowest incomes--posaess twice as
many fluorescent 1lights as incandescent lamps; while in the
higher-income householda, the number of incandescent lanps 1is
greater.

According to a recent survey of consumers, it is the purchase
price of the fluoreacent light fittings (around 2,000 FD for
the fixture, satarter and tube), which seems to be the main
obatacle to the more widespread uase of fluoreascent lighting
in the more modeat households.

There is therefore a significant opportunity for saving energy
in this particular application, gince the awitch from
incandescent lighting to fluorescent lighting results in an

economy of about 70 % for the equivalent luminous flux.

5.2.2.2. Street Lighting

The majority of the street lights in Djibouti are mercury
vapour lamps. These lamps have a salightly lower electrical
consumption than incandescent lamps, but a higher consumption

than high- or low-pressure sodium lamps.



- 208 -

For an equivalent luminous flux, the switch to high-preasure
godlum lamps would permit a reduction in the conaumption of
clectricity of nearly 50 %. However, although the substitution
of high-pressure sodium lamps for mercury vapour lamps is
taking place, the authorities responsible for street lighting
have indicated that they prefer to increase the luminoua flux
of the lampes while retaining the same electrical power.

Such a asubstitution would not lead to an absasolute gaving of
energy elnce the consumption of electricity would remain the
game, However, the quality of the street lighting would be
much lmproved.

5.2.3. Refrigeration

Sectlon 5.1.3. pointed out that energy for refrigeration is
a significant part of household energy consumptionn, often as
a regult of placing the refrigerator in an open courtyard in
the full aun.

For more than a year, techniciana at ISERST have been
developing a aimple method of thermally insulating
refrigerators with the aim of:

- reducing thermal losses by adding insulation materlial.
- protecting the appliance trom sunshine.

This technique, described in greater detail in annex 9.2,
reduces the energy consumptlon of a refrigerator in the ghade
by wmore than 25 %. Theae slignificant energy savingas lead to
very short payback times--usually leas than 6 months.

ISERST hae carried out two experimental programs of inasulating
refrigerators: one program took place in private households,
and the other was carried out in the hospital and in a number
of medical digpensaries.

Theae programs have permitted the testing of the technique:
ity feaslbility, and conaumer acceptance. The results of theae
teats show that the thermal insulation of refrigerators could
have a aigniflcant influence on household energy consumption.

5.2.4. Ventilation

Apart from cooling the internal mass of buildings during the
c¢ool saseason, ventilation improves the inside air quality by
replenishing the air, and makes the interior apace motre
comfortable.



- 209 -

Given the <c¢limate of Djibouti, improving the thermal
environment is essential since climatic conditions rarely fall
inside the comfort zone established by Givoni /5.1/. Annex £.2
presents a brief review of bioclimatic principles.

In the service sector, and in the more affluent households,
comfort is improved by using air conditioners during the
hottest periods of the year.

Other households, for whom the cost of air conditioning is too
high, wuse celling-fanas for cooling. Fans set the alr |In
motion, <cooling the body by facilitating heat loss through
convection and the evaporation of perapiration.

In many buildings, if bioclimatic deslign concepta were to be
adopted, the excessive use of ceiling, wall and table fana
would be avoided.

Buildings should be desligned taking account of the preveiling
winds, and should be fitted with air-venta in the walls to
encourage the natural flow of alir through the interior.

Adequate natural ventilation can significantly reduce the uae
of electric fans. This is eapeclally true during the coolest
montha of the year.

5.2.5. Alr-conditioning

It is the air conditioning load which accounts for the largest
part of electricity consumption. Air conditioners are common in
the higher-income households and in the service gector, and are
often run throughout the year-—even in the coocler season.

The consumption of electricity for alr conditioning, which
pealts in the summer at around 2 pm and agein at midnight, is
responsgible for the peaks In the overall demand curve, and thus
to a large extent defines the installed capacity of EdD.

While it is true that during the summer air conditioning is a
necesalty if one wishea to be comfortable, the impact of this
load on the peak demand for electricity could be lessened by
the adoption of a number of techniques such as the thermal
insulation of buildings and the use of cold storage systems.
These techniques are discussed below.



5.2.5.1. Thermal Insulation of Buildings

Very few of the buildings in Djibouti have any thermal
insulatlion. The absence of insulation results in a marked
increaase in the conaumption of electricity for air
conditioning.

In Europe, and particularly in Sweden and in France {after the
publication of the regulations cited in reference /5.2/), the
use of thermal insulation in buildings clearly reduced the
amount of energy used for space heating--a reduction which was
discernible at the national level.

Insulation material added to a wall, or forming an integral
part of it, makes an efficient thermal barrier that limits the
loss of thermal energy. The principle is the same whether one
g maintaining an interior space above, or in the case of
Djiboutl, below the outside temperature. The application of
this prineciple to countries with a high demand for air-
conditioning does not involve any particular difficulties

/5.3/.

During the lamst few years, several large buildingeg in Diibouti
have been bullt with thermal insulation. The building which
housges the Technology Section of ISERST is an excellent example
of energy efficient building design since it combines the
use of thermal insulatlon with bioclimatic architecture.

The ume of thermal insulation in bulldinge is sapreading in
Djibouti. New techniques are in evidence: for instance, the
application of polyurethane foam on the roof of the Europe
building, and the installation of polystyrene panels (glued
and protected by a mesh of covered fibre-glasas), on the main
ISERST building.

Asa shown in annex 5.3, thermal insulation reduces not only the
consumption of electricity used for air conditioning, but also
the level of electrical power that a building requires, or
'gubscrlbes’ to. The actual reduction in energy consumption
and subscribed power depends on the amount of thermal
insulation installed in the building.

From an economic point of view, the increase in the cost of the
building due to the thermal insulation is recovered within two
or three years depending on the technique used and the degree
to which alr-conditioning is employed.



The installation of thermal insulation in roofs (which are
thermal barriers but also excellent solar <collectors), under
the floor salab (ln contact with the warm so0il), in windows
(using double glazing), and in walls, will not only
significantly reduce the peak demand for electrlicity during the
gummer montha, but will also reduce the total final demand fo.
electricity.

Energy efficient building design will be encouraged if all
parties in the constructlion sector understand the benefits of
thermal insulation, and 1If regulations are imposed for new
buildings in diatricts with a high level of air conditioning.
The Ministry of Urbanization and Housing, in consultation with
ISERST, has drafted regulations to thig effect.

It thus appears possible that the use of thermal insulation

could, in the short term, flatten the proflles of electricity
demand, and of energy consumption related to air conditioning.

5.2.5.2. Cold Storage Systems

Certain western countrieas, and particularly some astates in the
United States, confronted with excessive peaks of electrical
consumption 1n gaummer, have launched ambitioua prograns of

research into the daily storage and release of 'cold'.

This technique aims at producing cold during the hours when
electrical consumption is at a minimum. This cold, which is
atored as ice or by phase change materials, 1is then released
during the day during the period of peak demand. Feople who
instalil such devices no longer contribute to the peak
electrical demand. The result is a smoother curve of
electricity congumption.

Unlike the majority of the measures discussed above, there |is
no reduction in the consumption of energy with this technique.
But there iga a much better distribution of the periods of
conaumption: the peak demand 1is reduced while the base |is
broadened.

From the point of view of the electricity company, the interest

of such a measgure ls obvioua; but from the consumer's point of
view, only the introduction of a tariff with lower charges for
non—-peak load consumption would enable the additional

inveatment to be recovered.
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The success of a cold storage aystem of cooling is therefore

linked to changes in the electricity tariffs. However, such a
reviaion, which would have important consequences for the
future capacity of the electrical generating plants in

Djibouti, would be difficult to implement given the present
accounting and billing procedures of EdD.

It Is nonetheleass recommended that a study of the coats and
beneflits of this technique be conducted.

5.2.6. Tranaport

The tranaport sect: r is the largest sectoral consumer of
energy, accounting for one third of the total demand. The
impact of every measure concerning this sector is therefore of
particular importance. This is the case, for Inestance, for
measures concerning private vehlcles or the buses and mini-
busges.

§.2.6.1. Private Vehiclea

Carburettor tuning, esetting the ignition system, and cleaning
the air filter, are all aimple measures which help to maintain
the fuel consumption of a vehicle close to the maximum values
often quoted by the manufacturersa.

Unfortunately, these simple maintenance procedures are often
neglected, which can lead to a more than 10 % increase in fuel
conaumption. The wrong tire pressure and ugeless over-loading
are alao factore that contribute to exceaslive fuel conasumption.

Since the Impact on the level of petroleum fuel Iimports s
signiflcant, it would be advisable to introduce measures aimed
at enauring that the maintenance procedures outlined above are
obaerved.

Other pointa could also be stresased in a media campaign. For
instance, the increase in fuel consumption due to the exceasive
use of alr conditlioning; the choice of body <c¢olor; engines

idling during long atops, etc.

§.2.6.2. Buases and Minibuses

The transportation of people, both in Djlbouti ville itself
and between Djibouti ville and the other diastricta, is mostly
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carried out by buas and minibua. Paragraph 1.4.3 discusses in
more detail the present altuation regarding the public
transportation system.

The bus and minibug owners run their vehicles almost
continuously every day, trying to maximize the return on their
investment.

However, this mode of operation is counter-productive. The
number of vehicles operating each day is much greater than that
required to sgervice the number of passengera; the poorly
maintained vehicleg therefore consume more fuel than they would
1f they were better serviced and maintained.

There are several measzures vhich could reduce the excesalve
fuel consumption that contrlibutes to the very low
profltabllity of the family transport firms. Among thesae
measutes are not only those mentioned in the preceeding
sections, but also those concerning route planning, and the
operating schedules of buses and minibuses.

Perhaps the most important of these measurea concerns the
division of the fleet of public transport vehiclea into two
agroups, each group being only allowed to run every other day--
apart from peak periods.

However, dividing the fleet of buases and minibuses has
congequences which go beyond energy considerations. This
propogition ig analysed in much greater detail In annex 9.5.

5.2.7. Recapltulatory Table

Table 5.2.1 summarizes the measures that c¢could influence, over
the short term or mid term, the evolution of energy demand for
a particular economic sector. A reduction in the level of
energy congumption is in most cases effected either by
improving the efficlency of a system, or by introducing the
appropriate technical meaaures.

An eatimate of the posslble energy savings which could be
achieved lg alao given for each type of end-use.
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Table of Possible Improvements

T T T
T E LR mEer—m—

Present Potential gain
technology technique in effliclency
fuelwood, improved atove %0 %
3 atone (clay, asand)
fire
Lighting incandescent fluorescent, high
efficiency lamps 70 %
mercury high pressure sodium,
vapour low pressaure sodium 40 %
Refrigeration therpal insulation 25 %
Ventllation ceiling natural ventilation, variable
fan high and low wvall
openlings
Air conditioning thermal insulation 30 %
of buildingsa
vehicles regulation of 10 %
carburettor
Transportation  —--—-=-==-----mesoS-ooosossosoosoommooTmoEmomoTITmITT
buses division of the fleet 30 %
into groupe A and B approx.
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ANNEX 5.1 THERMAL INSULATION OF REFFRIGERATORS

The exceaslve electrical congumpticn of refrigerators and
refrigeration ayastems haa lad ISERST to study wvaya In which
this energy consumption might be reduced.

The technlical aolution +to this problem needs to satisfy a
number of criterla:

- it should be cheap.

- the payback time should be short.

- the technique should be simple and quick.

- +the materials required should be locally available.
- the appearance should be acceptable to the user.

Several technlques were tested at ISERST both for thermsl
performance and ease of appllication.

The technique which was finally selected congiegtes of 3 steps as
shown schematically in Figure A 5.1.1.,namely,

- g¢constructing a wooden frame,

- linserting aheets of thermal inaulation guch as
polystyrene,

- adding a finlahing cover of thin plywood or vinyl
sheetling.

Teatas carried out at ISERST showed that energy savings of more
than 25 % are posaible for a refrigerator located in an
interior s#pace. A refrigerator placed outaside in a courtyard
ahowed smavings of more than 30 %.

The cost of adding the insulation and the finiahing cover
varles between 3,000 and 4,000 FD according to the gize of the
refrigerator. Thia investment is recovered by reduced
electricity bills In about 4 months.

After experimenting with the new technique, ISERST conducted 2
programs In order to test the acceptability of the Iinsulated
refrlgeratora and the feaslbility of the method wused to
inatall the insulation, and to confirm that the actual savings
realised were ag projected.

The first program was carried out in the residential s«ector,
while the second was conducted in the aservice sector--
in local hospitals and disgspensarles.
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Figure A5.1.1.
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Thease programs wvere each carrled out on about 100
refrigerators. The results obtained were extremely encouraging
~--both in terma of the acceptability of the modlfied
refrigerators, and the energy savings whlich were measured.

A major program aimed at disseminating this technique has been
proposed and designed. The program would insulate about 11,000
refrigerators--about half of the refrigerators in Djibouti.
This program would reduce the overall national demand for
electricity, and would bring significant savings for both the
nation and for individual consumers.



ANNEX 5.2 THE CONCEPT OF THERMAL COMFORT

Thermal comfort is a sensation which ig very subjective. Each
individual has hig or her own sense of what constituteas a
comfortable environment.

For instance, some people are comfortable in a temperature of
28 °C, while others find 25 °C already stifling.

Numerous scientific studies have tried to determine the factors
which play a major role In the sense of comfort. Among these
factors are obviously the temperature, but relative humidity,
air movement, type of clothing, and the activity of the person
all play a part.

Based on these principal parameters, charts such as those by
Givoni /5.1/ show sachematically the =zones of comfort and
discomfort for the average person.

Figure A 5.2.1 shows that the zone of comfort, for a gituation
where there isa no movement of air, has an upper limit of 27 °C
for a dry climate, and 25 °C for a very humid climate.

The effect of ventilation on comfort is shown gchematically in
Figure A 5.2.2. The comfort zone is appreciably enlarged.
Uith appropriate ventilation, a pergon could be comfortable at
a temperature of 32 °C.

This concept ig an important component of the energy efficlent,
bioclimatic building designs being promoted in Djibouti. These
degigns take advantage of the cooler easterly winds which blow
for most of the year.
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ANNEX 5.3 THE INFLUENCE OF THERMAL INSULATION ON
AIR~CONDITIGONING LOAD

This annex presents a very simplified analysis of Dbuilding
conatruction Iin order to show the importance of thermal
insulation on the air conditiconing power required to ersaure
comfort.

The calculation consgiders only the thermal losses through the
building envelope, and does not take into account other factors
whlch, in a more detalled analysis, would also need to be
included.

I) Uninsulated Building

The dimensions of the building are sgshown in Figure A 5.3.1.
The characteristics of the bullding construction are given in
Table A 5.3.2.

The calculation agssumes an extreme temperature difference: 25
°C inside the bullding, 45 °C outside the building.

Figure A 5.3.1 DBullding Dimensions

3.00 m

Floor surface: 25m2 Volume: 75m3



Table A 5.3.2 Characteristlica of the Building Surfaces

Ualls Floors Roof
T T T e, mwm
T res 20 om concrete 20 cm concrete
T T Tk s mk d.as wmK
T e o e iae wmk a1 umk
v inaiarion 041 Wmz.K | 0.85 umk 0.03 W/maK

The rate of thermal energy loss ia glven by the following
eXpregssion:

P=(kprP+KmxSm+}(tht)xAT
p = ajir conditioning power, watts
kp = linear transmission coefficient for the floor, W/m.K
Ly = floor perimeter, m
K = surface transmission coefficient or the wallg, W/m2.K
Sm = aurface area of the walls, n2
= gurface transmission coefficient for the roof, W/m2.K
Sy = surface area of the roof, m2
AT = temperature difference between the interior and sxterlor,

°C

The air conditioning power required is therefore given by:

P = ( 1.75 x 20 + 3.01 x 60 + 3.44 x 25 ) x 20
P = 6,032 U
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IIy Inaulated Building

The calculation ls the same as that set out above, except that
the new values of the transmiassion coefficients are now used.

In order to show more clearly the influence of thermal
insulation, the calculation is performed for 2 thicknesses of

polystyrene insulation: 4 c¢cm and 8 cm.

11.1) 4 cm of insulation

o
]

(1.15 x 20 + 0.74 x 60 + 0.77 x 25) x 20

ae)
[i]

1,733 W

I1.2) 8 cm of insulation

The calculation is similar:

o
It

( 0.85 x 20 + 0.41 x 60 + 0.43 x 25 )} x 20

La +]
1l

1,047 W

I1{) Comparison

This quick calculation clearly shows the importance of thermal
insulation for buildings which are air conditioned. Uithout
insulation, over 6 kW of power is required. This figure dropsa
to 1.7 kU for the building with 4 cm of insulation, and falls
again to just over 1 kU for the building with 8 c¢cm of
inaulation.

Thusg, in this simple example, the addition of 8 cm of thermal
ingulation reduces the level of thermal power required by a
factor of 6.

Table A 5.3.3 Regults of the Calculation

Without insulation 6,032 W
4 cm of insulation 1,733 W
8 cm of ingulation 1,047 W
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CHAPTEHR 6

HYPOTHESES AND SCENARIOS CONCERNING THE SOCIAL
AND ECONOMIC DEVELOPMENT OF DJIBOUTI

The demands of economlic growth as well as improvements in the
atandard of living for Djiboutians will lead over the mid and
long term to higher levels of energy consumption. However,
simply knowing that such a phenomenon will take place 1Is not
sufficient Information for the development of a 1long term
energy plan. It ias necessary first of all to determine the
atructure and level of energy supply and demand which will
occur given different development scenarios.

This approach 1leada first to an analysgis of the atructure of

energy demand as a function of soclo-economic needs. This 1is
followed by an evaluation of the level to which thlas demand
might rise for each sector of the economy. Finally, the lmpact

of energy conservation and demand management meagsures must be
taken into account since a more rational or more efficient use
of energy may reduce the amount of energy required for certain
taskg, or may change the gstructure of energy use at the sgsame
level of consumptlion.

The development of a coherent energy policy can only be carried
out with &a 1long term persaspective. In fact, one of the
characteristics of the energy sector s its rigidity over the
short term. This inflexibility manifests itself at two levels:

a) On the demand =zide, at the level of consumer behaviour,
individual changes in the way In which energy is used do not
have an immediately significant impact on the overall level of
energy demand.

b) On the supply side, the long perioda required to amortize
energy investments require that the projection of future demand
ls carried out over a planning period which Is consgistent with
the time required to implement energy projects and with their
economic life times.

In energy planning it lg always necessary to take account of
the difficulties arising from the time required to carry out

energy policy. The actionsg of the Government agencies and
authoritiea, who are the ones presented with the results and
conclusionas of the simulations, are too often based on short
term persgpectives and exigencies. It is easential that the

Importance of long term energy planning 1s understood by
Government planners and decision-makers.
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As a generalisation, the lasue raised above is that of the link
between projection and decision. Decigions relating to energy
policy and planning are taken by Government agencies charged
with the management of the energy sector. But thegse decisions
can only be based on a range of projections. The forecasts and
projections must be transparent, with all assumptions <clearly
stated, 8o that decision-makers can effectively plan for the
future.

6.1 METHODOLOGY

The development of the different scenarios follows the three
sateps set out below.

a) Firat of all, a qualitative description of the political,
economic and soclial evolution of the economic aystem isa
developed. Such a desgcription serves as a reference againat
which the coherence and the plausiblility of the different
numerical hypotheses may be Jjudged.

b) This la followed by a more detailed identification of the
changes that the general description outlined above will
logically bring about in the different economic aectors, in
the way of life, in the modes of tranaport, In the technologies
using energy, etc.

¢) Finally, the s8cenarios are translated in terms of
quantitative hypotheses for all the indlces which define a
scenario, beginning with the soclo-economic sub-scenario, and
ending with the energy sub-scenario. This atep requires a

systematic analysis and a modeling of the various sub-gectors
in euch a way that the overall scenario may be coherently
gtructured.

The 2cenarios modeled in this study should be considered
exploratory scenarios. They reat on the assumption that the
evolution of the soclo-economic system will tend to follow the
same pattern of development as that seen over the laast decade.
The saimulation is taken up to the year 2000--a period long
enough to determine the effects of atructural changes on energy
demand.

A longer perapective would have called for a much greater
effort, particularly in view of the lack of detailed studies on
the long term development of Djlbouti. The reference year for
the aimulation 1s 1985; the yeara 1990 and 1995 mark the
intermediate polnts between the reference year and the year
2000.



6.2 THE BASIC STRUCTURE OF THE ECONOMY

The economic development of Djibouti is tied to the following
factors

a)} In the primary sector:

- the average rate of increase of the GDP during the last five
yvears has been about 2.5% per year -- the GDP per capita has
therefore beern; declining.

- the primary sector contributed in 1985 to only 4.5% of the
GDP, and the degree of self-sufficiency of the country in
food supply remaing very limited.

- with regard to water supply, there has been significant
progreasg. However, in the rural areas the consumption of
water is below that conaidered the minimum advigable for such
a climate. The evaluation and exploitation of subsurface
aquifers is a necesgsgity. However, the progresgive
salinization of many wells poses a sgserious problem.

- vegetable production has markedly increased-—-national
production moving from 50 tonnes in 1979 to close to 1300
tonnes in 1986. However, there are constraints which 1limit
the range of agricultural products which can be produced at
a competitive price.

- liveatock raising has created problems in many regions due to
over grazing; the desertification of some areag ia apparent.

-~ with respect to fishing, efforts to increase pr¢ iuction are
hindered by the demand for fish which, although increasing,
remalng relatively low.

b) With regard to industry, its part of economic activity
remains very small. In 1984 the industrial sector accounted
for only 8 % of GDP. However, a number of industrial and

artisanal projects are either under study or are planned for
the near future.

Industrial development policy is aimed at import substitution.
With demand so weak, however, the national market remaing
underdeveloped. Given the economic situation over the mid term,
industrial production is unlikely to grow to the point where
economies of scale might permit it to compete internationally.

¢) The development of an effective infrastructure must still
be regarded as unattained. The road transport system consists
largely of tracks or unsurfaced roads which are travelled with
difficulty and in some cases are impracticabla for heavy
trucks. However, it ahould be noted that the Route de 1'Unité
between Djibouti ville and Tadjourah will encourage the
tranaport of goods by road.
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d) In the energy sector, the coat of imporced energy amounts to
10 % of Djibouti's GDP and 32 % of net imports.

To lessen the weight of imported petroleum on the balance of
payments, the Government has implemented an energy policy which
focuses on the exploitation of geothermal resources, continued
support for the use of solar and wind energy, and the
introduction and dissemination of energy conservaticn measures.

The traditional fuels, notably fuelwood, occupy a significant
place in the national energy balance -- about 16% of final
energy demand. However, the supply of fuelwood is diminishing
in a number of regions ag a result of drought and overgrazing,
and a part of the population, particularly the rural
population, faces problems with the supply of fuelwood.

6.3 THE SOCIO-ECONOMIC AND ENERGY SCENARIOS

In order to better visualise the impact on energy demand of the
two scenarios modeled by MEDEE-S for Djibouti, it was decided
to <choose gcenarios which employed quite different socio-
economic and technical indices,

The first scenario, referred to as the reference scenario,
asaumes that the economy continues to grow at the present rate,
with no asignificant changes taking place either in the
structure of the GDP or in the pattern of household energy
congumption.

The second scenario, referred to as the growth scenario,
assumes that the growth of the economy will be more rapid:

increadging at an average rate of 5 % per annum until the year
2000.

The growth scenario models the principal components of the
Government's plan for Economic Development (Programme de
Redressement Economique) for the period 1986-1990, The
objectives of the plan may be summarised as follows:

a) A vigorous effort in agricultural development brings a
reduction in the level of food imports, an easing of the trade
deficit, an improvement in living standards in the rural areas,
and a more balanced economy.

Actions to increase the production of vegetables, and to
enlarge the cultivated areas under irrigation will be supported
by the setting up of a development program in agricultural
systems. This step takes into consideration agricultural
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policy, institutional constraints, and the problems posed by
irrigation and the protection of the physical resources which
could affect the efficient operation of the production system.

The program for agricultural development is estimated to
generate an average rate of growth of about 9 % per year, which
would give agriculture 8.5 % of the GDP by the year 2000.

b) In the same manner as for the primary sector, the scenarlio
agsumes strong growth by the Iindustrial sector. Industrial
development policy leads to an increage Iin the value added
nationally, a reduction in the commercial trade balance, a
reduction in the level of unemployment, and the development of
a 8trong induatrial base In the country.

In the short term, the hypotheses concerning industrial growth
agagume both the growth in the size of the existing Industries,
and the Implementation of s8everal projects already under
conasideration s8uch ag a tannery, brick making plant, cement
works etc.

In the mid-term and over the long term, glven the limited size
of the national market, industrial development will be
Influenced to a large degree by the economic development of
neighbouring countries, and by measures to encourage the
private sector, both local and foreign, to contribute to the
funding of industrial development projects.

Based on the progress outlined above, the scenario leads to
a rate of sectoral growth of about 8 % per annum. This rate of
increase shifts the part of industry In the GDP from 8 % in
1985 to 13 % 1in 2000.

¢) Concerning the road system, the acenario assumes the
{mplementation of a program to improve and extend the road
network. The Improvement of the national road system will
asupport efforts to open up the interior areas , and to develop

commercial activity in those regions where growth in the
primary gector Is 1impeded by the lack of effective
transportation.

d) The energy asector ia one of the Kkeys to the development of
Djibouti, It is asesumed that a vigorous energy policy is
pursgaued based on the development of geothermal energy for
electrical power generation, on the continued exploitation of
aolar and wind energy resources, and on the implementation of
comprehenasive measures which will enaure that energy Iz used

more efficlently.
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It 1ls projected that the quantity of petroleum Ilmported for
the productlon of electricity will clearly diminish over the
next 15 years. The trade balance improves commensurately.

Concerning wind and solar energy, although it is expected that
they will play a larger role in the future for industrial water
heating, water pumping In the rural areas, etc., their
contribution will remain limlted in comparison with supplies
of conventional energy.

€) With regard to interfuel subatitution, this aspect 1lis
modeled by setting the rate of penetratlon of the different
forms of energy both by reglon and by end-use.

These hypotheses involve principally the penetration of
electricity. The sacenarlio assumes a satrong penetration by
electricity in the industrial sector and in the residential
gector. Similarly, it is assumed that kerosene replaces
fuelwood in the low-income urban households and in the rural
hougeholds, and that LPG replaces kerosene in other urban
householdsa.

£y In the area of tranaportation the growth scenario ig
characteriaed as follows

- a agaignificant improvement in the road tranaport system leads
to a clear increase in public transport and in road freight
transport.

- strong economic growth is assumed to generate higher real
incomes, and conaseguently an increased number of private
vehicles.

- the tendency towards Diesel-engine vehicles is assumed to
continue, thus leading to an overall improvement in the
energy efficiency of the transportation sector.

@) Turning now to the demographic situatioen, the growth
acenario assumes the folloviing

- a sastrong growth In the urban population leading to 75%
urbanization by the year 2000.

