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INTRODUCTION 

This "Supplement" contains information, which was collected in 
Zambia as a preparatien for the main M.Sc. research. The following 
subjects are discussed: 

a brief review of the Zambian economy (part A), with special 
attention to problems in rural development (part B). 
main characteristics of the Zambian energy sector (part C), with 
special attention demand and supply of woodfuels. 
the stage of development of new and renewable energy technology, 
and the prospects for application in Zambian rural areas. 
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Part A THE ZAMBIAN ECONOMY: FACTFILE 

Zambia is situated in Southern Africa, with an area of 752,614 km2 

and a population of 7.5 million people (All data in this chapter are 
from 1986 basedon ZAM 87, WOR 87, MON 87, KOL 87). About 59% of the 
population lives in the so-called line-of-rail provinces (Southern 
Province, Lusaka Province, Central Province, Copperbelt Province). Rural 
population is 4.3 million (annual growth 1.9%). Urban population 
comprises 3.2 million (annual growth 4.1%). 

Of the labour force (defined as populace of the working age 15-64 
years, 48% of the total population, WOR 87, table 31), 
- 73% finds employment in agriculture, 
- 10% in industry, 
- 17% in other sectors, mainly services. 

Formal employment bas remained relatively constant over the past 
years (366.000 in 1971, 356,600 in 1987), although annual growth of the 
labourforce is 3.2% (1980-85). 

In 1986 Gross Dornestic Product (GNP) was K 16270 million (at purebaser's 
value, US$ 1660 million ). GNP per capita was K 2170 (about US$ 270). In 
1965 GDP was US$ 1060 million and GNP per capita US$ 280. 

The mining sector dominates the economy, generating 20% of the GNP 
(54% in 1965), employing 16% of the formal workers, and accounts for 96% 
(97% in 1965) of the foreign exchange earning from merchandise exports. 
Main export product is copper. 

The other industrial sectors (manufacturing, construction and 
electricity) contribute 28% to GNP (6% in 1965), 25% to formal 
employment and 3% to merchandise exports. 

Agriculture generates about 11% of GNP (14% in 1965), one of the 
lowest in Africa (14% in 1965). It employs 10% of the formal labour 
force, and contributes only 1% to exports. Zambia bas a great potential 
for agriculture, the best soils being found in Southern Province, 
Central Province and Eastern Province. Rainfall and temperature are 
favourable. 

Other branches of the economy (w.u. transport, services) constitute 
41% of GNP (32% in 1965), employing 39% of the formal workers. 

The structure of demand in 1986 was: 
- consumption government: 25% of total expenditures on GDP (15% in 
1965), 
- consumption private: 56% (45% in 1965), 
- investments 15% (25% in 1965), 
- trade balance (exports minus imports) 4% (15% in 1965). 
Gross dornestic savings were 13% of GDP in 1986 and 40% in 1965. 

Since Independenee (1964) educational facilities have increased 
tremendously. About 95% of all children have access to Primary Schools, 
but still only 20% of them are selected to enroll in Secondary Schools. 
Until recently education was free, but have started charging fees now 
(e.g. Primary Schools K 57 per pupil, 1987). 
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Health services are free, although recently all hospitals have 
started charging fees. Critical shortages of drugs often force people 
however to buy presription at the local chemist, if they can afford it. 

Zambia experiences nutritional problems. Energy intake levels of 
the rural population are estimated at about 80% of the level recommended 
by FAO which is 8580 kJoule per capita per day. Energy intake levels of 
urban people are more or less at the recommended level. It has to be 
stressed that these figures do not differentiate in regional differences 
or in vulnarable groups. 

Economie development boomed due to high levels of copper production 
and high prices of copper. Since 1980 the economie situation has 
deteriorated drarnatically. Per capita GNP dropped frorn US$ 700 (1981) to 
US$ 300 (1986). 

The GNP increased in 1965-1980 with 1.8% annually, but decreased 
with 0.1% per annurn since 1980. 

Foreign debt increased frorn US$ 617 rnillion in 1981 to US$ 5300 
rnillion in 1986 (i.e. 240.5% of GDP). Balance of payrnent deficit on the 
current account reached US$ 617 rnillion (1981) and and US$ 320 rnillion 
in 1986. Payrnent arrears were about US$ 500 million, in 1981 and 1986. 
Gross International Reserves in 1986 were US$ 71 million, enough to 
cover irnports of only 0.8 rnonths. 

Annual inflation increased frorn 14% in 1981, 70% in 1986. 

The crisis affecting Zambia has its origin in both internal 
policies followed by the dornestic ruling groups (w.u. inefficient 
governrnental policies, mismanagement), as wellas in the decade of 
external shocks: oil price raises, the fall in real prices of copper 
since 1975 and a decline in export possibilities (due to recession in 
the industrialized world). 

Future prospects for Zambia 

The future economie growth of Zambia is higly uncertain, depending 
on several unpredictable factors: 
a) tensions with or in South Africa could cause higher import/export 

costs and higher military expenditures. 
b) bad weather conditions (such as the drought in the early eighties) 

can cause poor harvests and would direct foreign exchange to food 
imports instead of use for restructuring of the economy. 

Major bottlenecks in future economie growth are: 
- the debt problem 
- the prevailing situation of low national savings and fixed 

capital formation. 
Foreign debt in 1986 was US$ 5.2 billion. Assuming an interest on 
long-term foreign debt of 9%, then interest due on the present debt is 
about US$ 500 million. Foreign exchange earning in 1986 were about US$ 
450 million. Zambia is not even in the situation to pay off all the 
interest on its debt. In future a large part of the (increase in) GDP 
and export-earnings will have to be used for debt repayrnent. Foreign 
exchange income cannot be raised by import reduction, without a serious 
contraction of economie activity. So, in overcoming the debt problem and 
the lack of foreign exchange, relief can come from two sources: 
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1) increase in the official aid flows and official lendings. 
2) increase in export. 

In 1978 and 1982 Zambia had to knock on the door of the IMF 
for financlal assistance. Also in 1985 Zambia asked the IMF for 
additional loans, but this time the IMF imposed strict conditions on the 
lending (removal of price and interest controls, devaluation of the 
Kwacha, cuts in the inflexible state bureaucracy). The Zambian 
government rejected however the pace at which the reforms suggested in 
the IMF programme should be carried out. And according to the programme 
Zambia would pay back to the IMF more than it would receive from the 
Fund for the coming 6 years. In 1987 contacts with the IMF were ended. 
Because of the break with the IMF other donors (The World Bank, Western 
Governments) withheld an estimated US$ 350 million of aid, SOU 88). Thus 
increase in official aid flows will depend on re-establishing cantacts 
with the IMF. Even if agreement with the IMF is concluded, it is 
questionnable if foreign lenders are willing to continue covering debt 
and interest obligations with new loans, leading to vicious circle of 
even larger payments on debt service. 

ad 2 From 1975-1987 copper price has declined persistently from USS 
1.48 to 0.61 per pound (1982 dollars, DoE). In 1987 price rose sharply 
(briefly reaching US$ 1.40 per pound) but has fallen back since. Taking 
into account the worldwide over-capacity in copper mining and the 
expevted stagnating growth of capper consumption, it is unlikely to 
assume prices will rise significantly in the coming decade. 
Non-mineral exports are now only about 5% of total merchandise export 
earnings. Prospects for expansion of exports are in processed local 
resources and labour-intensive products (manufactures and agricultural 
products). A future increase in performance of the agricultural and 
manufacturing sector is hampered by: 
- high transport casts. Zambia is a landlocked country and thus 
transport casts are high, which is a setback to be competitive on the 
international market. 
- lack of foreign exchange. This farms a eenstraint as Zambian industry 
and agriculture are highly dependent on imparts of raw materials and 
spare parts. Already some Zambian industries are working at only 40% of 
the production capacity. 

Zambia: lev economie lnd-rlc=a~to..:..:rs=-------, r---------, .......--------. 
Cunent GNP per capita ~rade 1 at constant prices) Forelgn debt Intlation 
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National savings (and thus fixed capital formation) are small. Up 
to 1983 imports of capital could compensate for the small savings. After 
1983 capital formation has been negative. To realize positive savings 
and at the same time maintaining the necessary imports of capital goods, 
drastic cuts in private and government expenditure have to be done. This 
will mean a further hardships for especially the urban population. Giant 
social tensions may be the result, of which the 1986 food riots in the 
Copperbelt were an example. Again, abolishing food subsidies (except on 
maize, for which a distribution system is introduced) in June 1989 led 
to riots in the Copperbelt. 



Constraints in rural development 5 

Part B CONSTRAINTS IN RURAL DEVEI..DPMENT 

The colonial period 

From about 1890 till 1964 Zambia (then known as Northern Rhodesia) 
was under British colonial influence. Colonial rule laid the implicit 
basis for Zambian rural underdevelopment as the colonial authorities 
promoted the development of an external oriented mono-economy, based on 
copper production. Not only copper was important, Northern Rhodesia 
provided cheap labour forces for the Southern Rhodesia mines and was a 
transport link between the Katanga mines and the south. The creation of 
towns and infrastructure thus focused on the "line-of-rail"; the 
economie centre was the Copperbelt. 

At the eve of independenee the Zambian economy showed the following 
characteristics: 

an economy based on copper (40 % of the GNP, 53% of government 
revenues, 92% of total export earnings, KOL 87,p.95). 
an infrastructure, aimed at the needs of the mining sector and 
European commercial agriculture. 
a dualistic economy: on one hand a commercial agriculture sector, 
predominantly composed of large-scale European-owned farms, and a 
capital-intensive mining sector with high wages; on the other hand 
the traditional subsistenee sector. 
a lack of educated and trained manpower. 

Agriculture itself played a minor role in economical development. lts 
essential function was to provide cheap food for the labourers. Export 
of agricultural products was neglible in relation to total export 
earnings. The producer price of staple food was put at a low level, a 
disincentive for further agricultural development. The state offered aid 
to commercial farmers (black and white, a small group of prosperous 
Zambian farmers had developed). These services were refused to the poor 
farmers. The less developed areas were predestined to form a labour 
reserve for the mines. Many young male workers migrated to the 
"line-of-rail", stimulated by the imposal of taxes, the introduetion of 
European consumer goods in the cities, the lack of job opportunities in 
the rural areas and the large difference between rural and urban 
salaries. 

So, in 1964, Zambia was left behind with a setback agricultural 
sector and a biased export sector. After Independenee revenues from 
copper were directed to modernize and diversify the economy. This was 
possible due to high copper prices and increased copper production. In 
some aspects this modernization was successful: 
a) an import-substituting industry was established, 
b) the social infrastructure was improved. Even in remote rural areas 
schools and rural health clinics were set up. A network of about 450 
village level agricultural camps was established to promote extension 
work. 

In other aspects the development has been a failure. The dependency 
on copper as exports product remained .. Industrialization has been 
capital-intensive. In the period 1971-1987 formal employment remained 
roughly the same, about 350,000. Emphasis in industrialization was on 
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consumer goods, mainly within reach for the urban middle and higher 
income groups. Although the aim was import substitution, in practice 
dependenee on foreign production remained, as one used imported raw 
materials and semimanufactures. With the current economie crisis (see 
B.l) those essential spareparts and raw materials are not available 
anymore. Industries are only partial operational (capacity utilization 
60%, and particularly those companies unable to obtain foreign currency: 
15-25%, KOL 87, 97). Agriculture is hit indirectly as it depends on 
supporting industries (manufacturers of ox-drawn equipment, fertilizer, 
chemieals industry). 

In the period 1970-1978 agricultural production showed a net growth 
compared with rural population growth, but already lagged behind total 
population growth (KOL 87). After 1978 output has notbeen able to match 
rural nor urban population growth, which is illustrated in table B.l). 
As food imparts did not increase significantly during these years (table 
B.2), this must have resulted in lower nutritional values for the poor. 

The average income of a rural household is about 3-4 times lower 
than of an urban household. Terms of trade of rural areas have 
deteriorated with about 30% in 1964-1980 (KOL 87, p.l03). 

