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SUMMARY 
r1HIS PAPER studies energy flows on 
I smallholderfarms in two areas of the 

Ethiopian highlands. The overall farming 
system and the resource base in these areas 
are described and an outlineis given ofhow 
these resourcesare used. The use of energy 
in the househoid system iF then discussed 
and the prospects for improvements i, 
energy use in these areas are assessed. The 

authors conclude that an)' major improve-
ments in presentenergy use will have to rely 

on technologies which are simple, efflctive 

and easily imple.ented and maintatied. 

Energyproblems must be seen in the wider 

perspective of agriculturaland ecological 
development. Changesin the overallenergy 
use on smallholderfarms will beslow unless 
apioper infrastrucrureand adequateexten-
sion and technical support services are 
established, 

INTRODUCTION 

Efficient management of energy resources 
is crucial to survival in subsistence agricul-
ture. Although energy inputs into such 
farming systems are low compared to west-
ern agricultural practices, farmers are 

often forced into production methods which 
exploit current energy flows at the expense 
of a sustained, longer term output. In such 
situations, productivity is steadily decin-
ing. This, combined with an increasing 
population pressure makes it imperative to 
increase the efficiency of energy use. Effic-
iency gains wvithin agricultural systems can 
be achieved by improving energy trans-
formation in the use of resources and by re-
ducing absolute losscs. 
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This paper describes energy flows on 
typical smallholder farms in the Ethiopian 
highlands. These farms are representptive 
of a subsistence agricultural system that 
has remained basically unchanged for cen-
luries. Surveys were conducted in the two 
main study are:as of !LCA's Highlands Pro- 
gramme: around Debre Zeit, 50 km south 
of Addis Ababa at 1800 m a.s.l., and Debre 
Berhan, located 120 km northeast of Addis
Ababa at 2800 m a.s.I. (Figure 1). 

FARMING SYSTEM 
AND RESOURCE BASE 

Some 70% of Ethiopia's human population 

oi 32 million live in the highland areas. The 
highlands are ecologically diverse v.:d agri-
cultural conditions vary widely, 

In Ethiopia nearly 80% of the popula-
tion is directly employed in or dependent 
on agriculture. In many rural areas, people 

are acutely vulnerable to drought and star-

vation, arhd basic social services are se-
riously deficient. Ethiopia's rugged terrain 

is a major constraint to economic develop-
ment oecausc of the inherent transport and 
communication problems. It has been 
claimed that three quarters of the popula-
tion live more than one day's round-'triP 

walk from an all-weather road. 
The bulk of agricultural output in Ethio-

pia is produced by individual subsistence 
mallholders who have 'farming rights' 

over the land they till. Land is not owned 
individually but is allocated by the local 
Peasants' Association (PA), to one of 
which each farmer necessarily belongs, 
There is an average of 250 members per PA 
and each PA regulates the use of approxi-
mately 800 ha of land. 

Fanning system 
A subsistence mixed farming system pre
vail in most of the Ethiopian highlands. 
Rainfed agriculture is dominated by the 
production of cereals, pulses and livestock. 
Average annual rainfall fluctuates betweer 
600 and 1200 mm, with 70% of rain falli.,g 
in th. period between July and September. 
rcmperatures are generally temperate, a]
though extreme diurnal variations can oc
cur in the dr season. Frosts are comaon a 

altitudes above 2100 In. The size of individ
ual landholdings ranges from 0.5 to 5 ha. In 

addition, farmers have grazing rights on 
the comtvuna! pastures of the PA of which 
theyare members. 

T 
oxen are usd for producing a wide range 
of crops including efo, wieat, barley, ma
ize, sorghum,ldinge, beans, peas and len
tils. Annual crop yields range from 500 to 
1000 kg/h a. 

Generally, land is scarce and the human 

population growth rate is high (2.2% per 
annum; World Bank, 1982). As a result an 
increasing oroportion of permanent pas
ture land is being cultivated, fallow periods 
are being reduced and the pressures caused 
ar biredce ano h preuc ause 
available arable land are increasing. Thie 

has substantially added to erosion and to 
the decline in soil fertility. 