- a reductlion in average family size, particularly of the urban
families.

- a continuation of the tendency of the nomadic population
towards sedentariness.

- aignificant changes in the income-level structure of
housgeholdsa.

- a gignificant increase in the number of wurban and rural
housgeholds with electriclty supply.
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The baslc hypotheses of the 2 gcenarios, set out In numerical
form, are shown in Table 6.3.1.

Table 6.3.1 Indicatoras Defining the Scenarlos

EE E P L - R R e R R L R R 4 e

INDICATOR 1985 2000
growth reference
scenario gcenario

1. DEMOGRAPHY

- Population (thousands) £30.0 670.0 670.0
- urbanization 58 % 75 % 65 %
- average urban houasehold size 7.5 6.0 6.5
- average rural household size 8.2 7.0 7.2
2. STRUCTURE OF URBAN HOUSEHOLDS (%)
- low incom2 71.8 71.0 75.3
- middle income 16.5 22.1 16.5
- upper income 5.2 4.5 5.2
- expatriates 6.5 2.4 3.0
3. GROSS DOKESTIC PRODUCT (GDP) 60.2 125.2 108.5
(billion FD)
STRUCTURE OF GDP (%)
- agriculture 4.5 8.5 7.0
- construction 7.5 9.0 8.0
- gervices 16.6 63.5 71.8
- energy 3.2 6.0 3.2
- industry 8.2 13.0 10.0
5. HOUSEHOLDS UITH ELECTRICITY (%)
5.1. Urban
- lov income 54.0 3.0 76.0
- remainder 160.0 160.0 100.0
5.2. Rural
- rural centres 15.0 44.2 34.2
6. TRANSPORT
- pumber of private vehicles 11,622 16,370 15,600
- number of public vehicles 521 1,208 938

- number of freight vehicles 430 962 774

S e T Tt T T T T 1
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CHAPTEHR 7

THE MEDEE-S MODEL: A BRIEF DESCRIPTION

7.1. THE MEDEE-S APPROACH TO FORECASTING ENERGY DEMAND

7.1.1. Selection of a Methodology for Forecasting Energy
Demand in Djibouti

The selection of a methodology for forecaasting energy demand
for the case of Djibouti is based on three considerations:

a) Firast, a fairly simple method of analysis is needed in order
to estimate the <country's energy consumption in a general
manner, to identify the range of poasible evolutionary paths,
and to assess the risks involved with the energy policiesg that
are under consideration.

The methodology should permit the demand for energy to be
studied at the sectoral level, at the level of energy use and
the different forms of energy, while taking into account the
aocio-economic characteriatica of Djibouti.

b) Second, the methodology should be capable of being adapted
to the existing enerpgy database, and should allow the use of
all the available information and statistics.

For Djibouti, the knowledge of final energy consumption is
generally insufficient, and is virtually non—-existent for
certain gectoras and uses. Therefore, the methodology should

also provide a logical structure for the identification of
additional iInformation and for the acquisition of data. The
forecasting exercise should be considered as a means of
developing, improving and testing the coherence of information
and data on energy conasumption and final demand.

¢) Third, the method of analysis should play a pedagogical role
gince energy planning in Djibouti 1is a recent development—--now
being jointly undertaken by ISERST and the Energy Service.

Training a professional team responsible for national energy
planning requires an analytical tool which enables one *to
¢learly see the structure of energy demand, ita fundamental
mechanisma, and the major issues to which energy policies must
be directed in order to influence and to plan for the evolution
of future energy demand.
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These consideratlions have led to the selection of the MEDEE-S
model. This <choice Is supported by the succesgaful application
of the model In sgeveral countries having very different
characteristics--area, population, level of development, and
infrastructure.

7.1.2. Claasslcal Forecasting Models
Traditionally, energy demand forecasts over the medium and
long term are based on aggregate data such as gross domestic

product (GDP), population, and energy prices.

Energy requirements are deduced from these indicators wusing
econometric models of varying complexity.

The c¢lassical methods of forecasting take a very 1llmited

viewpoint. They assume sastatic relationships based on those
whilch held in the past, and use deterministic modela to predict
the future. These methods suffer from a number of

limitationsa:

- The methods only take lnto account a limited number of

independent variables, and assume that all the others
remaln unchanged. This method of analyasis becomes dangerous
when overall energy demand needs to be egtimated in a

context where technology is continually changing.

- The methods are Inflexible in that they assume static
relationships between key variablea which can In no way be
modified following any asignificant change. Numerous errors
in forecasting are due to thia rigidity which is «clearly
illusory in a world which is changing more and more rapidly.

- The <c¢lassgical forecasting methods use the patterns observed
in the past to predict those of the future. Even if the
varlables change, they atill retain their fixed
relationships. The deterministic approach on which this
method is based cannot be considered viable when there is no
means of proving that the modes of evolution witnessed in
the pagt wlll be repeated in the future.

Although econometric models are very useful In certain
applications, the limitations of these methods of forecasting,
briefly outlined above, show that econometric models have great
difficulty in taking into account the evolution of certain
relationships, or in Integrating new fundamental relationahips
for forecasgting over the medium and long term.
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Ag a result, the valldity of thease models lag limited to a
forecasting period during which the evolution of new parametric
relationships plays only a minor role.

The drawbacks of traditional forecasting techniques have led to
the study of techno-economic approaches such as MEDEE-S,

capable of giving sufficlent information on real energy
dynamica in developing countriea, and of evaluating the range
cf possible options avallable for effective energy demand
management . The objectives of the MEDEE-S5 model can be

summarised as followsa:

- to ldentify the degreeg of freedom presgent in the 1link

between energy and groas domestic product, while taking
into account the impact on energy demand of certain choices
In the transport sector, the residential sector, and the

production sector.

- to distinguish between the energy demand of the modern
sector--the set of activities, regions, and aocial classes
which approach a "developed” country mode of consumption--
and that of the "traditional” gector in which the simple
satiafaction of basic needs plays a dominant role.

- to assess the potential of each type of energy by carefully
evaluating the posgssible combinations of supply and demand in
such a way that the posgsaibilities for developing 1local
energy sources, either renewable or fosgsgil, can be
evaluated.

- to c¢learly show the relationship between the rate of
penetration of conventional energy in the rural sector, and
In certaln asocial groups of the urban sector, and the rate
cf growth of their demand for energy.

7.1.3. Deacription of the Model

The MEDEE-S model is characterised by a detailed disaggregation
of energy demand. The total demand is broken down Into several
homogeneous basic demands, the evolution of which is induced by
the soclo-economice and technological factore which determine
energy demand.

In the model, the evolution of the levels of satiasfaction of
individuals needs, the levels of economic activity, the
distribution of the population Iinto different clasgses,
technical changea, or substitutiona between types of energy,

are gpeclfled exogenously for each acenario.



- 234 -

Since the evolution of the determinantg of energy demand 1is
defined exogeneously, one should not strictly speak of a
'model’, but rather of a tool for studying the flow of energy
towards its point of final use. In fact, the model encompasses
a group of automated procedures which, based on a series of
multiplications and additions, are employed to calculate the
final energy demand.

The MEDEE-S model is a very flexible instrument the structure
of which can be adapted both to the particular application at
hand, and to the available data.

The principal characteristics of the model include the
following aspects:

- mode of disaggregation

- choice of computational procedure
- uase of additlional procedures

- congideration of sgpecific fuels

- final energy - useful energy

- the model variables.

7.1.3.1. Mode of Disaggregation

One of the first steps in the MEDEE-S approach consists of
breaking down the total energy demand of the country under
congideration into ’'modular' demands at a 1level of detail
compatible with the degree of precision required.

The way in which the energy consumptions are disaggregated (the
structure of the model in fact), does not correspond to a fixed
theoretical scheme, but can be redegigned for each partlicular
application.

The model consists of 5 basic sub-models, to which is added the
macro-economlic sub-model which calculates the level of activity
cf the productive economic asectors.

For each aector, the model consists of a basic procedure, used
in all cases, and additional procedures which can be added in
order to study in greater detail a particular asector or use.
Thege additional procedures, which are gpecified using command
variables, are used to highlight important sectors and
end-uses,

Table 7.1.1 gummarises the different sectors and end-uses
employed by the model.
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Table 7.1.1. Structure of the MEDEE-S Model of Djlbouti

Sub andel BASIC PROCEDURES Supplemenlary Procedures

level of disaggregation EN8rgy uses
[NDUSTRY sub seclors or componenls - liquid fuels - steel industry
- lhermal enerygy - BAJer energy
- specific electricily CONSUmErs
RESIDENTIAL jeoqraphic region - cooking and olher - electric appliances
grhan - rural thermal uses
social -economic class - lighting and

specific electricily

SERVICE sub-sectors or componenls - specific eleclricily public lighting
water pumping
glher uses

{miitlaryl

other thermal uses

TRANSPORT passenger Lranspori
freighl lransport
interictional transport

urban {ranipert

AGRICULTURE aqgregate analysis
analysis by product

liquid fuels
thermal uses
specific electricily

The Household Sub-lModel

The household sub-model covera two basic end-uses: cooking and
lighting. The 'electric appliance’ procedure can also be added
to this group in order to analyse the energy demand in greater
detail. It ahould be noted that if only the basic sub-model 1is
uged, the electric appliance end-use is included in lighting.

To disaggregate the residential sector, and to define it more
preclisely, the population can be subdivided not only into the
traditional urban family - rural family groups, but also into
socio-economic classes. These can be defined independently for
the urban and rural areas.
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Similarly, in order to take Inte account regional diasparities
cauged by differences In the access to commercial forms of
energy, or by climatic conditions, it is possible to model

several large regions.

The Industrial Sub-Model

This sub-model consiata of a basgic vergion and two
supplementary procedures: the steel industry, and other
industries which are major energy consumers. In the firat case,
the energy demand 1ig 1linked to the added value of the
industrial sector; In the second case, the demand is linked to
the volume of production physically produced and to the
production processes employed.

The basic module allows the gsector to be grouped into a few
large categories or industrial sub-sectors, thus permitting the
structure of induastrial development to be accurately
represented.

Three main wuses of energy can be diastinguished: apecifiec
electrical usgea, mechanical uses and thermal uses. This allows
the possibllity of inter-fuel substitutions to be analysed, as
well as the development of new energy sourceda and new
technologiesa.

The projection of energy consumption is deduced from each

component of the evolution of the value added, and from the
evolution of energy content (final energy consumption per unit
of added value) for the large usera (electriclity, fuels and

thermal uses).

The Service Sub-Model

The tertiary or service aub-model consists of a basic sub-model
in which energy demand is related to employment (specific
energy consumption per worker), and is sub-divided into two
groupa: sapecific elecirical usage (actual use of electricity),
and thermal usage (actual fuel use).

The model allowa a division in terms of activity--the number of

sub-sectora depending on the con*ribution of the energy
conaumption of each component to the total consumption of the
sector. Ay rt from the utlilisation of the basic¢ module, two
supplementary procedures can be wused to calculate the

electricity demand for street lighting and the pumping of
water.
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The Transportatlon Sub-Model

Thls sub-model <consists of a basic sub-model in which three
types of +transport are defined: the domestic transport of
personnel, the domestic transport of gooda, and international
gea and air transport. All of these modes of transport are
characterised by their capacity (number of vehicles in the
cage of road transport, and the number of seata offered in the
case of rail and air transgport), by their level of utilisation,
and, finally, by the type of energy or fuel used.

In the case of personnel transport, 3 categorles of traasport
are defined : domeatic alr tranaport, where the traffic 1is
dependent on the economiec activity of the country; individual
motor vehicles, which is dependent on personal income; and
finally public¢ transport, where the traffic depends largely on
supply.

The transport of goods ls linked to the sectors that generate
the need for tranaport: agriculture and industry. The road
vehicle fleet is separated into different homogeneous
categories, and traffic is estimated from the number of
vehicles and thelir use, their specific fuel consumption, and
the fuels used.

An additional procedure can provide a detailed analysis of
urban public transport. A number of modeling approaches are
possible depending on the amount of information available
concerning the number of people travelling by each mode of
trangport.

The Agricultural Sub-Model

Due to the minor contribution of this asector to the total
energy consumption, an approeximate disaggregation ia generally
gufficient In order to analyse the eveolution of the sectoral

energy demand. The principal uses of energy that should be
consldered are mechanical energy for irrjigation and for
traction, the fuel used by fishing boats, and the energy used

for conserving and drying agricultural produce.

This sub-model permitse a choice between two methods of
calcuiation, allowing the procedure to be adapted to the
available data. One method looks at agricultural production in

terma of added value, and differentiates between three types of
energy: liquid fuels, electricity, and thermal energy.
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The second method relates energy consumption to the equipment
and techniques used. Four types of energy demand are
considered: fuel for mechanical power, fuel for fishing boats,
fuel used for irrigation, and fuels used to generate heat.

7.1.3.2. Choice of Computational Procedure

MEDEE-~S offers the poasaibility of choosing different
computational procedureg for certain variables depending on
the precision of the data, and the flexibility required in
the projection of certain variables.

In the case of the Induatrial sector, for example, in order to
estimate the penetration of certain forms of energy for ‘the
generation of heat, two alternative computational procedures
can be employed. The first method is based on an evaluation of
the temperature of the thermal energy (low, medium and high
temperature); the second method estimates the penetration for
each sub-sector without taking account of the thermal
characteristics of the application.

Similarly, in the transport sector, the disaggregation of
freight transport can be determined either by means of the
contribution of each mode of transport to the overall trafflic,
or by determining rail and maritime traffic, the difference
between the two giving retail sales. In the same way, the
projection of the number of vehicle-km can be calculated by two
alternative methods : either by considering the growth in the

demand as a function of the evolution of supply over the long
term, or by considering the demand as dependent on supply.

7.1.3.3 Ugeful and Final Energy

The demand for energy is derived from the calculation of final
energy--the level at which the basic data of the model are
defined.

The results of the simulationa are also presented in terms of
final energy. However, the MEDEE-S approach works in terms of
useful energy for applications where different types of energy
can be asubastituted for each other--the generation of heat for

instance. For thege uses, the same aoclal needs, or the same
level of economic activity (in other words, the gsame need for
useful energy), can lead to different final energy demands

depending on the type of energy used.
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Annex 7.1 shows the liat of command variables, and the values
which correapond to the application of the model to the case of
Djibouti.

Congtants

The application of the model is based on a detailed
representation of energy consumption for a reference or base
year. The constants represent the consumption data for the base
year.

Scenario Variables

Another particularity of the model is that it has a limited
number of scenario varlablea--the number depending on the level
of disaggregation of the model. Thig is due to the fact that
only those exogenous varlablea which remain relatively
independent over the 1long term are retained as scenario
variables.

The scenario varjiables repregsent:

- evolution indices (whlich have a value of 1 for the reference
vear),

- elasticity coefficients, relating the evolution indices of
two variables, and defining the difference in the rates of
growth of the two variables,

- gtructural variablea.

Exogenous Variables

Exocgenous variables are variables whose evolution Y-
independent of the scenario being modelled.

7.2. THE APPLICATION OF MEDEE-S IN THE CASE OF DJIBOUTI
7.2.1. Background and Context
The economy of Djiboutl has certain characteristics which have

to be taken into account in order to c¢learly define the
context within which energy demand will be analysed.
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First, concerning the atatlistica from DINAS on energy
consumption (principally hydrocarbons), an Initial distinction
is made between two categories: the domestic market and total
congumption.

The first category represents the sales of liguid fuels for
domestic <consumption, L.e. inside the country. The total
consumption includes energy re-exported in the form of fuels
for foreign shipping and alir transport. Obviously, this latter
congumption should not be included in the energy demand
imposed by the Djiboutian soclo-economic syastem.

Neverthelesa, In the present study, this consumption has been
analysed separately for two reasons: firstly, the airport and
the port activities represent an important part of the service
gector, which alone accounts for about 75 % of the GDP of the
country. Secondly, when analysing the long term growth of the
energy supply system, it is essential to study the poasibility
of future energy exports.

Uith respect to the domestic market, 3 principal components
should be diastinguished:

1. The consumption of energy by EdD for the generation of
electricity. This consumption Ig an Iintermediate consumptiocn.
It depends on the demand for electricity, the development of
the country’s energy resources s8uch as golar energy and
geothermal energy, and the possibility of interconnection with
neighbouring countriesa.

Congequently, the consumption of energy for the generation of
electricity 18 not a major concern of the model. It should be
analyaed iIn the <context of an overall optimization of the
energy system.

2. The consumption of energy by the French Army is linked to
agreements with the French government. Nevertheless, this
congumption is considered as exogenous (in the gervice gector)
in order to establish the energy balances for each of the
intermediate obgervation years gpecified in the model.

3. The final conaumption of energy--the rest of the domestic
energy consumption~-represents the energy needs of the saocio-
economic agyastem In Djiboutl, where this is defined as all
economic and 4doclal activitiea which take place inaslde the
bordera of the country.
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7.2.2. Adaptation of the Model to the Caae of Djiboutl

7.2.2.1. Modeling the Residential Sector

In order to be able to model the structure of households
coherently, and thus to be able to study homogeneous sub-
gectiona of the population In the sense of life-astyle and level
of consumption, the population has been divided into several
categories, based on the following criteria

a) Disaggregation by Area: Taking Into account the importance
of Djiboutl ville as a centre of population, It ils essential to
dlstingulahh those families 1living In the town (the wurban
population) from the remaining families (the rural population).
This division allows disparities due to differences of access
to the 'commerclal' forms of energy (electricity, petroleum
fuels) to be analysed, and facilitates the study of the
substitution of commerclial energy for the traditional forms of
energy asuch as wood.

b) Population Density : Given the importance of the nomad,
refugee, and homeleass population within the total population of
the secondary towns, a further division muat be considered in
order to be able to capture more clearly the impact of the
avolution of the population atructure on energy demand.

The population outaside of Djibouti ville has therefore been
divided into two groups: the population centrea, i.e. the
population In the Dliatrict centres and the secondary towns, and
the more widely spread rural population including the nomads,
the refugeesa, and the homeleas.

c) Soclo-economic Disaggregation: In order to take household
categoriea with aimilar life styles, and therefore similar
levels of energy demand, into account, the population has been
divided into household categoriea according to their use of
particular electrical appliancea. In the urban sector (Djiboutl
ville) the criterion adopted for this classification is the
number of alr c¢onditioners per household. The hougehold
categorlies are therefore defined aa follows:

- low income households (no air conditioners).
- middle income householdsa (1 alr conditioner only).
- higher Income households (several air conditioners).

To theae categories are added the expatriate households and the
collective groups such as the mlilitary bases, hoapitals, ete,
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The energy consumption of the collective groups is Included In
the service sector. For the rest of the population, i.e. the
rural population, the socio-economic disaggregation outlined
above is not employed.

d) Energy Uses : Two principal types of energy usage can be
distingulsashed: energy usea conaidered to be "aubastitutable”,
for which substitution by other types of energy may be
posaible, and "non-substitutable” energy uses which require a
specific form of energy. The substitutable energy uses concern
primarily cooking and lighting.

The consumptlon of energy for cooking ia determined for each
household and area, both for the urban population and the rural
population. The degree of satigsfaction of energy needs ig
characterised by a unit consumption (per household) expressed
in energy terms, and ls defined as a acenario variable for wood
(traditional energy) and for LPG, which {a8 conasidered a
strategle fuel in the model. The separatlon of the energy used
for cooking according to the type of energy employed is based
on the pregent structure.

For 1lighting, the consumption of electricity or kerosene s
expressed in terma of final energy. For the case of
electricity, the calculation of the number of households with
electricity ls based on the number of households connected each
year, both for the urban and rural populations. These numbers
depend on the policy of electrification being followed in the
country. The disaggregation of households with electricity by
aoclo~economic class and area follows the actual atructure at
the beginning of the perliod under consideration.

Among the non-substlitutable energy uses is electricity for
electrical appliances, and charcoal used for certain social and

religlious occasions. For the former, the electricity
consunption la calculated for each type of equipment
(ventilation, air conditioning, refrigeration, etc.), baased on
the number of households using the appliance and the annual
congumption of each appliance, which is sgpecified for the

reference year and then modified by the appropriate evolution
index.

7.2.2.2. Disaggregation of the Service Sector

The service sector accounts for a major part of GDP (77 % in

1984), and a gignificant fraction of final energy demand (18 %
in 1985). A relatively detalled disaggregation of this sgector



ig therefore essential if its long term evolution, and its
impact on future energy demand, is to be accurately modelled.

In the MEDEE-S model of Djibouti, service activities have been
grouped into three sub-sectors

~ Adminigtration and public services,
- Commerce, banks, and Insurance companies,
- Hotels, bars and restaurants.

For these three asub-sectors, two types of energy have been
taken Iinto account : specific electricity and 1liquid fuels,
which correspond to thermal usage and fuel usage.

In addition to the sub-sectors degcribed above, two other
energy usea have been considered: public 1lighting and water
pumping. In order to model the energy demand of water pumping,

a sub-model has been added to the original version of MEDEE-S.
Te establish the energy balances for each of the Intermediate

obgervation years in the gimulation, the consumption of the
French Army hag been included in this sgector.

7.2.2.3. The Transportation System

Ags with the other sectors, the c¢ontext In which the energy
needs of the transport gsystem are created and met has to be
identified. The transport system ls divided into two principal
categories as specified in the MEDEE-S model: the tranaport of
people, and the transport of goods and frelght. For each
category, several modeas of transportation are identified.

For rail and maritime transport, it is not always easy to
differentiate between the transport of people and goods, since
each of these means of transgport carries both people and goods
at the game time.

However, the diastinction has been retained in order fto
disassociate the 1long term evolution of gocdes traffic and
pasaenger tranasportation since the dynamics of each mode of

tranasport are quite different.

The wseparation also allows the poassibilitieas for interfuel
gubatitution, or for the substitutlion of one mode of transport
for another, to be analysed more closgely.
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7.2.2.4. Agriculture and Industry

These two sectors together represent only 6 % of final energy
rongsumption. Nevertheless, the variousg development and
agsgsistance programs for agriculture and industry, as well as
the projects currently envisaged in these areaa, suggeat that
the conaumption of energy could strongly increase In the
future, Ae a first approach, the agricultural and induatrlal
sectors are analysed as an aggregate unit.

7.3. SOURCES OF INFORMATION

The atep from definitions and concepta to Information and
numerical data is one of the main obstacles facing the analyst
wvhen applying techno-economic models for the forecasting of a
country's energy demand.

The saearch for basic information on the energy situation for
the reference year is often lmpeded by both the multiplicity of
data provided by numerous studies or varlious statliatical
annuals, and a lack of apecific information on energy use, l.e,
the structure of energy consumption at the point of final use.

One of the advantages of the MEDEE-S model ias its flexibility
in modeling each sector. Thia means that the method can be
adapted to the available data and information <concerning the
energy asltuation.

For Djiboutl, the application of MEDEE-S has led to a number of
actione which have improved the energy data base, such as:

- ldentifying the data requirements and highlighting the
veaknesgsses or the lack of information for certain areas or
ugsages.

- providing a coherent aystem for data acquisition, and
identifylng the pertinent indices which need to be obtained.

- teating the coherence of the existing data and eatimates.

- estimating more precigelv data which was unknown or very
approximate by successive iterations of the model.

With regard to information which isa both sayatematic and
conagiastent, the statlstical annuals of Djibouti issued by
DINAS , and the annual reports of EdD have provided a
signlficant part of the data base.
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The statistical annual published by DINAS provided demographic
and macro-economic data on:

- production activity

- employment

- transgport: number of private and freight vehicles,
trafflc for each mode of tranaport.

- total imports, exports, and salesa of hydrocarbon fuels.

- the national energy balance.

The following atastlatice can be found in the EdD report

- electricity generation and consumption dlsaggregated by
asubacribed power,

~ the number of cusgtomers.
Among the non-systematic information which is available, the

survey of household consumption in Djibouti ville carried out
by DINAS should be mentioned. This survey looked at samples of

the urban population, divided into different zones, and
provided information on the standard of living, the number and
type of electrical appllances, and the fuels used for
cooking.

A number of other recent reports on a variety of subjects also
provided a certain amount of data and information on the energy
situation in Djibouti.

For the most part, data on the consumption of the different
types of energy, on the consumption by sector, and on the
congsumption differentiated by end-use, were not available.
These data have therefore been estimated from varlous sources
of information, using certain assumptions regarding
coefflcients of energy consumption, and the level of productive
activity In the different sectors.

The coherence of the estimated data was checked against several
gources of information, and refined by successive lterations
of the model,
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ANNEX 7.1. COMMAND VARIABLES USED IN THE MEDEE-S MODEL

332033 31 13 1 3411 1 2 Lt - - T I T o o e e B —m Aa Em e A A e e m e o el R e e e

GLOBAL VARIABLES

Reglon: country name Djibouti
Number of obaservation periods 4
Perioda 1985
1990
1995
2000
Unit of calculation TPE tonne of petroleum
equivalent
Number of sectors analysed 5
Sectoras studied 1 Industry
1 Residential
1 Service
1 Transportation
1 Agriculture

If sector (i) = 0, the sector
ia ignored; if aector (1) =1
the sector is modelled.

Number of eub-models 1 All induatries are
grouped in 1 sector

-"-"_"....—_-——_-.-.=_———_——..-_______.-.""'.—‘__...—————__——_—"""...._——-——-—-——_——_—-_"2..."'.—_—._—————
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CHAPTEHR 8

THE EVOLUTION OF ENERGY DEMAND AND SUPPLY

As discussed in Chapter 6, the MEDEE-S model has been used to
study two quite distinct scenar.os, the basic parameters of
which are sget out in Table 6.3.1. The results of these
ginmulations are pregsented in the paragraphs which follow.

8.1. THE EVQLUTION OF ENERGY DEKAND
8.1.1. The Reference Scenario

This s«cenario assumeg that the zsocial and economic development
of Djiboutl will continue at the same pace as that aseen in the
lagt few years. The GDP is assumed to increase at a rate of 4 %
per annum, a rate a little above the average rate of increase

L)

cver the lagt 5 yearg which wag 2.5 %,

The sagstructure of the GDP changes only merginally, as a result
of a alight increase in the contribution of Industry and
agriculture.

The results of this simulation by the MEDEE-5 model are
presented in Tables 8.1.1 and 8.1.2.

According to this scenario, which might be termed "Businessa as
Usual”, overall energy demand increases by 63 % during the
period 1985-2000. The demand for electricity increasea by 69 %,

petroleum products by 67 %, and biomass by 42 %.

Disaggregating the demand for biomaass, one finds that the
demand for charcoal ls egtimated to double, while the final
demand for fuelwood increagses by only 37 %. However, the

manufacture of charcoal imposes its own demand on wood, and the
demand for wood asg primary energy increases by 45 % to about
19,100 TPE by the year 2000. These estimates emphasize the need
to study the forest resource base in Djibouti, and to evaluate

the extent of deforestation and desertification.