In general, rural development has stagnated. Main aspects are: 

A) Problems in agricultural institutions. In accordance with the 
humanist-socialist ideology of the party, a great part of the economy 
was brought under the control of the government. Instruments were, and 
are, wage and price policies and production by parastatals. The grip of 
the government is large, as allmost all consumer goods have a fixed 
price. A great deal of industrial production, including the mines, was 
zambianized in the years after 1968, and put under the parastatal INDECO 
(Industrial Development Corporation). Also in agriculture the 
parastatals was given sweeping powers. NAMBoard was given control of 
purchase, starage and sales of the main crops, and monopoly selling of 
inputs (such as fertilizer, seeds). 

However as a reaction to the inefficiency and bureaucracy of 
NAMBoard and the fact the majority of farmers, traditional farmers, were 
most difficultly reached, the government started in 1980 with 
decentralization. Provincial functions of NAMBoard were allocated to 
provincial co-operative unions (PCUs). Each PCU should serve as a parent 
body for societies at the grass roots level. These Primary Co-operative 
Societies (PCSs) are then involved in erop marketing, cattle marketing, 
transport, supply of inputs, merchandising consumer goods, society 
development and training, small-scale milling, workshops (KOL 87, p.65). 

Difficulties that PCSs and PCUs face today are: 
They are supposed to be economically independent, but can only 
provide services in an uneconomical way, due to present pricing 
structures. 
The Unions still have to share responsibilities for marketing with 
Namboard, resulting in competition and friction. 
PCS-members aften come from the middle and upper socio-economie 
class. There is a low level of democracy in PCSs. Management and 
financial skills in PCU and PCS are limited. 
stores, run by PCS suffer from insufficient supply; financial and 
stock control is weak. 
cattle marketing is hampered by the low efficiency of abattoirs and 
marketing structures. Crop marketing in remote areas is often 
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loss-making. 
larger commercial farmers order their seasonal inputs early in the 
year. This implicates that other farmers have to bear the 
shortfalls in supply, they have second choice and live remote from 
depots. 
Also the existing credit system is basically a centralized system. 

Sourees of credit, available to small-scale farmers are: 
AFC (Agricultural Finance Corporation), 
Barclays Bank Lima Schema, 
Co-operative Credit Scheme, 
PCUs 
Problems with the credit funds are (see e.g.KOL 87): 

a) a disproportionate share of the available credit funds is allocated 
to large- and medium-scale farmers; 

b) the share of credits allocated to remote areas is not conform the 
share these areas have in total farming population; 

c) interest rates are high, e.g. the 1985/86 seasonal interest rate 
(cropping season) was 25% . In 1987, after the break with the IMF, 
the interest rate was fixed at 18%. In November 1988 interest rate 
was set at 25% . 

d) traditional crops are ignored by the official marketing system; 
credit organisations refused to supply loans for these crops. 

e) use it is subsidized ZCF can offer loans at lower interest rates 
(in 1985/1986 16% in theeropping season, AFC: 20%). The share of 
ZCF in the total credit disbursements amounted to approximately 
20%, and has remained at this level. Subsistenee and small-scale 
farmers live in a vicious circle: credit is needed to purchase 
inputs, while credit rates are high and depend on how successful 
surplusses are marketed. The marketing system, however, leaves much 
to be desired. 

B) Government priorities in investment and pricing policy 
Since Independence, Zambia's political and (thus) economical 

decision-making has been steered by 3 main social forces: 
1) the Mineworkers Union of Zambia (MUZ). Because of the dominanee of 
the mining sector in the economy and the role of the MUZ, the interests 
of the miners have received too much interest (KOL 87); the Government 
fearing social unrest and jeopardizing its foreign exchange earnings 
from copper. A comparable independent political organization 
representing the rural peasantry is absent. 
2) large-scale farms. 
3) the urban popu1ation, that is profiting from government policy of 
subsidized food prices. 

These forces have steered Zambian investment and consumption 
policy. After Independenee priorities were aimed at expanding 
manufacturing industry instead of at agriculture. Within industry 
priorities was given to large capital-intensive industries in the 
line-of-rail area. Within agriculture private commercial and state farms 
have received an unequal support from the state as compared with rural 
peasantry. Rural peasantry is responsible however for about 60% of the 
marketed maize production (and most of their own food). Further, also 
agricultural development policy is lobsided towards the line-of-rail 
area. The area produces 60% of the agricultural output, while only 32% 
of the rural population lives there. 

Fixed prices are being kept low in favour of the urban consumer. 
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For example the 1986 producer price of maize was K 55 per 90 kg bag. The 
resale price to the milling companies was K 35. The difference of K 20 
was fully subsidized by the Government. Mainly townpeople benefit from 
these subsidies, diminishing the scarce Government's resources. Annual 
costs of maize price subsidy is about US$77 - 100 mi11ion (South 
magazine, October 1988, p.42). The po1icy of subsidizing food processing 
parastatals, strongly diseaurages development of small-scale food 
processing industries in the rural areas. Such processing plants cannot 
compete with the parastatals, and are not allowed to sel1 at higher 
prices than the subsidized fixed price. 

It is not surprising that due to the pricing policy incames of the 
rural peasantry are 1ow. One can hardly find small-scale industrial 
activities, and rural employment outside agriculture is very small. Due 
to these push factors, and due to pull factors (such as high urban wages 
in the formal sector, e.g. mining) urbanization has strongly increased 
since Independence, in a vicious circle with the growing income 
disparity between rural and urban areas. 

C) The economie downfall since 1980. Overvaluation of the Kwacha, import 
restrictions, international transport problems and the deteriorating 
foreign exchange situation have also its consequences on quality, 
quantity and availibility of locally and imported agricultural means of 
production. 
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PART C THE ENERGY SECTOR: SUPPLY, DEMAND, PRICING, FORECASTS 

C.l Supply and consumption of modern energy resources 

C.l.l Electricity 

Supply 
Electricity supply in Zambia is dominated by hydro-power 

generation. In 1986 the hydro-electric power stations (along the Zambezi 
and Kafue Rivers), provided 9871 GWh (- 94.5% of electricity 
generation) in Zambia. The 1986 installed generating capacity was 1778 
MW (Source: DoE). Most was provided by the hydro-power plants at Kariba 
North Bank (3700 GWh/yr) and Kafue Gorge (5200 GWh/yr). These plants are 
part of an interconnected system, operated by ZESCO (Zambia Electricity 
Supply Corporation), which has an installed capacity of 1631 MW and an 
available capacity of 1331 MW. The remaining capacity is met by 14 
public service diesel thermal power units, also owned by ZESCO, combined 
capacity 8 MW), and hydro-power plants owned by ZCCM (for industrial 
use, combined capacity 138 MW). 

Consumption 
Electricity sales in 1986/87 totalled 9512 GWh, of which 6407 GWh 

dornestic sales, and 2776 GWh exports to Zimbabwe. 
Main consumers of electricity were the mining sector (73 % of 

ZESCO's sales), industry and commerce (13%) and households (8 %), 
predominantly along the interconnected system. 

Potential 
Currently the hydro-power plants operate at 57 % of the installed 

capacity. Zambia's two major river systems are the Zambezi (with its 
major tributaries the Luangwa and the Kafue) and the Zaire. The 
potential reserves of these river systems are estimated at 21000 
GWhjyear, 4000 MW, ZAM 88). Also Zambia's large coal deposits could be 
used for thermal power generation. 

Dis tribution 
The electricity is transmissed and distributed by 1900 km of 330 

kV lines, connecting the major generating stations with the Copperbelt, 
via Lusaka. Smaller loads are supplied by transmission lines operating 
at 220 kV (512 km), 88 kV (514 km), 66 kV (3103 km), 33 and 11 kV. 

C.l.2 Coal 

Recent production and sales 
Currently coal is mined at Maamba in the mid-Zambezi basin. Maamba 

coal is sold in four quality grades. Maamba coal contains, when wasbed 
no more than 16 % ash. The Maamba Colliery was designed originally to 
produce 1.5 million tonnes per annum of run-of-mine coal and 1.2 million 
tonnes per annum of of wasbed coal (ZAM 83, p.20). Production of coal 
peaked in 1973 at 940,000 tonnes, but bas deteriorated since, mainly due 
to the reduction of coal demand by the mines (since 1974). In 1986 
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production of wasbed coal was 511,970 tonnes. 
The major markets for the coal include (ZAM 83, p.38): 

a) the copper mining industry (ZCCM), which uses the coal for 
metallurgical processes, 

b) Nitrogen Chemieals Zambia, Ltd. (NCZ), mainly as raw material for 
the manufacture of fertilizer, 

c) Chilanga Cement Factory (84,000 tonnesjannum), 
d) the Copperbelt Power Company for thermal electricity. 

Potential 
Coal reserves are known to exist in the Luangwa, Luano and 

Lukusashi areas, in western Zambia and in the Zambezi Valley. These coal 
reserves are estimated at 250 million tonnes (with 91 million tonnes 
probable and 58 million tonnes proven reserves of high ash coal, ZAM 83, 
p.20). At current production rates (610,000 tonnes) the Maamba reserves 
should last for about 80 years. 

C.l.3 Petroleum products 

Production and distribution 
Zambia bas no known oil deposits and imports 100 % of its crude 

oil. Crude oil and refined petroleum products are bought by major 
international companies (at present Caltex) on hebalf of the government 
(Ministry of Power, Transportand Communications). 

Most of the crude oil is carried by the Tazama pipeline to the 
Indeni Refinery in Ndola. In 1981 cost of transporting the crude through 
the 1704 km long pipeline was US$ 19.80/tonne (ZAM 83, p.9). The Tazama 
Pipelines Ltd (jointly owned by Tanzania, 67 %, and Zambia, 33 %) faces 
problems as lack of foreign exchange to pay for spares and foreign 
personnel, high corrosion of the pipeline due to the acidic oil, costly 
supply of diesel oil to the booster pumps, lack of qualified personnel. 
Leakage in the line is extensive and worsening. 

The Indeni Petroleum Refinery Company is owned by ZIMCO (50 %) and 
Agip (50 %) and bas a capacity of 1.1 million tonnes (25000 barrels a 
day, ZAM 83, p.lO, ENE 85b, p.l54), but bas used no more than 79% of 
this capacity (1976/77, 68% in 1980/81, ENE 85b, p.l54). According to 
ZAM 83 the refinery is efficiently run, although issues are the 
underutilization of the capacity, the high processing costs and the 
adaptability of the product pattern to different crude oil types. 

Distribution of petroleum products and retail sales are carried out 
by several local affiliates of 5 international oil companies (BP, Agip, 
Mobil, Caltex and Total). Transport of petroleumproductsis mainly by 
road and rail. 

In view of the deteriorating economy, demand for imported crude oil 
has fallen: from 818,565 m3 in 1975/76 (6.8 million barrels) to 626,239 
ms (5.7 million barrels) in 1980/81 and 680,687 m3 in 1981/82. Costs 
have increased however, due to the increasing oil price. Zambia's oil 
import bill was US$ 82.5 mil1ion (+US$ 5.1 mi11ion ocean freight 
charges) in 1975/76 and US$ 198.8 mil1ion (+US$ 6.3 mil1ion ocean 
freight charges) in 1980/81 (source of the figures: ENE 85b, p.154). 

Consumption 
The 1argest consumers of petroleum products are transport (50% of 

tota1 energy value of petroleum products), mining (29.4%), industry and 
commerce (13.4%). 
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C.2 The supply and demand of woodfuels 

C.2.1 Demand of traditional fuels; deforestation 

Woodland loss in Zambia results from: 
1) clearing of land for subsistenee and large-scale agriculture, 
2) firewood and charcoal praeurement for househeld use, 
3) (legal and illega1) fe11ing for sale as tirober (sawn timber, mine 

timber, poles, fencing posts, wooden poles for traditional 
housebui1ding), 

4) firewood for industrial and fishery activities. 

Two aspects give most rise to concern: a) the localized 
deforestation, concentrated along the line-of-rail provinces and b) 
agricultural land clearing. 

Traditional fuels are the most important fuel used in Zambia. 
Firewood and its derivative charcoal (together named 'woodfuel') are the 
most important fuels used by the Zambian households (see table C.l). 
Other traditional fuels, i.e. animal or agricultural residues or wastes 
are seldom used as fuel in Zambia. Woodfue1 is utilized because it is 
the cheapest fuel on the market andjor readily available. 