Access to modern inputs such as chemi
cal fertilizers or improved seeds is limited. 
Extension services are also very scarce and 
priority in the allocation of farm inputs is 
given to cooperatives. Most farmers own 
livestock: a typical inventory is two oxen, 
a cow, a few sheep and a donkey. Cattle 
(Zebu type) are kept mainly for draught 
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Figure 1. The Ethiopian highlands 
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power and manure. The minure is mainly Productivity is low for all livestock spe- Crops and livestock are closely linked in 

used as household fuel, while a small cies. Milk offtake from indigenous cows the smallholder mixed farming system of 
amount is returned to the fields as fertiliz- kept under traditional management rarely the Ethiopian highlands. 
er. Milk, meat and hides are relatively less exceeds 4(0 kg for a lactation period of 7 
important products. Sheep and goats re- months, and ca!ving intervals average 2 Labour availability 
quire minimal inputs, they are kept as an years. Various factors contribute to this The labour required to operate a family 

investment and provide security in times lowproductivity, includingunexploitd ge- farm depends on :he season. Although 
of need. Donkeys are used extensively to netic stock, extended periods of nutritional most of the labour required is supplied by 
transport agricultural inputs and farm stress during the dry season, diseases and the family, non-family labour commonly 
produce. enteoparasites. has to be used to overcome bottlenecks. 
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Each farmer is required to supply labour 
to the cooperative enterprises of the PA 
with which he is affiliated. Additionally, 

farmers are expected to assist aged or dis-
abled farmers and those families whose 
head is in military service. 

Capital 

Livestock holdings 
The most important contribution of live 
stock to agricultural production in theEthipianh~ghandsis through the use of 
Ethiopian highlands ifarms 
oxen as draught animals. Tab!e I gives 
average holdings of livestock per farmer as 
determined from ILCA surveys around 
Debre Zeit and Debre Berhan. Around 
10% of the farmers in these areas have no 
livestock, 

Table 1. Livestock holdings per farmer on 60farms aroundDebre Zei and 6ofaris 

around Debre Berhan, 1980. 

No. oflivestock holdings 
per farmer (range)ivestockrage 	 •Livestock 

type Debr Zeit Debre ,erhan 

'Oxen 1.86 (0-4) 1.02 (0-3) 

Cows 0.93(04) 1.45 ( 

Heifers 0.33 (0-2) 0.88 (0-3) 

Bulls 0.48 (0-5) 0.69 (0-2) 

Calves 0.64 (0-3) 0.98 (0-3) 

fSheep 1.55 (0-4) 10.69 (0-32) 

FGoats 1.00(0-6) 0.12(0-2) 
t.Donkeys/
~mules 0.9S (0-3) 1.81 (0-5) 

rHorses 0.05(0-1) 1.12(0-2) 

Fuel sources 
Dung cakes, firewood and straw are the 
major fuel sources available for heating 
and cooking in rural households. Straw is 
used as fuel during the harvest season from 
October to December. Firewood resources 
(mainly Acacia spp. and Eucalyptus spp.) 
are not uniformly distributed throughout 
the Ethiopian highlands. Ethiopia's for-
ested area has declined from 40% at the 
beginning of this century to only 4% of its 
land area (FaWCDA, 1982). 

Typical weekly use of dung cakes and 
firewood in two areas of the highlands of 
Ethiopia is given in Table 2. 

Table 2. 	Typical weekly us. of dung cakes and RESOURCE USE 
firewoodaroundDebreZeitandDebre 
Berhan'" The previous section has described the re

' source base available to the average small 
FuelconsumptionFuel onsumtionholder farmer in the Ethiopian highlands(kg/week) hoCerain es hiasanialads 

Fuel DebreZeit DebreBerhan 
family family 

Dungcakes 41 48 
Firewood 10 13 

' I tom ILCA surveys dunring 1980 on 25 srailholder 
in each area. 

h Baed on sun-dried weight. 

Other capital items 
The annual cash income of smallholder 
farms in the Ethiopian highlands rarely ex-
ceeds US$ 200. Surveys have indicated an 
average gross cash income in the region ofUS$ 155 per year, with US$ 90 coming 

from the sale of crops, US$ 50 from live-
stock and livestock products and US$ 15 
from other sources. This modest cash 

component within the system limits the 
opportunity for internal financing of im-
provements and highlights the need for an 
efficient use of available resources. 

Farmers usually possess a dwelling house, 
sto'ei and livestock sheds. Farm tools and
implements are made of wood fibre, leather 

and sometimes metal. Wood from the Euca-

lyptus spp. is used for ploughs, yokes, win-
nowing forks and spades; hides, and skins 
are used for ropes, straps, whips and grain 
bags; and fibre materials are used for stor-
age bins, and ox equipment such as ropes
and whips. The value of this traditional 

agricultural equipnent does not normally 

exceed US$ 60 per farm. 
The two most common fertilizers used 

are diammonium phosphate and urea, with 
most farmers applying less than the recom-
mended rates. 