The demand for kerosene also increases quite gharply --almost
doubling during the period.

By sector, this gcenario ghows a very strong increage in energy
demand by industry and conatruction which increases by 120 %
during the period.
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It should also be noted that, by the year 2000, the residential
gaector takes over from the transportation asector as the largesat
energy consuming sector.

Table 8.1.1 Reference Scenario - Energy Demand, TPE

1985 (1) 19%0 1995 2000
LPG 623 752 857 990
Kerosene 10096 12752 15786 19739
Gasoline 10613 11137 11738 12223
Diesel fuel 22425 27015 32689 39325
Jet fuel 4506 5537 €737 8196
Sub total 48263 57193 67757 80473
Electricity 12018 14113 16781 20263
Wood 10175 11724 12833 13908
Charcoal 842 1094 1346 1691
Renewable energy - - - -
TOTAL 71298 84124 98717 116335
1. Energy balance
Table 8.1.2 Reference Scenarlio - Demand by Sector, TPE
Sector 1985 (1) 1990 1995 2000
Industry and 3597 4704 6114 7913
construction
Agriculture and fishing 189 240 280 327
Tranaportation 28393 3300°9 38621 44888
Services (Inc. F.A.)} 12578 14047 15912 18168
Regidential 26541 32124 37789 45039
TOTAL 71298 841214 928716 116335

(1) Energy balance F.A. = French Army
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8.1.2. The Growth Scenario

Thies scenarlo, which is outlined in section 6.3, asaumes that
the economy of Djiboutl develops atrongly, with a rate of
growth In the GDP of 5 % annually up to the year 2000.

Industry moves ahead passing from 8.2 %¥ of the GDP in 1985 to
13 ¥ in 2000 ; the energy sector also takes a larger share,
whlle agriculture grows from 4 %¥ to 8.5 % during thiles period.

The aservice sector declines proportionately, going from 76 % at
the present time to 63.5 % at the end of the period.

This acenario also assumes quite a significant Increase in the
level of household electrification.

The results of the gsimulation of this scenario are presented in
Tables 8.1.3 and 8.1.4.

Table 8.1.3 Growth Scenarlo - Energy Demand, TPE

1985 (1) 1990 1995 2000
LPG 623 916 1379 2346
Kerosene 100%¢6 12867 16795 21893
Gasoline 10613 11758 13270 15815
Diesel fueal 22425 28966 37868 50300
Jet fuel 4506 5809 7414 9462
Sub total 48263 60316 76726 998156
Electricity 12018 14828 19470 26655
Uood 10175 11036 9823 8150
Charcoal 842 1073 1259 1562
Renewable energy - 4149 1726 4391
TOTAL 71298 87702 109004 140574

RN N st i i i i Y R L

i. Energy balance
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Table 8.1.4 Growth Scenarlo -~ Demand by Sector, TPE

1985(1) 1990 1995 2000
Industry and construction 3597 5007 7063 10247
Agriculture and fishing 189 280 343 430
Trangportation 28393 35561 45819 61421
Services {(inc. F.A.) 12578 14855 17846 21325
Residential 26541 32000 37932 47052
TOTAL 71298 87703 109003 140575
1. Energy balance F.A. = French Arny

The overall demand for energy under thig scenario very nearly
doubles during the 15-year pericd. Disaggregated by energy

type, there is a marked increase in the demand for LP Gas,
which increases by a factor of more than 3. The demand for
keroasene, Dieael fuel, jet fuel, and electricity more than
doubles.

The demand for charcoal increases by 86 %, while the final
demand for fuelwood actually decreases by 20 % ~- substituted
for by kerosene in this scenario. Overall, the demand for wood

still increases but only slightly.

By sector, thias gcenario predictably shows a atrong increase
in energy demand for the industrial and construction sector, as
well ag for agrlculture and fishing. The energy demand imposed
by the transportation sector also more than doubles.

8.1.3. Evolution of the Demand for Electricity

Given the importance of electricity in energy sasupply and hence
energy planning in Cjibouti, it is egsential that the future
demand for thia particular form of energy be carefully
evaluated and assesged.

It should firat be recalled that MEDEE-S is a model of final
demand, i.e. a model of energy consumption not of energy
production. In order to estimate the production of electricity
given the projection of final demand, one must take into
account the consumption of electricity which takes place in the
power stations themselves, as well as the energy losses which
occur in the electrical transmission and distribution asystem.



During the periocd 1981-1985, in-house or auxiliary consumption
by EdD averaged 7.5 % of production, while transmiassion and
distribution 1losses accounted for 12.9 %¥ of net production

/8.1/.

Agssuming that these numbers decrease slightly in the future, a
figure of 18 % has been used to calculate the difference
between electricity production and consumption. The evolution
of the production of electricity according to the 2 scenarios
modelled by MEDEE-S lIs shown below in Table 8.1.5.

Table 8.1.56 Evolution of the Demand and Production
of Electricity

REFERENCE SCENARID GROWTH SCENARIC
1990 1995 2000 1990 1995 2000
Final demand i6d4.1 195.1 235.¢6 172.4 226.7 309.9
GWh/year
Production 200.1 238.0 287.3 210.3 276.1 378.0
GUh/year (1)
Average annual 4.0 3.8 3.8 5.1 5.3 5.7
rate of growth
{(from 1985), %
1. Losses and auxiliary consumption taken as 18 %X of production.

It should be noted that the projection of the production of
electricity presented in the study by Petcu 8.1/, which was
itself based on the projections made by EdD, envisions a growth
in the production of electricity even higher than that
egtimated by MEDEE-S under the growth gcenario.

Figure 8.1.1 shows the 3 projections : that of Petcu, and the 2
curveg generated by the MEDEE-S model.

The difference between the growth scenario and that of Petcu isg
not that large - a difference of 7 % in the year 2000 But the
reference gcenario of MEDEE-5 generates a production curve
which is markedly lower : 30 % lower at the end of the period.
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A review of the latest data on the economic development of
Djibouti does not provide evidence supporting the electricity
demand projections presented by Petcu, or even those generated
by the growth ascenario simulated by MEDEE-S.

The evolution in the demand for electricity eatimated by the
MEDEE-S model under the reference scenario should be considered
the more realistic projection, and it ls this projection which
is used in this study for the purpcses of energy planning.

In support of this argument, it should be noted that the most
recent filgures from EdD for 1986 show that the production of
electricity was approximately 170 GUh (including the District
centres), a figure almost preclsely that estimated by the
MEDEE-S model wunder the reference scenario.

However, the projection made by Petcu, and the growth &cenarlio
modeled by MEDEE-S, ©both estimate production at about 172 GWh,

an increment 25 % larger than that which actually occurred
between 1985 and 198¢.

8.2. POSSIBLE SCENARIOS FQOR THE PROVISION OF FINAL ENERGY
8.2.1. Fuelwood and Petroleum Productsa

In 1985, the final demand for energy was provided by the
following esources of energy:

- weod and wood charcoal 15%
- petroleum products 68%
- electricity 17%

Renewable energy resources--solar and wind energy--still play
only a very minor role in the supply of energy.

It 1ia asaumed in thile study that there will be agufficient
supplies of petroleum products available internationally
through the period until the year 2000. Although exceptional
circumstances may always intervene, it is not considered likely
that, during the next 15 years, a seriousg restriction in the
physical supply of petroleum fuels will occur.
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During thia eame perlod, the avallablillity of dead wood for
cookling and for the production of charcoal would appear to be
sufflicient, an assumption, however, which should be validated
by a more detailed study of biomass resources.

In view of the above, it is notably the supply of electricity
which requlres a detalled analysia. The posalble gcenarioa for
the development of the electricity supply system are discusaed
in the section which follows.

8.2.2. The Development of the Electrical Power System

The nature of electrical power supply requires that it be
generated in response to the demand, and supplied to the points
of consumption via a transmission and digtribution network.
The supply of electricity therefore depends on the capacity of
the generating sasyatem to respond at any given moment to the
demand imposed by all the consumers linked to the systemn.
Conseqguently, with regard to electricity supply, it is the
total electricity system which must be considered: power
stations, and the transmigsion and distribution system.

The gcenariog conasldered for the future generation of
electricity are:

&) Electricity produced by additional Diesel generators
b) Geothermal power

c¢) Coal-fired power generation

d) Hydropower generation at Lac Assal

e) Development of solar power atations.

These options might also be combined in an optimal manner
depending on the future development of the electricity system.

It should also be noted that these options do not in any way
exclude the generation of electricity in the rural areas of the
country by small-scale renewable energy systems such as
photovoltaic panels or wind turbines.

These optiona can be claasified in the following manner:

- Those capable of implementation before the vyear 2000:
options a, b and c¢.
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- A backup option for the same period: option c.

- Those options probably only possible to implement after the
vear 2000: option d (if studies confirm the technical and
economic feasibillty of such an installation); and option e
(if the development of solar energy technologies, both
photovoltale and solar thermal, continues to progrega, and
if the cost of electricity from these systema becomes
competitive with the cost of electricity from the
technologies now in operation in Djibouti).

8.2.3. Presentation of the Scenarlos

Noting the reservations outlined above, the principal
characteristics of the different scenarioa may be described as
follows:

Scenario A: Additional Diesel Generators

Three projections of the demand for electricity were presented

earlier in this chapter: a projection based on the reference
acenario of the MEDEE-S model which is considered here asa the
most plausible scenario; a projection based on the high-growth
gacenario of MEDEE-S; and a forecast based on the work of Petcu

/8.1/ which glives rise to the highest projected electricity
demand .

Although the latter forecast ia conaidered extreme, it is thls
projection which haas been used for eatimating the equipment and
the inveatment necegsary for sgupplying sufficient electrical
energy to meet the projected demand. Table 8.2.1 presents data

relative to thilis gcenario, and ghowa that EdD’'s present
capacity, together with the addition of the 2 new 5.5 MU
generators, la aufficient to accomodate the antlicipated future

electricity demand.

Scenario B: Development of Geothermal Power

Depending on the progreass of the program of geothermal
exploration and development, a geothermal power plant will be
gradually installed and integrated into the power generation
and diastribution system. The generation of electricity by
Diesel generatora, and therefore the consumption of petroleum
products, will continue to remain substantial up to the year

2000.
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Scenario C: Coal-Fired Power Generatlion

This scenario, the viabllity of which depends to a great extent

on the price of iImported coal, sashould be considered as a
reserve gcenarlio. This option could intervene for the
generation of base load power given a minimum installed
capacity and a secure supply of fuel. A study of coal-fired

power generation could be conducted whenever appropriate,
depending on the evolution of the price of coal.

The evolution In the relative prices of coal and petroleum will
be a principal factor in the decision to proceed with such a
study. However, the electrical base load muat be large enough
to accomodate a coal~-fired plant of a viable capacity.

Scenarlo D: Hydroelectric Power

The novel idea of using the difference In elevation (150
m) between the sea and Lac Assal to produce hydroelectric power
is one that should be tentatively studied.

The distance between the gulf of Tadjourah and Lac Assal s
only 12 km. If the seiasmic characteristice of the terrain prove
to be acceptable, it would be relatively asaimple for the sea
water to pass through a subterranean conduit deacending from
the gulf to the lake.

However, the terrain is selsmically active, and thias may well
preclude the realisation of such a project.

Alternatively, a surface conduit could be considered. This
approach would involve certain difficulties such as having to
1i1ft the water over the intervening hills before 1t could
drop 300 m into the lake.

In thia case, it might be useful to examine the posgalbility of
storing the water in a reservoir In the hills, thus permitting
an arrangement which could respond more flexibly to peak
electrical demand.

Scenarlo E: Solar Power Generatlion

As mentioned previously, thls scenario is offered as an option
for the future. The technical and economic development of
solar power generation will need to be carefully monitored in
order to identify the moment when the technology becomes a

reallstlic and viable option for Djibouti.
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8.2.4. Description and Analysis of Scenariocs

As dliacuessed earlier, only acenarlios A and B can be considered
as realistlc ouptionas for producing electric¢ power during the
period from the preasent until the year 2000. A more detailed
analysis of these options has therefore been performed.

Unfortunately, at the present time, the available technical and
economic data are not yet sufficiently precise to permit a
detailed analyais of the geothermal acenario.

The potential of the geothermal resource isg 8till under atudy;
only after March 1987 will the first practical information
become available.

The present study cannot therefore present a detailed analysis
of the geothermal acenarlio. In fact, thla option could not
intervene before 1992-1994, which is the time when additional
generating capacity will become necessary.

By that time, the information and data on geothermal energy

will be sufficient to allow a detailed comparison of the
economica of geothermal and Dleasel electric power generatlion.

8.2.4.1. Scenario A - Diegel Electric

As noted above, sacenario A concerna not only the extension of
the Boulaos power station, but also the transmlasion and
distribution of electricity, and the generation of power in the
District centreg coutalide of the principal network.

Two 5.5 MW Diesel generators are currently being installed at
Boulaos.

Even for the demand forecagst made by Petcu /8.1/, the existing
EdD capacity should be able to meet demand until 1992-1994. By
that time, a third 15 MU generator will need to be installed,
followed by a fourth unit a year or two later. Thia evolutlion
ig shown in Table 8.2.1.

It can be dgeen that the growth In Inastalled capacity Is
practically equal to the demand (1 kW installed for 1 kW
requegted)}, thias charecteriastic being due to a progresaive
decrease of the level of overcapaclity necegsary to meet the
projected load.
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Table 8.2.1. Evolution of the Inatalled Capacity of the
Electriclty Generating System of Djibouti

Production Present New Total
of inastalled units installed
Year electricity capacity capacity
GUWh MW (1) MU MW
1985 164.2
19846 169 .6 74.5 74.5
1987 181.4 74.5 74.5
1988 190.6 74.5 74.5
1989 200.3 70.5 70.5
1990 210.6 70.5 11 81.58
1991 221.3 70.5 " 81.5
1992 232 .68 70.5 " 81.5
1993 244 .4 61.5 " 72.5
1994 256 .9 61.5 15 87.5
1995 270.0 61.5 15 102.5
1996 283.8 61.5 " 102.5
1997 298.2 61.5 " 102.5
1998 313.4 61.5 15 117.5
1999 329.4 61.5 " i17.5
2000 346.2 61.5 i 117.5
Structure In 2009 61.5 + 56 = 117.5

1. Thig projection is that propcsed by Petcu /8.1/. The other
goclo-economic gscenarios modeled by this study produce demand
projectiong signilficantly inferior to that shown in the table
above. The installed capacity necessary to accomodate the
demand in the latter c¢agea would therefore be reduced
commensurately.

Economic Analysis of Scenario A: Diesel Electric

Annex 8.1 presents an economic analysis of the cost of scenario

A through to the year 2000. This assumes electricity
production by Diesel generators which, together with the
exigting generatorasa, regspond to a gtrong growth in electricity
demand.

With regard to power generation in the Districts, expangion
based on Dieagel electric generators will continue with the
installation of new generators (each 100 to 200 kW) according
to the level of demand in each District.



- 250 _

The relocation of generators from one District to another will
permit the Districts to reapond to the demand Iin an effective
manner without unduly increasing the number of generators |in
any one District. This approach, which ia very effective
econcomically, could algnificantly reduce the coat of
installation and operation.

The interconnection of adjacent secondary centres is justified
when this permits the concentration of installed capacity in
order to reduce operating costs. This was the objective in
interconnecting the centres at Dikhil and All Sabieh.

The interconnection of the secondary centres with the main
network may be even more effective since it would permit the
power generated by the small Diesel generators running on
Diesel fuel in the Districts, tc be replaced by power generated
in Djibouti ville by large Diesel generators running on fuel
oil. The difference in fuel costs could, in certain cases,
jugtify the interconnection even if the investment required is
greater than the cogt of increasing the Diatrict capacity.

The Djibouti-Tadjourah interconnection 1ia a good example.
Without interconnection, the Tadjourah system will be saturated
by 1988 or 1989 and additional generators will need to be
installed. The most economic way of increasing capacity would
be to systematically replace the exisgting 400 kW generators
with 1250 kW generators. This would cost 1,220 MFD over the
period until the year 2000, or 665 MFD in 1987 currency at a
dlacount rate of 8 %.

In contrast, a tranamission line of 60 kW would cost 830 MFD
and would save 5.14 FD/kWh (May 1986 pricesg) in fuel costs. The
total discounted cost of this option is 369 MFD, or 296 MFD
lesas than the cost of local power production. The
interconnection is therefore the most economlic alternative and
should be undertaken.

8.2.4.2. Scenarlo B - Geothermal Energy

Bearing in mind the comments made earlier concerning the lack

of precise data regarding this option, in the event that the

exploratory phase of the geothermal program proves to be

guccesgful, the development of the resource ig envigaged as

follows:

~ the drilling of 3 wells to confirm previous data; each
eatimated to have a 67% c¢hance of success; and each

mradiiainag & MU
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- the drilling of 6 production wells; each with an 83% chance
of auccess and each producing 6MU.

- s8tudies and tests of the wells, the engineering asystems,
and the reservoira.

- construction of a 132 kV transmisslon line, with a total
length of 160 km, from the Hanlé Plain through Dikhil and
All Sabieh to Djibouti ville.

- inatallation of a system for transporting and discharging
the geothermal fluid.

- Inastallation of a geothermal power plant the design and
capacity of which will depend on the temperature and
flowrate of the geothermal fluids.

As a first approximation, the geothermal power plant considered
in the prefeagibility study conducted by Aquater can be used as
a working hypotheals /8.2/. Thls power plant consgists of 3 or
4 generators, each 7 MU, to be constructed, at the earliest,
between 1991 and 199%92.

Economjic Analysis of Scenario B: Geothermal Energy

The costg of a geothermal power plant have been evaluated |In
the s&8tudy undertaken by Aquater c¢ited above, and in a
comparative sastudy of geothermal and Diesel-electric optiona
conducted by OPEC in September 1983 /8.3/.

Since no additional data are yet available on the geothermal

option, the analyegis conducted in thlg study looks at the
influence of the price of oll and the temperature of the
geothermal fluid on the economics of power generation, as well

ag commenting on the feaalbility of the project as a whole,

This analysia 1is of some intereat, however, since previous
studies were based on only one fluid temperature (220 °C), and
on only one petroleum price--the price of petroleum at the time
the studies were conducted.

On the basia of the OPEC etudy, annex 8.2. pregsents in Flgures
A 8.2.1. and A 8.2.2. the variation of the cost of electricity
from geothermal energy as a functlon of fluid temperature
(between 220 °C and 280 °C), and aa a function of the coat of
petroleum (between $10 and $25 per barrel).
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The results of this analysis are compared with the cosat of
electricity from an equivalent Diesel electric system, for a
range of interest rateas.

These graphs underscore two egsential pointa:

- there is a very good chance that geothermal power will be
competitive with Diesel electric aystems;

- +the temperature of the geothermal fluid has a significant
impact on the economic viability of the geothermal project.
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ANNEX 8.1 PRESENT VALUE OF SCENARIO A -- DIESEL ELECTRIC

A.8.1.1. Investmentsa

Unit Cost of New generators

The costs used here are taken from Annex A 6.1 of the report by
Petcu /8.1/; +that is: 6,553 MFD, from which is subtracted the
cost of the Boulaos G 21 and G 22 generators: 1493 MFD.

The remainder, 5,060 MFD, divided by the power envisioned by

Petcu, 41 MU, yields a cost of 123.4 MFD/MUW. This value is
uged in the analysie which follows.

Disburgsements

The schedule of disbursements is assumed to be as follows:

Year %
- 2 i0
-1 40
year of startup 40
+ 1 10

Power Transmiaslon

These figures are again taken from the report by Petcu /8.1/

Power Diatribution

The valuea for the perlod 1985-1995 are taken from Petcu.
Values for the period 1995-2000 were calculated from a 1linear
extrapolation of the figures for 19%0-1995.

Miscellaneous Expenses

These figurea are identical to those of Petcu /8.1/.
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Salvage Value

The salvage value wag calculated solely for the generators and
power lines.

Operation and Maintenance

The cost of operation and maintenance per GWh/an s agaln
based on the report by Petcu /8.1/, except that the figures in

that report, which are in 1983 dollars, have been Iincreasgsed by
10%.

Fuel Costys (fuel oll, Diesel fuel, and lubricants)

The cost of fuel and lubricanta ls taken from the report by
Petcu.

The results of thisg analysis are shown in Table A 8.1.1.
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ANNEX 8.2 ECONOMIC ANALYSIS OF GEOTHERMAL POUWER

A 8.2.1 Introduction and Background

The technical and economic analysias of geothermal energy in
Djibouti can be found in 2 principal studies:

1. "Technical-Economic Study of Geothermal Pre-Feasibility",
AQUATER, March 1982.

2. "Appraisal of the Geothermal Exploration Project in the
Republic of Djibouti”, the OPEC Fund, September, 19%83.

The economic analyases are baged on:

a) data and information on the geothermal regsource available
at the time of the study, and on data taken from gecthermal
projecta in other countrles assumed to be applicable to
Djibouti.

b)Y the cost of petroleum and egcenatios related to ita growth,
1.e. US$ 29 In 1982, US% 33 in 1983.

The economic analysis set out in the OPEC astudy is based on
the previoua atudy by Aquater, As a result of the favorable
conclusions of these gtudies, the program of exploratory
drilling was commenced.

Between the period when these atudies were conducted and the
pregent time, significant changes have occured In the petroleum
market: the price of petroleum dropped from US$ 29-33 /bbl in
1982-83 to US$ 8-9/bbl in 1986; rising again to US$ 14-15/bbl
by the end of 1986.

As a reasult, the assumptions made in the studiea cited above
concerning the future price of petroleum, and the analyszes
carried out regarding the economic viability of the alternative
methods of electricity production, c¢an no longer be considered
valld.

It ia therefore appropriate to rework the previous analyses,
and to determine the extent to which the economics of
geothermal energy have been shifted by the changes in petroleum
prices and other technical and economic factors.
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It will not be until the end of the exploration program that
more apecific and reliable data will Dbecome available. A
definitive economic evaluation of geothermal energy in Djibouti
can then be performed.

A 8.2.2 Methodology Employed

The economic analysls evaluates the cost per kWh of electricity
for both Diesel-electric and geothermal power generation. The
basic data and the costs used in the OPEC study are reproduced
in Tables A 8.2.1. and A 8.2.2.

Table A 8.2.1. Baslc Technical Data for the Geothermal Project

1. Net inatalled capacity Z0 MU
2. Average power per well 4 MW
3. Total number of welles drilled 10
4. Number of reinjection wells 1
5. Average annual reduction in output per well q %
6. Total number of maintenance wells &
7. Mobile plilot plant capacity 1 MW
8. Energy production
- 1st year of production 33 GUh
- 2nd year of production 65 GUh
- 3rd year of production 94 GUh
- 4th year of production (full output) 130 GUh
9. Investments (millions US $/1983) 93.90
2.1 exploration wells 12.1
9.2 development wells 15.8
9.3 injection and maintenance wells 11.1
9.4 transmiasion lines 16.0
9.5 power plant systems 38.9
10. Period of the economic analysis 20 yrs
11. Labour costs (millions US $/1983) 0.5
12. Annual cosat of maintenance i.7
13. Other costs 0.3

Source: The OPEC Fund study /8.3/.
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Table A 8.2.%2. Basglc Technical and Economic Data for Dieael
Electric Power Generation

1. Capaclty 30 MU

2. Production 138 GWh/year

3. Fuel consumption

3.1. fuel o0il 225 g/kUWh

3.2. Diesel fuel 2,500 t/year

3.3. lubricants 2 g/kWh

4. Investments 850 US $/kUW/(1983)
5. Econcomic lifetime 20 yearsa

6. Power plant utilization 4,600 hrs/year

7. Average cost of each employee 7,750 US &/1983

8. Number of employees 238

?. Annual cost of malntenance 4 % of investment
10. Other management cosasta 6 ¥ of investment

Source: The OPEC Fund astudy /8-3/.

The price of fuel and lubricants were calculated as shown in
section A 8.2.3.

The cost per kWh of electricity was calculated as follows:

n

Z, di

c=1
coat per kWh =  —=-—-—-—--=-

n

> El

c=1

where: di = total annual expenditures in year 1|
Ei = production of electricity in year i
n = economic lifetime

A @gensitivity analyais with respect to the price of petroleum
and the temparature of the geothermal fluid was also conducted.
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Concerning the price of petroleum, the gsengitivity analysis
considers a range of average petroleum prices over the lifetime
of the project: 28 years.

This sensitivity analysis was carried out for a range of fluid
temperatures, eaince higher fluid temperatures can produce
more electricity. The increase In electrical production as a
function of fluid temperature is shown in the table below.

Flulid GWUh/year increase 1in
temperature, °C production
220 130 reference case
240 15¢ + 22.5 %
260 191 + 47.3 %
280 230 + 77.2 %

In addition, two inveastment casesa were conaidered:

a} the flrst case included all the coats ldentified in the
OPEC study, aaz eshown below:

===-====_.-____.-.._..._._=_....-____-.._.-.—=_____..-.—.__—_.--===—————:-——_.::-.———__—

million US
$/1983 %
exploration wella 12.1 13
development wells 15.8 17
maintenance wells 11.1 12
transmiagion lines 16.0 17
power plant systems 38.°9 41
TOTAL 93.9 100

__—-:-.“==_===__=====:_‘::‘-::’::::3::"_:::_=“...=_-__==-.."'_.":=—_"-=====—____"'_=""

b) the second case excluded the cost of the exploratory wells.
This cost, 13 % of the total, was considered as a "sunk
cost”, since the work has already been undertaken.

Uhen the program of exploration which is now in progress
provides accurate and reliable data on the geothermal resource,
these economic analyses will obviously be refined. However, the
final economic analysis should not incluae the cost of the

exploratory wella.
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A 8.2.3. The Price of Fuel and Lubricants

In order to analyze the effect of varlations in the price of
petroleum, the changes 1in the price of fuel (fuel oil and
Diesel fuel) and lubricants were eatimated as a function of the
FOB price of petroleum.

The components conaidered are as follows:

- FOB price of fuel o0il (PFFQ)
- CIF price of fuel o0il (PCFOQ)
- pre-tax price of fuel o0il paid by Ed4D (PFHT)

The FOB price of fuel o0il (PFF0Q) is taken to be 90 % of the FOB
price of petroleum (PFP).

On the basles of data provided by EdD and shown in Table A
8.2.3, the egquationa linking the price of fuel o0il to the price
of petroleum were determined.

Table A 8.2.3. Price of Fuel 0il Delivered to EdD, $/tonne

R e e e T L L e e Y T I L P Tt s s L I -+ - - %

PFHT/PFFO PCFO/PFFO

June 1986 117.4¢6 96.55 81.44 1.44 1.184
July 1986 162.83 128.8¢ 116.40 1.39 1.107
August 1986 95.41 T4.55 59.11 1.61 1.261
PFHT pre tax price of fuel oil paid by EdD.