Firewood is the main souree of fuel for the rural households. 
According to a FAO-survey (WOO 86, p.l9) the per capita annual 
consumption of firewood in rura1 areas is 1306 kg (25 kg/week) and 116 
kg (2.2 kg/week) in urban areas. During the early dry season firewood 
consumption is higher because of more cooking (more food is available) 
and preparatien for ceremonies. 

Charcoal is the main souree of energy of urban households. Charcoal 
consumption is estimated at 190 kg/personjyear in the urban areas and 
185 kg/person/year in the rura1 areas (WOO 86, p.l9). 

Table C.2 gives total woodfuel consumption data by househo1d. The 
following conversion units are used: wood 725 kg/m3 , charcoal 89.97 
kg/m 3 . 

Agriculture needs wood: 
as fertilizer of crops in ebitemene agriculture, 
for tsetse fly control, 
in bush clearing for pasture development, 
in bush burning in the dry season (May-October) for clearing 

fields, stimulating out-of-season grass growth, smoking hees to collect 
honey and driving away undesired animals. 

Chitemene agriculture, a kind of shifting cultivation, is practised 
extensively in the moist subhumid zones. In the ebitemene areas the 
soils are heavily leached and mineral nutrients are tied up in the wood. 
The wood is cut, therefore, and humt as a metbod of bringing nutrients 
back to the soi1. About 10-15 % of the c1eared land can be fertilized 
this way (ENE 85b, p.147). The draining of nutrients (by leaching, erop 
removal and competition from weeds) causes the abandonment of cultivated 
plots after 3 to 5 years. The average per capita wood requirement for 
ebitemene is 1.1 hectarejyear (CHI 79b, p.14) and Zambia is losingabout 
9000 km2 of landeach year to ebitemene (CHE 81, p.l63). The ebitemene 
system can sustain a rural population with a density up to 4 peoplejkm2 . 

Chitimene is practiced by about 800,000 people (1981). With Zambia's 
growing population we can conc1ude that chitimene agricu1ture bas a 
great potential for deforestation and 
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as soil fertility will fall, for erosion and further soil degeneration. 
Several rural industries use significant amounts of firewood for 

curing of tobacco, fish smoking and evaporated salt production (the last 
in the Chipwa plains). Tobacco curing is estimated to use 5000-80000 
m3 /annum (ZAM 83, p.40). The copper industry (the major urban industrial 
wood consumer) uses 10000-30000 m3 /annum . 

C.2.2 The sourees of lirewood and charcoal 

Much of Zambia is covered with woodland (413,127 km 2 , ENE 85b), 
with the upland plateau contributing the largest area. Miombo woodland 
is the main vegetation type (58%), followed by Kalahari woodland (16%), 
Mopane (7%), Munga (6%), Cryptosepalum (3%), LakeBasin Chipya (3%), and 
Zambian Teak (1%, WOO 86 TEC, p.31). The best trees are found in the 
Miombo woodlands, with species such as Brachystegia spp., Julbernardia 
spp. and Pericopsis Angolensis. 

Of the forest land 74000 km 2 (18 %) are forest reserves under 
control by the Forestry Department and are supposed to be protected. 
Only license-holders may utilize wood; licenses are issued by the 
Forestry Department. License fees costabout K 0.12/m3 (CHI 87, p.4), 
with an additional levy for wood delivered to the market. License fees 
for charcoal are K 0.10/bag. These forest reserves, however, still serve 
as wood resources for the local population, because of lack of 
alternative wood resources and shortage of enforcement personnel. There 
is a widespread evasion of this law, also because harvesters usually 
have to travel long distances to obtain the license. 

About 18000 km2 of the forest land is under private control (i.e. 
all land belongs to the state according to the 1975 constitution, but 
this land given in lease to commercial firms and mining) and 55 % of the 
forest land is communally owned tribal land. 

According to WOO 86 (p.36) the standing volume of timber is between 
3040 and 4070 million m3 (on an area of 412,500 and 552,000 km 2 

respectively, implicating an average density of 73.4 m3 fha) 
The productivity of the Miombo woodlands varies by rainfall, soil 

regime and vegetation type. In high rainfall areas (> 1000 mm) 
production may be 2.0 tonnesfhectarejyear and for 1ow rainfa11 areas 
(< 1000 mm) 1-2 tonnesfhectarejyear (CHI 87b, p.5; of these figures 40% 
is wood yie1d). According to the DoE annua1 wood yie1ds vary wide1y from 
0.3-0.8 m3 fha (assuming 1 m3 corresponds with 725 kg: 0.2-0.58 
tonnesfha). Thus, takinga wooded area of 50 mi11ion ha, annual wood 
yie1d in Zambia can be estimated at 12-33 mi11ion m3 • 

Also regeneration rates vary by rainfa11 and soi1 regime. Chidumayo 
(CHI 79, p.18) has suggested that regeneration in the high rainfal1 
areas takes 20-30 years. According to Cheatt1e (CHE 79, p.160) the 
minimum regeneration period is 50 years in both high and 1ow rainfal1 
areas. 

Tab1e C.3 shows the varying regiona1 distribution of forests and 
popu1ation. The high1y popu1ated provinces have re1ative1y 1ess forest 
resources (see further paragraph C.2.4). 
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C.2.3 Woodfuel production and trade 

Wood for fuel is cut as roundwood or logs for splitting. Roundwood 
can be produced by pollarding or trimming. Pollarding has the advantage 
that it keeps the tree alive. 

Charcoal is carbonized wood and it is the simplest example of 
upgrading wood to a higher calorific value. Charcoal is produced, 
usually, in traditional temporary earthern kilns, which is a wasteful 
process. 

For charcoal production trees are felled and left to dry, before 
cut into logs of about 1 metre. Twigs and small boughs are left or used 
for firewood. The logs are then brought to a central site with their 
axes unidirectional. Pegs hold the logs in position. A stack may contain 
5-88m3 logged wood (CHI 84, p.l2, an average of about 50m3 ). Then the 
stack is covered with grass and soil and the stack (now called a clamp) 
is ignited and the ignition hole is covered. The burning continues for 
several days or weeks, depending on the clamp size, with a carbonization 
rate of about 3 m3 stackwood a day. After the burning is completed, the 
clamp is uncovered and the charcoal allowed to cool, and finally the 
charcoal is bagged. The standard bag (e.g. a 90 kg maize bag) contains 
about 40 kg of charcoal. There are large variations in charcoal yield, 
depending on the way of production. On average 100 kg of wood yields 
8-10% by weight (air-dry wood), implicating an energy conversion 
efficiency of (only!) 14.5-18% (CHI 84, p.l2). 

Charcoal production sites can be found within an average distance 
of 17 km (2-50 km range). In Lusaka the average distance is 54 km and 
extends to 80-120 km (ENE 85b, p.l46, CHE 79, p.l68). At present, 
charcoal to Lusaka even comes from over 200 km (e.g. from Mumbwa and 
Kapiri-Mposhi Districts). 

C.3 Demand forecasts 1986-2006 

For the period 1986-2006 three energy demand scenarios are 
presented here (prepared by the Department of Energy, see for full 
details ZAM 88). Future energy demand depends on population growth and 
growth of the economy (expressed by real GDP growth rates; GDP- Gross 
Dornestic Product). Under particular assumptions future energy 
requirements can be determined, which permits identification of future 
energy issues. 

The following population growth rates (1986-2006) are assumed: 
- total population growth 3.4% per year, 
- growth urban population 4.7% per year, 
- growth rural population 1.9% per year. 

Three economie scenarios are underlying the three energy dL_·~nd 
forecasts: a low, base and high growth case. For 1987 and 1988 real GDP 
(i.e. in real 1987 value of the Kwacha) is assumed to be the same as for 
1986. For the period 1989-2006 is assumed: 
Base case: real annual GDP growth of 2%. This implicates that per capita 
growth of GDP will decline slightly. 
Low case: real GDP remains static (zero growth), corresponding with ä 

slight worsening compared with recent economie performance. 
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High case: annual growth of GDP of 3.5%, just above annual population 
growth rates. This broadly corresponds with the government's targets, 
representing a substantial improvement in recent economie performance. 

A compilation of the projections for each growth case is presented 
in the tables C.4 (per fuel) and C.5 (per sector). 

Main characteristics of the energy demand scenarios are: 
a) The household sector will continue to dominate energy demand. lts 

relative share in total final energy demand increases from 58% 
(1986) to 64% and 74% by 2006 in the high and low cases 
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respectively. In absolute figures consumption will raise from 2.445 
million toe to 4.335 million toe (low case) and 4.127 million toe 
(high case). 

b) Households rely almost entirely on woodfuels for their energy 
needs (87%). The relative share of woodfuels in final demand will 
therefore remain high in all three the cases. Absolute demand of 
wood (for firewood consumption and charcoal production) will raise 
from 4.483 million toe (1986) to 9.742 (low case) and 8.880 (high 
case) million toe. Expressed in cubic metres these quantities are: 
16.1 million m3 (1986), 35.0 million m3 (low case, 2006) and 31.9 
million m3 (high case, 2006). 

c) Total final consumption of energy rises in all the three forecasts, 
with the largest contribution coming from woodfuels. In the low 
scenario consumption of modern energy will decrease (from 1.427 
million toe to 1248 million toe by 2006). Inthebase case 
consumption of modern energy sourees will remain roughly the same 
in the period 1986-2006. In the high case it will raise a little 
(to 1.773 million toe by 2006). In all three cases ZCCM will by far 
remain the largest consumer of modern energy sourees (40% by 2006), 
although its dominant role will decline, as copper production will 
decline. In the base and high growth cases the decline in absolute 
consumption of ZCCM will be counterbalanced by the growth of the 
other sectors. 

d) In all three the energy demand forecasts the demand for 
electricity, petroleum products and coal will not surpass the 
capacity of the supply facilities. 

C.4 Energy pricing policy 

Electricity 
Current tariffs structure is summarized in table C.6. Power tariffs 

have been kept low by the government and do not generate enough finances 
to maintain and expand the system (ZAM 88). It has been calculated that 
current tariffs would generate 50 % of the revenues required to finance 
ZESCO's investment program 1989-2006. Table C.7 gives a comparison of 
economie costs and energy charges for various customer groups. ZESCO has 
requested an average 28 % tariff increase, to be effective in October 
1988. 

Coal produces 
The DoE recommends the following price structure: 

Premium: K 495/tonne, standard: K 466/tonne, medium K 450/tonne, base K 
427/tonne. Average 1987 selling prices have been below these prices, 
namely at about K 335/tonne (ZAM 88). 

Petroleum produces 
Petroleum prices, marketing margins, transport costs and retailers 

margins are all determined (as is the case with ALL forms of commercial 
energy) by the government. These prices do generally not reflect 



The energy sector: supply, demand, pricing, forecasts 17 

Category ~aximum 

kVA 
Fixed charge 
lf./rmth) 

charge 
IK/kVAjrnonthl 

charg~ 

!f/Hhl 
------------------------------------------------------------------------------------------
D3 Industrial C ) 2001 17.225 13. SI 0.0403 
D2 lndustr.(Large co~m. 300-2000 1,722,5 11.81 0.053' 
D3 Jndustrial A (ZCCM) 300 345 0 '0 114 
E4 Commercial 15 71.5 0' 1010 
E3 Residentlal 15 15 0.07 
E2 S~al l damestic 3.6 5 0.07 
E3 Very smal! damestic 1.2 2.5 0.07 
-----------------------------------------------------------------------------------------

TAPLE C.6 Electricity tariffs for selected consumer grou~. ~arch 1?88. 
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P;Jn(ZCC") 

Source: Department of Energy; ZAM 83. Additional surchuges are levled 
on consumers suprlied by smal! hydra !consumers under E3-D3 tariff 20~) 0r 
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• charg~ varles rer 1 amp. and IS amp. l~a~ li~itation 
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Economie costs 
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K 1.951 
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K 1.810 
I 2. 126 
[ 1, 3 50 

l 1.123 ~ 1,315 
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I l, 120 (premium) I 950 
I 1.930 (regular) 

HBLE c.e Financial. economie costs and prices of kerosene, gas_~ll!.._Jas~line and fuel oi!, 
1987. Source: Department of Energy. 
See text for definition of economie and financlal costs; including CIF eest, 
pipeline transportand refinery casts. Wholesale price ex-Rosco (Rational Oil 
Supply Comranyl. 
(prices in 1987 Kwacha). 
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--·------------------------------------------------------------
Lerosene Gas oiltdies~l 

---------------------------------------------------------------
pre-tax retail price 
tax 

1,379 
92 

1,471 

1,66~ 

378 
1, 743 total retail price 

---------------------------------------------------------------

TABLE C.9 ~rices and duties on ~ero~ene and 9as oi I tf{m3l, August 1987. 
Eource: Dpt. of En•rgy. 

opportunity costs, but rather the revenue needs of the budget and the 
political desire to keep the prices of kerosene, diesel and fuel oil low 
(ZAM 83, p.x). So, petroleum products are taxed differently and 
cross-subsidies are used. 