Certain 	resources such as animal tractiot 

have an intermediate role when used foi 
farm production. Others provide end 
products that can either be consumed a 
home or sold. This section describes th, 
intermediate roles within the traditiona 
farreing system. 

Animal traction: cultivation 
and transport 

Oxen 

The traditional agricultural system in the 
Ethiopian highlands depends on animals 
for draught power for cultivation and 
transport of agricultural products. ILCA 
surveys in 1980 around Debre Zeit and De 

bre Berhan showed that animal power used 
for crop-related work averaged 1050 hr) 
farm/year. Most of this power was supplied 

bv oxen, but other livestock were some
times employed for threshing (50 to 80 hr 
were contributed by donkeys). Some 60 to 
70% of the total animal power input waE 
for seedbed preparation and planting, with 
approximately 350 hr per oxen pair used
for these purposes per season. 

The availability of draught power deter

mines the size of area cultivated and the 
cropping pattern. Table 3 summarizes the 
effect of oxen holdings en crop areas 
among 42 traditional farmers in Debre Zeit 
in 1980. It should be noted that cereals are
much more labour intensive than pulses. 

Cultivation throughout most of the Ethi

opian highlands is done with apair of oxen 
which pull the locally-made maresha. The 
power output of oxen pulling this tradition
al plough depends on the animal's body 
weight, its nutritional and health status, 

Table 3. Effects of oxen holdings on areacultivated and acereals-pulsescroppingmix around 
DebreZeit, 1980. 

No. oxenper Area cultivated Areaunder Areaunder 
farm (ha) cereals(%) pulses(%) 

00 	 1.2 54 46 
1 

1 1.9 44 	 56 
2 2.7 67 33 
3 or more 3.6 92 8 

Source: Gryseels (1983). 
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terrain, soil conditions, draught force re-
quired for ploughing at vaius depths, 
speed of travel, number of passes, training 
of the animal and skill of the handler. 

Studies conducted on traditional farms 
near Debre Be;han demonstrate that oxen 
with an average body weight of 280 kg pro-
duct: power outputs ranging from 0.35 to 
0.70 kW/hr while ploughing (Goe, 1983). 

Energy requirements of mature working 
oxen vary according to their maintenance 
needs and actual power output over a given 
period. Results from trials conducted at 
the ILCA research stations show mainten-
ance requirements of local oxen weighing 
between 300 and 350 kg to be 38.5 to 41.8 
mega joules (MJ) per day of metabolizable 
energy (ME). Requirements for the same 
animals ploughing with the maresha were 
3.8 MJ MEhr regardless of body weight 
(Abiye Astatke, 1982). 

Donkeys, horses and mules 

Ethiopia has approximately 7 million 

horses, mules and donkeys (FAO, 1982). 
e ara,

Horses and mul-,s are used primarily for 
transport, carting and, in soev instances, 

forspacki.ue to temermetei vad tan-
horses due to their temperament and pack-

packing, although carting is not uncom-
mon in certain areas. All are used for 
teshing cos. armdes fsoedreghs 

employ horses~ and donkeys for draught,either hitching the same 
inmxed oses otote 

in mixed pairs. Horses can also be yoked 

together with oxei or barren cows for 
ploughing. 

Labour use 
A typical subsistence farm with 2.5 ha of 
land under cultivation employs a total of 
approximately 1100 hr of labour for crop 
production per year'. This gives an average 
labour input of around 440 hr/ha/year. Of 
this total, around two third, are usually 
supplied by the family, about one quarter 
by exchange labour, and less than 10% by 
hired labour. Most labour for cropping is 
supplied by adult males, 

The labour inputs for different crops 
vary both yearly and by location because of 

This assumes no quality differences between the Ia-
bout inputs of the different age and sex groups. 
Women and children have specific tasks in crop pro
duction for which they are often as efficient as adultmales. 

differences in rainfall, soil and land types, 
cultivation practices and crop yields. A 
high yield can be a result of more intensive 
weeding and better seedbed preparation, 
However, higher yields in turn require ex
tra labour for harvesting and transport. 
Teff is the most labour intensive of all food 
crops grown in the highlands, requiring an 
average 600 hr/ha while pulses require ot(ly 
half this amount. 