PCFO = CIF price of fuel oil paid by EdD.
= FOB price of fuel oil paid by EdD.
(aource: EdD; all pricea are US$ 1986 per tonne)

The analytical functions are as followa:

PFHT

PFP x 0.90 (1.7907674 - 0.00242012 FFP)

PCFO

PFFO (1.4116626 - 0.0026503 PFP)

Figure A 8.2.1. ahous the values of PFHT, PCF0O, and PFFO as a
function of the price of petroleum (PFP).
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The price of Diegel fuel and of lubricants was estimated on the
bagis of the following ratios:

A.

Price FOB Diesel fuel / PFFO
Price FOB lubricants / PFFO

8.2.4. Foreign Exchange Coats

For each year of the project, the foreign exchange balance was
calculated, l.e. the difference in expenditures Iin fore
exchange with or without the geothermal project.

ign

Thig calculation was based on an egtlmation of the fraction of

the various costs attributable to foreign exchange,

the following table:

Fo
is

Geothermal energy % foreign exchange
Exploration wells 90
Develcopment wells 90
Maintenance wellas 90
Tranamiggion lines 90
Power plant 90
Operation and maintenance 34

Diesel electric

Investments 20
Operation and maintenance 19
Fuels and lubricants

~-FOB petroleum price = 10 $US/bbl 87
-FOB petroleum price = 15 $US/bbl 79
-FOB petroleum price = 20 $US/bbl 79
-FOB petroleum price = 25 $US/bbl 79

ag shown in

r the fuels and lubricants, the foreign exchange contribution

estimated from the data shown in Table A 8.2.2

functions set out in section A B.2.3.

and

the
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=,

PFHT

Figure AB8.2.1.

PFHT
PCFQ
PFFO
PFP

T T
1% 16

tvo18 1§
US $ 1983/bbl PFP

T T 1
won N

Variations in the Price of Fuels

Price of fuel oil ex.tax paid by EdD

Price CIF fuel oil paid by EdD

Price FOB fuel oil paid by EdD
Price FOB of oil
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A 8.2.5. Results
Table A 8.2.5 provides the following Information:

a. Annual expenditures for the geothermal project (including
the cost of exploratory drilling) and those foreseen for
the Diesel clectric alternative.

b. The annual foreign exchange balance for the two
alternatives (for a geothermal temperature of 220 °C), for
a range of petroleum prices,.

¢. Annual geothermal electricity production for a range of
temperatures, and annual Djiegsel electrilc production.

d. The present value of total coats, electricity production,
and foreign exchange diacounted at 5 %, 10 %, and 15%.

e. The unit cost per kWh of electricity of each alternative.

Table A 8.2.6. pregents the same analysis but excluding the
coat of exploratory drilling.

Table A 8.2.7. presents a summary of the principal results.

Figure A 8.2.2. showa graphically the cost per unit of
electricity for the two alternatives, where the coat of the
exploratory wella la included for the geothermal case. Flgure
A 8.2.3 presents the results of the analysis with the cost of
the exploratory wellg excluded.

From these data, it appears that thresholds of economic
viability for the geothermal project are as followa:

fluid Average price
temperature of petroleum
°C 1986-2013
Including the cost of the 220 30 US$ 1986/bbl
exploratory wells 240 14 "
Excluding the cost of the 220 16 US$ 1986/bbl

exploratory wells 240 8 .
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TABLE A B.2.7  SWRIMARY OF THE RESWLTS OF THE ECONDMIC ANAL(SIS

1, C0OST OF GEOTHERMAL POWER
1.1 Including the cost of exploration wells
~- At 220 C (reference)
-AL240 C
- AL 260 C
- At 280 C
1.2 Excluding the cost of exploration wells
- At 220 € (referencel
-AL 240 C
- At 260 €
- Al 280 C

2. COST OF DIESEL POWER
- At an oil price of 10 US$/bbl
- At an oil price of 15 US$/bb]
~ Al an oil price of 20 US$/bhi
- Al an oil price of 25 US$/bbl

3. NET FOREIGN EXCHANGE BALANCE
(EOTHERMAL - DIESEL (®)

3.1 Including the cost of expleration wells
~ At an oi! price of 10 'S5%$/bbl
- At an %3, Toe of 45 Uas/bbl
- Al an oil price r/ 20 US$/bbl
- AL an oil price of 25 US$/bbl

3.2 Excluding the cost of exploralion vells
- Al an oil price of 10 US$/bbl
- At an oil price of 15 US$/bbl
- AL an oil price of 20 US$/hbl
- Al an oil price of 25 US$/bbl

LT DISCOUNT RATE
51 10% 15%
Centipes US$ 1983 - -
7.63 10.66 14,47
4,23 8.7 1.8
5.18 7.24 2.83
4.34 4,02 8.17
.75 9.07 148
5.51 7.44 9.67
4.58 .14 8.04
3.81 312 5.69
fonliaes US$ 1983
7.11 7.84 8.73
8.06 8.8 9.4%
8.85 3.6 10.48
9.47 10.22 1.1
Hillion U3$ 1983
14.9 16.57 15.64
727 12.4%& 13.22
-1.19 7.9 10.54
-7.85 4.3 8.43
5.17 7.82 1.72
-2.47 3.7 5.3
-10.93  -0.86 2.62
~17.599 -4.45 0.9

(#) reference 220 Cenligrade
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Figure AB.2.2. Cost per kWwh for Diesel

Generators and Geothermal Power

( including cost of exploratory wells )

Geothermal

Diesel

5%

{
10%

Discount Rate

15%




Centimes ( US } /kWh

- 280 -

Figure A8.2.3. Cost per kWh for
Diesel Generators and Geothermal Power

( excluding cost of exploratory wells )

10 4

$25/bb) -

$ 20/bbl__——=

$ 15/bbl——"""

f -
5 -
Geothermal
i ——~- Diesel i
3 |
5% 10% 15%

Discount Rate
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For the <case where the cost of the exploratory welle |is
excluded, and assuming fluid temperatures of 220 °*°C, geothermal
production will save foreign exchange during the period 1986~
2013 1f +the average price of petroleum during this period
remaina lesa than US$ 15/bbl (1986 dollarsa).

These savings vary, iIn terms of present value discounted at
10%, between 0.86 and 4.45 million dollaras (1983). These
savings increase with both increasing geothermal fluid

temperatures and the average price of petroleum.

As noted previously, taking the cost of the exploratory wellsa
asa aunk coats, and therefore excluding this cost from the
calculation, s regarded as the correct manner in which to
perform the economic analyals.

The threshold of $16/bbl for the average price of petroleum
impliea a price of $17/bbl ($ 1983) in the year 2000.
According to most experts, the price of petroleum is projected
to be greater than $18/bbl ($ 1983) at that time.

Thus, geothermal energy is an economic alternative for Djibouti
which could lead to a much greater degree of enetrgy
independence for the country, and a reduction in the cost of
the production of electricity.

A B.2.6. Conclusions

The economic viability of the geothermal project will be
determined by two factors:

- the temperature of the geothermal fluid.

~ the price of petroleum.

Given the limited level of knowledge at the present time, the
analysis ehows that geothermal energy would be economic even
if &a decrease in the price of petroleum were to occur.

The thresholds of economic viability are:

- a geothermal fluid temperature of around 220 °C.

- an averge price of petroleum within the economic lifesgpan of

the project of 16-17 US $ (1983)/bbl, i.e. a price in the
vear 2000 higher than 17 US & (1983)/bbl.
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These thresholds are attainable. In fact, it is likely that
both the temperature of the geothermal fluid and the price of
petroleum will be higher than the values indicated above.

The results of this analysls show that the geothermal project
generates net savings in foreign currency over its lifespan of
0.86 - 4.45 million US $& (1983).

These economies will be greater if the temperature of the
geothermal fluid is higher than 220 °C, or if the price of
petroleum rises tq more than 18-20 US § (1983)/bbl by the year
2000.
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AMNMEX 8.3 RESULTS O0F THE MEDEE-S

REFERENCE SCENARIO

SUKHARY OF RESULTS

SIKULATION

REFERENCE YEAR 1985 1950 1995 2000
i TOTAL DEMAND (TEP) 71847.000 84124.000 98716.000 116335.000
1.1 PETROLEUM PRODUCTS 48319.000  57195.000 67756.000 80473.000
1.2 ELECTRICITY 11866,000  14113.000 16781,000 20263.000
1.3 BIOMASS 11662.000  12818.000 14180.000  15599.000
1.4 OTHER RENEWABLES 0.000 0.000 0.000 0.000
2 DEMAND STRUCTURE (PERCENTAGE)
2.1 PETROLEUH PRODUCTS 67.252 67.987 £8.637 69.174
2.2 ELECTRICITY 16.516 16.777 16.999 17.417
2.3 BIOMASS 16.232 15.237 14,364 13.407
2.4 OTHER RENEWABLES 0.000 4.000 0.000 0.000
3 DEMAND BY PRGDUCT (TEP)
3.1 LPG 659,120 752.320 856,700 §20.230
3.2 KEROSENE 10048,000 12752.000  15736.000  1973%.000
3.3 GASOLINE 10647.000  11437.000 11738.000 12223.000
3.4 DIESEL FUEL 22443.000 27015.000 32688.000 39323.000
3.5 JET FUEL 4551,300  5537.300  4737.000  8196.000
3.6 ELECTRICITY 11866,000 14113.000  16781.000 20263.000
3.7 CHARCGAL 865.010  1093.000  1346.100  1691.300
3.8 WO0D 10797.000  11724.000 17833.0¢0  13908.000
3.9 OTHER RENEWABLES 0.000 0.000 0.000 0.000
4 DEMAND STRUCTURE BY PRODUCT (FRACTIOND
1.1 LPG 0.947 0.8% 0.848 0.851
4.2 KERGSENE 13.985 15.158 15.944 16.966
4,3 GASOLINE 14,819 13.23% 11.890 10.307
4.4 DIESEL FUEL 31,196 32,13 13.413 33.803
4.5 JET FUEL 6.335 6.582 6.825 7.046
4,4 ELECTRICITY 16.516 16,771 16,999 17.417
4.7 CHARCOAL 1.204 1,300 1,364 1.454
4,8 WO0D 15.028 13.936 13.000 $1.955
4,9 OTHER RENEWABLES 0.000 0.000 0.000 0.000
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REFERENCE YEAR

1 INDUSTRY + CONSTRICTION

2 AGRICULTURE + FISHING

2.1 TRACTORS

2.2 IRRIGATION

2.3 FISHING

2.4 FOOD PRESERVATIGN

3 TRANSPORTRTION
3.1 AIR
3.2 BUS
3.3 AUTOMOBILES
3.4 RAILRAY
3.5 MRITIKE
3.6 TRIKK

4 SERVILES
4.1 PUBLIC SERVICES
4,2 CORMERCE + BANKS
4.3 HOTELS + RESTAURANTS
4.4 PUBLIC LIGHTING
4.5 BATER PUPING
4.6 FRENCH ARMY

3 RESIDENTIAL
5.1 CDOKIRG
5.2 LIGHTING
5.3 APPLIANCES

DEMAND STRUCTURE BY SECTOR (FRACTION}

1,0 INDUSTRY + CONSTRUCTION
2.0 AGRICULTURE + FISHING
3.0 TRANSPORTATION

4.0 SERVICES

5.0 RESIDENTIAL

1985 1990 1793 2000
71847000  84124.000 98714.000 116335.000
3603.000  4704.300  6143.800 793,100
203.270 23%.410 279.9480 327.0%0
Dlm OIM Oim Olm
0.000 0.000 0.000 0.000
116,620 133.8%0 1951.940 171.860
86,646 103.720 128.020 135.230
28425.000 33009.000 38521.00C  44888.000
4554.300  5537.300  6737,000  @196.400
4676.100  5689.100  4921.800  2421.400
15590.000 17393.000  19621.000 21773.000
1206.000  1588.900  1933.200  2352.000
710.530 864,450  1051.800  1279.400
1591.5¢0  1936.300  7335.800  2355.Z0%
12546.000  14047.000 15912.000 18148.000
4543,800  5419.90C  £493.700  7670.400
659.960 787,240 937.370 114,400
284,100 531,700  1823.900  2167.700
130. 140 218.850 320.440 472,150
408.640 589.8%0 877.5310  1244.700
5499.000  5499.000  5499.000  5499.000
27070.000 32124.000 37789.000  43039.000
19702,000 23190.000 27178.000 32194.000
1329.200  1540.500  1738.200  1936.700
5473.700  6299.300 7526700  9196.100
0.030 0.056 0.062 0.068
0.003 0.003 0.003 0.0¢03
0.3% 0.392 0.3% 0.386
0.175 0.167 0. 161 0.156
6.377 0.382 0.383 0.387
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FINAL DEMAND FOR ELECTRICITY (Mih}

REFERENCE YEAR 1983 1990 1795 2000

TOTAL DEMAND {Mdh) 137980000 164110.000 195120000 235616.000

f INDUSTRY 072,500 6623.000  8507.400  11141.000
2 AGRICULTURE 1007.300  1229.300  1488.400  1805.000
2.1 IRRIGATION 0.000 0.000 0.000 0.000
2.2 FOO0 PRESERVATICN 1007500  1229.300  1488.600  1805.000
3 SERVICES 67326.000  77255.000  90000.000 105700.000
3.1 ABMINISTRATION 22935.000  27381.000 32604.000  38750.000
3.2 (DMHERCE 7674.000  9153.700  10900.000  12954.000
3.3 HOTELS, RESTAURANTS 7430.300  8529.000 10156.000  12070.000
3.4 PUBLIC LIGHTING 1745.800  2544.700  3726.100  5490.200
3.5 WATER PUMPING 4266,000  6112.000  9080.300  12896.000
3.6 FRENCH ARMY 23333.000 23535.000 23535.000 23535.000

4 HOUSEHOLDS 54572000  79000.000  95026.000 114970000
4.1 LIGHTING 412,700  5752.500  7506.600  10037.000
4.2 VENTILATION 1513700 9432.200  11522.000  14404.000
4.3 AIR CONDITIONING 30924.000  35442.000 42445.000 50477.000
4.4 REFRIGERATION 19225.000  24335.000 29909.000  37599.000
4.3 TELEVISION + OTHER 2462,100  3018.200  3624,200  4451.800
4.6 COKING {.000 0.000 0.000 0.000

DEMAND STRUCTURE (FRACTION)

1.0 INDUSTRY 0.037 0.04¢ 0.044 0.047
2.0 AGRICILTURE 0.007 0.007 0.008 0.008
3.0 SERVICES 0.488 0.471 0.461 0.449
4.0 HOUSEROLDS 0.468 0.481 0.487 0.4%
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HACROECONDMIC VARIABLES

REFERENCE YEAR 1985 1990 1995 2000

{ GADSS DOMESTIC PRODUCT (MFD)  40234.000 73283.000 89161.000 108480.000

1.1 AGRICULTURE,LIVESTOCK,FISHING  2710.500  3810.700  5349.700  7593.300
1.2 INDUSTRY AND MANUFACTURING 4939.200  4448.900  8381.100  10848.000

.3 WATER AND ELECTRICITY 1927.500  2345.100  2833.200  3471.300
1.4 BUILDINGS AND PUBLIC WORKS 4517400  5642.800  7043.700  8678.200
1.9 SERVICES 46139.000  55036.000 63533.000 77887.000

4 STRUCTURE OF GDP (FRACTION)

2.1 AGRICULTURE, LIVESTOCK, FISHING 0.045 0.052 0.600 0.07¢

2.2 INDUSTRY AND MANUFACTURING 0.082 0.088 0.0%4 0. 100
2.3 NATER AND ELECTRICITY 0.032 0.032 0.032 0.032
2.4 BUILDINGS AND PUBLIC WORKS 0.075 0.077 0.079 0.080
2.5 SERVICES 0.766 0.751 0.735 0.718

INDUSTRIAL SECTOR: ENERGY DEMAND

REFERENCE YEAR 1985 1990 1995 2000
1 TOTAL (TEP) 3063.000  4704.300  4113.800  7943.100
1.1 DIESEL FUEL 3166.800 4134700  5373.500  6955.000
1.2 FUEL OIL 0.000 0.000 0.000 0.000
1.3 ELECTRICITY 436.240 369.580 740.240 958,100
1.4 GEOTHERMAL 0.000 0.000 0.000 0.000
1,5 SOLAR ENERQY 0.000 0.000 0.0G0 0.000

2 DEMAND STRUCTURE (FRACTION)

2.1 DIESEL FUEL 0.879 0.87% 0.879 0.879
2.2 FUEL OIL 0.000 0.000 0.000 0.000
2.3 ELECTRICITY 0.121 0,121 0.121 0,121
2.4 GEOTHERMAL 0.000 0.000 0.004 0.000
2.5 SOLAR ENERGY 0.000 0.000 0.000 0.000

3 ELECTRICITY DEMAND (MWd) 5072.500  6623.000  8407.400  11141.000
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TOTAL ENERGY DEWAND

REFERENCE YEAR

1 TOTAL DEMANB (TEP?

1.1 LPG

1.2 KERDSENE
1.3 ELECTRICITY
1.4 WOOD

1.5 CHARCOAL

2 DEMAND STRUCTURE (FRACTION)

2.1 LPO

2.2 KEROSEME
2.3 ELECTRICETY
2.4 WOOD

2,5 CHARCOAL

3 DEMAND BY END-USE (TEP)

3.1 COOKING

#H.Po
#HEROSERE
sELECTRICITY
£H00D

3.2 LICHTING

*KEROSENE
$ELECTRICITY

3.3 APPLIANCES
IVERTILATION
#IR CONDITIONING
#REFRIGERATION
sTELEVISION + OTHER

3.4 OTHER (CHARCOAL)

1985 1930 1995 2000
27070.000  32124.000 37787.000  45039.000
479,150 491,580 571.400 £76.030
9435.300  12021.000  14844.000  18704.000
5553.200  4794.000  8472.300  10059.000
10797.000  11724.000 12833.000  13908.000
845.010  4094.000  1344.100  1491.300
0.015 0.015 0.015 0.015
0.34% 0,374 0.393 0.415
0.205 0.211 0.214 0.223
0.3%9 0.365 0.340 0.309
0.032 0.034 0.036 0.038
19702.000 231%0.000 27478.000 32194.000
419,150 491,580 571.400 676.030
8485.600  10975.000  13774.000  17610.000
0.000 0.000 0.000 0.000
10797.000  14724.000  12833.000  13508.000
1329.200  1540.700  1738.200  1934.700
949,690 046,000  1092.700  1093.500
379,500 494,710 445,570 863,200
5173.700  6299.300  7526.700  9194.1C0
646,350 841.170 290.850  1238.800
7659.500  3134.000  3652.000  4341.000
1656.200  2094.500  2572.200  3233.500
211,740 259,560 311,680 3682.840
8:5.010  1094.000  1346.100  1691.300
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REFERENCE YEAR

TOTAL (Muh}

1.1 LIGHTING

1.2 VENTILATION

1.3 AIR CONDITIONING
1.4 REFRIGERATION

1.5 TELEVISION + DTHER
1.6 COOKING

19835

1990

1993 2000

64572,000 79000000

93026.000 115970.000

4412.700  5752.500
7313.700  9432.200
30924.000  34442.000
19258.000  24355.000
2462.100  3018.200

0.000

DEMAND STRUCTURE BY END-USE (FRACTION)

2.1 LIGHTING

2.2 VENTILATION

2,3 AIR CONDITIONING
2.4 REFRIGERATION

2.5 TELEVISION + OTHER
2.6 COUKING

0.068
0.116
0.479
0.298
0.038
0.000

HOVSEROLDS WITH ELECTRICTY (FRACTION)

3.1 DJIBQUTI VILLE
~LON REVEM®
~AVERAGE REVENE
-HIGH REVENUE
~EXPATRIATES

3.2 DISTRICT CENTRES

3.7 RURAL AREAS AND OTHERS

0.540
1,000
1.000
1.000

¢. 130

0.001

01000

7506.400  10037.000
$1522.000  14404.000
42465.000  50477.000
29909.000  37599.000

3624.200  4451.800

0.000 0.000
0.079 0.084
0.124 0.123
0.447 0.432
0.315 0.321
0.038 0.038
0.000 0.000

0.475 0.767

1.000 1.000
1.000 1.000
1,000 1.000
0.3%4 0.542
0.003 0.004

-t
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DEMOGRAPHIC VARIABLES

REFERENCE YEAR 1985 1930 1993 2000
{ POPULATION (THOUSANDS) 430.000 498,000 380,000 670,000
f.1 DJIBOUTI VILLE 249,400 298.800 359.600 433.500
1.2 DISTRICT CENTRES + OTHERS 180.600 199.200 220,400 234,500
FRACTION URBANIZED 0.580 0.600 0.620 0.650

2 NUMBER OF HOUSEHOLDS (THOUS.) 53.948 66,092 79.866 97.894

2.1 DJIBOUTI VILLE 31.922 .19 51.243 83,323
-LOH REVEMUE 22.921 30,174 38.07¢ 42. 190
~AVERAGE REVENUE 3.247 6,797 8.455 16.779
-HIGH REVENUE 1.660 2.142 2.665 3.3%7
-EXPATRIATES 2.075 2.060 2.030 1.960

2.2 DISTRICT CENTRES 10.285 11.428 13.367 15.210

2,3 RURAL AND OTHER 11.73% 13.272 15.25 17.360

3 HOUSEHOLD STRUCTUIRE (FRACTION)

3.1 DJIBOUTY VILLE

-LOW REVENUE 0.718 0.733 0.743 0.753
-AVERAGE REVENLE 0.165 0. 165 0. 185 0.165
-HIGH REVENE 0.052 0.032 0.032 0.032
-EXPATRIATES 0,065 0.050 0.040 0.030

3.2 DISTRICTS AND OTHERS
~DISTRICT CENTRES 0.467 0.467 0.467 0.467
-RURAL AND OTHERS 0.533 0.333 0,533 0.533
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HOUSEHOLD ENERGY USED FGR CODKING

REFEREMCE YEAR 1985 1990 1995 2000
DJIBOUTL VILLE (NUMGER OF HOUSEHOLDS IN THOUSANDS)

1.1 LOW REVENUE 22.921 30,194 38.074 49.190
-LPG 0.000 {.000 0,600 0.000
~KEROSENE 21.544 28.684 36.5H 47.714
-ELECTRICETY 0.000 0.000 0.000 0.000
-WOgD 1.373 1,510 1.523 1.476

1.2 AVERAGE REVENUE 5.267 6. 797 8.435 10.779
-LPG 0.632 0.816 1.015 +.293
~KERDSENE 4,635 5.981 7.440 9.485
-ELECTRICITY 0.000 0.000 0.000 4.000
-W00oD 0.000 0.000 0.000 0.000

1.3 HIGH REVENUE 1.660 2.142 2,665 3.3%7
-LPG 0,780 1.007 1.232 1,597
-KEROSENE 0.880 1,135 1442 1.800
-ELECTRICITY 0,000 4.000 ¢.000 0.000
-K00D 0.000 0.600 0.000 0.000

1.4 EXPATRIATES 2.075 2.060 2.050 1,960
-LPG 2.073 2,060 2.030 1.960
-KEROSENE 0.000 0.000 0.000 0.000
-ELECTRICITY 0.000 0.000 0.000 0.000
-WOOD 0.000 0.000 0.000 0.000

1,5 TOTAL DJIBOUTI VILLE
-LPG 3.487 3.882 4.344 4.830
-KERDSENE 27.061 35.800 45.403 59.000
-ELECTRICITY 0.000 0.000 0.000 0.000
-W00h 1.375 1.510 1,523 1.474
DISTRICT CENTRES 10,285 11,628 13.367 15.210
-LPG 0,134 0.154 0.184 0.214
~KEROSENE 6.952 7.635 2.03% 10.583
-W0aD 3.600 3.837 4,44 4.411
RURAL AND OTHERS 11.739 13.272 1% .25 17.360
-LPG 0.000 0.000 0.000 0.000
-HEROSENE 1.174 1.926 1.983 Z.517
-H00D 10,565 11.745 13.273 14,842




SERVICE SECTOR: TOTAL ENERGY DENAND

REFERENCE YEAR

1 TOTAL DEMAND (TEP)

1.1 LPO

1.2 KERGSENE

1.3 GASOLINE

1.4 DIESEL FUEL

1.5 ELECTRICITY

1.6 SOLAR AND WIND ENERGY

2 DEMAND STRUCTURE {(FRACTION)

2.1 PG

2.2 KEROSENE

2.3 GASULINE

2.4 DIESEL FUEL

2.5 ELECTRICETY

2.6 SOLAR AND WIND ENERGY

3 DEMAND BY SECTOR (TEP)

3.1 ADMINISTRATION AND
PUBLLIC SERVICES

3.2 COMMERCE, BANKS, AND
INSURANCE

3.3 HOTELS, BARS, AND
RESTAURANTS

3.4 PUBLIC LIGHTING
3.5 WATER PUMPING

-ELECTRICITY
-DIESEL FUEL
-GOLAR AND WIND ENERGY

3.6 FRENCH ARMY

-LPG
-KEROSENE
-GASOLINE
-DIESEL FUEL
-ELECTRICITY

1985 1990 1995 2000
12546,000  14047.000  13912.000 18168.000
239.%930 260,740 283,300 314,200
612,630 730.770 870.160  1034.200
3042.400  3136.300  3282.500  3434.300
2890.600  3274.800  2734.000  4273.200
5790.000  6643.900  7740.000  908%.300
0.000 0.000 0.000 0.000
6.019 0.019 0.018 0.017
4.049 0.052 0.055 0.057
0.240 0.2¢3 0.206 0.190
0.230 0.233 0.235 0.235
0. 462 0.473 0.484 0.500
0.000 0.000 ¢.000 0.000
4543.800  5419.900  6453.700  7670,400
659,940 187,210 937.370  1114.100
1284.100  1531.700  1823.900  2167.700
150,140 218,850 320.440 472.130
408,540 589.850 877.510  1244.700
366.880 525,630 780.910  110%.100
§1.763 b4.218 94.601 135,400
0.000 0.060 0.000 0.0G0
5499.000  5499.000  5499.000  5499.000
132.000 132.000 132.000 132.000
(.000 0.000 0.000 0.000
2370.000  2370,000  2370.000  2370.000
973,000 973.000 373.000 973.000
2024.000  2024.000 2024.000

2024.000
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SERVICE SECTOR: ELECTRICITY DEMAND

REFERENCE YEAR 1982 1990 1995 2000

TOTAL DEMAND (MWh} 67326.000  77255.000  90G00.000 105700.000

1.1 ADMINISTRATION AND

PUBLIC SERVICES £2735.000 27384.000 32504.000 38729.000
1.2 COMMERCE, BANKS, AND

INSURARCE 7674.000  9133.700  10900.000 12954.000
1.3 HOTELS, BARS, AND

RESTAURANTS 7150.300  8529.000 10136.000 12070.000
1.4 PUBLIC LIGHTING 1743.800  2544.700 3726100  5490.200
{.5 HATER PUHPING 4266.000  4412.000  9080.300  12896.000