Kerosene prices are kept low, based on the assumption that this 
fuel is largely used by the rural population. The subsidy on fuel oil 
was a concession made to the mines, when they had to switch from coal to 
fuel. To compensate for the subsidies on kerosene and fuel oil, premium 
and regular gasoline and diesel oil are taxed more heavily. 

The economie and financial costs of these fuels for 1987 of these 
fuels are given in table C.S. We see that the wholesale price of 
kerosene, gasoil and fuel oil is below the financial or economie cost. 
The pricing of kerosene below gas oil (the reverse of the international 
cost relationship) is further emphasized by the tax differences between 
kerosene (K 0.192/litre) and gasoil (K 0.378/litre) (see table C.8). 

A World Bank mission (ZAM 83) has recommended, that on the 
wholesale level, prices should reflect the economie and international 

1983 
1984 
1985 
1986 

TABLE C.10 

Lus~k~ 

4.00-4.50 
5.30-7.00 
7.70-8.00 

12.00 

Kitw~ 

n.a. 
5.00 

7.80-8.00 
15.00 

Mdrla 

6.00-7.00 
8.10-8.55 

10.50 
18.00 

Living;tono 

n.a. 
5.30-5.50 

n.a. 
10.00-13.00 

Retail prices of charcoal 1983-1986 per large bag (usually 40 kg). 
Source: Dpt.of Energy; Prices aia-1~co~es Co~mission. 

Prices Price per kg Price per GJ 
-----------------------------------------------------------------------
B3g (40 kg) 
~uckets (5 kg) 
Tins (2 kg) 
Heaps (1 kg) 

TABLE C.11 

110.40 
4.05 
2.20 
1.73 

10.26 
0.81 
1.10 
1. 73 

K 7.9 
24.5 
33.3 
52.4 

Cbarcoal prices for various quantities in Lusaka, January 198r. 
Source: "SADCC Energy Development- Vocdfuel", ETC Foundation. 
The Netherlands, April 1987; Dpt. of Energy. 
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supply/demand relationships and that government taxes should be spread 
more evenly over all petroleum products (including fuel oil and aviation 
fuel, which aretaxfree at the moment). 

Woodfuel 
Data on fuelwood prices are very uncertain. Table C.lO gives retail 

prices for charcoal 1983-1986. Retail prices of charcoal are always much 
higher than the official, government-set, prices, they vary seasonally 
and the unit price tends to be higher the smaller the quantity sold (see 
table C.ll). Estimates on charcoal price composition are given in table 
C.12. 

Most charcoal producers pay nothing for the wood and market prices 
do not reflect the costs of replacing the wood. Only 5 % has a license 
and has to pay about 35 ngwee per cord (about 3 m3 ). 

----------------------------------------------------
Pr ice paid to charcoal producers on site S.O 
1r3nscort charges (truc~ hire round-trip) 4.0 
~verage wholesale and retail margin 3.0 
Retai I price, Lusaka 111arket 1 J.O 

-----------------------------------------------------

TABLE C. 12 Composition of rh~_!~~-p~~5 i..r!_Lu~~ka, ~~temb~r 1986 
(in l1wh3 per ~~~ rg bag ,1. Sourc~: ''S~PCC Energy Deve lopm~n~ 
- Woorlfu~l". ~.rrii 1987: Dpt. of En~rg)'. 
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Part D POSSIBILITIES TO APPLY NEW AND RENEYABLE ENERGY 
TECHNOLOGIES IN RURAL ARF.AS OF ZAMBIA 

D.l Biomass 

In the process of photosynthesis solar energy is absorbed by green 
plants providing energy to reduce C02 and form carbohydrates, which are 
used as energy sourees and raw materials for all other synthetic 
reactions in the plant. Thus, solar energy is captured in the form of 
biochemical energy, presenting a vast supply, it is renewable and has a 
low content of pollutants. 

Biomass energy sourees can be categorized as follows: 
I Primary energy systems: 

- silvicultural crops (fuelwood) in natural forests, plantations, 
gardens and greenbelts, 
- aquacultural crops (algae and waterweeds), 
- agricultural crops (starch and sugar crops). 

11 Secondary energy systems: 
- wastes (domestic, animaland erop), 
- residues (agricultural, forestry, (agro-)industrial). 

Paragraph 0.1.1 deals with such energy production systems. 

Various processes can be distinguished, in which we can convert 
energy from biomass into a usable form: 
I physical processes: briquetting, pelletisation, drying and size 

reduction. 
11 chernical processes: 

thermochemical: 
direct combustion (see paragraph 0.1.2) 
carbonization, producing charcoal (see 0.1.3 ) 
liquefication, producing heavy oi1 (see 0.1.3) 
gasification, producing producer gas (see D.l.3) 

pyro1ysis, producing oil, char and gas (see 0.1.3) 
hydrocracking, producing hydrocarbonic fuel 
destructive distillation, producing methanol 

biochemica!: 
hydrophotolysis, producing H2: 
anaerobic digestion, producing biogas (see 0.1.4 ) 
aerobic fermentation 
alcoholic fermentation, producing ethanol (see 0.1.1). 

Biomass with a high water content (> 35%) is unsuitable for 
thermochemical conversion (because energy yie1d decreases in direct 
proportion to the increase in expenditure in evaporating moisture), but 
is suitable for biochemical conversion. 
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D.l.l Energy biomass production systems 

Fuelwood production systems 

With the selection of appropriate species and proper management 
forest areas can he made to produce fuelwood in many zones at a multiple 
of the natural growth rate. A natural forest produces about 
4 m3 (hectarejyear (40 GJ) of wood, while a plantation of fast growing 
trees on a good site can produce up to 20m3 (200 GJ) annually (WOR 79). 
Fuelwood production can he achieved by at least 4 different systems:l) 
self·propagating natural woodland, 
2) large-scale extensive plantations, 
3) integration with existing or possible agriculture systems 

(agroforestry) 
4) use of sites too poor for agricultural production. 

Large-scale plantations could be an alternative for woodfuel supply 
to the urban areas. As plantation are self-sustaining units there are no 
ecological objections: a self-sustaining nutrient balance can be quickly 
established and soil organic matter levels can be built up and 
maintained. Furthermore, these plantations could be involved in a 
general land-use plan, invalving timber trade and pulp wood production 
as well. 

There are, however, several problems in the Zambian context: 
1) suitable locations are mostly in regions where agricultural or other 
use is m~n~mum, but these are usually remote from eentres of population. 
In urban areas, because of transport costs, production may not be 
feasible then. 
2) the provision of (semi·)skilled labour for large plantations require 
costly training programs and facilities. 
3) plant security. Marauding and poaching by local population and 
depredation by livestock must be prevented. Especially for young 
plantations such proteetion is important. This implicates casts for 
fencing and guarding. 
4) plantations demand special techniques of establishment (composting, 
fertilizing, irrigation, land preparation) and management skills, which 
are generally costly. 

Agro-forestry will be discussed further. Compared with large-scale 
plantations more inputs of management, education and training may he 
necessary, but costs may be lower, because labour costs are lower, as 
experience in other countries has shown. 

Forestry biomass can he categorized as sustainable, non·sustainable 
and residues. With sustainable is meant the possible production from the 
standing stock of timber (mature trees) and brush. Non-sustainable trees 
include over-mature, dead or rotting trees. Residues are for example 
cocanut shells, sawmill dust. In analyzing forest energy estimates the 
following aspects have to be taken into account: 

the statistics of the Forest Department usually measure only the 
commercial timber production yield. The portion of trees that can 
be used for energy is substantially larger. 
yield data vary by tree species, moisture content and tree density. 
One usually takes the data of the dominant species for the area. 
wood species have multiple uses (energy, house-building, carpentry, 
timber trade), so trees are not only cut for energy uses. In 
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harvesting their are always losses. 
a certain fraction of the forest lands may never be cut for 
traditional reasons, or of conservation, or because they are not 
accessible (economically and/or physically). 

Data sourees in Zambia are the Forest Department and Department of 
Natural Resources. Some national and provincial level data can be found 
in WOO 86. 

Village forestry 

Promotion of small-scale (private or communal) tree-growing is, 
compared with large-scale fuelwood or energy erop plantations, the best 
approach to deal with rural fuel shortage. Those who suffer most from 
the fuel problem are generally small farmers who lack labour, inputs and 
traditions of tree planting required for tree care. 

Village forestry can be accomplished by: 
planting cornmunal trees along roadsides and rivers and on waste 

ground as well as in village woodlots. The rural population can (given 
the technical advice, financial stimulans and the supply of seedlings) 
produce fuelwood themselves for their own use at low cost. Tree planting 
programmes are most succesful when a majority of the local comrnunity is 
deeply involved in planning and implementation. Success depends on the 
concensus in the comrnunity about the need to grow trees, how to 
distribute the work of tree care, the trust that people put in extension 
officials and how to divide the benefits. 

shelterbelts. Shelterbeits are multiple rows of trees, extending 
for several kilometers. The purpose is mainly reducing wind velocities, 
so that erosion and losses in the sheltered area are prevented. 

agroforestry (or farm forestry). This is a management system for 
land that increases overall farm production by combination of 
agricultural crops, trees and livestock, using practices compatible with 
the cultural pattern of the population. A agroforestry program includes 
the establishment of a tree nursery network and a seedling distribution 
system, the use of agricultural extension services and support from R&D. 

Applications in Zambia 

Zambia bas about 59,000 ha of forest plantations, of which 52,000 
ha are located in the Copperbelt, managed by the parastatal Zaffico, to 
produce sawn wood and pulp. Ten metal (Mark V) charcoal kilns are used 
for carbonizing the wood waste. The remaining 7000 ha are managed by the 
Forest Department (FD), providing mainly timber and poles, but also some 
woodfuel for nearby rural communities. 

Since 1975 the FD bas attempted to promote a nation-wide rural 
tree-planting program. Seedlings were raise by the FD and distributed 
freely or soldat low prices to institutions and individuel farmers. The 
main trees used were Eucalyptus (esp. E.Grandis) (CHI 87b, p.6). 
Seedling mortality bas been high however. In the project in Chongwe area 
of Lusaka Province, seedling mortality was 35% after 6 months, as 
compared with 10% for the species Gmelina arborea and Leuceana 
Leucocephala. So far most tree planting programs have been without 
success, due to: 

lack of proper extension and education (farmers cannot be expected 
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to raise seedlings, wether obtained or sold, if they havenotbeen 
properly trained); 
promotion of unsuitable species; 
drought; 
late distribution of seedlings; 
damage by termites, livestock and fire; 
lack of support by the rural communities. In the traditional view 
forest has a multiple end-use; woodfuel is just one of the uses. As 
fuelwood is generally not percepted as scarce yet in the rural 
areas, woodfuel is not seen as the priority use of forest. 