Labour inputs needed for livestock pro-
duction are constant throughout the year. 
They involve basic management and arc 
gL.ierally fulfilled by family members, ex-
cept in cases where outside labour is hired 
for herding. 

Other intermediate products 
Milk for calves 
The major role of cows is to produce male 
capes to be reared as draught oxen. As a 

result, approximately equal amounts of 
milk are suckled by calvcs and milked out 

for family consumption. 

Crop byproducts 
Grazing on communal lands and fallow 

plots is the main source of feed for live-
stock in the highlands. This is supplement-
ed with hay. stubble grazing, straw and 

ther crop residues. Work oxen and cows 
in milk are given priority in supplementary 
hand feeding. In the dry ,-ason they are 

supplemented with hay and straw and in
the wet season w ith straw. Valley bottoms 

and crup stubbles are grazed during the dry 
season from l)ecember to April. From 
about May to November, livestock largely 
depend on fodder on hillsides, in field 
verges and roadsides. 

A typical farm of 2.5 ha, with two thirds 
of the cultivated area sown to cereals, the 
remainder to pulses plus an additional 0.75 
ha of communal grazing land, produces ap-
proximately 6.0 t of dry matter in a normal 
year. The average farm stock holding is 
around 3.67 animal units (ALI'). Assuming 
8.1 MJ ME/kg fodder for 4 months and 6.6 
MJ ME/kg fodder for 8 months, the annual 
fodder requirement for maintenance of 
these AUs is 6.5 t DM. The available feed 
resources thus fall short of total require-

ments by 8%). The error in estimating total 
production, its yearly variation, and ani-
mal requirements would indicate that actoal 

2 One AU equals 250 kg livewcight. 

feed resources may be adequate for main
tenance. However, there are only limited 
periods during the year when livestock can 
gain weight without supplementation. 

ENERGY ASPECTS OF 

THE HOUSEHOLD SYSTEM 

Consumption 
Ethiopian families in rural areas depend 
heavily on home production of foodstuffs 
for consumption. The staple food of most 
people of the Amhara group - the domi
nant social group in the ILCA study areas
is injera and wa:. Injera is a porous pan
cake, a few millirnieters thick and 40 to 
50 cm in diameter, its sourness depending 
on the length of the fermentation period. 
Although injera made from teff is pre
ferred, it can ako be prepared from barley, 

wheat, maizc and sorghum or sometimes a 
mixture of these, depending on what is 

available and a.',rdable. The ingredients 

of wat, the sauce which accompanies inje
also vary according to their availability 

as well as fasting requirements and local 
tastes. Meat wat is preferred, but most 

farmers can afford it only on feast-d-iys.
In a normal year farmers produce suffic

ient cereals and pulses from their own 
cropped land to have a modest surplus af
ter meeting family requirements. Table 4 
presents indicative total production and its 

allocation for an average household of five 
persons (two adults and three children) on 

a farm of 2.5 ha in an average year. 
Due to the large number of fasting days 

each year, there is a great demand for ce
reals, pulses and vegetables to meet house
hold nutritional needs. Table 5 gives daily 

per caput intake of common foodstuits and 
their energy values. 

Human energy expenditure in 
household activities 

Household duties are the responsibility of 
women. These duties include food process
ing and preparation of meals, making tella 
(a local beer), fetching water, collecting 
dung and wood for fuel, cleaning, washing, 
taking care of the children and making 

baskets. Most of the labour inputs for live
stock production such as feeding and wa
tering, milking, barn cleaning, manure col
lection and handling are done by women 

and children. Women also help to deliver 
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In another arranrement called minda, a 
Table 4. Annual producnior and disposal offood crops on a 2.5 ha family farm in the 

farmer in need .,an ox carl rent it from aEthiopian highhzds. 
farmer owning surplus oxen at an annualF 

Total Seed require:t Available cost of between 20X) and 225 kg of grain, 
Crop production' for following crop" Consumption' for sale 

(kg) or in exchange for human labour. Some
(kg) (kg) 	 (kg) 

times oxen are rented on a cash basis, at 

US$ 1.50/day/pair or US$ 2.50/day/pair ifCereals 

155 ahandler is included.
t (1.65 ha) 1320 165 1000 

Throughout most of the Ethiopian high-Pulses 
(0.85 ha) 510 85 	 250 175 lands the areas of fallow and permanent 

pasture have been educe due to the high
k2ha for pulses.of 8WK)kg/ha for cereals and NKX)Assuming harvested Yield 

human population. Thus it is becoming 
is Values are calculated on the basis of seeding rates of t0kgha for both cereals and pulses 