1.6 FRENCH ARNY 23535.000 23335.000 23535.000 23535.000
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REFERENCE YEAR 1985 1990 1995 2000
1 TOTAL DEMAND (TEP) 28425,000 33009.000 38521.000 448828.000
1.1 GASOLINE 7474.700  B000.400  8455.100  B748.500
{.2 DIESEL FUEL 16239.000 19472,000 23429.000 279:3.000
1.3 JET FUEL 4354.300  5537.300  4737.000  8196.400
2 DEMAND STRUCTURE (FRACTIOND
2.1 GASDLINE 0.269 0.242 0.21% 0.1%3
2.2 DIESEL FLEL 0.5M1 0.590 0.607 0.622
2.3 JET FUEL 0.160 0.168 0.174 0.183
3 DEMAND BY MODE (TEP) 28425,000 33009.000 38421.000 44888.000
3.1 AIR 4554.300  5537.200  6737.000  8196.600
3.2 BUS 4476.100  5689.100  6921.800  8421.400
3.3 INDIVIDUAL 15590.000 17393.000  19621.000 21773.000
3.4 RAILMAY 1306.000  1563.5900  1933.200 2352.000
3.5 MARITIME 710.530 B64.450 051,800  1279.600
3.6 TRUCK 591,500 1936.300  2355.800  2864.200
4 DEMAND STRUCTURE BY MODE OF TRANSPLRT (FRACTION)
4.1 AIR 0.160 0.148 0.174 0.183
4.2 BUS 0.165 0.172 0.179 0.188
4,3 INDIVIDUAL 0.548 0.527 0.508 0.485
4,4 RAILWAY 0.046 0.048 0.030 0.052
4.5 MARITIME 0.025 0.026 0.027 0.029
4.6 TRUCK 0.036 0.059 0.061 0.064
TRANSPORTATION SECTOR: TOTAL ENERGY DEMAND
REFERENCE YERR 1983 1590 1995 2000
1 TOTAL DEMAND (TEP} 154790.000 167000.000 1818560.000 199240.000
1.2 AIRPORT 57608.000 57608.000 57508.000 57608.000

1.3 PORT {BUNKERING!

97182.000 109390.000 124250.000 142230.000
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TRANSPORTATION SECTOR VARIABLES

REFERENCE. YEAR 1985 1990 1995 2000
1 PASSENGER TRAFFIC 1809.900  2147.100  2359.500  3044.400
(MILLION PRSSENGERS X KM) e
1.1 AIR 32.500 37.541 48.103 58,531
1.2 PUBLIC TRANSPORT 1305.800  1388.600  1932.900  2351.400
-RAILRAY 277.000 337.000 410.000 498.000
~ROAD 1027.400  1250.000  1520.800  1850.300
-MARITIME 1,350 1.643 1.998 2.431
1.3 AUTOMOBILES 470.680 518.900 578.510 634.500

2 PUBLIC TRANSPORT

2.1 FLEET OF VEHICLES 521.000 433.000 774.000 934,000
2.2 TRAFFIC 171240.000 208330.000 253470.000 3083%0.000
(MILLION PASSENGERS X KM)

3 AUTOMOBILES

3.1 FLEET GF VEHICLES (THOUS.) 11.622 f2.812 14,284 13,667

-

4 TRANSPORTATION OF GOODS (MILLION TONNES X KM)

4.1 TRAFFIC (TOTAL) 139.480 169.940 206.760 251.550
-ROAD 6.5719 8.004 9.738 11.848
~RAIL 133,160 161,930 197.0620 239.710

4.2 FLEET OF VEHICLES 430.000 523.000 635.000 774,000
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AGRICULTURAL AND FISHING SECTOR

i

2

REFERENCE YEAR 1985 1990 1993 2000
DEMAND BY EMNERGY TYPE {(TEP) 203.270 237.610 279.960 327,090
1.1 DIESEL FUEL AND GASOLINE 116.620 133.890 151,940 171.880
1.2 BLECTRICITY Bh.446 105.720 128.020 135.230
1.3 SOLAR AND WIND 0.000 0.000 0.000 0.000
DEMAND STRUCTURE (FRACTION)
2.1 DIESEL FUEL #ND GASOLINE 0.574 0.539 0.543 0.525
2.2 ELECTRICITY 0.426 0.441 0.457 0.475
2.3 SOLAR AND WIND 0.000 0.300 0.000 0.000
DEMAND BY ENERGY USE (TEP)
3.1 TRACTORS 0.000 0.000 0.000 0.000
~DIESEL FUEL 0.000 0.000 0.000 0.000
3.2 IRRIGATION 0.000 0.000 0.000 (. 000
~DIESEL FUEL €.000 0.000 0.000 0.000
-ELECTRICITY 0.000 0.000 0.000 0.000
-SOLAR AND HIND 0.000 0.000 0.000 0.000
3.3 FISHING 116,620 133.8%0 154,940 171.860
-DIESEL FUEL 116.620 133.8%0 151,940 171.860
3.4 FOOD PRESERVATION 84.645 105,720 128.020 195.230
-DIESEL FUEL 0.000 0.000 0.000 0.000
-ELECTRICITY 8b6.64b 103,720 128.020 135.230
-B0LAR AND WIND 0.000 0.000 0.000 0.000
DEMAND STRUCTURE BY END-USE (FRACTION)
4.1 TRACTORS 0.000 0.000 0.000 0.000
4.2 IRRIGATION 0.000 0.000 0.000 0.000
4,3 FISHING 0.574 0.559 0.543 0.523
4.4 FOOD PRESERVATION 0.426 0.441 0.457 0.475
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AMNEX B.4 RESULTS 0OF THE MEDEE-S SIMULATION

GROWTH SCENARIGO

SUMMARY DF RESULTS

REFERENCE YEAR 1985 1990 1995 2000
TOTAL DEHAND (TEP) 71847.000  87702.000 109004.000 140574.000
{.1 PETROLEUM PRODUCTS 48319.000  £0316,000 76726.000 99816.000
1.2 ELECTRICITY 11866.000 14828.000  19470.000 26655.000
1.3 BIDHASS 11642.000 12109.000 11032.000  9712.000
1.4 OTHER RENEWABLES 0.400 449,000  1726.000  4391.000
DEMAND STRUCTURE (PERCENTAGE)
2.1 PETROLEUM PRODUCTS 67.233 58.774 70.388 71.006
2.2 ELECTRICITY 16.516 16.907 17.862 18.9462
2.3 BIDHMASS 16.232 13.807 10. 167 6.909
2.4 OTHER RENEWABLES 0.000 0.542 1.58 3.124
DEMAN BY PRODUCT (TEP}
3.1 LPG 659. 120 716,380  1379.200  2344.500
3.2 KEROSENE 10048.000 128467.000 14795.000 21893.000
3.3 GASOLINE 10447.000 14758.000 13270.000  15815.000
3.4 DIESEL FUEL 22413.000 28966.000 37848.000  30300.000
3.5 JET FUeL 4551.300  5808.800 7413.600  9461.800
3.6 ELECTRICITY 118566.000 14828.000 19470.000 26633.000
3.7 CHARCOAL B65.010 {072,700  1259.400  1541.500
3.8 WOOD 10797.000  11036.000  9822.6400  8150.200
3.9 OTHER RENEWABLES 0.000 449.000  1726.000  4391.000
DEMAND STRUCTURE BY PROKT (FRACTION)
4.1 LPG 0.947 1.043 {.266 1.670
4.2 KEROSENE 13.985 14.675 15.415 13.583
4,3 GASOLINE 14.81% 13.410 12.180 11.258
4.4 DIESEL FUEL 3t.196 33.036 34.756 35.807
4,5 JET FUEL 6,335 6,625 6,804 6,736
4.6 ELECTRICITY 16,518 16.912 17.870 18,975
4.7 CHARCOAL 1.204 1.223 1,136 1. 112
4.8 KOOD 15.028 12.587 7.013 5.802
4.9 OTHER RENEWABLES 0.000 0.000 0.438 1,404
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SUMMARY OF RESULTS: DEMAND BY SECTOR

REFERENCE YEAR 1985 1990 1993 2000
0 TOTAL DEMAND (TEP) 71847.000  87679.000 108930.000 140470.000
1 INDUSTRY + CONSTRUCTION 3603.000  5007.200  7063.300  10247.000
2 AGRICULTURE + FISHING 203.270 279.6%0 342.750 430.000
2.1 TRACTORS 0,000 0.000 0.000 0.000
2.2 IRRIGATION 0.000 0.000 0.000 0.000
2.3 FISHING 116,620 156,250 186.020 223.930
.4 FOOD PRESERVATION 8b.646 123.410 156.740 204.070
3 TRANSPORTATION 28425.000  355A1.000 45819.000  61521.000
3.1 AlR 4554.300  5808.800  7443.400  9441.800
3.2 BUS 4476.100  6343.400  9057.400 12884.000
3.3 AUTOMOBILES 15590.000  18657.000 23074.000 30712.000
3.4 RAILkAY 1306.000 165,800 2127.300 2715.100
3.5 HARITIRE 710,330 905,840  1157.400  1477.100
3.6 TRIKK 1591.500  2148,500  2989.800  4271.800
4 SERVICES 12546.000  14855.000 17844.000 21325.000
4,1 PUBLIC SERVICES 4543.800  5B46.B00  7289.900  8794.200
4,2 COMMERCE + BANKS 859,960 845,190  1112.400  1404.400
4,3 HOTELS + RESTAURANTS 1284.100  1780.800 2574.400  3574.200
4,4 PUBLIC LIGHTING 150. 440 237.230 386.750 628.8%0
4.5 WATER PP ING 408.640 604,670 942,740  1382.800
4.6 FRENCH ARMY 5499.000  5540.000  5540.000  3540.%00
3 RESIDENTIAL 27070.000  32000.000 37932.000 470%52.000
5.1 COOKING 19702.000 22774.000 25847.000  30327.000
3.2 LIGHTING 1329.200  1547.000  1747.500  2014.800
5.3 APPLIANCES 5173.700  6606.200  9077.%00 13148.000

DEMAND STRUCTURE BY SECTOR (FRACTION)

1 INDUSTRY + CONSTRUCTION 0.050 0.057 0.065 0.073
2 AORICLLTURE + FISHING 0,003 0.003 0.003 0.003
3 TRANSPORTATION 0.396 0.404 0.424 0.438
4 SERVICES 0.175 0.169 0.164 0.152

5 RESIDENTIAL . 0.377 0.365 0.348 0.335
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FINAL DEMAND FOR ELECTRICITY (Muh)

REFERENCE YEAR 1985 1990 1995 2000

TOTAL. DEMAND (Mwh) 137980.000 172420.000 226390.000 309940.000

1 INDUSTRY 5072.500  8034.10C 13345.000 24000.000
2 AORICULTURE 007,500  1435.000  1822.500  2372.%0
2.1 [RRIGATIEN 0.000 0.000 0.000 0.030
2.2 FOOB PRESERVATION 1007.500  §435.000  1822.500  2372.900
3 SERVICES 67326,000 79734,000 95435.000 113420.000
3.1 ADHINISTRATION 22955.000 27594.000 31635.000  34702.000
3.2 COMMERCE 7674.000  9827.800 1293Z,000  16330.000
3.3 HOTELS, RESTAURANTS 7150.300  9443.000 12591.000  16487.000
3.4 PUBLIC LIGHTING 1745.800 2758.500  M497.100  7312.400
3.5 WATER PUMPING 4266.000  A302.800  9942.100 14751.000
3.6 FRENCH ARMY 23535.000  23837.000 23837.000 23837.000

§ HOUSEROLDS 64572.000 83216.900 11587.300 170147.100
4.1 LIGHTING #12.700  5136.300  9452,200 16145.000
4.2 VERTILATION 7315.700  10220.000 14695.000 22133.000
4,3 AIR CONDITIONING J0924.000 35945.000 48088.000 646177.000
4.4 REFRIGERATION 19258.000 26474.000 38335.000 58094.000
4.5 TELEVISION + OTHER 2862.100  3175.700  4419.400  46474.300
4.4 CODHING 0.000 264,700 570,700 1151.800

DEMAND STRUCTURE (FRACTION!

1 INDUSTRY 0.037 0.047 0.03% 0.077
2 AGRICULTURE 0.007 0.008 0.2% 0.008
3 SERVICES 0.488 0.482 0.422 0.366

4 HOUSEHOLDS 0.488 0.483 0.054 0.54%
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MACROECONOMIC VARIABLES

REFERENCE YEAR 1985 1990 1975 2000

i GROSS DOMESTIC PRODUCT (MFD)  &0234.000 74876.000 98113.000 125220.000

1.1 AGRICVLTURE,LIVESTOCK,FISHING  2710,500  4512.600  6868.000  10444.000

1.2 INDUSTRY MANUFACTURING 4939.200  6918.800 10302.000  16279.000
1.3 WATER AND ELECTRICITY 1927.500  2690.700  4413.200  7343.000
1.4 BUILDINGS AND PUBLIC WORKS 4517.600  5994.300  B8143.500 11270.000
1.5 SERVICES 46139.000 36458.000 468384.000 79316.000

e STRUCTURE OF GDP (FRACTION)

2.1 AGRICULTURE, L IVESTOCK, FISHING 0.045 0.040 0.070 0.083

2.2 INDUSTRY WANUFACTURING 0.082 0.0%0 0.165 0.130
2.3 WATER AND ELECTRICITY 0.032 0.035 0.045 0.060
2.4 BUILDINGS AND PUBLIC WORKS 0.075 0.078 0.083 0.0%0
2.5 SERVICES 0.764 0.737 0.697 0.635

INDUSTRIAL SECTOR : ENERGY DEMAND

REFERENCE YEAR 1985 1950 1995 2000
i TOTAL (TEP) 3503.000  5007.200  7043.300  10247.000
1.1 DIESEL FUEL 3166.800  4316.200  5416.200  4210.100
1.2 FUEL BIL 0.000 0.000 0.000 0.000
1.3 ELECTRICITY 436.240 690,930  1147.700  2064.000
1.4 GEOTHERMAL 0,000 0.000 356.680  1409.000
1.5 SOLAR ENERGY 0.000 0.000 142,670 363.4610

Z DEMAND STRACTURE (FRACTION)

2.1 DIESEL FUEL 0.879 0.862 0.767 0.606
2.2 FUEL OIL 0.000 0.000 0.000 0.000
2.3 ELECTRICITY 0.121 0.138 0,162 0.204
2.4 GEOTHERMAL G.000 0.000 0.050 0.138
2.5 SOLAR ENERGY 0.000 0.000 0.020 0.055

3 ELECTRICITY DEMAND (HWh) 5072.500  8034.100 13345.000  24000.000

= e
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RESIDENTIAL SECTOR: TOTAL ENERGY DEMAND

q

2

1

REFZRENCE YERR

TOTAL DEMAND (TEP}

1.1 LPG

1.2 KEROSENE
1.3 ELECTRICLTY
1.4 ROGD

1.5 CHARCDAL

DEMAND STRUCTURE (FRACTION)

2.1 LPG

2.2 KEROSENE
2.3 ELECTRICITY
2.4 k00D

2.5 CHARCDAL

DEHAND BY END-USE (TEP)

3.1 CODKING

2RO
*KERDSENE
*ELECTRICITY
#W00D

3.2 ELECTRICITY

#KEROSENE
*ELECTRICITY

3.3 APPLIANCES
SVENTILATION
HAIRCONDITIONING
HREFRIGERATION
STELEVISION + OTHER

3.4 07 2% (CHARCOAL)

1983 1990 1553 2000
27070.000  32000.030  37932.000  47052.000
49490 £02.620 974.610  1763.000
9435.30¢  12130.030  15917.000  20944.000
3533.200 7157.000  9957.800  14433.000
10797.000  11036.000  9822.400  8130.200
865,010  1072.700  1259.400  1561.900
0.015 0.01% 0.026 0.037
0.34% 0.379 0.420 0.445
0.205 0.224 0.263 0.341
0.3%9 0.345 0.259 0.473
0.032 0.034 0.033 0.033
19702.000  22774.000 25847.000 30327.000
419,190 603.620 074,610  1763.000
8485,600  11144.000  45000.000 20315.000
0.000 23.136 49.746 99.485
10797.000  11035.000  9822.400  B150.200
1329.200  1547,000  1747,500  2014.800
943.690  1019.300 317.370 628,950
379.500 527.730 830.0%0  1385.900
73,700 46406.200  9077.900  43148.000
646,330 878.940  1263.800  1903.400
263%.500  3177.400  4135.000  5491.200
1656.200  2274.700  329B.500  4995.100
211.740 273.110 380.080 556,960
B&3.010  1072.700  1259.400  1561.900




REGIDENTIAL SECTOR: ELECTRICITY DEMAND
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REFERENCE YEAR

1 TOTAL (b}

1.1 LIGHTING

1.2 VENTILATION

1.3 AIR CONDITIONING
1.4 REFRIGERATION

1.5 TELEVISION + OTHER
1.6 CODKING

3 DEMAND STRUCTURE BY END-USE (FRACTIDN)

2.1 LIGHTING

2.2 VENTILATION

2.3 AIR CONDITIONING
2.4 REFRIGERATION

2.5 TELEVISIDN » OTHER
2.6 COOKING

3 HOUSEHOLDS WITH ELECTRICITY (FRACTION)

IJIBQUTT VILLE
-LON REVENE
~AVERAGE REVENUE
-RIGH REVENUE
-EXPATRIATES

3!

i,

3.2 DISTRICT CENTRES

3.3 RURAL AREAS AND OTHERS

1985 1990 1993 2000

64572000 83216.900 115/87.500 170147.100
4412,700  6135,300  9452.200 16115.000
7515.700  10220.000 14695.000 22133.000
30924.000 34944.000 48088.000  64177.000
19258.000 26474.000 3B353.000 58094.000
2462.100 375,700 4419.600  £476.300
0.000 264,900 577.700  1151.800
0.068 0.074 0,083 0.0%5

0. 116 0.123 0.127 0.130
0.47%9 0.444 0.415 0.389
0.298 0.318 0.331 0.341
0.038 0.033 0.038 0.028
0.000 0.003 0.005 0.007
0.540 0.5% 0.750 0.930
1.000 1,000 1.000 1.000
1,000 1.000 1.000 1,000
1.000 1,000 1.000 1.000
0.150 0.25 0.336 0.442
0.001 .002 0.004 0.008
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DEMOGRAPHIC VARIABLES

1

1!
1

2.1

1
.2

REFERENCE YERR

POPULATION

BJIBIUTI VILLE

DISTRICT CENTES + OTHERS

FRACTION URBANIZED

TAMBER OF HOUSEHOLLS

DJIBOUTI VILLE
-L0W REVENUE
-AVERAGE REVENMUE
-HIGH REVENUE
-EXPATRIATES

2.2 DISTRICTS CENTRES

2.3 RINAL AND OTHER

HOUSEHOLD STRUCTURE (FRACTILN)

3.1 DJIBOUTI VILLE

-LO¥ REVENE
-AVERAGE REVENUE
~HIGH REVENUE
-EXPATRIATES

3.2 DISTRICTS AND OTHERS

-DISTRICT CENTRES
-RURAL AND OTHERS

1985 1990 1993 2000
430,000 498,000 380,000 670,000
249,400 308,760 394,400 302,560
180,600 189,240 183,400 167,300
0.380 0.620 0.680 0.750
53,948 bb, 220 82,386 106,200
31,923 42,385 37,965 82,075
22,921 31,243 42,025 28,273
3,247 7,131 11,129 18, 13%
1,640 2,128 2,782 3,493
2,07 2,043 2,029 1,910
10,285 11,827 14,653 15,730
1,739 11,827 9,768 7,173
0.718 0.73% 0.725 0.710
0.165 0.168 0.1%2 0.221
0.052 0.030 0.048 0.045
0.045 0.048 0.035 0.024
0.447 ¢.200 0.600 0.700
0.533 0.500 0.400 0.300




- 303 -

HIUSEHGLD ENERGY USED FOR COOKING

1

REFERENCE YEAR

DJIBOUTI VILLE (NUMBER OF HOUSEHOLDS IN THOUSANDS)

1.1 LOW REVENUE

-LPG
-KERGSENE
-ELECTRICITY
-K00D

1.2 AVERAGE REVEMUE

-LPG
-KEROSENE
-ELECTRICITY
-HOOD

1.3 HIGH REVEME

-LPG
~KERGSENE
-ELECTRICITY
-H0aD

1.4 EXPATRIATES

1.5 TOTAL DJIBOUTI VILLE

-LPG
-KERUSENE
-ELECTRICITY
-H00D

-LPG
-KEROSENE
-ELECTRICLTY
400D

DISTRICT CENTRES

1985 1990 1995 2000
2. %21 31.243 42.025 38.273
{.000 0.600 0.000 0.000
21.546 29.480 40.554 57.108
0.000 0.000 0.000 0.000
1.375 1.562 1.41 1. 164
3.267 7.1531 11.129 18. 139
0.632 1.287 2.782 b.348
4.635 5.864 8.347 1.79%0
0.000 0.000 0.C00 0.000
0.000 0.060 0.000 0.000
1.660 2.128 2.182 3.693
0.780 1.014 1,367 1.884
0.880 1.011 1,163 1.236
0.000 0.106 0.230 0.554
0.000 0.000 0.000 0.000
2.07% 2,043 2.029 1.970
2,075 1.880 i.7¢4 1.477
0,000 0.000 0.000 0.000
0.000 0.163 0.304 0.4%2
0.000 0.000 0.000 0.000
3.487 4,178 5.874 ?.710
27.061 346,353 50.065 70,154
0.000 0.270 0,555 1,044
1,375 1.562 1.474 1.164
10.285 11,827 14,653 16,730
0.134 0.39% 0.738 1.256
6.55¢ 71.528 9.811 11.306
3,600 3.903 4,103 4,188
11.73% 11.827 9.768 1,479
0.000 0.000 G. 0% 0.000
1. 174 1.360 1.270 1.041
10,583 10.487 8.4%98 6,138




SERVICE GECTOR: TOTAL ENERGY DEMAND
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REFERENCE YEAR

1 TOTAL DEMAND (TEP)
1.1 LPG
1.2 KERGSENE
1.3 GASILINE
1.4 DIESEL FUEL
{.5 ELECTRICITY
1.6 SOLAR AND WIND ENERGY

2
2.1 LPG
2.2 KEROSENE
2.3 GASOLING
2.4 DIESEL FUEL
2.5 ELECTRICITY
2.6 GOLAR AND WIND ENERGY

3 DEMAND BY SECTOR (TEP}

3.1 ADMINISTRATION AND
PUBLIC SERVICES

3.2 COMMERCE, BANKS, AND
INSURANCES

3.3 HOTELS, BARS AND
RESTAURANTS

3.4 PUBLIC LIGHTING
3.5 HATER PUPING

~ELECTRICITY
-DIESEL FUEL
~SOLAR AND WIND ENERGY

3.6 FRENCH ARMY

-LPG
-KERGSENE
-GASOLINE
-DIESEL FUEL
-ELECTRICITY

DEHAND STRUCTURE (FRACTION}

1985 1990 1995 2000
12346,000  14855.000  17846.000 21325.000
239,930 312,760 404.540 583.330
612,650 736.750 877.800 349.4670
3012,400 357,300 3314900  3429.900
2690.600  3341.400  3818.100  4189.200
5790.000  &857.100  8207.400  9754.100
0.000 449.410  1226.200  2418.100
0.019 0.021 0.023 0.027
0.04% 0.030 0.049 0.045
0.240 0.213 0.18 C.161
0.230 0.225 0.214 0.196
0.462 0.462 0.450 0.457
0.000 0.030 0.06% 0.113
4343.800  3846.800  7289.900  8794.200
4659.960 B43.1%0  1112.100  1404.400
1284.100  1780.800  2574.460  3574.200
130,140 237.230 386,730 628.8%0
408.640 604,670 942.740  1382.800
346.880 542.040 855.020  1268.500
41,765 42,628 87. 119 114.270
0.000 0.000 0.000 0.000
3499.000  95540.000  5540.000  5540.000
132.000 140,000 140,000 146.000
0.000 0.000 0.000 0.600
2370.000  2370.000  2370.000  2370.000
973.000 980.000 980.000 980.000
2024.000  2050,000  2050.000  2050.000
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SERVICE SECTOR: ELECTRICITY DEMAND

REFERENCE YEAR

TOTAL DEMAND (Mih)

1.1 ADMINISTRATION, AND
PUBLIC SERVICES

1.2 COMMERCE, BANKS AND
INSURANCE

1.3 HOTELS, BARS, AND
RESTAURANTS

1.4 PUBLIC LIGHTING
1.5 HATER PUMPING

1.6 FRENCH ARMY

1983 1730 1993 2000
£7326.000 79734.000 93435.000 113420.000
22955.000 27574.000 31435.000 38730.000

7674000  9827.800 12932.000  16330.000
7150.300  9443.000 12591.000 16487.000
{745,800 238,500  4497.100  7312.600
4266.000  4302.800  9942.100  14751.000
£3533.000 23857.000 23837.000 23837.000
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TRANSPORTATION SECTOR: NATIONAL MARKET

REFERENCE YEAR 1985 1990 1995 2000
1 TOTAL DEMAND (TEP} 28425.000 35541.000 45849.000 61524.000
1.1 GASOLINE 7634.700  8400.300  9%58.200  12385.000
1.2 DIESEL FURL 16239.000 21452.000 28448.000 39675.000
1.3 JET FUEL 4951,300  5806.800  7413.600  9441.300

Z DEMAND STRUCTURE (FRACTION)

2.1 GASOLINE 0.26%9 0.242 0.217 0.201
2.2 DIESEL FUEL 0.571 0.5%5 0.621 0.643
2.3 JET FUEL 0. 160 0.163 0.162 0.154
3 DEMAND BY HODE (TEP) 28425.000 35561.000 45819.000 61521.000
3.1 AIR 4554.300  5808.800 741,600  9461.80C
3.2 BUS 4675.100 343,400  9037.500  12884.000
3.3 INDIVIDUAL 15590.000  18687.000 23074.000 30712.000
3.4 RAILWAY 305,000  1666.800  2127.300  2715.100
3.5 MARITIME 710,530 904.840  1157.400  477.100
3.6 TRUCK 591,500  2148.500  2989.800  4274.800

4 DEMAND STRUCTURE BY MODE OF TRANSPCTT (FRACTION)

4.1 AIR 0.180 0.i63 0.162 0.154
4,2 BUS 0.165 0.178 0.198 0.209
4.3 INDUVIUAL 0.548 0.325 0.504 0.499
4.4 RAILWAY 0.046 0.047 0.046 0.044
4.5 MARITIME 0.02% 0,026 0.025 0.024
4.6 TRUCK 0.056 0.060 0.065 0.06%

TRE:NSPORT SECTUR: TCTAL ENERGY DEMAND

REFERENCE YEAR 1985 1990 1995 2000
! TOTAL DEWAND (TEP} 154790.000 170360.000 190246.000 215400.000
1.2 AIRPORT 57608.000 57608.000 57608.000  57608.000

1.3 PORT (BUNKERING) 97182.000 112750.000 132630.000 138000,000
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TRANSPCORTATION SECTOR VARIABLES

REFERENCE YEAR 1985 1990 1993 2000
i PASSENGER TRAFFIC 1809.900  2447.600  3405.200  3027.500
(MILLION PASSENGERS X KM}

1.1 AIR 32,360 4,479 32.939 67.565

1.2 PUBLIC TRANSPORT 1305.800  1818.700  2671.900  4064.900
-RALLKAY 277.000 333,530 451.200 575.860
-ROAD 1027.400  1463.400  2218.500  3484.200
-MRITIE 1,350 1.723 2.199 2.806

1.3 AUTONOBILES 470.680 357.4%0 680.300 895.020

2 PUBLIC TRANSPORT

2.1 FLEET OF VEHICLES 521.000 673.000 895.000  1208.000

2.2 TRAFFIC 174240.000 Z32290.000 321330.000 444930.000
(MILLION PASSENGERS X KM)

3 AUTCROBILES
3.1 FLEET (¥ VEHICLES (THOUS.) 11,022 12,514 13.998 16.310
4 TRANSPORTATION OF GDODS (BILLION TONNES X Ki)

4,1 TRAFFIC (TOTAL) 139.680 178.760 229,170 294,350
-ROAD 6.579 8.881 12.35% 17.65%
-RAIL 133,160 169.870 216,810 276.710

4.2 FLEET OF VEHICLES 430.000 322,000 721.000 961.000
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AGRICULTURAL AND FISHING SECTOR

REFERENCE YEAR 1985 1590

1995 2000
1 DEMAND BY ENERGY TYPE {TEP) 203.270 279.6%0 342.750 430.000
1.1 DIESEL FUEL AND GASOLINE 116.620 156,290 184,020 225,930
1.2 EECTRICITY 8b.684 123.40 136.740 204.070
1.3 SOLAR AND WIND 0.000 0.000 0.000 0.000
2 EMAND STRUCTURE (FRACTION)
2.1 DIESEL FUEL AND GASOLINE 0.574 0.359 0.543 0.525
2.2 ELECTRICITY 0.426 0.444 0.457 0.475
2.3 SOLAR AND WIND 0.000 0.000 0.000 0.000
3 DEMAND BY ENERGY USE (TEP)
3.1 TRACTORS 0.000 0.000 0.000 0.000
-DIESEL FUEL 0.000 0.000 0.600 0.000
3.2 IRRIGATION 0.000 0.000 0.00 0.000
-DIESEL FUEL 0.000 0.000 0.000 0.000
-ELECTRICITY 0.000 0.000 0.000 0.000
-50LAR AND WIND 0.000 0.000 0.000 0.060
3.3 FISHING 116.620 156.250 186.020 225.730
~DIESEL FUEL 115,620 126.2%0 186.020 225.930
3.4 FOOD PRESERVATION 85.646 123.410 156.740 204.070
-DIESEL FUEL 0.000 0.000 0.000 0.000
-ELECTRICITY 85,646 123.410 150,740 204.070
~SOLAR AND WIND 0.000 0.000 0.000 0.000
4 DEMAND STRUCTURE BY END-USE (FRACTION)
4.1 TRACTORS 0.000 0.000 0.000 0.00)
4.2 IRRIGATION 0.000 4.000 0.000 0.000
4.3 FISHING 0.574 0.559 0.543 0.325
4.4 FOOD PRESERVATION 0.426 0.444 0.457 0.475
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CHAPTER 9

ENERGY CONSERVATION AND DEMAND MANAGEMENT

The varioua scenarios studied in the preceding chapters asgsume
a normal evolution of the asupply and demand of energy, in
responee to a growing GDP which lia more or lesa rapid
according to the scenario.