The government has been involved in supply management of woodfuel 
for urban areas, particularly the line-of-rail area, mostly affected by 
the excessive cutting of trees, but a urban woodfuel plantation has yet 
to be established. The proposal to establish a Lusaka fuelwood 
plantation was shelved due to disagreement, mainly over stumpage fees. 
The fee of K 0.12/m3 sackwood is too low. A World Bank mission (1986) 
proposed a stumpage fee of K 12.50jm3 • 

Costs of forestry schemes 

According to LEA 87, p.l02, costof such schemes vary considerably, 
depending on the amount of land preparatien needed, labour costs, 
irrigation works, etc. Investment costs range of US$ 200-lOOOjhectare 
(1984 dollars, LEA 79, table 4.8, K 1200-10700 in 1987 Kwacha). 
Smaller-scale and community forestry schemes cost less. LEA 79 gives an 
range of US$ 50-450 (K 705-6345/ha, 1987 Kwacha). Initial investment 
costs comprise costs for nurseryjseeds, site preparation, planting and 
weeding. Apart from the investment costs there are the eperating costs 
(non-harvest and harvest costs and transportation costs). According to 
LEA 87 the cost of harvesting and transport generally amounts to US$ 
15-20/m3 (LEA 87, p.l02). Harvest costs vary considerably by trees 
survival rates, climate, species, irrigation and other input costs. 

Energy erop and erop residues: ethanol production 

For the use as energy souree special crops can be grown in so-called 
energy farms. Energy crops can be grown in plantations or in multiple 
and intereropping schemes with other food and fibre plants. An example 
is a sugarcane plantation for ethanol production. 

Alcohol 
Alcohol is not suitable for cooking, the most attractive purpose 

for rural households. lts importance lies in utilization as blend fuel 
in cambustion engines to operate irrigation pumps, tractors, vehicles. 
The principal alternatives, for using using petroleum products in such 
engines, are: 
1) biogas (see paragraph D.l.4). lt is usable but cannot be producedat 
adequate levels in any generator that can be carried on a vehicle. 
Gompression of the gas would be too expensive. Furthermore, for vehicle 
motors the gas has to be filtered. 
2) pyrolysis gas (paragraph D.l.3). The major problem bere is filtering 
the gas sufficiently to proteet the vehicle engine. Pyrolysis gas is 
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only applicable when adequate wood supply is guaranteed without 
depleting existing stocks. 
3) alcohol. 

Especially Brazil is experimenting with ethanol produced from 
sugarcane (and experiences to use cassava, because cassava can also be 
produced in areasof lower soil quality). In Zimbabwe all petrol sold to 
consumers contains up to about 20% alcohol. The measure dates from the 
Rhodesian era as a reaction to the sanctions of the international 
community. Arguments in favour of a large-scale ethanol fuel program in 
Zambia are: 
- it generates employment in the rural areas by the establishment of 
erop plantations. 
- the proliferation of distilleries stimulate the national capital goods 
industry by adding a new internal market (on the other hand the exported 
sugarcane foregone reduces export earnings), 
- it helps to reinforce the foreign cash balance by reducing oil 
imports. 

In 1982 the International Finance Corporation (IFC) had agreed to 
finance a project in Zambia to produce ethanol to be blended with 
regular gasoline (87 octane) to substitute for premium gasoline (95 
octane). The plans were to produce 11.5 million litres of ethanol (with 
sugarcane molasse as feedstock), startingin 1984. This could replace 
10.4% of the premium gasoline dernand in 1983/4. The project has been 
shelved however, due to the government's concern about the inability to 
absorb the ethanol supply by the refinery (ZAM 83, p.30). Proposed site 
of the plant was Nakarnbala Sugar Estate at Mazabuka. 

Vegetable oil 
Vegetable oils can be obtained frorn oil crops as soyabean, 

groundnut, oil palm, sunflower, rape, castor bean. Vegetable oils are 
similar to diesel in calorific value (about 45 MJ/kg, diesel, 39.5 
MJ/kg, vegetable oil). Oil can be removed from the ripe seed by 
small-scale mechanica! pressing (e.g. hand-operated screw press) or 
large-scale solvent extraction. By mechanical pressing 60-70% of the oil 
can be extracted (oil content seed 40-50%, DUN 86). The cake that 
remains after extraction can be used as cattle feed. 

Vegetable oil can be used as fuel in oil lamps. If filtered it can 
be used in dual-fuel engines (with diesel) or alone without important 
modification of the engine). Of course, vegetable oil would have to 
compete with alternative uses, e.g. as cooking oil. 

Residues 
In farming systems large amounts of residues are produced. Usually 

only a part of a plant is used as a erop. The energy in the erop residue 
is partly used as fertilizer or fodder (of which later most of the 
energy is found in animal dung), the energy in the remainder is wasted 
(see table D.l for residue-to-crop ratiosof some crops). Viewed purely 
as fuel, residues can have a large potential. Beside as fodder, residues 
have an important ecological use. Three issues are involved in removing 
residues and animal dung from the soil: 

depleting organic material. Additions and losses of organic matter 
in soil have to be in equilibrium. If less residue or dung is returned 
than is necessary to maintain the equilibrium, the organic matter 
content will decline. Organic matter, humus and the soil organisms 
living in it, are important in preserving soil structure and fertility, 
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------------------
Residue rroduction 

Cr op Residuc (tonnes rcr trJnnc of cror>) 
----------------
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0.5 
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0. 7 - 1 0 1 

1 • 6 - ·1. 5 

----------------------------

H?i E D. 

as it holds the soil in place (in humid trapies soil loss by rain and 
wind can be very large) and reduces the run-off of chemical nutrients 
when applied. 

reduced nutrient balance. In developing countries chemical 
fertilizer use is low, so that organic matter is the principal souree of 
N (sodium) and S (sulphur), and a major souree of P (phosphor). Crop 
yields will be reduced when nutrient reserves fall. Nutrient reserves 
can be enhanced by using nitrogen-fixing plants (e.g. legumes, some tree 
species) or by irrigation (when nutrients are provided by the water and 
the nitrogen fixing organisms in it). 

erosion. To mitigate wind and water erosion it may be needed that 
the soil is nearly always covered with green plants. 

From the viewpoint of environment the use of residues in biogas 
digesters is to be preferred much more than direct combustion. 

D.l.2 Applications of direct cambustion of biomass 

Most Zambian rural people who cook with wood do little more than 
holding the pan, pot or other cooking vessel at a certain height above 
the, mostly, open fire. Many improvements are possible in this system. 
Generally they involve: 

enclosing the fire, 
regulating the air flow in the stove, 
adding a chimney to improve the stove's draftand to conduct 
exhaust gases (which also helps to improve eye and respirating 
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health. However, sametimes smoke is considered beneficia! because 
it drives away insects). 

In laboratory tests these measures increase efficiency 4 to 5 times. For 
a succesful dissemination extension services will have to be 
established, where women are acquainted with the improved stoves or 
where they learn to handle them or make them by themselves. Apart from 
efficiency of stoves, the efficiencies of pots and pans needs to be 
examined as well. 

In Zambia stove projects are still in their infancy. Work in this 
area is confined to the engineering faculty of UNZA university (mainly 
aimed at improved charcoal stoves) and the NCSR (aimed at development of 
stoves using coal briquettes as fuel for the urban households). Efforts 
of extensive dissemenation have yet to materialize. No work is done in 
the field of wood stoves, mainly because of the general absence of a 
rural energy "crisis". 

The standard charcoal stove in Zambia (called mbaula or brazier) is 
a single-wall, cylindrical, metal stove made from scrap metal. It costs 
about K 15. A large amount of heat is lost through convection: its 
effciency is about 8-9%. The Department of Mechanica! Engineering of 
UNZA is involved in the development of improved mbaulas. A simpler 
version of such a device, which could be manufactured by local artisans, 
would cost K 25-30 (1987 prices), it has a thermal efficiency of 22% 
(charcoal savings of about 30% in weight) and a pay-back period of about 
2-3 months. Also a more efficient, but more costly design has been 
developed. Following efficiency and consumer acceptance tests UNZA has 
decided to concentrate on the simpler improved charcoal stove. 

Wood-use efficiency of wood and charcoal cooking 

A much debated point is whether charcoal burning for cooking is 
more wasteful than direct wood burning. In the next paragraph charcoal 
production methods will be discussed in more detail. Here we will only 
give some charcoal production energy conversion efficiencies (see table 
0.2). Energy conversion efficiencies depend on the moisture-content of 
the wood used (and that on its turn depends on the wood species and the 
time used for drying the wood) and on the metbod of production. 
cooking devices, using charcoal and wood as fuel, b) energy conversion 
efficiencies of charcoal production methods. Table 0.3 also presents the 
wood end-use efficiency of types of charcoal stoves per production 
method. 

If we campare the wood-use efficiency of wood and charcoal cooking 
we can conclude: only if improved metal stoves are introduced 
simultaneously with improved charcoal production (improved kiln using 
air-dry wood), use of charcoal has a positive effect on wood 
consumption, compared with the open wood fire, using aluminium pots. 
Using improved wood metal stoves will always be more efficient than 
using charcoal, seen from the viewpoint of wood-use efficiency. 
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D.1.3 Charcoal production and gasification 

In Zambia charcoal is traditionally produced in earthern kilns, 
covered with dirt. This is, energetically seen, a very wasteful process 
(see efficiencies given in tables 0.2 and 0.3). Efficiency of charcoal 
production by carbonization can be improved by: 
1) small portable kilns, in which control of the processes is much 
better and the fraction of wood is reduced closer to the theoretical 
minimum and the charcoal can be separated from the dirt. 
2) large permanently constructed masonry kilns. These have a lower 
surface-volume ratio and a better isolation, with both reduce the 
outflow of heat and thus improve yields. However, use of these kilns 
also require large supplies of wood (in the order of 10,000 m3 or more). 
3) externally heated retorts. This type has the advantage that it 
reeovers the gases and liquids given off in the burning of wood, and so 
conserve more of the energy stored in the raw material. In this way gas 
can be produced from wood, rice hulls, nut shells, straw, cotton gin 
trash, saw mill residues. 

In Zambia ZAFFICO operates several Mark V metal kilns at its 
sawmills. These have a cycle time of 5 days and yield 25-30% by weight 
(and corresponding energy conversion efficiencies of 45-54%). 
Oisadvantages are however the large costs (K 30,000, ZAM 88) and their 
lack of portability in the rainy season on dirt roads. This implicates 

Over:-dry weight ei 11ccd ( tonnes' te produ~e 1 tonne of charcoai (approxiaate data): 

ftoisture-\: dry basis 15 20 40 60 80 10~ 

wet basis 13 16.7 28.6 3i.5 44.4 50 

Iiin type: 
Eartb kiln 6.2 8.1 9.9 13.0 l4 '9 16.9 
Portable steel kiin 3.7 4.4 5.6 8.1 9.3 9.9 
Bricl: iiln 3.7 3.9 4.4 6.2 6.8 7.5 
Retort 2.8 2.9 3. 1 4.4 5.0 5.E 

!nergy conversion efficiency 

Iarth iiln 25 19 16 12 10 9 
Portable steel iiit 43 36 lB 19 17 lE 
Brick iiln 43 40 36 25 l3 21 
Retort 56 54 51 36 32 2e 
-----------------------------------------------------------------------------------------------

TABlE D.l Yield and conversion factors fcr cbarcoal produced fro• wood. 
Source: LEÄ 87, table 4.10, p.108. 
The energy conversion efficiencies are coaputed by: 

(beating value) b . c are ca: 
ïhëätTnq-vaïüë) ____ d•_ï ___ d 

· woo wee 
in vhich •vooà is the oven dry veight of vooc (tonnes) needed te produce 1 tonne 

of cbarcoai. 
Assu1eà beating values: wood 20 ftJtkg (oven-dry), charcoal 31.5 ftJ/kg (5 \ 
aoisture, vet basis). 
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that these kilns will hardly be an alternative for charcoal producers. 
Other alternatives are still more in the experimental stage. The Forest 
Products Research Division of the FD in Kitwe has experimented with 
brick kilns and oil drum kilns; at UNZA a charcoal retort has been 
developed. The Forest Department has shelved a project of 2 steel 
retorts for wood. The projects would have produced annually 30,000 
tonnes of very high grade charcoal, besides acetic acids, methylalcohol, 
creosate and pitch. Project cost were estimated at K 3 million (BRO 78; 
equivalent to 76 million 1987 Kwachas). The advantage of brick kilns as 

---------------------------------------------------------------------
Fuei(device average efficiencies range 
---------------------------------------------------------------------
Voed cooking efficiency 

opet fire (ciay-pctl 7% l5-1G\ 
open fire (aluainium pot1 15l (13-15l 1 

aud'clay ove~ 10% !6-14%. 
brick oven 15% (13-16\i 
portable aeta: stove 25% (20-30%. 