Assuming a family of five with average annual consumption each of2(X) kg of cereals and 51)kg of pulses 
c more difficult to maintain the present 

goods to the market place. Younger child

rtn are responsible for herding the cattle. Table 6. Time spent on daili household chores and energy e.tpended 

delivering milk to collection stations, 
Timespent Energy expended

transporting ashes to the plots near the 

house, running crraads and minor house- Activity (hr/month) (M-l/hr ") (Mi/month) 

hold chores. When boys reach the age of 12 

years they begin to help their fztthcr with Cooking 183 0.28 51.24 

the field work, take goods to the market, Food processing 5" 0.91 4.55 

make yokes, ploughs and handles for hand Collecting preparing and 

implements, collect honey, and learn the drying cow dung 44t 0.91 40.04 

management aspects of keeping livestock 
and gencral farmin. Weaving of the sha- Collectingfirewood 61 0.91 55.51 

91 0.91 82.81 
ma or gahi (a large wrap made from (otion) Fetching water 

is done mostly by men. The time spent Washingclothes 	 8 0.91 7.28 

performing daily household chores and Herding livestock 213-343 0.28 59.64 -68.04 

, Going to market 20-45 0.28 5.60-12.60the energy expended on them is given in 
Table 6.
 

Source Asfa, Alemu (19821 

Source. Bajgell(14
7.1)PROSPECTS FOR 

12-13.Based (ncalculations from Clark and tas'kell (1970). pp
IMPROVEMENTS IN 

ENERGY USE
 

the national level indicate that only 37% of cattle population, as well as to prevent eco-

Animal _raction the farmers have two or more oxen, 34% logical degradation. 

one and 29'%, own no oxen at all In these circumstances, it is likely thatSingle ox have 

A major constraint for crop cultivation in (MOA, 190). Since oxen are traditionally it will become increasingly difficult for 

than 60% of the farmers to keep the breeding stok re-
Ethiopia is the unequal distribution of ox- paired for work, more 

quircd for raising replacement oxen in ad
en per farm household. Data available tt farmers have to rent or borrow one or two 

animals for cultivation. dition to maintaining a working pair. How-

A farmer os, ning less than two oxen has ever, by introducing a change in the farm
several options available for securing, 	 ing system, whereby cultivation would befoodstuffs. 

animals for ploughing. Itouseholds that al-	 done by a single ox, rather than a pair, it 

ready have one working ox can enter into a 	 may be possble to substantially increaseFoodstuff g/day' MI ME/dayh 
mekanajo agreement Aith another house- the productivity of livestock and the small-

Cereals 400-500 6.3 -7.9 hold inasimilar position, whereby the pair holder farm. More cattle could be sold, re

vPulses 80-100 1.2 -1./ of oxen is used on the partners' fields on al-	 suiting in an increase in farmers' incomes. 

At the national level such a u,:velopment
15 0.21 ternate days. However this strategy has

Pepper meat supplies to urbanone serious disadvantage: if the ploughing would bring more 
.Oil-butter 15.-20 0.45-0.59 season is short, the working capacity of the areas. Reduced grazing pressures would 

-Onions 80 0.12 	 animals may not allow both farmers to cul- enable better control of erosion and would 

tivate at the optimum time. Moreover, the help to improve livestock nutrition. Farm
1 Othervegetables 15-20 0.23-0.30 

changing of oxen handlers and yoking of ers who have to rent or borrow one or two 

Source: Asfaw Alemu (1982). animals not used to each other can result in oxen will be able to practise more timelYi 

a loss in daily work output. cultivation.b Calculated from Agrcn and Gibson (1968). 
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Figure 2. Modified maresha and yoke designed for single ox cultivation
 

Modified maresha for single animal use. Wooden yoke designed for single animal use.
 

Beam (length 1.2 metres) 
Trace chains 

.. - ' '-'"'"-""-" / "' (nylon ropes)\\/// 

leather strap \ 

ILCA has developed asuitable yoke and 
harness. as well as a modified rnares/ta 
plough (Figure 2), for use by a single ox. 
This technology has been tested at the 
experimental level, and trials are ct. rcntlv 
being conducted on traditional farms to 
test the applicability and effectiveness of 
this new technology within the Ethiopian 

highlands. 