However, aa ahown In Chapter 5, there exists a variety of
techniques and initlestives which, over the short and mid term,
are capable of aignificantly modifving the demand for energy
either iIn absolute terms, or In terms of the form of energy
supplied.

Thease measurea concern the whole energy sasupply and demand

system—~—-production, diastribution, and consumption. The
introduction of these measures depends on elther technical
progreas, demonstrated economic benefits, or on government
decree.

This chapter presents a technical and economic review of
several of these measures and technigquee which could be rapidly
introduced, and diacusaes their application and impact.

The firast section dealas with final energy consumption and the
efficliency of energy use; the second section looke at the
system of energy production and supply.

9.1. MANAGEMENT OF FINAL ENERGY DEMAND

It should be atated at the outset that in no case will the
introduction of energy conservation measures have an adverse
impact on the consumer.

The actions envisioned wlll neither reduce the quallty of life,
nor Iincrease the cost of energy.

On the contrary, the meaaures discuszed here should lmprove the
quality of 1life, and reduce the cost of energy for the
individual consumer.
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9.1.1. Realdential Sactor

9.1.1.1. Energy Conservation in Refrigeration

The analyaias of electricity consumption Iin the residential
sector reviewed in some detall in Chapter 1, <clearly shows the
slgnificant contribution of refrigeration to the monthly
electricity bill, particularly in the low-income households.

The high electriclty consumption of the domestic refrigerator
in Djibouti ia a result of:

- the wuse of refrigerators which are not adequately thermally
insulated, given the high ambient temperatures of Djibouti.

- the common practice of placing refrigeratoras in outaide
courtyards, often in the sun.

- the lack of malntenance and aservicing.

To limprove thls situation, which leada to an eXxcessive
consumption of electricity, and which significantly reducea the
lifetime of the refrigeratora, there are two complementary

measures which can be taken.

- For new refrigerators, legislation could require that
imported units have an adequate level of thermal inaulation.
This measure should be accompanied by a astrict controle to
ensure that the price of refrigerators 1ls not raised
unfairly.

- For the refrigerators already in service, a program to
insulate the majority of the units could be implemented.

After having devised and tested a simple method of attaching
additional IiInsulation to a refrigerator, ISERST recently
organised 2 teat programs of the technique. One program
insulated about 100 refrigerators in low-income households, the
other inaulated about the same number of refrigerators in the
Peltier hoaspital and in several dispensaries in Djibouti ville.
Each of the programs was succesasful, both in terms of wuser
acceptability and the amount of energy saved.

There are different waye to disseminate thie technique in the
residential sector In order to reduce the conaumption of
electriclity and monthly electricity billas. For instance, the
consumers could pay for the work themselves, or the Government
could launch a state-run program, ualng either its own funds or
thoase of another agency.
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The ldea of apending money in crder to be able to save a larger
amount in a few months’' time may not be readily accepted by the
majority of households in Djibouti. This presumption makea the
firat solutlon queationable, unleas perhaps EdD agreea to
permit an appropriate aurcharge to be placed on the bimonthly
electricity billae.

The second approach aeems therefore the more attractive,
particularly since circumatances are such that a program of
this kind could be astarted in the near future. In fact, the
Government has agreed to use the excess profita earned by EdD
(due to the fall in the price of petroleum at the end of 19%85),
to fund a project led by ISERST and the Energy Service which
will ingsulate 11,000 refrigerators and replace 15,000
incandescent lamps with fluorescent lights.

Thia ambitious project 1s discuassed In greater detall in
reference /9.1/, which presents the background to thia proposal
and sets out the actlons whlch will be undertaken.

The report cited above shows that paying 4,000 FD for the
insulation of a typical refrigerator generates savings of about
8,700 FD per year--a payback time of 5 montha. The major
beneflita of the project are:

- a reduction In monthly electricity blllae,

- lower temperatures Iinslde the refrigerator,

- a longer lifetime for the refrigerator,

- a reduction in forelgn exchange coats,

- the creation of employment,

- the strengthening of the thermal insulation industry.

The impact of this program on the overall consumption of
electricity by the reaslidential agector isg by no means
negligible.

Assunming an annual asaving of 350 kWh of electricity per
refrigerator, and 11,000 unite insulated, total energy savings
amount to 3,850 MUh ~-- 20 % of the energy demand for
refrigeration, and 6 % of the total demand for electricity in
the residential sector.

Finally, with regard to the economics of such a project, annex
9.1 preaents economic and financial analyses which clearly
show the beneflits of thia initlative. The benefit/cost ratio
for householda, for instance, ia greater than 12Z.
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9.1.1.2. Energy Conservation in Lighting

Although 1lilghting accounts for less electricity consumption
than refrigeration, there exists measuree which could produce
appreclable savings of energy over the short term.

Among these measuresa, the aubstitution of fluoreacent tubeas for
incendescent bulta is the most important.

In contrast to the situation Iin many western households,
fluoreascent lighting in Djibouti is well accepted, and would be
even more widespresad were It not for the cost of the fixture.
The fluorescent unit coate sbout 2,000 FD for the regulator,
starter, ballast, and tube; whereas an lncandescent light bulb
coata only 150 FD.

However, it ia proposed that the project cited earlier, which
will insulate 11,000 refrigerators in Djiboutl, should alsao
replace an lncandeacent lamp with a fluorescent light in 15,000
housseholds /9.1/.

The fluorescent tubes to be inetalled will conform with the
appropriate electrical standarda, and will have a power factor
of at least 0.85; there will be no adverse effect on the
electrical aupply syastem.

Assuming an energy saving of 86 kWh/year for each light, 15,000
inatallations will generate electricity savings of 1,300 MNUh
per year--30 % of the total electricity demand for 1lighting,
and 2 ¥ of the total electrical demand of the residential
aector.

Other actions concerning lighting have already been carried

out in the service sector, Including efforta to make employees
more aware of the advantages of natural lighting, and of the
energy wasted by lighte left on unneceasarily. In addition,

all the 1lighta in the corridors of the principal Government
building (the Cité Ministérielle) have been replaced by compact
fluorescent lampas. This substitution should produce savings of
1.2 million FD per year.

The tables In annex 9.2 show the economle and flaancial
beneflta of the proposed meaasurea, which will accrue to both
the Individual and to the State.

9.1.1.3. Epergy Conservation in Air Conditioning

There is an Iimportant potential for energy savings In alr
conditioning, both in the reaidentlal sector and in the mervice
aector.
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Some of the meaaures which ahould be pursued as a matter of
priority Include: making the public more aware of the high coat
of alr conditioning; the Importation of air conditioning units

adapted to the local climate; the obaervance of eimple
maintenance procedures, and the more wlideapread use of thermal
insulation in bulilding construction. Together, these measures

would algnlflcantly reduce the consumptlon of electricity for
alr conditioning necessary to maintain a given level of
comfort.

Of theae measures, the Introductlon of technical atandards for
the use of thermal {insulation in bulldings is the most
important.

At the present time, there are no regulations which require
thermal inaulation to be inatalled in new buildings. Deapite
summer temperatures approachlng 50 *C, and exceptionally
strong sunshine, anyone can build a house with absolutely no
the~mal insulation. It 1a obvious that operatlng an air
conditioner in such a bulildiung in the summer requires far more
energy, and costs far more money In electricity bille, than
would be required in a building which was better insulated.

For several yeara now, countriea with colder climateas have
imposed regulations requiring the use of thermal insulation in
bulldingas (coefficients C, B, or G in France, for example),
which have substantlially reduced energy bills for both the
Individual consumer and the State.

In the troplcal countries, the technical approach to efficient
energy use should be the same. It ia In both the Iindividual
and the public interest to do everything poessible to prevent
the needless waste of energy.

In DJiboutl, after the construction of a number of prototype
energy efficient buildingas, the market for thermal insulation
has picked up somewhat; a new technique for the application of
insulation has even been Introduced.

The Divialon of Urban Planning and Housing in the Ministry of
Public Works, together with ISERST, has drafted bullding codes
for the use of thermal inaulation In new dbulldings situated |in
particular areas of Djlbouti ville. Thzse regulations concern:

- roof insulation, equivalent to 8 ¢m of polyatyrene,
- floor slab insulatlon, equivalant to 4 c¢m of polystyrene,
- the use of double glazing.



The insulation of the exterlor wallas la deliberately excluded

from these first regulations. To add the thermal inaulation of
walla to the requirements listed above would algnificantly
increase the coat of conatruction, and might Jeopardize the

acceptance of the regulations.

It should be noted that the owner of a houae or a bullding
teldom livea In it; more often, the bullding le an Investment
which, 1llke moat investments, 1e& intended to earn as much as
posgsible. The Investor does not pay the energy bills. This may
perhapas explaln why the use of thermal insulation ia not more
widespread.

However, it ia in this sector that energy conservatlon is most
important, s@ince the wideapread use of thermal insulation would
significantly reduce the peak demand for electricity supplied
by EdD, and thus would also reduce the necessary installed
capaclty.

In 1985, residential alr conditioning consumed more than 30,000
kWh of electricity--48 % of the electriclity wused in this
sector. In the service sector, alir condltlioning accounts for
an even greater part of the sectoral electrical demand,
conauming approximately 40,000 kUh, about 60 % of the total
demand.

Installing thermal ineulation iIn Dbuildings could reduce
the consumption of electricity by 30 %, or more than 20,000 MUh
per year for the resldential and service sectors combined.
Thia potential saving ias about 15 % of the total electricity
demand for the country.

Apart from non-resident bullding owners, for whom the beneflts
are minimal, the advantages of thermal insulation of buildingsa
are galned by:

- EdD, seince the peak electrical demand will be reduced. and
the need for excess capacity will diminish,

-~ The State, slnce foreign exchange costs will decline, and
electricity bille for Government offices will be reduced,

- House residenta, who will pay lower electricity bllla for
air condlitioning,

- Private companies and firme, who will also pay less for air
conditioning,
- Filrme manufacturing and Inatalling thermal lnsulatlion, who

will find a larger market for their services.
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It 1ias therefore Important to encourage the thermal insulation
cof both new and existing bulldinge, not only by demonstration
and by example, but aleo by the promulgation of the building

codes now under review.

9.1.1.4 Energy Conservation in Cooking

Cooking accounts for 72 % of household energy consumption. The
energy demand measured iIin TPE ia 7.5 times larger than the
demand for alr conditioning.

The energy consumed for cooking varies according to the aoclo-
economlic level of the household and the geographic area. In
Djibouti-ville, the use of kerosene las wideapread-- 85 % of
households in the town uae thia fuel for cooking.

In the secondary towns, kerosene ia stlill the most common fuel
for cooking, but it Is seldom used in the more isolated
regions where only about 10 % of households usge this fuel.

The sgtudy conducted by Briane in August 1986 on the efficlency
of the kerosene stoves used in Djibouti, measured thermal
efficlencles between 50 % and 64 %. Thease reaulta are
pregented In more detail in reference /9.2/.

Brlilane'a analyses led him to the followlng conclusion:

"In Djlbouti, the kerosene stoves show very aatiafactory
performance, even when the wicke are badly regulated.

The teata carried out also showed that a medla campalgn
designed to improve the way the stoves are used would
serve no ugeful purpose.

However, it would be useful to make the user more aware of
the importance of covering the cooking pot, as well as the
need to perlodically clean the burner.”

It |is the latter measures, encouraged by means of an
appropriate medla campaign, which could lead to a reduction in
the consumption of Keroaene.

Uith regard to the consumption of wood, the problem is quite
different. The uae of the 3-stone fire for cooklng leada to an
excegalve consumption of fuelwood which often contributes to
the degradation of the forest resocurces.



Although a quantitatlve survey of fuelwood reaources has not
vet taken place, it la nonetheleass essential that every effort
be made to Improve the efficliency with which wood is used for
cooking.

At the beginning of 1987, ISERST conatructed several improved

cookatoves made out of flred bricke and clay. Theae stoves
were Inatalled In 4 achools In the north of the country which
together provide meala for over 100 pupila each davy. The

efficlency of the improved stovea la about 30 %, twice thac of
the rudimentary atoves previously used.

This initiative, which was designed to teat the technique and
to confirm its acceptabllity, ahould be extended to include
not only the centres of communal cooking, but also the
houaseholds which cook with wood.

The disgemlnatlion of thls technology wlill require the training
of village-level trailners who, iIn turn, will encourage the use
of the new atoves in their village.

Biomaas energy use accounts for juat over 11,000 TPE or 15 %
of total final energy demand. This contribution, however, Iis
often to the disadvantage ¢f local biomasas resources, and Is a
factor in the continuing desertification of several regiona of
the country.

The implementatlion of a project deaslgned tn diaseminate
loproved stoves 18 therefore a priority, not only from an
energy perapective, but also from the polint of view of

environmental protection.

9.1.2. Agriculture and Liveatock Ralaing

9.1.2.1. Substitution of Petroleum Fuela for Water Pumping
in the Rural Areas

Water is a vital resource in Djiboutl, particularly In those
areas s8till serlously affected by the drought.

There are several ways to pump water from a ahallow well, or a
tube well, to the surface for conaumption by people or animals,
or for lirrigation. In particular, the development of
photovoltaic pumps and modern windpumps offers an opportunity
to reduce the consumption of gascline or Diesel fuel by motor
pumpa .



Iin order tc¢ compare these technologles In a more rigorous
manner, a detalled economic¢ analysis of the dlfferent
techniques has been performed.

Figure 9.1.1 presents the reasults of a part of thils satudy.
The cost of pumping water using four different technologlee |is
shown graphically as a function of the hydraulic energy demand.

The hydraulic energy required to pump water depends on the
depth of the water and the height to which 1t is pumped
(represented by the total dynamic head), and the rate of flow
of the water. This relationahip can be expressed aa followa:

E=2.275 Q H Watt-houra (Wh)

where Q la the flow of water in m3/day, and H ia the total
dynamic head in metres.

Figure 9.1.1. showa that photovoltaic pumpse are the most
economic alternative for hydraulic energy demands of less than
abecut 300 Uh/day. For loads greater than thia, motor pumps
appear to be more economic than all the other alternatives.

Howvever, it is necessary to distlnguish between shallow wvella,
i.e. wells where the water level ia less than § m, and tube
wella, defined here as any well where the water level la at a
depth greater than é m.

Surface mounted moto: pumps cannot draw water from depths of
much more than 6 m at sea level. Below thia depth, an electric
submeraible pump, or another applicable pumping technology,
must be uased.

Figure 9.1.2. shows the results of an analysis of the coat of
pumping for the case of the tube wella. Again, photovoltaic
pumps are the more economic option for the 1low hydraulic
energy demands: thoae leaas than about 400 Uh/day. Above this

hydraulic load, windpumps become more economic.

For sites where mean windspeeds are low--lesa than 3 m/g--
photovoltaic pumps are the most economic option up to a
hydraulic 1load of about 1,100 Wh/day. Above this level,
submersible electric pumps driven by Diesel generators are the
moat economic option.
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Table 9:1.1. sets out these results Iin a different manner. For
a range of typlcal asituations defined by the total dynamic head
(TDH) and the flow of water from the well, the most economic
pumping option ls indicated.

Table 9.1.1. Economic Optiona for Water Pumping
TH(1) FLOW ECONGHIC REMARKS
SITE setres ed/day OPTION

Shallow well 5 20 PV pump Floating er surface mounted

Shallow well b 30 Molor puap

Shallow well 20 10 Hotor pump Shallnw well, water pusped
te a highar level

Tube well, 10 10 PV pusp Submersible

shallov

Tube weil, 20 5 #ind pump If windspeeds are less

average depth vV > 2.5 mufs) than 2.3 n/s, a PV pump
should be selecled.

Tube well, 50 13 Hind pump It vindspeeds are less

deep {3 a/s) than 3 efs, an eleclric

submersible pump and
generalor should be chosen.

Tube well, 80 15 Hind pump If windspeeds are less

deep (v > 3.5 a/s! than 3.5 m/s an electric
subaarsible puap and
generalor should be chosen.

(1) Total Dynami: Head (TDH} includes the suclion hezd, the discharge head, and all hydrawlic
energy losses,

Given the lnterest in hand pumps, this pumpling option waa also
studied. Fligure 9.1.3 presenta graphically the results of the

analyals. Two curves are shown for hand pumps. The upper curve
is the <cost of pumping water when the opportunity coast of
labour ias included in the calculation. This case might be

appropriate for a situation where the water is used for
'rrigation.
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The lower <curve is the coat of pumpling water when the
opportunity coat of labour lia neglected. Thia caae being more
appropriate for a s&ltuation where the pump providea drinking
wvater In a village.

The curves do not decline in a smooth manner since Increasasing
hydraulic 1locads require the installation of additional pumps.
Thus, assuming a hand pump glves on the average 500 WYh/day of
hydraulic energy, 2 hand pumps would be required to satisfy a
load of 600 Wh/day.

The economlics of hand pumps are clearly very sensltive to the
assumptions made concerning the opportunity cost of labour. If
thig coat ls included, hand pumpas do not appear to be able to
compete with the alternative pumping technologlies.

On the other hand, [f the cost of labour ls assumed to be zero,
hand pumps are a competitive option. Hand pumps, of courae,
may offer other advantages which do not appear in a gtrictly
economic analysis.

92.1.3 Industry

Although the conasumption of energy by the industrial sector is
only 5 % of total energy demand, improvements in energy
efflclency should not be neglected. The measures to be
undertaken depend on the induatry under consideration.

One measure, perhaps applicable to the sector as a whole,
might be to shlft the hours of production to those hours when
the demand for electrlcity s at a minimum. However,

disaggregation of the demand for electricity shows that the
demand of the indust-ial sector makes very little contribution
to the peak demand.

The measures recommended here concern induastrial procese heat,
the conaumption of electricity, and the organlzation of the
proceases of production.

The generation of heat, which malnly concerns the dalry
(Lalterie de Djibouti), could include the wuse of sclar
collectors for water preheating. Very few solar water heaters
are in use in Djibouti, becauge the temperature of the water
supply at the tap is already relatively high. However, there
are a number of inatancea where solar water heaters might prove
economlic, given the high levels of insolation found in the
region.



An interesting example of direct coimbuastion using appropriate
technology can be found at a &mall brick-making factory on the
outakirts of Djibouti-ville. This factory manufactures fired
bricks and claustras made from local clays. The furnace 1is
fuelled with & mixture of waste olls and water which generates
very high temperaturesa.

This technique, which not only saves energy but which also
protects the shallow aquiferas from the waste oila which would
otherwise be dumped outaide of the town, could be extended to
other gmall industries such aas the lime kilns propoased for the
region of Dorale.

Optimizing the consumption of electricity depends on achieving

an acceptable power factor. For certain industries, notavly
the container terminal at the port, it appears that the powver
factor of the electrical equipment could bDe algnificantly
improved. The technlquea avallable for lmproving the power

factor of the termlnal should therefore be studied.

Better management of the production system can alsoc lead to the
conservation of energy; the dairy is an example which comes to
mind. Each day the dairy produces a certain volume of milk and
a certaln number of small tubs of yoghurt. This production
involvea heating the sterilization and pasteurization vats.

During 1986, the managera of the dairy tested a new achedule
where what was formerly 2-day's production was produced in a
aingle day. The new schedule resulted In an energy saving of
close to 40 X%.

Thia example shows that a critical analysis of the production
proceasses in the various Industries could lead to appreciable
energy savings.

9.1.4. Tranaportation

Energy conservation in the transport sector involves a number
of initlativeg which affect both public transport and the use

of private vehiclea.

¢.1.4.1. Busea and Minlbuses

Since 1982, the number of buges and minibuses has grown from
200 vehiclea to the present figure of more than 500 vehicles.
The number of passengerg has not increased at the same rate.
There is therefore an excess of vehicles in service, given the
demand for publle transport.
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Long linea of busea and minlbuses cause traffic jama iIin the
narrow etreets of Dilbouti ville, one result of whiech ia an
exceasive conasumption of fuel.

The introduction of the A and B aystem, deacribed iIn annex 9.5,
would reduce the frequent vehicle stops, lessen the rapid
mechanical deterioration of the vehicles, extend the lifetime
of the tyrea, and above all produce signlficant energy savings.

The resulting reduction in the consumption of fuel is estimated
at more than 30 %¥. For example, a 25-seater bua should consume
about 15 litres of fuel per 100 km; typical conasumption for a
bue in Djiboutl ls almoat twice this figure.

Other aimple measures such as better malntenance, better
driving =skills, leas frequent use of air conditioning, etc.,
would alao produce aignificant energy savings. Theae measures
were Included In the energy conservation media campaign
conducted Iin 1986.

2.1.4.2. Bus Terminal and Garage

At the moment, there is no central garage or maintenance centra
where the ownera of the buses and minibuses may take their
vehicles for routine maintenance and servicing. Thias lack of
facilities contributes to the poor regulation of the engines,
and to the generally btad condition of the vehicles.

To lmprove the aituation, It ies recommended that a bus terminal
and malntenance centre be conatructed. These facilities would
allow the maintenance and the gervicing of the busea and
minibusea to carrlied out on a regular basis.

9.2. MANAGEMENT OF THE PRODUCTION AND SUPPLY OF SECONDARY
ENERGY

The secondary energy forms which are part of the energy demand
and supply plcture in Djiboutl are petroleum fuels,
electricity, and charcoal.

9.2.1. Petroleum Fuels

Diibouti imports relatively large amounts of refined petroleum
products in the form of fuela, and this situation is not
expected to change In the foreseeable future. Although
obviously unable to influence world oil pr.ces, Djiboutl can
atll]l promote measures deaigned to change both the level and
the mix of fuel consumption.



For example, the substitution of the light fuel oll, wuased by
the 15 MU generators of EdD, by a heavier grade of fuel oll
will significantly reduce EdD's fuel costs. However, thia
asaubatitution requires certain modificationa to be made to the
existing equipment, and results in Ilncreased maintenance and a
shorter lifetime for the generators.

Thla example of fuel asubstitution should be atudied 1In more
detail to determine Iif the benefits outweigh the costs.

The wuse of more effective lubricants might alao prove to be
economic; this poasasibility should also be studied.

More generally, a study of the asystem of petroleum fuel supply,
transportation, and distribution, would appear to be essential
if a coherent pricing policy for the petroleum fuels conasumed
in Djibouti ia to be formulated.

9.2.2. Charcoal

The method of making charcoal most commonly found in Djibouti
is the open fire. It Ia the simpleat procedure, but from an
energy point of view It la the least efficient.

The energy efficiency of thla rudimentary technlque, deflned as
the ratlo of the energy value of the charcoal produced to the
energy value of the wood used, 1is about 20 % to 25 %.
Relatively elimple but improved techniques can produce
efficlencles of about 50 %.

The open fire technlique I& no longer widely used In Africa.
More common is the technigue where a atack of wood ls covered
with vegetal matting or earth, or where thias ias carried out
in a pit. Theae techniques require a certaln expertise and
care If the efficiency is to be acceptable.

The use of the open filre technique often indicates that the
manufacture of charcoal 1la a secondary economic activity
carried out by persons who are not professional charcoal-
makers. Thia 1ia certalnly the camse in Djibouti, where the
production of charceal brings an occasional and supplementary
income.

The open flre technlque has the advantage that it does not
require wood which Iag of roughly uniform length and dlameter.
Tree stumpa, trunke, and branches are all piled up together.
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This is not posaible when the wood la atacked; the stack must
be closed ac that the vegetal or earth cover does not fall into
the astack, and thus allow the wood to burat Into flame.