Charccal energy conversion efficiency 
earth kiln 16\ (9-25l' 
portable steel kiln 28% (16-43\1 
brick kiln 36% (21-43\) 
retort 51\ (28-56\) 

cooking efficiency 
clay/EUd/thaula 15\ (15-25\) 
il~roveà aetal stove 25l (20-3~\ 

--------------------------------------------------------------------------------------
Vocd-use efficien:y 
cbarcoal stcve Earth kilr; Portable steel kiln Brick kiln Retort 
--------------------------------------------------------------------------------------
abaula/clay;aud 

range 
iaproved aetal stove 

range 

2.4% 
1.3%-6.3% 

4.0% 
1.8%-e.8~ 

4.2\ 
2.4%-10.8\ 

7.0% 
3.2%-15.1\ 

5.4% 
3.2%-10.8\ 

9.0\ 
4.2\-15.1% 

7.7\ 
4.2\-14~ 

12.8% 
5.6\-19.6\ 

--------------------------------------------------------------------------------------

TABLE D.3 
A) Average cooking efficiency for wood and cbarcoal stoves: energy conversion 

efficiencies of charcoal production ae:hods. 
Tbe conversion efficiencies held for wood with 28.6\ aoisture content (dry basis) and 
cbarcoal witb 5% acisture content (wet basis). 
Source: tables 3.5 and 4.10, LEA 87. 

Bl Vood-use efficiency of various charcoal stoves. coabined with different charcoal 
production aethods. Tbe averages are calculated by taiing the •average cooiing 
efficiency of the stove• involved and the •average energy conversion of the production 
1etbod" involved, hotb given in part A). Tbe ranges are calculated as fellows: 
- lover range: lewest cooking efficiency value of the stove, as given in part A) 

(abaula: 15%, iaproved stove: 20\). tiaes the lorest energy conversion efficiency 
of tbe production aetbod (depending on aoisture content of wood used) as given in 
part A). 

- bigher range: bigbest cooting efficiency value of tbe stove, as given in part A) 
(ahaula: 25%, iaproved stove: 35%), tiaes tbe bigbest energy conversion efficiency 
of tbe production aetbod as given in part A). 
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compared with portable metal kilns is that 70% of the material is 
locally available; materials for steel kilns have to be imported, and 
that they have a slightly higher energy conversion efficiency; 
disadvantage is that they are not portable at all. Their first use would 
be in woodfuel plantations. 

Gasification 

The potential of gasifiers, using wood and charcoal as raw material 
has been proved. Especially during World war II gasifier were used in 
Europe in vehicles. Research is being carried out throughout the world 
in gasifying biomass fuels, other than wood or charcoal. In the Third 
World today, Brazil and the Philippines commercially produce shaft-power 
gasifiers (FOL 83, p.21). Although its heating value is only 10-15% of 
that of natural gas, woodgas (also called producer gas) can be used in 
non-household applications: 
- in dual-fuel engines, for shaft power applications or generation of 

electricity; 
- direct heat applications, where it is burnt in boilers, furnaces or 
kilns. In the last applications the quality of the gas is less crucial. 

The main use as mechanical power application is in those cases in 
which a biomass residue is produced as part of the processing activity, 
a residue which, the same time, it is readily available as gasifier 
feedstock. Examples of such applications are: 

rural sawmills, 
agro-processing activities, such as maize milling. An advantage 

would be that such industries would become (partially) energy 
self-sufficient. 

In other applications establishment of tree production schemes is 
necassary, as not to aggrevate pressure on wood resources. Other shaft 
power applications could be in irrigation and as souree of mobile power 
in vehicles or tractors, or to generate electricity. Application of 
gasifiers will depend on the availability and prices of other fuels and 
electricity and on the economie value of the residues used. Gasifiers, 
using a dual-fuel diesel generator, could also be used to generate 
electricity. The primary application as direct-heat is in industries 
where now fossil fuel is used to generate heat, such as kilns or 
furnaces. Examples are cement manufacture, brick making, pottery, food 
processing, brewing, erop drying, fertilizer production, etcetera. 

Gasifier installations require a reasonable technical competence if 
to be operated properly. In Zambia all projects would to rely 
(initially) on imported gasifier equipment. Before commencing any 
gasifier programme local servicing and repair facilities should be 
established. Such supporting infrastructure is hampered by severe 
problems at the moment. There are difficulties in looking after existing 
technologies, such as diesel engines. A dual-fuel engine is not an 
ordinary engine, but a new technology for Zambia, and this raises 
questions concerning repair and maintenance. Clearly, the addition of a 
gasifier to any engine increases complexity of operation, and adds to 
the number of maintenance tasks. 
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D.l.4 Biogas 

Biogas is produced by bacterial decomposition (anaerobic digestion) 
of, in principal any, organic material in the absence of oxygen by 
micro-organisms. As feedstock human and animal excreta and erop residues 
or wastes can be used. The process is interesting because it extract the 
carbon from these feedstock materials for use as fuel, while leaving the 
nitrogen in a sludge for the use as fertilizer and soil conditioner. 

Table 0.4 lists some biogas production figures for various 
feedstocks. This figures serve as a rough guideline. The actual arnount 
of gas produced depends on the composition of the organic material and 
its dilution, the digester's design and arnbient temperature. 

A biogas digestor basically consists of a sealed container filled 
with water and the material to be digested. Gas produced rises up the 
top of the container and is extracted through a pipe. Raw materials are 
generally added through an inlet pipe and the digester sludge is 
withdrawn via an outlet at the opposite end. There are two basic types 
(fixed-dome or floating-dome) with their own advantages. 

Biogas can be used: 
to produce heat, e.g. hot-water, building heating, home-cooking; 
to run electricity generators ( for e.g. refrigerators, room 
lighting, compressors); 
to run pumps for households and irrigation purposes (in an internal 
cambustion engine); 
as fuel to run vehicles, cars and tractors. This creates 
difficulties however, because the gas needs to be compressed and 
the corrosive sulfur compounds of the gas have to be eliminated. 
For small decentralized biogas plants it is difficult to operate 
adequate compressor plants economically. 

The best use of biogas is still for cooking. Biogas should be burnt in 

Type of Jivestock Liveweight 
(i.g i 

Biogas 
(13/day; 

U se Specificatior. Quantity of 
gas CODSUII\eè 

(13/hr) 
Dairy COW eoc 1. 95 
Dairy heifer 500 1. 05 
Beef heifer 500 0.82 
Beef stoeier lSO O.S7 
Heg lSO O.l3 
Heg 100 0.14 
Heg 50 0.070 
Pi giet 7 0.010 
Hen (broiler) l 0. OOil 
Hen (hying) 0.2 O.OOS6 
Hu1an (including urine) .7S 0.035 

TABLE D.4 Average bioaa~ production. 
Baseà on GOW 85, tabie 4.8. p.80. 

Cooking 

Gas lighting 
(lantle lamp) 

Electricity 

Dual fuel engine 

iefrigerator 
(0.1 13) 

2' burner 
4 ·· burner 
6" burner 

per persen per day 

100 Candle power 
(60 V equiv.) 

lkW 

lkW 

depending on 
outside te1perature 

0.33 
0.47 
0.64 

0.24 113/day 

0.15 

0.7S 

0.68 

0.30-0.7S 

TABLE D.S Biogas consu1ption for different applications. 
Source: IHA 86, table 4.4. p.l4; SAS 84, figure 38, p.55. 



32 Part 0 

properly designed stoves. The light produced from biogas lamps is better 
than that of kerosene in lanterns, but not as good as from en electrical 
bulb. Biogas lamps are expensive and consume large quantities of gas. 
Regular servicing of lamp mantles is required. 

Biogas is an economie fuel for both petrol and diesel engines (see 
appendix 0.7). If gas supply is ensured a spark ignition engine (SIE) is 
used. This will be much cheaper than combustion ignition engine (CIE). 
If gas supply is not ensured a CIE with dual fuel operation is 
used (80-90% biogas, 10% diesel); this CIE can also act completely on 
diesel when gas is not available. For use in engines the gas does not 
have to be filtered. As the consumption of biogas in dual-fuel engines 
is about 0.65 m3 fhour(kW, large size biogas units are required to run 
engines. A dual-fuel engine can be used for running an irrigation pump, 
flour mill, chaff-cutter, thresher, etcetera. Dual-fuel generators can 
also be used to generate electricity. In India generators of capacities 
ranging from 3.5-7.5 kVA are available. Oual-fuel engines are marketed 
there as "gobar gas engines", with capacities ranging from 2 to 70 kW 
(KHA 86, p.55). Table 0.5 gives a review of daily gas requirements per 
person for cooking, lighting and refrigeration. 

Biogas cannot be compressed in an economically viable way such as 
with butane or propane gas 

The main advantages of anaerobic digestion are: 
a) Nutrients in the plant residues and animal wastes are conserved and 
can be used as fertilizer to enrich the soil. Practically all nitrogen 
is conserved (1.5% N in biogas slurry, compared with 0.75% in farm yard 
manure). It further contains P (phosphor) and K (potassium, NAN 83, 
p.251). 
b) The digested slurry bas the same effect as that obtained from 
applying any other kind of organic material. The humus material formed 
improve physical properties of the soil, like aeration, moisture-holding 
capacity, water-infiltration capacity and cation-exchange capacity. 
Furthermore, the sludge serves as nutrients for the microbial organisms 
in the soil, that (in)directly improve the solubility of chemicals, 
contained in soil minerals. 
c) The collection of manure and human excrements helps to improve a 
hygienic recycling of elements and to diminish diseases, because the 
digestion kills pathogens, dangerous for humans, animals and plants. 
Typhoid, paratyphoid, cholera and dysentery bacteria are killed in one 
or two weeks. Hookwormand bilharzia in three weeks (SAS 84, p.9). 

The main requisites for succesful operation are (ENE 80, p.59): 
- social acceptance by the potential users, 
- ability to use the gas when produced, 
- supply of sufficient feedstock (residues, esp.dung), 
- adequate maintenance and operation control, 
- technica! assistance to determine start-up conditions for the specific 
site, 
- minimum capital outlay. In the case of plants constructed with a metal 
gas bolder, the metal forms 50% of the total costs. Fabrication from 
corrosion-resistant materials, such as wood, ferrocement, concrete or 
brick may reduce costs. 

Application of biogas technology is limited by several conditions, 
that have to be fullfilled for a successful economics: 
1) livestock manure must be available to improve the unfavourable C/N 
ratio (carbon/nitrogen) of plant residues. This condition restricts the 
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application of biogas plants to areas where dung is available, i.e. 
cattle or pig keeping is a tradition. Furthermore, biogas plants require 
lots of water, which can be scarce in some areas during dry season. 
2) if biogas is used for cooking or lighting, special appliances have 
to be bought or constructed. Contrary to electricity no special pots or 
pans are needed, however. 
3) economics of scale implicate the larger the plant, the lower the 
costs (see for example estimated costs of different Indian plant models, 
table 0.6). Therefore the technology may be viable only on a community 
basis or for relative wealthy farmers. The advantages of large plants 
are the economics of scale in capital costs, that they require less 
precision in temperature maintenance and that they provide employment 
through dung collection and by-product (fertilizer) distribution. Large 
plants can serve a multiple-use, providing fuel for cooking, electricity 
generation or shaft-power applications. Small units usually only give 
enough gas for one of these applications. However, village-scale 
utilities, managerial skills and distribution network will often be 
difficult to maintain and organize. 