Use of crossbred CO si 
for draught 

Another option which may also help to re-

duce cattle herd size and grazing pressures. 
and extend stored feed supplies, is the u-,c 
of crossbred coSSs for both milk production 
and draught. IICA studies with farmers 
have demlonstratcd that crt)ssbred ct)ws arc 

able to provide adeqLuate draught poxcr 
during the cropping season, as well as a 
higher milk yield andt a crossbred calf of 
higher value compared to local Zebu cows. 
Although tile stud, is not vet complete, da-
ta indicate that coss s can be adapted to 
work without any negative effects on their 
reproduction rate, lactation iength and 
milk yield, provided that adequate feed 
supplies and veterinary care are available 
and proper managmcnt is maintained. 

The most promising area for the use of 
crossbrcd cc'ws as traction animals would 
bc in or around urban areas where the scar-
city of land is more acute than in the rural 
areas. Farmers would be guaranteed acon-
slant market for milk, access to supple-
merits and vterinary services. and high 

market prices for calves. Such farmers 
would be more inclined to change or mod-
ify their management system since their 
proximity to urban services would help 
minimize production risks. 

Swingletree 

-- Metal skid 
___ (depth 20-30 cm) 

foreFortio, Ground surfaceAi 
Tipping force 

Improved implements 
Cuhivation trials with impro,,ed imple-
ments were conducted by ILCA from 1980 
to 1982. Trials were carried out on three 
different soil types - clay, els loam and 
silty clay loam.silt TbreeThree, cultivationcultivation1'Naltdsvstenscla 
were tested using th traditional nrn 
a congtentional mouldboard plough aid a 
spring-tine harro\, for the primary passes. 

sprig-tnefrhrro'. pases.te prmar
Seed covering was done with the same in-
plcments and a zig-zag harro, (Abie As-
tatke and Matthews, 1Q82). Dvnamometer 

measurements were made for the three ini-

plernent/soil combinations to determine 
the amount of draught power required. 

Ott each soil type. betier ., ccol control 
and crop \ielids ,serc obtained using tile 
oe .entional mouldhoard plough and 

sprini-ti!c harto. .'onipmred to the mart'-

AI. The total kWhr/ha Tc'ttrcred was high 
c. for th-' mouldboard plough on all soil 
types. foll(mcd bv tile mare.laon cla, soils 
aid tile spring-trie oin silt, cla' soils In all 
cases, the zig zag barro\o prtos dcd more 
uniform seed covering in less time and rc-
quircd less draught pol)ker tha did tire 
three other implcmcnt,. 

Irials to reduce wAaterhoggini of bottoi-
lands have also been inititcd A single 
wingeid-tin \hich can be fitted tin the 
sanc frainc its tite mouldbotard plough. \, as 
used to aerate -!nd drain surface sAatcr. Re-
suits from the first season of trials demon-
strafed that natural forage )iclds (fresh 
weight) can be increased if the tine and 
wingei-tinte are used before the raijis start 

Further ,,)rk will be done to better assess 
yield differences aid kWhrh.I rcquire, 
mcits, 

These improved implements have not 
yet been tested off-station, the main oh- 

*-- 0 tX)mn, 
\ Slosof 

0 --	 5t)rnn dianicctr 
Oil cach PAC fo,KNNattachmnlrt 

4-, 

P|adding 
Hooks to attach 
trace chains 

statc being their cost. N%hich isbcond tile 
means of the smallholder. [-or eualrple. 
the basic frame for use \ibh a monldboard 
plough and a s rlniLd-1ilrt costs U S$ )I 

it cst, of tile plough share and Ih,. 
title art Sl 201and-in uniti PS 23 rcspccti\cI\the 

I ' 21h) ad the 
zig-zag harioA I. 3S--0 ('oinpareC it) 

the total cost 01 thC trAditloral ,?rPzri'/rIN of 
USS I13.the :rbos c representts ;,subiantial 
iS$ 15. t -oc reprc in at tile 
Sue'.,trent for a frmcr op al rg atCthe 

subsistenc lexci Thu, unless ar eftcetive 
agriculural credit ptograrmte can be tic 

lopd most ar r,oortiaucx,iif to rel, 

Fuel consumption 
About 16",, ,A1 the total encrg contsurtip

lion in l- hopiai is proIs ided b, \ooid, huldg. 