There are aeveral simple methods of making charcoal which are
relatively efficlient. The technlique proposed here la the
covered pit: a amall hand-dug pit, covered with sheeta of
corrugated iron, with sahort narrow chimneys to control the
entry of alr, 1is & technique which appears to be applicable to
Djibouti.

This technlque, which is described iIn more detall In annex 9.6
has several advantageasa:

- the investment required is very small.

- the method 18 not too different from the rudimentary
technique which la in wideapread use.

- 1t produces small quantities cf charcoal, aeveral asteres at
a time, which les approprlate for Djiboutl.

- 1t doea not require a vegetal cover.

After testing the technique itaelf, ISERST carried out a geriea
of demonastrations at Obock and Tadjourah in order to introduce
the new technique to local charcoal makers. Theae
demonatrations were well recelved, since the amount of charcoal
produced from a volume of wood was clearly much greater than
that obtalned uasing the open fire technique. The energy
effliciency of the covered pit method is more than 50 %.

9.2.3. Electricity

Energy congervation and demand management measuraes are
applicable to the total aystem of electrlcity production,
transmliasaion, diatribution, and c¢onasumption. Theae measgures

concern, Iinter alla:

- the installation of more efflcient power generation aystems,
and a reduction in auxiliary consumption.

- tha reduction of energy losses In transformers, and |in
tranamisgelon and distribution.

- the management of electricity demand with the aim of
reducing peak demand.
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The management of electrical demand can be facilitated by meana
of a tariff structure which aims to reduce the peaks in the
demand curve. A reduction in the peak electrical demand, in
principle, permits a reduction in total installed generating
capacity. Thias means a lower investment in equlpment, a better
utllization of existing equipment, less fuel consumed per kUh
generataed, and thuag a lower cost of production.

To reduce the conasumptlon by auxiliary equipment, 1t would be
useful to satudy the poseibllity of replacing the exlating
cooling ayastem, where the generatoras are air-cooled, with a

water-cooled asystem using sea water. While air temperatures
often reach 45 °C or even 50 °*C in the summer, aea water
temperatures remaln fairly constant at around 30 *C. This

temperature dlifference could have a amignificant poasitive impact
on englne performance.

The large amount of waste heat produced by the generatorsa at
Boulaoa reaults In only an average efficlency of production.

There are 8#everal wayas to explolt this thermal energy. The
heat <c¢ould be used to power a gas turbine generator, or the
heat could be wused to desalinize sea water. Theae options

should be atudied in more detall.

EdD hae also dealgned a training program for 1ts peraonnel
which should Iimprove the operation of the agency, both
administratively and technically, and which should eventually
lead to more efficient electricity production, transmiseaion,
and distribution. A project haa been proposed to thls effect.

Uith reapect to the aummer daily demand curve, there are 2
clear peaks. The first occurs at about 1 p.m., the other at
around 1 a.m. The Introduction of an appropriate tariff
structure, or of other Incentives, c¢ould produce a better
diatribution of the demand, and therefore of production. An
initial satudy based on the marginal cost of electricity
generation has proposed an appropriate set of tariffa.
However, thla tarlff satructure needs to be reflned to take
account of the Government's social and economic policies and
other conaiderations.

The final declision concerning the future mode of electrlcity
production--Dliesel generatora, geothermal power, or other--will
depend on technical and economic data which will not be
avalilable until the atudliea and research programe now underwvay

are completed. However, enough information exiats to permit
pre-feasibllity analyses of several of the options to be
conducted, aa diacuassed in Chapter 8. These analyasea will be

refined In due course.
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ANNEX 9.3, IMPROVED COOKSTOVES

The traditional way of cooking Iin the nomad and village
housgeholds is to cook uasing 3 large astones and an open flire.
The efflclency of this aimple stove is very low, about 12 % to
15 %, because so much heat is lost from the open fire.

There are basically 2 types of Iimproved stoves which might be
applicable to Djiboytl.

- Metal sastovea, which are more generally found In the wurban
areas, and which are made by local artisans.

- Mud astoves, made out of clay, sand, and sometimesa straw or
animal wastea, which <¢an be constructed by the wuser and
which are often found in the rural areaas.

Both typea of stovea can be dealgned around a particular alze
of cooking pot. This Improves the thermal efficlency which can
be aa high as 30 %.

Given the pattern of fuelwood use in Djibouti, the mud stove
deaign e conasidered to be more appropriate. This atove has
bean tried out in 4 asachools in the north of the c¢ountry, and
the conaumptlon of fuelwood was reduced by 50 %¥ to 60 %.

The coast of thia type of atove la practically nothing, alnce
the materialas used 1In ita construction are found almost
everywvhere, and are freely avallable.
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ANNEX 9.4 ECONOMIC ANALYSIS OF UATER PUMPING TECHNOLOGIES

This study evaluated 5 water pumping technologies: motor pumps,
submersible electric pumps with Dieasel generators, wind pumps,
photoveltaic¢ pumps, and hand pumps. Table A 9.4.1 shows the
principal technical and economic characteristlics of the various
technologles.

The results of this analysla are presented in Tables A 9.4.2
and A 9.4.3. The rate of Intereat used for the calculatiyn of
the capltal recovery factor was 10 %.

Table A 9.1.1 Technlical and Economic Parameters of the
Water Pumping Technoclogles

- o et

Technology Disension  Investmen!  Installalion Maintemance, Fuel, Life~
FD FD {2) F/yr al/ »d.a Lige,
(3 years
Holor pump E/{hR) 50, 000/kK - 50,000 4 3
{Malls) (min. 80,000 FD)
Submersible pusp  E/NR &0, 000/kH - ) 200,000 2
generalor {Walts) 90,000/ - ) § .75
Wind puap E/(2.48V3)  80,000/m2 706,000 20,000 - 15
Y.
Photovoltaic puap E/4.3 300/Hp(4) - } 20,000 - 3
Panels (1) E/4.3 1,700/4p - } - 15
{peak walls}
Hand pump E/300 141,600 - 35,000 - 2
{number) each

E = hydraulic energy deaand, wali-hours

h = hours of use per day, & h for a aotor puep, b h for a subsersible pump

R = systea efficiencys 0.3 for a molor puep, 0.2 for 2 submersible pump vith generator
V = aean windspeed at the site, &/s.

{.  The cost includes the balance of sysieam components

2,  Meglecled except for the windmills where this includes transporl

3. Consumplion in al/day per (e3/day of water pusped x lotal dynamic head in gelres)
4. Hp = Peak vatls
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Table A 9.4.2 Coat of Pumping Uater from Shallow
Wella, centimes FD/Wh

HYDRAULIC ENERGY DEMAND, Rh/day

TECHNOLOGY 200 400 00 800 1000 2000 3000 4000
Holor pump (tased on petroleua 118.5  42.2 43.4 341 28.4 7.4 134 13.9
al $ 20/bbl}

Hindpuaps, V = 4.5 w/s 31.8 818 58.4 4.8 9.8 25.8 21.1 8.8
4.0 156.8 8.8 634 518 44.8 0.0 24,1 23.8
3.5 165.0  95.0 747  &0.0 53.0 39.0 34.4 32.0
3.0 1719.8  109.7 8.4 747 61.7 53.7 49.1 447
2.5 208.7 138.7 115.3 103.7 96.7 82.7

PV pusps (floaling or surface) N.? 8h2 8.7 79.4 78.0 75.3 4.4 73.9

Hand pusps  (including labour costs) 279.7 199.9  226.5 199.9 183.9 182.9 183.9 183.9
(excluding labour costs) 159.7  79.9  106.5 79.9 63.9 4£3.9 &1.9 £3.9

= e s —
———— ————

From the table above It can be seen that for shallow wella and
low flowrates, aolar pumps are economically viable.

For the higher hydraulic loads, the amall surface-mounted motor
pumps are more economic. However, 1in selecting a technology,
additional factors may need to be conajdered, including the
availabllity of apare parts and the dependability of fuel
supplies for motor pumps and Diesel generatora.



Table A 9.4.3. Coat of Pumpling Water frowm Dsep Wells,
centimea FD/UYh

HYDRAULIC ENERGY DEMAND, Wh/day

TECHNOLOGY 2 A0 500 800 1000 2000 3000 4000

Subsersible puaps (based on pelroleun 388.2  197.1 133.3 1015 82.4 4B 377 3.2

at $ 20/bbl)

Wind pumps, V=450 151.8 8.8 54.8 468 39.8 25.8 21.1 18.8
£.0 56,8 86,8 63.4 51,8 448 30.8 26,1 23.8
3.5 165.0 9.0 747 &0.0 53.0 39.0 344 32.0
3.0 179.8 409.7 Bh.4 747 &7.7 53.7 49.4 47

2.5 208.7 138.7 415.3 103.7 96.7 82.7
PV pusps (subrersible} 9.9 862 8.7 79.4 78.0 75.3 T4.4 T73.%
Hand pumps {including labour cosis) 279.7 199.9 226.5 199.9 183.9 183.% 183.9 183.9
{excluding labour costs) 159.7  79.9 1065 79.9 63.9 4&3.9 63,9 63.%

For the deeper wella, the windmill pumpe are the moat economic
option 1if mean windepeeds at the site are at least 3 m/s. If
windepeede are below this level, sgubmerasible photovoltaic pumps
are economic up to hydraulic energy loads approaching 1,100
Wh/day.
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ANNEX 9.5 THE A AND B SYSTEM FOR BUSES AND MINIBUSES

A 9.5.1. Introductlion

The report by Gomez on the transport sector recommends the
introduction of a system of operation for the urban busea and
minibuses where the fleet Ig divided into 2 groups, A and B
/9.3/. The vehiclea in each group run on alternate days.

There are baslcally two reasonas for proposing thls measure:

a)} There are too many buses and minibuses, even <onsidering
the demand during the peak period.

b) The present system of operation is not profitable,
particularly during the off-peak perlods. The asystem s
uneconomic both for the operators and for the State: too
many vehlcles are in operatlion durlng the off-peak hours.

The average number of passengers carrled per vehicle per day is
low. Operating coaste per passenger are therefore high, and
revenue le reduced to a c¢ritical level.

The implementation of the A and B gystem would have a number of
advantagea, for instance:

- the ayatem would reduce sectoral energy consumptlon, and
thus forelgn exchange coats. Operating coats per vehicle
would fall, e.g. fuel costa, tyres, lubrlcating oll, etc.

- 1t would reduce the work houra for drivers and their
asalstants.

- Wages for drivers and assistants might be better assured;
they might even rise.

- The number of vehiclea In operation would be better matched
to the demand during the peak hours.

- Fewer vehlcles would run during the off-peak periods.
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Given the atill limited amount of data on the operation of the
bua system, It is difficult to estimate the present imbalance
between supply and demand during peak houra, and to what extent
the A and B syatem might reduce it.

A more detailed study of the public transport aystem is needed,
based on more preclse data concerning the number of buases in
operation, and the level of demand during peak perliods.

For this reason, the flnanclal and economic analyels of the A
and B aystem presented in the following paragraphs examines
solely the Impact of the system during the off-peak hours.

It ahould be astressed, however, that the principal benefits of
the A and B aystem are generated much more by the operation of
this aystem during the off-peak houras than by its operation
during the peak hours.

A 9.5.2. Characteristica of the Preaent Syatem

Information concerning the structure and operation of the
urban public tranasportation system has been gathered from the
reaultas of several surveys, and from other avallable data.
More detaliled data la set out in Table 1.4.4. of Chapter 1.
The major pointas can be summarleed ag follows:

- the number of passengera carried each day is 150,000; 40 %

are transported by bua, 60 %¥ by minibua.

- the number of vehicles in service 1la estimated as 503, of
which 40 %¥ are buses.

- the vehlcles operate for 10 houra per day, lncluding 4 hours
of peak demand.

- 70 % of the trafflc takea place at the peak periods.
- The levels of vehicle occupancy are aa followa:
~ peak periods 43 %

- off-peak perlods 12 %
- average occupancy 25 %
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A 9.5.3. The A and B System During the Off-Peak Periods

Based on the avallable data at the present time, the A and B
syastem, operating during the off-peak periods, concerns 30 % of
the pasaengers and 60 % of the vehicle~-km travelled.

Uith the A and B system defined in this way, the rate of
occupancy durlng the peak houres will remain the same, whereas
during the off-peak hours it will increase from 12 % to 24 %.

The level of aservice will therefore be the same for 70 % of the
pagsengers, For the remaining 30 %, the level of service will
be marginally reduced.

A 9.5.4. The Coat of Vehicle Operation

Table A 9.5.1. below gseta out the estimated coatas of operating
buses and minibuses In Djibouti-ville, both including and
excluding taxes.

Table A 9.5.1. Buees and Minibuses: The Costs of Operation

O N L L SN E T N N e e o o I s o= o e o o= i E —— —— r s A e EE A e e e - -y .
e e e e e e R e N Y 2 T 11— - T 3 1]

Annual Costes per Vehicle
(1000 FD 8¢6)

TN AT MDD M SR A e e b e re e B e e e e e e o T R WS e S e e T M A A e T G e A e A R R W e e e e

market excluding

price ¥ taxea %
1. BUSES
i1.1. Fixed cos:s 2,574 63 2,215 71
1.2. Varlable coata 1,540 37 891 29
1.3. Total 4,114 100 3,106 100
2. MINIBUSES
2.1, Fixed coats 2,054 62 1,819 71
2.2. Varlable coata i,249 38 743 29
2.3. Total 3,303 100 2,562 100
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A 9.5.5. The Financlal Impact of tha A and B System

From Tablea 1.4.5 and A 9.5.1., Table A 9.5.2. aeta out the
principal reaults of the analysis of the preaent flnanclal
slituation of a bus or a minibus owner.

The mailn conclusionas of this analyela can be aummarised as
follows:

~ From a financial perspective, 1i.e. at market pricea, the
tarlffa which apply at the present time do not cover the
operating coats for either a busg or a minibus.

- From an economic perapective, 1.e. excluding taxea, costa
are 8till greater than revenue for a bus; for a minibus
revenue ls marginally greater than costs.

- The real flnanclal revenuea (taxea) for the State are lesza
than those which appear In the accounta, consldering the
fact that the publlec transport uaer Ila practically

subaidlzed.
Table A 9.5.2 Coata and Revenues {for a Bua and Minibus
Under the Prezent System of Operation
FD 8é4/Passenger
market prices excluding taxes
bus ainibus bua minibua
a. Coats per pasaenger 16.1 37.6 34.8 29.2
transported
b. Revenue per passaenger 0.0 30.9 30.0 30.0
trangported
c. Costas - revenue -16.1 - 7.6 - 4.8 + 0.8

per pasaenger tranaported

Table A 9.5.3. ahowa the expected reduction In annual coasts for
a bus and a minibus under the A and B system. The new ayatem
reduces variable costa by 50 %, principally for fuel, tires,
and lubricants.
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Table A 9.5.3 Coata and Revenuea for a Bus and Minlbua
Under the A and B System of Operation

========2=3ﬂ:ﬂ::EB:::33==================’!33==3======================

FD 86/Passenger

_—-——-.—-——-_.-..-_-_.-----..--.—...-._—...—_-—-_—--.—_——_-_—----—_.-—_—-.-——_————-

market prices excluding taxes
bu. ainlbue bus minlbua
a. Costs per passenger 40.9 33.3 31.8 26.7
tranaported
b. Revenue per passenger 30.0 30.0 30.0 30.0
transported
c. Coata - revenue -10.9 -3.3 - 1.8 + 3.3
per passenger tranaported
===2=====.‘.‘.============================2====="..-’===2==============‘.‘-’====

The reductiona in varlable costsa ahown in Table A 9.5.3. are in
fact underestimated because the oro jected savings in
maintenance cogts have not been ¢ .ken Into account.

From an economic perspectlve, the A arnd B aystem produces a net
saving for the case of the minlbua; for a bus, the balance is
slightly negative.

To redreas the flnanclal balance, assuming the tariff remains
the asame, Lt would be neceassary to reduce the level of taxes
which are now levied.

A 9.5.6. Impact on the Natlional Economy and on Public Finances

Teble A 9.5.4 preaents the total cost of operating the urban
transport aystem ln Djiboutl ville, based on the eatimates of
the coats per vehlcle developed above.

Under the present system of operation, total annual coasts at
market prices are 1,824.4 MFD (1986), of which 597.9 MFD (33 %)
ia expended for fuel, and 426.2 MFD (23 %) is apent on taxes.

Thia table alaso shows the eatimated reductlona in these coata
which would reasult from the introduction of the A and B aysten,
as well as the smaller reductions In State revenues whlich would
occur over the short term.
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Table A 9.5.4 Total Coat of Operating the Urban Tranaport
Syatem in Djiboutl ville, and the Impact of
the A and B Syatem on the National Economy
and Public Finances

P L —— P T T - e T N ¥ Y -3
R 5 ¥ 5 4 43 F F- 2 2 23 N 5 44 F 8- BB R 3R B R UEE R il

(Milllion FD 86)

BUS MINIBUS TOTAL
1. TOTAL ANNUAL COSTS

1.1. At market prices 827.2 997.4 1824.4
1.2. Excluding taxes 624.2 773.6 1397.8

2. TOTAL ANNUAL COST OF FUEL
2.1. At market prices 264.2 333.7 597.9
2.2. Excluding taxes 146.1 193.0 339.0
3. TAXES: ANNUAL TOTAL 202.3 223.9 426.2
3.1. Vehiclesa 60.9 54.4 115.3
3.2. Reglatration i0.8 i6.9 27.7
3.3. Fuel 118.1 140.7 258.8
3.1. Tyres 11.8 11.0 22.8
3.5. Lubricants 0.7 0.9 1.6

4. REDUCTION IN TOTAL COSTS

UNDER THE A AND B SYSTEM
i.1. At market prices 22.9 113.1 206.0
4.1.1. Fuel 79.3 100.1 179 .4
4.1.2. Tyres 12.6 11.8 24.4
4.1.3. Lubricants 1.0 1.2 2.2
4.2. Excluding taxes 53.7 67 .4 121.1
4.2.1. Fuel 43.8 57.9 101.7
4.2.2. Tyres 9.1 8.5 17.6
4.2.3. Lubricants c.8 1.0 1.8

5. DIRECT REDUCTION IN STATE
REVENUES 39.2 45.7 84.9

- ¥-3-Z- 5 F S- X 3 3 N B -3 34 3 8 3 8 8 3 83 S-3-F S SS-F B S0 S S F 4423 & 4 & & F 1 -2 51T

The total annual reductiona which might therefore be obtalned
ag a result of the introduction of the A and B aystem are
presented In Table A 9.5.5. overleaf.
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Table A 9.5.5 Reductlona Iin Total Cosatas

At market Excluding
pricesa taxes
Present total costs, MFD/yr 1824.4 1397.8
Total costs (wlith A + B), MFD/yr ié18.4 1276 .7
Reduction In costs, MFD/yr 266.0 121.1

ey [ T P Y T T - T - 1 1
53 F 1 T 1 3 1 3 1 331133 1 3 1113 1 131t e e

A 9.5.7. Concluasions

The conclugions of the analysis of the A and B system set out
in the sections above are ag followa:

- The proposition la economically viable, =alnce the A and B
aystem produces net gavings of 121.1 million FD per year.

- The State sahould not recelve any less revenue since the
direct reduction of 84.9 million FD will be equal or leas
than the indirect revenue which can be expected to be
received. Net savings will return to the economy as
consumption or investment, and will therefore generate taxes
for the State.

- The economic benefits will be permanent once the A and B
syatem 18 In operation.
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ANNEX 9.6 IMPROVED PRODUCTICN OF CHARCOAL

The proposed technique ls very simple, and does not require any
great akill on the part of the charcoal-makers. The procedure
conalstas of the followings stepsa:

A pit is dug in a place where the soll is easily worked.

8ix air pipes are slanted into the pit. Three pipes to let
alr in, and three to permit smoke to egcape are aufficlent
for a pit with a volume of geveral cubic metres.

A log la placed iIn the bottom of the pit to permit alr to
circulate under the wood. Flammable material used to start
the fire ias then added in the centre of the plt.

The wood to be carbonized is then loaded into the plt which
should be filled +to the level of the soll. A narrow
vertical channel 11a 1left In the centre of the pile for
lighting the fire.

The flre la atarted. If the wood dry, as in Dj}ibouti, thla
atep takes only a few minutea. WUhen the fire 1s well
egstablished In the centre of the charge, the pit ls covered
with asheets of corrugated iron and then dealed with earth.

Chimneys are placed in every other pipe.

When the air flow ias established, dense grey sasmoke will
igsue from the chimneys.

When embers can be seen through the air inlet pipes, the
position of the inlet pipes and the chimneya ias reveraed.

The carbonlzation proceas ls complete when embers can be
aeen through the new air inlects, and the amoke from the plit
le 1light and has a bluiah tinge. The c¢hange In the
appearance of the amoke 1ls an indication that all wvolatile
matter haa been driven off, and that it 1s now the charcoal
which is burning.

The chimneya are then removed and the pit Is completely
sealed,

Care muat be taken to prevent any alr from enterlng aince
this will s8ustain the combustion of the charcoal, and the
amount of charcoal produced will therefore be lower.
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- UWhen the corrugated iron is cold, the pit is uncovered and
the charcoal is removed. Because of the thermal insulation
provided by the soll, the cooling period la falrly long:
about 36 hours.

This technique has several advantages: it is not expensive; 1t
produces much more charcoal than the open fire method, and it
ia not difficult to carry out.

Moreover, the carbonization la very rapid--4 to 6 hours if the
wood ia very dry, the exact time depending on the diameter of
the wood--and the procedure does not, therefore, take up too

much of the charcoal-maker's time.

The <c¢omplete cycle of charging and diacharging takes about 48
hours; a typleal schedule might be as follows:

Day 1 - early morning - charging, ignliting
- towarda midday - sealed, extinguished
or early afternoon
~ evening - ¢cooling
Day 2 - - cooling
Day 3 - early morning - discharging, bagging.

The technique ia 8o effective that one might be concerned that
the production of charcoal could rise to the point where the
conasumption of wood might actually Increaae. Obvioualy, 1t is
not the intentlon that an lmprovement In the efficliency of
charcoal production should lead to an increased exploitation of
biomass resourcea--the very opposite effect of wvhat was
intended.

However, thie possibility appears to be remote asince the demand
for charcoal ia stable, and seems unlikely to grow exceasively
given the very specific uses of this fuel.

It ia therefore recommended that the program of
demonstration and training In the use of the technique, which
has already begun, be continued with the aim of both reducing
the consumption of wood and improving the atandard of living cf
the charcoal-makere.




Economic Analysasis

Table A 9.6.1 preasents a brief economic analysis of the
improved technlique, Including the costs and benefita in
comparison with thoae of the traditional open fire method.

The calculation assumea a pit with a volume of 3 m3, requiring
3 corrugated iron sheetas for the cover, 1.5 sheets for the 3
chimneya, and 1.5 sheetas for the é air inlet pipes. Several

hypothegea are examined:

- Three hypotheaseas concern the amount of wood carbonized: 400,
500, and 600 kg; 500 kg is probably the most reasonable
assumption.

- Two hypotheses concern the amount of charcoal produced from
a charge of wood:

- For the open flre, efflclencles of 17 % and 12 % by

waight are aassumed. The higher figure was measured at
Tad Jourah; the lower figure las conaldered to be more
typical.

- For the covered pit technlgque, efficlencies of 30 ¥ and
25 ¥ are assumed. The higher figure was obtained during
teats of the technlque conducted by ISERST; the lower
figure should be easlily attalnable even by charcoal-
makers with little or no experlence with the method.

- Two casea are examined for the initial lnhveatment:

- 6 corrugated iron sheeta at 1,000 FD each (0.5 mm thick)
- 6 sheets at 1,500 FD each (0.8 mm thick)

Whichever filgurea are used, one finda that the payback time,
defined In terma of the number of carbonlzationsa, is very
short.

The worat case is 11 carbonizationa for the eltuation wvhere
the thicker sheets are wused and the lower efficlency Iis
aasumed .

A Beries of 20 carbonizations produces a revenue algnificantly
higher than the initial investment.

The thinner corrugated iron sheeta (0.5 mm) should last for at
least a season of 20 to 30 carbonizationa,. The thicker aheeats
(0.8 mm) would obviously last considerably longer.
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CHAPTER 10

RECAPITULATION, CONCLUSIONS, AND RECOMMENDATIONS

Both of the scenarios studied in this report, the reference
acenario and the growth scenarlic, forecast gignificant
increases in national energy demand by the year 2000.

Djibouti can respond in 2 different waya to thia increasing
demand for energy:

- The country can react to the evolving demand, reaponding as
the need arises on an ad hoc baslis,

- or the country can manage the evolutlon of energy demand, by
anticipating {ta growth and by planning for ita impact.

For aeveral years, the Government of Djibouti has adopted the
second course of action. This approach will permit the country
to manage its energy future effectively, and to avold being at
the mercy of a seemingly capriciocus energy supply and demand
aystem.

The analysea and studies conducted at ISERST have confirmed
the validity of the energy policiea adopted by the Government.
Thls report recommends the strengthening of present energy
sector activitiea through the implementation of a series of
priority energy sector development projects which are intended
to assure the energy future of the country.

This chapter presents a summary of the analyses conducted
during the course of this study, as wel_ as the principal
resultas and findings. It also sete out the conclusions
reached and recommends actiona and projecta to be implemented
over the short and medium term.

10.1 RECAPITULATION

10.1.1. Accomplishmenta of the Study

In addition to the analysea and the energy sector modeling, a
numnber of sectoral studies were conducted where data
pertaining to energy supply and demand were elther non-exietent
or inadequate. These studies concerned, primarily, the biomass

energy system, the transport aector, and electricity.
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In parallel with these studies, a large amount of pertinent
data and Information was collected and organlzed Into a
database, and the MEDEE-S computer model was adapted to the
cage of Djibouti.

10.1.1.1 Blomasa Energy

Biomasa energy provides more than 13 ¥ of national energy
requirements, and plays an Ilmportant role in the context of
Djlbouti's energy Independence. However, the atructure and the
dynamicas of the biomass energy supply and demand syatem have
not been adequately studied.

The brief study that was conducted during August and September,
1986, shed some light on the situation, and identified some of
the principal links In the chain of production and consumption.
For inatance;

- In general, it is dead wood which la collected. However,
aome wood ia cut from standing trees.

-~ The collection of wood from the areas surrounding the
settlements {8 traditionally the work of the women. The
distances travelled to find wood are Increasing, evidence of
the continuing desertification.

- The wood ia <carried to the towns and villageas by truck,
dhow, camel, and asa.

- The wood atoves used are the 3-stone type, which are very
Inefficlient.
- The production of charcoal, commonly made using an open

fire, la also very inefficlient.

The study concluded with a survey of household energy
consumption by District, and by the demonstration at ISERST of
improved cookastoves and a more efficient technique for

producing charcoal.