Biogas plants are numbering in the thousands in China, India, Korea 
and in the hundreds in Thailand, Nepal, Pakistan, etc. Of the SADCC 
countries Tanzania has made largest effort in installing biogas plants. 
About a hundred biogas plants were set up there by various government 
departments in the '70s. The majority of these are not in action any 
more, however, because of lack of care, repair and maintenance, 
principally due to apathy and lack of personal committment by the 
village residents, so that the whole project is now virtually defunct 
(BHA 85). 

In Zambia efforts are still marginal. No efforts have been made to 
assess the animal and vegetable feedstock potential for biogas 
generation. In appendix F.2 is discussed that only some parts of the 
country have relatively high concentrations of livestock. In these areas 
potential for biogas development exists. In 1981 Zambia had 2,225,000 

----------------------------------------------------------------------------------------------
Size of plant 

(13) 
Fioating gas bolder type 
-------------------------------------

(retention period in days) 

Fixed 
do me 

30 40 55 55 

Ganesh 
1ode: 

40 

-----------------------------------------------------------------------------------------------
2 
3 
4 
6 
8 
10 

5,910 
7,220 
8,010 
9,770 

11,560 
13,890 

6,660 
8,070 
9,190 

11,180 
13,270 
15,770 

7,220 
8,980 

10,800 
13,160 
15,930 
19.100 

5,680 
7,130 
7,830 
9,450 

11,480 
13,500 

5,310 
6,440 

9,200 
10,530 
12,700. 

-----------------------------------------------------------------------------------------------
Source: IHA 86, table 4.1. Prices converted fro1 1984 Indian Rs. into 1987 lwacba. Conversion 
rates: 1 US$ : 10 Rs.(19841, 1 US$(1984) : 1.125 US$(1987), 1 US$ :I 12 (1987). 
-----------------------------------------------------------------------------------------------
2.8 13 
7.1 13 

I 3,950 
I 9,870 

14.2 13 
34 13 
56.6 13 

I 16,920 
I 42,300 
I 63,500 

Source: SIM 75, p.33. Prices con
verted from 1975 dollars. Conversion: 
1 US$11975) : 2.35 US$(1987) =I 28.2 

-----------------------------------------------------------------------------------------------

tABLE D.6 Esti1ated casts of different 1odels and sizes of plants in India. 
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head of cattle, 370,000 sheep and goats and 235,000 hogs. Handling cow 
or pig dung doesnotpose any social problems in Zambia (ZAM 88). 
Usually cattle are tended at daytime, by a family member; at night 
catt1e are brought into kraa1s, where it is easy to co1lect the dung. 

In Zambia the NCSR is invo1ved in research and deve1opment in 
biogas techno1ogy. A standard fami1y size 10-11 m3 digestor (Indian 
type) bas been deve1oped, according to the NCSR suitab1e for providing 
gas to three househo1ds for 1ighting and cooking. The digester is week1y 
fed. No temperature prob1ems have been encountered (January mean 
temperature: 21.1°C, Ju1y 16.1°C). NCSR bas recently completed the 
construction of a Chinese type digester for comparison and is planning 
to develop pilot plants, a community-sized plantand one for 
institutions (e.g. schools). NCSR bas publisbed a prelimenary estimate 
of the investrnent cost of a plant, installed in a village in Southern 
province: 
- tank dome (rnetal) 
- pit construction and materials 
- steel plumbing 

TOT AL 

K 11,000 
K 2,700 
K 5,000 
K 18,700. 

This total cost figure is in accordance with the cost estirnates given in 
table 0.6 for Indian plants. Basedon these investrnent costs (operating 
costs are not known yet) yearly cost (assumption: annuity with interest 
15% over 10 years) would beK 3,700. On a daily production rate of 10 rn 3 

costof biogas wou1d beK 0.045/MJ. Goropared with a diesel oil price of 
K 0.048/MJ, this is a cornpetitive figure. 

D.2 Solar energy 

Solar energy is free of charge, so that no fuel costs are involved. 
The tota1 costs of applying solar energy technology consists of 
investment and maintenance costs. The existing technologies to capture 
solar energy directly are by photovoltaic cells and by collectors 
(flat-plate or focussing). 

D.2.1 The solar energy potential 

The souree of information on solar radlation data is the 
Meteorological Department of the Ministry of PTC. Information on Zambian 
solar atmospheric data can be found in the following publications by 
this department, printed by the Government Printer, Lusaka: 
- "Sun angles", 1968 
- "Calculated radlation in Zambia", 1971 
- "Sunshine distribution of selected stations in Zambia", 1971 
- "Climatic details (Lusaka International Airport)", 1977. 
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Regular measurements of global solar radiation are very recent in 
Zambia. There are 8 stations measuring, with record lengths of about 
less than 12 years. Measurements of (bright) sunshine hours have been 
made at many stations for many years, the number of such stations 
exceeding 20 (PRO 84, p.2.2). In PRO 84 tables withsolar radiation data 
are given, measured at 16 Zambian stations. Zambia enjoys very high 
solar radiation in all parts of its territory. To illustrate this, some 
global radiation data are presented in tabular (table D.7) form. 

D.2.2 

-----------------------------------------------------------------------------
Station 

Lusaia lnt.Airport 
lasa1a 
!ansa 
!fuwe 
ldola 
Bongu 
Livingstone 

Altitude 
(1 above 

sea level) 

1154 
1384 
1258 

57C 
1270 
1053 
951 

Global radiation 
(iVhfyear) 

1921 
3020 
1980 
2335 
1905 
2300 
2147 

Annual rainfall 
(11/year) 

850 
1250 
1150 
1050 
1250 

950 
750 

TABLE D.7 Global radiation and rainfall values. Source: Dept. of Energy. 

Photovoltaics 

Applications of solar cells in the rural areas could be: 
dornestic uses (household appliances, lighting) 
operation of communication systems 
water supply (domestic, irrigation) 
provision of motive power for (agricultural) equipment. 

Photovoltaic cells are semi-conductor devices made of silicon. They are 
extremely rugged and require little maintenance. Costs of solar cells 
(without the auxiliary equipment) now range at US$ 0.50-0.80 per kWh 
(ZAM 88; South magazine, December 1987), or about US$ 8 per peak Watt 
(exclusive auxiliary equipment). This is still more expensive than 
running a power station on diesel, coal or gas. 

Solar cells are sized in termsof "peak power" (Wpeak), i.e. the 
power achieved under optimal terristial conditions. At AMl (1000 W/m2 

solar irradiation) the peak power is 100 W/m2 (efficiency of 10%). In 
practice terristial conditions will be less than optimal, and a solar 
system has to be sized accordingly. Design criteria for a solar system 
are (see e.g. SOL 86): 
- the average energy supply of the system must at least be equal to the 
average consumption; 
- the installed power capacity must at least be equal to the peak power 
demand of the consumer; 
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------------------------------------------------------------------------------------------
Device Specificatien Price 

(1986 hacba. 
------------------------------------------------------------------------------------------
Solar iantern 

Battery charger 

Vaccine refrigerator 

!elelite lighting kit 

Piug-in lighting k!t 

Dosestic po~er system 

Berehele waterpum~s 

Surface waterpumps 

prcviding 4 hours' reading or werking light: 
equivalent te 40 ï buib. 
Type 20VSR: 10 V, charging 12 and l4 V 
!ype 33VSF.: 45 V, charqinc 12 and 24 V 
4 aodules, producing 1 ·kg. ice for starage of 45 
litres vaccine. Coaplete witb batteries, wiring. 
array structure. 
Producing 2 kg ice 
for lighting. portable TV, radio. 
1 solar panel, 5 fluorescent 15 V tubes and 
fitting, 1 battery box, 50 1 flex cab Ie 
instal lation aanual. 
1 sol ar panei, 3 fluorescent tubes and fittin~ 
insta i lation aanuai. For l igbting portab:e TV 
anè radic. 
250 V 
150C ï 
(aväilable 250, 500. 75G. BOC. 1500. 2500 VJ. 
water suppiy fro! borehcles of 5-120 1 heaè 
te give a flow of 10-220 t3Jday. Tbe flow 
depends on sunlight levels, head and solar pane: 
size. Systns inciuding wiring, solar aodules, 
support structure, pump and aanual. 
Type Loewe BPPDI: 4000 litres;day at 40 1 head. 
complete syste~. 

Type ISB floatin; pump: 100.000 litresjday at 10 
aetres bead, coapiete systea. 
Positive displacetent puap: for househeld 
supply and drip irrigation. Maxitut bead 40 a. 
flow 8 a3(day. Systeas inciude solar aodule, pump. 
wiring, aanual and support structure. 

4,076.04 

4,310.00 
6,387.00 

62,500.00' 

67,500.00' 
9,38e.oc 

8,344.00 

60,000.00 
25G,OOC.OO 

55,000-200.00: 

55,000.00 

122.250.00 

30,000-55,000' 

------------------------------------------------------------------------------------------

!ABLE D.8 ! ical casts of solar s stems sold b BP Zambia Ltd. 
Source: BP Zubia Liaite , Lusaka, 1988. Iwacha in late 1988 values. 
• converted frot Britisb pounds at rate 1 pound = 1 lS (April 1988). 

- the power must be available at times when demand for it exists. 
There will be periods with short supply and periods with a surplus; 

characteristic period may be a day, week, month or season. This means 
storage is necessary in solar systems: the shortage of energy in a 
critical period is compensated by transport of the stored energy from 
the surplus period. The most common form of storage is batteries. In 
matching solar energy demand and supply knowlegde of the following data 
is important: average daily consumption, peak demand, monthly demand. 
Supply data can be estimated from publisbed radiation measurement data. 

Application of photovoltaics in Zambia is not widespread. So far, 
photovoltaics have been utilized by: 
- Ministry of PTC for telecommunication; 
-Zambia Railways (for signalisation); 
- some private farms. E.g. Rosa Farm at Mbala for water supply, 600 peak 
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Watt systern, purnping 5rn 3 (hr frorn a depth of 8-10 meters, 
constructed by Van Construction. BP has placed pumps for irrigation 
and drinking water for farms in the Mkushi area; 

- MAWD, which has carried out photovoltaics waterpurnping projects with 
installations delivered by Philips Electrical Ltd.; 

- Luangwa National Park, where a waterpurnping system has been installed; 
- a few missions in Eastern Province for lighting (delivered by Arco and 
Swiss Company), as alternative for diesel generated and Zesco-grid 
electricity: Nyirnba mission, Kokwe Mission, Lumezi Parish, Kanyanga 
Sisters, Maliehere Mission, Condatte, Chicungu Mission. The 
installations used consist of 2 PV panels (of 35 peak Watt each) and a 
battery (DELCO 2000) of 12 V (see PRO 84). 

BP Zambia Ltd.is involved in distribution of solar systems with 
four kinds of application: telecommunications, medica! refrigeration, 
lighting and water purnping. Table 0.8 lists various electric systems, 
sold by BP with their typical casts. It is interesting to campare the 
Zambian price of a panel with international market prices. A 50 W panel 
casts K 12,200 or K 244fWpeak (1988 price). At a conversion rate of 1 
US$ - K 25, this is about US$ 10/Wpeak, sornewhat higher than the 
international production cost of about US$ 8fWpeak. 

D.2.3 Solar collectors 

Solar collectors forrn a sirnpler and less costly technology as 
photovoltaics. Flat plate collectors can reach temperatures of 70°C to 
90°C in sunny weather. Focussing collectors up to 500°C. Flat collectors 
are usually rectangular boxes in which a black plate aborbing all 
wavelengtbs of visible light is placed with one or two layers of 
transparent, isolating, material on the side exposed to the sun. 

Solar cooking 

Most solar caokers consist of a parabalie reflector (about 1 meter 
diameter. Their position must be adjusted every 15-20 minutes to follow 
the sun. Solar caokers range in cost from US$ 17-170 (WOR 79, in 1987 
dollars, about K 204-2040). 
Some problems are: 
- they cannot be used on cloudy and rainy days; 
- people living in hot climates are often used to take their meal after 
sunset. Cultural factors play an important role in any alternation in 
energy use in cooking. Parabalie solar caokers may fail gain acceptance 
because they require a radical departure from traditional methods: 
cooking outdoor (which can increase exposure of food to dust, flies and 
birds) and only during day-time. 