charcoal ii;,i crop relducs. Iliormss con
sutnption for fuel in 198\)was aboiut 24 nil
lion m' (it flretsood. 7 million t of dung. 
1711(X) t of charcoal arndi6 million t of crop 
resiiducs (I-a Wt\)A. 1982 (it en the cur
rent fire\rood consumptlon of I to 1.2 r/ca
putl'iar, it has been estimatel] thtl.t forest , 

in lthiopia \-,ill be completelydestroyed hw 
the \ear 2(1I1 unless drastic trncasures are 
taken to reduce thet prcse.,t consumption 
level arnd to strengthen both the financial 
arid rnr.inposcr budgets of tire releant in
stitltltons (Belvecr Institute. I )8 ). More ef
fcicrir A~as of firev,iod ulllis;aion necd Ito 
be itvestigated. Substantial savings in fire
w,ood consumptiotn coUtld be achicscd b\ 
the use of improved slo<,cs and different 

cooking methods. 
The major tree species being plaritd itt 

the highlands is Lucalyvp glohulus I lowk
ever, evcn if present rcafforestation pro
g.'ammes attain the projected planting goal 
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of 56 000 ha per year, this will not be suf-
ficient to maintain the cxisting woodlots 
which are being cut at an estimated rate of 

200 000 ha per year (Beijer Institute, 
1981). Furthermore although Eucalyptus 

spp. are highly suitab!e for woodlot estab-

lishment, they are not very effective in con-
trolling hillside erosion. 

Urgent reforms are therefore needed. 
Possible measures to be taken include con-
trolled livestock grazing on hillsides, which 
should be enforced so that slopes do not 
become denuded. In areas where erosion 
has become severe, livestock should be 

kept off hillsides for at least 3 to 4 years to 
allow the total biomass to regenerate. In 
addition, conifer species should be em. 
phasized in these arcas. 

Wind energy 
In the Geleb area north of Lake Rudolf in 

the Gamo Gofa administrative region, 

windmills are used to supply households 
with water and for irrigation (Fraenkel, 

andmecancalappk tios ae o b bult1975). Prototype windmil!' for electrical 
and mechanical appli( ttions are to be built 


in the Melka Werer area of the Awash ,,-
ley (Cocks, 1981). By employing idilB eplyigwindmills 
for irrigation, it should be possible to grow 

le (ocs,191) 


two or three crops a year instead of one. 

The potentialor for increasing the ofwind generators in Ethiopia 
depndis or whtiudenerathhorsn hip 
depends on the altitude of the chosen site, 
the average wind speed and the duration 
for which a particular wind velocity is 

maintained. Even very efficient units can-
not operate when wind velocities arc 3 m/s 
or less (Earthscan, 1981). As the altitude 
increases air density decreases. A study 
done by ILCA at Debre Berhan showed 
that the power available from wind at a 

particular velocity was three quarters of 

what it would be at sea level. Inaddition, a 
windmill could be expected to pump the re-
quired amount of water only for 2 to 3 

months a year because there would either 
be no wind or average wind speed would be 

too low during the rest of the y ar (Camp-
bell, 1982). 

windmills use 

Solar energy 
In Ethiopia solar radiation is used exten-

sively for drying crops, animal forages, 
fruits and fish, for the prod'iction of salt by 

evaporation of seawater or inland biines, 

and as fuel. However, harnessing its power 

in the form of electricity, heat storage or 

mzchanical energy at the village level has 
so far been minimal or non-existent, des-
pite the successful research into solar cook-
ers, heaters and distillation plants (Hobbs, 
1965). 

Potential areas for developing solar 

energy should probably be limited to pas-
sive solar driers and ovens, irrigation 
pumps powered by photc, voltaics and flat 
plate collectors (Beijer Institute, 1981). 
However the cost of such solar apparatus 
would be prohibitive to smallholders, and 
the equipment is still complex, difficult to 
maintain and potentially hazardous to the 

ill-trained. Tlerefore, compared with ex-
isting sources of energy, the prospects for 
large-scale introduction of solar power re-
mrain poor in thbimmediate future. 

Biogas 
Given the scarcity of firewood and the pre

valent use of dung for cooking, biogas 

plants would appear to be an appropriate 
means of reducing the current usage of 
ever, despite the expensive experimentalthese renewable energy resources. How-

the E
ever ,udepitaeny tiopination-


work undertaken by the Ethiopian Nation-
al Energy Commrission only a few biogash, 
plants have so far been established in the 
Ethiopian highlands. The major difficul-
ties encountered are mainten:ince, proper 
management and public acceptance and 
cooperation. 

cpconsidered. 