10.1.1.2 Transportation

Two aspects of the tranaportation sector were studied |In
particular detall: the urban public transport aystemn, and the
syatem of vehicle taxatlon.



The study of the urban transport system: the number of buses
and minibuses in service, their achedules, the number of
passengersas etc., confirmed that there are too many vehiclea in
service glven the demand. This exceaa of buses and minibuses
reaults In high levela of fuel consumption per vehicle.

To improve this aituation two complementary actions are
proposed:

- The division of the fleet of vehiclea into two groupa, each
of which operates on alternate days. This proposal has the
support of the transport workers unlion, and c¢ould lIn
principle be implemented in the very near future.

- The limplementation of a differential system of vehicle
taxation where vehlclea are taxed in proportion to their
pover. This measure la aimed at limiting the number of
powerful all-terrain vehlicleas which are oftzn only used for
short trips in the urban areas.

10.1.1.3 Electriclty Tariffs

The atructure of electricity tariffs significantly influences
both the level and the pattern of electricity conasunmption,

The tarlffa now In effect take account of certain social and
political conaiderationa, and encourage the electriflication of
the low Income householda. The price of electricity charged to
some conaumers, therefore, doea not always reflect the real
coat of providing them with electricity.

A atudy of Electriclité de Djibouti was conducted which examined
several aapects of the agency's operations including
production, dietribution, management, and its tariffa.
Followling thia study, a tarlff structure based on the marginal
costs of production waa formulated and proposed.

The proposed system of tarliffa favours the mid range voltage
subscribers more than the low voltage aubscriberas, and the
tariffs now need to be revised to take account of certain
social and economic considerations.

10.1.1.4 Development of an Energy Databaae

In parallel with the astudies outlined above, discussions with
gaenlor perasonnel in different agencies and businesses involved
with elther the production, supply, or the consumption of
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energy, took place with the aim of collecting appropriate data
and Iinformation on energy, and ldentlifying the major lsasues and

the projects planned iIn the short and mld term.
These discussions resulted in the eatablishment of a database

eassentlial for the analysis of energy supply and demand, and for
the development of a model of the energy sector.

10.1.1.5 Adaptation of the MEDEE-S Model

The MEDEE-S computer program was choaen aa the most effective
means to model the structure of energy demand.

Several modules were added or rewritten a0 as to adapt the
model to the particular structure and form of the situation in
Djibouti. For lnstance, a module on water pumping waa added to
the model.

The definition and organization of the data needed by the
MEDLE-5 model required a considerable amount of work in order
to disaggregate and structure the different sectors and sub-
sectora.

The reaidential asector wag modeled in detail, largely as a
result of the data furnished by the Direction Nationale de 1la
Statistique, which included questiona related to energy
consumption into a& DINAS survey of household economics.

10.1.2 The Princlpal Results

The Integration of the reasults of the different sectoral
atudiesa, the development of the energy database, and the
adaptation of the MEDEE-S model, led flnally to the development
of a map of the energy situation in Djibouti, and then to
the projection and evaluation of its future structure according
to different socio-economic scenarios.

The principal resultas of these calculationa and projectiona are
saummarized in the paragraphs which follow.

10.1.2.1 The Energy Balance for 1985

The total consumption of energy in Djibouti In 1985 was close
to 71,300 TPE, equivalent to a consumptlion of 0.166 TPE per
capita.
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The diatribution of conaumption by sector and by energy type lsa
ahown below:

Sector Energy

Induatry, agriculture 5.3% Wood, charcoal 15.5%
Tranaportation 39.8% Petroleum fuels 67.6%
Services 17.6% Electricity 16.9%
Regsidential 37.3%

10.1.2.2 The Demand Scenarios

Two scenarios related to the future demand for energy wers
studied--a reference gcenario, modeled on the present economic
situation, and a scenario which modeled a higher rate of
economlic growth.

The projected Increase in energy demand in the year 2000 ia
63 ¥ for the flrst scenarlo, and cloae to 100 % for the second.
The distribution by source of energy and by sectoral
consumption Ia shown In Tablea 10.1.1 and 10.1.2 respectively

Table 10.1.1 Evolution of Energy Demand by Source, TPE

T T T e e T N e ey T T
5 8BRS R S RS S R S R

Present Scenario (to year 2000)
S{ituation ----—---————---m———e

(1985) Reference High growth

LEG 623 290 2,346
Kerosgsene 10,096 19,739 21,893
Gasoline i0,613 12,223 15,815
Diesel fuel 22,425 39,325 5G, 300
Jet fuel 4,506 8,196 9,462
Sub total 48,263 80,473 99,816
Electriclty 12,018 20,263 26,655
Wood 10,175 13,908 8,150
Charcoal 842 1,691 1,562
Non-conventional - - 4,391



Table 10.1.2 Evolution of Energy Demand by Sector, TPE

Present Scenario (to year 2000)
Situation - mrmmemm—mmrmemm— e
(1985) Reference High growth
Industry and 1,597 7,913 10,247
conatruction
Agriculture, fishing 189 327 430
Tranaportation 28,393 414,888 61,421
Services 12,578 18,168 21,325
Reaidential 26,541 45,039 47,052
TOTAL 71,298 116,335 146,575

10.2 CONCLUSION

From an assesament of the presgent energy situation in Djiboutl,
and an analyais of the demand projections made by the model, a
number of conclusionsa can be drawn which are summarized below.

106.2.1 National energy planning remains essential for the
formulation of effective energy policy by the Government.

10.2.2 The major development programs now underway in the
energy s&ector are conflrmed as belng priorities. Thesge
programs concern in particular:

- the expanaion of the programs supporting the more widespread
use of photovoltalc pumps and wind pumps.

- the development and exploitation of geothermal resgources.

- the promotion of energy conservation measuresg in all sectorsa
of the economy.

- the dissemination of improved woodstoves, and of a more
efficlent technique for the production of charcocal.

- improvements to the electricity generating system.
10.2.3 The present excess generating capacity of EdD provides

a margln of several yeara before pollcy deciaslionsa concerning
the inatallation of future electricity generating systems need
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to be taken. Theae declslona, once taken, will commit the
country to a long period of coatly inveatments in the energy
sector.

This grace period should be taken advantage of for completing
the technical and economic analyses now underway, and for
making available as much relevant Iinformation and data as
posgsible for the important decisiona which muat be taken In the
near future.

10.2.4 At least until the year 2000, the major part of the
national energy supply will be provided by imported petroleum.

It ie expected that world petroleum supplies will continue to
be available during this period, although one cannot dlacount
the poassaiblility of geo-pollitical problems which might
occcasionally disrcupt asupply.

The price of petroleum needs to be monltored very closely since
it strongly influences the economics of many of the projects
and initiatives proposed in this study.

10.3 RECOMHMENDATIONS

The work performed during this study haa made an essential
contribution to the development cf a coherent national energy
policy.

However, there ls much that remaina to be accompliahed. Thia
study recommends a number of actlons to extend or complete work
already commenced, and the implementation of aeveral new

projects and atudies.

10.3.1 Continuation of the Energy Planning Initiatives

The energy planning work so far accomplished is only the firast
atep In a comprehenslive program of study and analysia of the
eneray aseactor.

It is neceasary to continue and aupport this effort by
strengthening the present team of analysta at ISERST and the
Energy Service, by the addition of energy analysts, economiats,
and managers.

The miasion of the energy planning team will be to bring up to
date the data and information collected and organized by thisa
study, to extend the database where poszssible, to direct
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aectoral atudiea where appropriate, and to Dbroaden the
application of the MEDEE-S model in such a way that policy-
makers have available to them all the information and data
neceagary for effective energy planning and declsion-making.

10.3.2 The Development of Training Programs

The proper training of techniclans and peraonnel is esaential
for the efficient development of energy resources and the
effective management of the energy sector.

There are numerous examples In other countrles wvhere
inadequately trained personnel have jeopardised the success of
energy dsector development projects.

In Djlbouti, training has always been conslidered a priority,
and many managers, englneera, and technicians have participated
in training programs not only in Djibouti itself, but alao
overseas particularly in France and the United States.

It ia recommended that this policy be continued, and that
training be In fact expanded over the next few yeara.

The proposal to create a profeaslonal tralning centre for the
personnel of EdD is an excellent one, and should be fully
supported.

It is alao recommended that the training programs conducted in
Djiboutl be expanded and extended to include other personnel in
the varlious services and agencies working in areaa related to
energy production, distribution, and consumption.

10.3.3 Expansion of the Energy Conservation Programa

In numerous lnatances In Djibouti, much more energy is conaumed
than ls neceasary elther because of negligence or because of
lack of Information. Taken together, theae potential savings
amount to a significant energy resource.

The exploltation of thia resource ia important both for the
State, and for the individual energy consumer. For the State,
the advantages include reduced foreign exchange costs, reduced
electrlicity generating capacity over the longer term, and
savings in Government recurrent costa. For the consumer, the
ma jor advantage is a alignificant reduction in energy bills.
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Several energy conaervation techniques have been designed and
teated. The payback times for these measures are typlically
very ahort: leass than a year.

It is therefore recommended that these initlativea should be
contlinued and expanded, particularly in the reaidential and
service sectors, and In publle lighting and transportation.
Thease initiatives are diascussed In greater detall in the
sectiona which follow.

10.3.3.1 The Resldential and Service Sectors

a) Alr Conditioning

At the preaent time there are no building codes or standards
which require the installation of thermal insulation |in
new bullding conatruction.

The poor thermal characterlstice of the buildings means that
additional alr conditioners need to be inetalled. The reault
is an excessive consumption of electricity, and very high
electricity billa.

A number of measures can be taken to encourage or require the
use of thermal insulation in bullding construction:

- technlecal asalatance and advise can be offered to deaslgners
and architects.

- technical aasistance regarding thermal Insulation can be
offered on site.

- building codes and astandards requiring the use of insulation
can be legislated and imposed.

These actlons are underway, and It iIs eassential that they
continue to be supported and strengthened.

b) Refrigeration

Refrigeratora account for the second highest component of
household electricity conaumptlion. The reasons for thia high
consumption have been diascuased in several sections of this
report: the refrigerators are inadequately insulated and they
are often placed outside the home in a hot courtyard, generally
in the sun.
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ISERST and the Energy Service have proposed a program to add
insulation to 11,000 refigeratora now In service. Thia program
would be flnanced by a fund of 89 million FD, accrued by EdD
when the price of petroleum fell at the end of 1%85.

Thias proposal has aseveral major benefita:

- energy savings

- reduced electricity bills

- the creation of employment

- reduced Imports of petroleum fuels.

It is recommended that every effort be made to implement this
program, and bring it to a aucceassful conclusion. Thia
initiative could, 1in fact, serve as a model for other efforts
to use energy more efficiently, both in Djibouti and in other
countries facing similar problems.

c¢) Lilghting

The program of refrigerator insulatlion ocutlined above Includes
a second complementary actlion which alma to replace 15,000
incandescent bulbs wlth fluoreascent lampa In the reasldentlial
sector.

It is also recommended that this program be extended to include
the service sector, although in some instances incandescent or
natural lighting may be preferred.

The replacement of the lamps In the corridora of the Cité
Miniastérielle with hligh efflclency compact lamps, or the
retrofitting of akylights iIn the Ambouli dispensary, are
measures that could be repllicated in other bulldings.

d) Ventilatlon

In Djlbouti, perhaps more than elsewhere, ventilation plays an
easential role in thermal comfort. In spite of the extreme
temperaturea, the circulation of alr brings a degree of

relative coolness.

The wind regime la tavorable for the ure of natural ventilation
in bulldings; for more than 9 months of the year it blowa from
the sea and is relatively cool.

Several experimentae have confirmed the advantages of natural
ventilation In Djlbouti. A number of bullding projects
incorporating the technique are now elther wunderway or are
belng deasigned.



It is easential to encourage thls mode of ventilation which
relies on wall openings which are low on the windward side, and
high on the leeward.

The coast of the work ls minimal, and algnlflcantly improvea the
level of comfort Inaide the bullding without recourae Yo
celling fana or wall fans.

e) Archltectural Deaign

The architecture of a building is In large measure responaible
for Ita interior comfort (or dlescomfort), and for the amount of
energy the bullding will consume.

There are saseveral baslc rules concerning the deslign of
buildings in hot climates with which every architect ahould be
familiar. These rulea concern:

- the shading of the walls of the building

-~ the adequate ventllation of the interior

- the reduction of thermal losses through the bulilding
envelope when the interior ls ajr conditioned.

These baslc concepta can be comblned in many ways. For
instance, the architect can set the bulilding orlentation,
arrange the disposition of the rooms, fix the extenasion of the
roof and the location of ashade treea, and decide on the degree
of thermal Inasulation to be inastalled.

In collaboration with the Bureau of Urban Planning and Housing
and several other Government services, ISERST has designed and
conastructed 3 prototype bulldings. These bulldings incorporate
many of the measures recommended for energy efficlent and
bicclimatic tuilding deasign, and they have succeeded iIn
generating a good deal of interest among local architects and
bullderas.

It is recommended that thls type of bullding design and concept
be promoted In Djibouti to the point where bioclimatic design
becomes the de facto norm.

£f) Cooking

Outside of Djibouti ville and the larger towns, cooking
continues to be done using the traditional 3-stone fire.

As this atudy has ashown, thlis method of <cooking consunmes
excesalve amounta of wood, principally because of the high

thermal losasea from the fire and the cooking pot.
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Improved clay cookastovea, aeveral of which have already been
teated by ISERST In four gschoold In the north, would seem to be
appropriate given the mode of cooking In Djiboutl and the
availablllity of the neceagsary materlalsa.

Consequently, after evaluation and confirmation of the
performance and acceptabillty of the new atoves, it is
recommended that a program to encourage the widespread uase of
the stoves be launched. Thias program would employ selected

women at the village 1level who would be reaponsible for
prometing the atoves In thelr village.

10.3.3.2 Transportation

a) Busea and Minibusea

Aan dlacusged In this report, studies of the transport s8sector
have shown that there are too many buses and minibuses |In
service, The resulting competition for pagsengers leads to
excesagive fuel conaumption by the vehicles because of poor
maintenance, the conatant chase for passengers, the low level
of vaehicle occupancy, the habit of leaving enginea idling, etc.

In order to iImprove this aituation, it ls recommended that the
proposal outlined in section 10.1.1.2 be adopted, i.e. to
divide the fleet of buses and minibuses into two groups, A and
B, each group running on alternate daya outslde of the hours of
peak passenger demand.

This arrangement would:

- ralase the level of vehlcle occupancy,

- lmprove the general condition of the vehicles,

- provide better working conditiona for the drivers,
- reduce the number of trafflc jams,

- and finally, reduce the conaumption of fuel.

b) Automobllea

The average fuel consumption of a vehicle in Djlboutl 1is
generally much higher than the figures given by the
manufacturersa. There are several reasons why this is the case.

- the high amblent temperatures prevent adequate engine
cooling which reduces the efficiency of the engine.

-~ the use of the vehicle air conditlioner Impoaes an
addltional and significant load on the engine.
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- alr flltera are not cleaned regularly. This la essential
glven the amount of dust inducted while driving,
particularly outside of Djiboutl ville.

- the carburettor aystem las poorly regulated.

The colour of the vehicle exhaust fumea seen in Djiboutl |la
proof enough of the poor regulation of the englnes. The
digsgemination of appropriate information, or perhaps
legislation, ls needed to addreass these problems.

A further point concerns the increasing number of all-terrain
vehlclea being purchased. Theae vehlicles, which are relatively
powerful, consume algnificantly more fuel than the typlical
amall car which is not only lighter but more aerodynamic.

Uhile the wuse of all-terraln vehicles is a neceasity for

travelling in the interlior of the country, their use in and
around Djibouti wville, where 90 %¥ of the travelling takes
place, ila unnecesgsary. The result Is an excesalve conaumption

of gasoline and Diesel fuel.

The aame tendency can be seen when one looks at the vehlcles
in aervice in Government ministries and agencies. The short
diatancea travelled, and brief amount of time spent In the
vehlcles, do not justify the acquisitlion of auch powerful
vehicles.

Small cara are almoat as comfortable as the larger vehicles,
and their handling and manoeuvrabllity are often superior. The
fuel consumption of the amaller cars is typically between 8 and
9 1litrea/100 km In urban driving; the all-terraln vehicles
consume between 13 and 15 litres of fuel to cover the same
distance.

1t is therefore recommended that the Government take
appropriate measures to require the purchase of emall cars for
the public service agencieas, and to encourage the purchase of

amall cars in Djibouti by the introduction of a system of
differential vehicle taxation.

10.3.3.3 The Industrial Sector

This sector ias characterized by a certaln heterogenelty which
makea generallizationa difficult. Apart from perhape shifting
the hours of production away from those times of the day when
household electricity demand 1Is at its peak, no general
measureas for reduclng the consumption of energy are propoaed.
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Certaln apecific actliona, auch as the preheating of water uaing
gsolar collectora at the Dairy, might however be considered on
an individual baasls.

10.3.3.4 Agriculture and Fishing

The agricultural sector le developing rapidly based on amall

holdings cun by families or cooperatives. Apart from water
pumping, the energy used Is elther human or provided by
animala. Addltional aocurces of energy, and measures to use

energy more efflciently, are both required by this sector.

Concerning the production of charccal, major improvements are
possible which will asave subastantial amounta of wood. Recent
demonatratlions of an improved charcoal-making technique carried
out by ISERST in the north of the country showed convincingly
that the efficiency of production can be increaaed by 1060 %.

The satrong intereat of the charcoal-makers in the region of
Randa and Adailou underscorea the advantages of the covered pit
technique in comparison with the traditional method which uses
an open flre. The adoption of the covered plt technique in all
reglons of the country ashould therefore be encouraged.

VWith regard to flshing, a number of energy conservation
measures are being implemented. The wooden hulls of the boata
are being replaced by lighter plaatic hulle, and the management
of fish atocks la being studied with a view to reducing the
amount of refrigeration and freezing required. It is
recommended that these Iinitlatives be encouraged and fully
supported.

10.3.3.5 Public Lighting

The main roads of Djlbouti are not adequately illuminated.
This reduces nighttime visibility for drivers, and contributes
to the relatlvely high rate of accidentes at night.

To Iimprove this saituation, twe alternative actiona are
pogasible:

- The power of the mercury vapour lamps now in use could be
increased,

- The mercury lamps could be replaced by sodium lamps, which
are more expenaive, but which give more than twice the
illumination for the same electricity consumption.
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It is recommended that high presasure asodium lamps be installed
along the main roads In order to improve the level of astreet
lighting without Iincreasing the consumnption of electricity.

10.3.4 Development of Indigenous Sourcea of Energy

10.3.4.1 Solar Energy

High levels of insolation are found In Djlbouti. Moreover,
the sasolar resource is dependable and exhiblta little varlation
throughout the year. Solar enargy is therefore a resource which
should be exploited in Djibouti, particularly for water pumping
and for refrigeration.

At the end of 1986, there were about 10 photovoltaic pumpe In
operatlion. During 1987, it is planned that another 15 pumps
will be Inatalled. This water pumping technology, as has been
shown in the preceding chapters, is well adapted for use in the
more remote parts of the country, and can make a aignlilcant
contribution to rural development and to the quality of life in
theae areas.

It 1la therefore recommended that the program of photovoltalc
pump inatallatlion be continued and extended.

10.3.4.2 Wind Energy

fMlany regions of Djiboutl have mean windspeeds cloase to 4 m/s.
The prevailing wind ls from the east for 9 monthe of the year.
A mean windapeed of 4 m/e ig high enough to make wind pumps a
viable option for pumping water, but ls generally conaidered
too low for the generatlon of electricity using wind turbines.

At the beginning of 1987, a major initiative was launched by
ISERST with the help of the French Army to rehabilitate aseveral

of the large wind pumps installed in Djibouti. Three wind
pumps were dismantled, repaired, repainted, and erected on new
aites.

All the windpumps In D}ibouti, about 10 In all, are now
operating satisfactorily, and demonstrate the potential of thls
technology to play an important role in water supply and rural
development.

It 1s therefore recommended that the present program be
continued and extended to the more remote areas of the country
where both wind pumps and photovoltaic¢ pumpese can make an
important contribution to rural development.
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10.3.4.3 Geothermal Energy

The exploratory well drilled near Lac Aasal in 1975 showed aub-
surface temperaturea which gavz high hopes for the future
development of geothermal energy in Djlbouti.

The program of extended expioration in the region of Hanlé,
which is8 now underway, should <confirm the potential of
geothermal energy and, it la hoped, lead to the explolitation of
thls reasource for the generation of base load electricity.

The lncremental exploltatlion of geothermal energy In Djilbouti
will produce a welcome degree of energy independence, as well
as a algnificant reduction in the coat to the natlion of
importing petroleum.

It ig therefore hlghly recommended that the present exploratory
program be fully supported and, 1f asucceasful, followed by the
conatruction of geothermal power generation systema which could
supply the base of the electricity demand.

10.3.5 Complotion of the Studiea on Energy Supply, Production,
and Tariffa

The determination of appropriate energy prices depends on a
complex <c¢alculatlion which should take into account the supply
Bystem, the method of production, and the aysten of
distribution.

Each of the 1linka in this chain needa to be atudied
individually 1in order to determine the posaliblility of reducing
the final cost of energy. Theae studles concern principally
wood, charcoal, petroleum fuels, and electricity.

10.3.5.1 UWood and Charcoal

In addition to actions aimed at improving the efficlency of
woodstoves and the production of charcoal, which are deascribed
in paragraphs 10.3.3.1 and 10.3.3.4 respectively, a
comprehenaive atudy of the blomass resource base 18 an urgent
necegsity, if this vital resource ia to be properly managed.

Although in certain regions of the country the collection of
fuelwood by the diaspersed rural populations haa little Iimpact
on the local environment, in other regiona the collection of
wood 1is more intenaive and contributes to ths: desgertification
of the atrea.
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It is neceassary to map the avallability of wood resources, and
to show those critical zonea where urgent action may be
requlired, Including efforts to reforest these areas.

10.3.5.2 Petroleum Fuels

The asetting of petroleum fuel pricea la the responsibllity of

EPH. Prices are set taking account of numeroua cost components
including the world price of oil, freight chargesa, taxes and
surtaxes, profit margins, as well as considerations which are

more social and political than economic,.

A study of the petroleum fuel aupply system will sgoon be
completed by analysts provided by the UNDP. This study should
propose & number of meaaurea almed at reducing the price of
petroleum fuela in Djiboutl.

The UNDP study should now be completed by the pre-feasibility
analysils of the proposal to construct a samall 0il refinery in
the port. This reflnery might supply petroleum fuels not only
to Djlboutl but also to neighbouring countriea.

10.3.5.3 Electriclty

The relatively small power system does not permit Djiboutl to
take advantage of the economies of acale and of production
demonstrated by large power generation unlits.

The Dieael generatora now Iin service, for example, are
relatively expenaive to operate both in terma of fuel
conaumption and malntenance. The coast of production per unit

of electricity la therefore high.

Ir. order to try to reduce the price of electricity, two studies
are consldered esaentlal.

The firast satudy concernsa the type of fuel wused by the
generatora. At the present time, the fuel used is a lighter
grade of fuel oil with a viscoaity of 600 seconds. However, it
appears that the generatora could use a heavier grade of fuel
0il with a visgcosity of 1,500 seconds. Thias fuel is less
expensive.

However, the use of the more viscous fuel will require certain
modifications to the system of power generation including the
installation of fuel preheaters. In additlon, the lifetime of
the engines ia somewhat reduced, and the cost of maintenance isa
expected to rise.
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It l& therefore recommended that an economic and financlal
analysla of this fuel substitution be performed so that the
approprlate declalon can be made.

The second etudy concerns the system uaed to cool the Diesel
generators. At the present time, the generatora are air-
cooled, but air temperatures In the aummer can rise to more
than 45 °C in Djibouti.

Since the temperature of the sea is relatively constant and is
only about 32 °C, even in the aummer, 1t has bean proposed that
s8ea water could be pumped through a heat exchanger which would
produce cooler ali for cooling the englnea. More effective
cooling will increase the efficiency of the engines.

& technical and economic analysis of this propogal should be
conducted.

Finally, the study of electricity tariffs carried out as a part
of this energy planning work ahould be completed by taking intc
account certain soclal and political considerations that have a
bearing on the structure of the tariff system to be imposad.
These conalderations have to do rrimarily with the tariffs for
the low income aectors of the population.

10.4 THE RECOMMENDED PROJECTS

The different actions undertaken as part of thia work: data
collection, sectoral analysia, modeling of energy demand, and
the forecaating of future demand, have lead to the formulation
of a number of energy sector development projects for which
funding will be solicited from the different cdonor agenclea.

These projecta bring together the recommendations set out in
thia chapter. The projecta are arranged in 4 groups which, in
effect, represent the principal components of the Government's
energy policy, namely:

- The development of inatitutional capacity.

- The atrangthening of programa in demand management and
energy conservation,

- The exploitation ot indigenous sources of energy.

- The reduction In the cost of production and distribution.
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LIST OF PROJECTS

I. INSTITUTIONAL DEVELOPMENT

Project

Project

Project

Project

N® 1)

N* 2)

N°® 3)

N° 4)

Development of the Technology Section of ISERST
and the creation of an Energy Planning Group.

Asasistance to the Energy Service.

Technical asaistance to the Publle Hydrocarbon

Eastabliashment.

Technical asalstance for the Training Centre of
Electricité de Djibouti.

II. SUPPORT FOR PROGRAMS IN DEMAND MANAGEMENT AND ENERGY

CONSERVATION

Project N°® §5) Support for the investment fund for energy
conservation.

Project N®* 6) Energy congervation in the resldential sector.

Project N* 7) Improvement of the efficlency of energy use In
public buildings.

Project N* 8) Conatruction of prototype bloclimatic buildings.

Project N* %) Promotion of improved cookstoves.

Project N°10) Formulation of a traffic plan for Djibouti ville.

Project N*11i) Construction of a malntenance centre for buses
and minibuses.

Project N*12) Improvement of the efficiency of public lighting.

Project N°13) Training of refrigeration engineers and

technical assistance relating to refrigeraticn
sayatems.




- 366 -

II1. DEVELOPMENT OF INDIGENOUS SOURCES OF ENERGY

Project N°14)
Project N*"15)

Project N°14)

Project N*17)

Project N°18)

Expansion of the wind pump program.
Expansion cof the photovoltale pump program.

Design and construction of a prototype solar
cooker.

Exploitation of geothermal energy for electrical
power generation.

Improvement of the efficlency of charcoal
production.

IVv. STUDIES RELATED TO REDUCING THE COST OF ENERGY PRODUCTION
AND DISTRIBUTION

Project N®°19}

Project N®20)

Project N°21)

Project N°22)

Study of the forest resource basge.

Feasibility study of gea water cooling of Diesel
generators.

Study of waste heat recovery aystems at the
Boulacs power astation.

Feaslbility study of a petrocleum refinery in
Djiboutl.