Thermal and hydroelectric 
power 
Most thermal plants producing electricity 
in Ethiopia operate on diesel fuel While 

these units generated 26.69,0 of the total 
electricity produced in the country in 1970, 
their output in 1978 fell to 14.7%, largel 
due to an inrrease in the number of hydro-

power plants and problems in operating 
thermal plants efficiently (ECA, 1980a). It 

is reported that only2.3% of Ethiopia's hy-
dropower potential has been developed, 
and that of the electricity generated only 

30% is being utilized, primarily because 

electrical appliances are beyond the reach 

of most of the population and electrifica-
tion has vet -,oreach many rural areas of the 

country (I aret, 1978). 
Increased use of electrical power in the 

country will depend on more accurate 

long-term planning in all sectors of the 

economy (especially the industrial sector), 

better returns on assets and better adher-

ence to projected time schedules for corn
pletion of new generating plants. At pres
ent, little progress has been made in tack

ling these problems (Beijer Institute, 
1981). 

Geothermal energy 
Geothermal exploration began in Ethiopia 
in 1967. Three sites were se,:.ted for drill
ing, two in the Afar depression and one in 
the Rift Valley (ECA, 1980a). Depending 
on the outcome of the drilling in the Lake 
Langano area of the Rift Valley, additional 
wells may be drilled (ECA, 1980b). The 

use of geothermal energy would extend 
electrification to isolated rural areas where 
the supply of electricity through other 
means may not bc feasible. 

CONCLUSION 

Any major inroads to be made in changing 

th presentoener usae wile to ely 

on technologies which are simple and ef
tained. In addition, these technologiesfective, and easily implemented and main
should be well tested to determine whether
 

by improving the efficiency of one resource
 
a reduction in another does not occur. 
aoreductiontinuanoiherodoesnnotioctur 
byipongteficnyofnersue 

However, although improvements in the 
use and availability of energy sources play 
amajor part inimproving agricultural proamjopatiipovnagcuurlr
ductivity, other aspects also need to be 

Energy problems must be seen 

in the wider perspective of agricultural and 
ecological developmcnt. The energy base 

necessary for this development will have to 

be both animal and human power. In the 
short term there is no scope for the mech

anization of Ethiopian agriculture. Culti
vation will continue to be carried out using 
animal traction. Improvements in the 
animal traction component, as discussed 

above, will not only lead to direct increases 
in agricultural productivity, but will alsc 
make it possible to drain and cultivate val
ley bottomlands, which are presently sea 

sonally flooded and used only for dr

season grazing and hay production. A" 
present food crops are mostly cultivated on 

hillsides. If appropriate short-seasoned ol 
frost-resistant varieties can be found and il 

bottomlands can be drained, a major re

view of this agricultura! practice could N' 
considered: food crops couid be cultivated 

on drained bottomlands, and the less fer 

tile slopes could then be used by livestocki 

thus reversing the present situation. TAll 
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would improve the fertility of soil on the 
degraded slopes and ensure the future sur-
vival of the local farming community. Stu-
dies done by ILCA have demonstrated that 
it is feasible to construct ponds with locally 
made earth scoops drawn by animals. Ponds 
would not only provide water for human 
and animal consumption, but could also be 
used for irrigation, 

One important area in which energy in-
efficiency could be reduced is that of post-

Abiye Astatke. 1982. Comparison of efficiency
between crossbred and local oxen as pairs.
Internal document. ILCA, Addis Ababa. 

Abiye Astatke and Matthews M D F. 1982. 1981 
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preceedings. Stockholm, Sweden. 

Cmpbell J K. 1982. Feasibility study on em-
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Ethiopia. Internal document. Department 
of Agricultural Engineering, Cornell Uni-
versity, Ithaca, New York. 

Clark C and Haswell M. 1970. The economics ofsubsistence agriculture. Fourth Ed. Macmil-
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harvest losses. Introduction of improved 
threshing and storage methods could sub-
stantially improve the welfare of subsist-
ence farmers. Other areas where progress 
could be made are veterinary and exten-
sion services. Reducing livestock mortali-
ty, Pnd improving animal nutrition and 
management would allow for increased 
energy use throughout the traditional agri-
cultural system. 
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