Solar ovens are not paraboloid so that they do not need beam 
radiation and can be left unattended for longer periods and can be used 
on cloudy days. They require more time to prepare a meal. Of course, the 
roeal-preparing still has to be done in mid-day and outdoors. 

Some features of solar caokers and ovens are listed in table 0.9. 
At UNZA the Physics Department has been involved in research in 

solar cookers. 



---------------------------------------------------------------------------------------~--------------------------------------
Reflector ~bsorber Steu cool'.er Ai::.-reil. Over. ref i. 

------------------------------------------------------------------------------------------------------------------------------
radlation aperture (mi 
~ortability 

1. 2 (0.4-2.0) 
goed (vi:-exc) 
300 (185-5&8! 
34 (22-50 I 
3 (2.5-51 

0.1 1.9 !O.B-3.6• 
goed 
1óC H7 (1l0-47C: 
50 14 (9-10) 
4 4 (3' 3-6 ,i 

o.e 1~.4-1.7) 1 .. IO.H.~• 
goo~ vt-er.~ 

l09 iióC-510: 310 1.l50-4iD ~ 

4~ i3:-50) 34 :lH: 
4 1H 4 \Hi 

effective coating power rj, 
degree of eiiiciency 
cooting capacity (kg: 
~ossible coating beur 

(o'clocil B-lb 11-15 10-17 10-it 9-1: 
CB? CR C C C C!P 

~, (10-60 1' 13 (lC-:: repositioning 15 ain (10-20) ~· 
local aateriais aostly exclusiveiy exciusively exciusiveiy exclusively 
life-tiae (years) 7 (5-10l 5 9 (7-10) 6 (5-7) 7 (5-lv' 
casts (1987 US$j 89 (10-180) 75 160 (106-265) 80 (H-160) 300 (89-530' 
costst~ower (US$/V) 0.30 (O.OH-0.92) 0.76 0.39 (0.57-0.89) 0.39 (O.l7-0.46) 0.97 (0.3H.4i) 
stray 1 igbt inconvenient none none s 1 ight 
aax tnperature 190 (140-300) 90 100 165 (130-250) 135 (130-180) 
-----------------------------------------------------------------------------------------------------------------------------

T~BLE D.10 !valuation of solar cooters, obtaineè frot a test concerning 16 solar cookers, 
differing wethertbey absorb or reflect the day-light: l ovens+ reflector (using direct 
radiation), 6 reflectors (direct rad.), 4 absorbers +reflector, 1 absorber (global rad.), 3 
stea1 cooiers (global radlat ion). 

vb: very bad; exc = excellent 
CBR: C cooting; B bating; R roasting. 
Casts are converted frot 1979 dollars. using the factor US~ 1 (1979) =US $ 1.77 (198 1 ). 

Data coapiled frot SEU 79. 

Solar driers 

Only solar driers can provide controlled heat for drying and curing 
of meat, fish, vegetables, grain, tobacco and timber. This is done 
directly by solar radiation in the solar drier or indirectly with dry 
air, which is heated in flat plate collectors and transported to a 
separate drying chamber, or by driers which combine both direct 
radiation and heated air. Traditional sun drying has the following 
disadvantages: 
- it is uncontrolable, at the mercy of wind, dust, birds and insects; 
- a large area for drying is required, 
- sun drying consumes time, during which food can often be contaminated. 
That is why as an alternative wood is often used for smoking and drying 
of fishand high value crops (e.g. tea, tobacco). Of course this 
implicates a further aggrevation of the woodfuel problem. 

In the Zambian context solar fish drying has considerable 
potential. The quantity of water to be removed by drying is enormous: 
water composes about 2/3 of the initial weight of fish. In 1985 51,658 
tonnes of fish were catched. Most of the fish is now sun-dried, with the 
above-mentioned disadvantages. Assuming that all of this fish was dried 
by wood and 30,000 tonnes of water needed to be evaporated, this 
implicated that energy requirement for evaporation was (specific heat 
water: 4.18 kJ/kg/K; evaporation heat 2260 kJ/kg) about 80*10 12 J 
Assuming the efficiency of wood burning was 7%, this implicates a wood 
consumption of about 690,000 tonnes of wood (at a calorific value of 
air-dry wood of 16 MJ(kg). So I think, solar driers would be superior 
compared with wood drying, because of the substitution for fuelwood and 
because they may imprave income to fishermen as a result of better 
quality product available and less losses. 

Research and development studies on solar driers have been carried 
out by UNZA (testing of small-scale food driers) and by UNZA in 
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co-operation with TOTAL (demonstration of food drierat Lublinkhof's 
Fish Products Farm at Mazabuka; 20m2 surface collector, capable of 
drying 200 kg of fish in a two-day cycle, costs: K 35,000 - 53,000 in 
1987 Kwacha). 

Solar water heaters 

They consist of a glass box through which water moves in tubes from 
the bottorn of the collector up the surface and on to the storage tank 
(movement by convexion or by use of a pump). They can be entirely made 
of materials that are locally available. Flat-plate collectors cost 
about US$ 100-150/m2 (WOR 79, p.l29, 1979 dollars, or in 1987 Kwacha: K 
2040-3050), yielding between 80-200 liters of hot water per day. 
Focussing solar water heaters range from US$ 50-240jm2 (1979 dollars, 
WOR 79, or in 1987 Kwacha: K 1020-4890). A typical modular designfora 
family of 4-5 memhers would be 2 m2 flat plate collector area, capable 
of heating 150 1 of water daily to a temperature of 40-60°C. 

In Zambia the first promising application would be, not in the 
rural areas, but in urban households. The Department of Energy has 
estimated that solar water heating is viable compared with electrical 
heating (ZAM 88: K 835 for the above-described typical modular design, 
compared with K 1035 for electrical heating). Locally made solar water 
heaters have been installed at education eentres (Evelyne Hone College) 
and at mission posts (Mpongwe Mission, Chipata Diocese). UNZA has 
developed solar water heaters, a cheap one (K 590) and one together with 
TOTAL (4 m2 200 1, K 5900). Also National Housing Authority has been 
involved in some research. 

Solar water destillation 

Destillation of dirty, infested or brackish water could be 
important for areas withno sourees of sweet clean water. The first 
small market might be destilled water for rural health clinics. 

A solar still generally consists of a black bottomed tray filled 
with water and covered by a sloping roof of glass or plastic sheet. 
Sunlight evaporates the water, which condenses on the underside of the 
cooler transparant cover and trickles down into a through, running along 
the bottorn side of the cover to a tank where it is collected. Such 
stills can yield 5 litres of fresh water per m2 collector per day. 
Life-times of stills may be 20 years with low maintenance and operating 
costs, but depending on the materials used. Problems involve removing 
the dehydrated residue, the durability of the clear cover and corrosion 
and silting. Solar stillscan be built for US$ 15-30/m2 (WOR 79,p.127, 
1979 dollars, or in 1987 Kwacha:K 305-610jm2 ). Assuming a interest rate 
of 15% and a life-time of 15 years this means annual costs of K 
52-105/m2 • 

D.2.4 Solar refrigeration 

A refrigerator is a heat pump transferring heat from a low 
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temperature leveltoa high temperature one (see appendix D.3). 
Conventional refrigerators are powered by electricity, which is mostly 
not available in the rural areas. 

Solar thermadynamie refrigeration is a technology, which is still 
in the research and development stage in the world. If the techology 
would get in the production stage refrigerators could be important in 
Zambia for rural clinics to preserve vaccines. 

Solar thermadynamie engines are discussed in paragraph D.7. 

D.3 Wind energy 

D.3.1 Wind energy resource potential 

In Zambia there are several meteorological stations. Kabwe, Kasama, 
Livingstone, Lusaka, Mongu and Ndola have been recording wind speeds at 
10 m height (above ground level), using instantaneous recording 
anemometers, operatingat 24 hours daily. Table D.9 lists the monthly 
mean of hourly windspeeds for 9 recording stations. Mean wind speeds 
alone do not give an accurate estimate and also the periodical 
fluctuations should be known, because the power yield is proportionate 
with v 3 (wind velocity cubed). 

The Meteorological Department (Lusaka) bas carried out a surface 
wind analysis in the period January 1967 - December 1972. The results 
are publisbed in MET 74, presented in sets of monthly tables, g1v1ng 
hour-direction frequencies, hour-speed frequencies, speed-direction 

-----------------------------------------------------------------------------------------------
Livinç-

Chipata lab we Iasa1aa stone Lusaka Mans a Rongu Jdcia So !11e zi 
-----------------------------------------------------------------------------------------------
January 1. 50 1. 85 2JO 1.65 2.00 1. 30 2.20 1. 60 0.80 
February 1. 55 1. 85 2.15 1.40 2.35 l. 35 2.20 1. 65 0.80 
Bar eh 1. 85 l.l5 1. 95 1. 75 l.65 1.45 2.25 1. 75 o.eo 
Apr i 1 2.10 l.eo 2.40 1. 55 3.10 1. 75 2.50 2.05 0.90 
Ray 2.20 2.70 2.55 1.60 3.35 1. 90 3.05 l. 05 0.90 
June 2.35 2.80 3.00 1.65 2.85 1. 90 3.00 2.20 
July 2.50 3.15 3.20 1. 80 3.60 2.15 3.35 2.70 1. 05 
August 2.85 3.40 3.60 1. 80 4.05 3.45 3.50 3.20 1.15 
Septeaber 3.15 3.55 3.45 2.10 4.20 l. 50 3.90 3.45 1. 00 
October 3.30 3.65 3.25 2.15 4.05 1. 95 2.80 2.80 0.55 
Joveaber 2.50 2.30 2.50 1. 90 3.25 1. 75 1. 80 l. 35 0.90 
Deenher 1. 75 2.00 2.30 2.50 2.30 1.15 1.45 1. es 0.90 
------------------------------------------------------------------------------------------------
UMUAL 2.3 2.7 2.5 1.6 3.5 1.9 3.2 2.3 1.7 

------------------------------------------------------------------------------------------------

TAB:E D.9 Ronthly aean of hourly 11ind speeds in Zambia .. Vindspeeds in aetrestsecond. 
Source: PAA 81, appendix I: HUT 74: TEM 86, p.9. 
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frequencies and montly totals of observed calm periods. Veloeities are 
given, as in MET 74, in 5 knots-wide band (1 knot- 0.514 m/s). The 
reliability of these data is not known to me (depends on e.g. how and 
how often were recording instruments calibrated, what are the recording 
times). More information on wind data can be found in: 
a) Publications of the Meteorological Department: 

- "Daytime surface wind frequencies", 1968 
- "The elimate of:", "Lusaka", 1968; "Ndo1a", 1969; "Zambia", 1971; 
"Livingstone", 1969; "Chipata", 1969; "Kasama", 1969; "Kabwe", 
1969; "Mongu", 1969; "Mansa", 1969 
- "Mean upper air summaries", 1971 
- "The diurnal variation of the meteorological elements throughout 
Zambia", R.Trost, 1971 
- "Surface wind analysis" (MET 74) 
- "Extreme winds in Zambia", M.Bailey, 1970 
- "Tropical cyclones over Southern Africa with special referenece 
to the weather over Zambia" (M.M.Baghare, 1978) 

b) "The elimate of Zambia", P.Hutchinson, Zambia Geographical 
Association, Lusaka, 1974. 

For design of windmills it is also important to have information on 
gusts. The highest ever recorded in Zambia was 36.2 m/s (in Mongu, HUT 
76). 

Generally, one can say that the wind energy is potential in Zambia 
is quite low. Only a few small areas have wind speeds exceeding 4 m/s 
for more than 10% of the day. The south-easterly winds which dominate 
from early August until the end of October have better energy 
characteristics than north-westerly winds of the wet season. 

D.3.2 Windmills in applications 

The history of windmills is quite old. Windmills have been used in 
history for pumping water, powering mechanica! tasks for agriculture and 
industry (grinding, threshing, chaff cutting, winnowing, sawing, 
milling) and in recent history for generating e1ectricity. 

Windmills can be classified according to the fo11owing features: 
- axis: horizontal or vertical. The advantage of vertical axis rotors 
(e.g. Savonius, Darrieus types) is that they operate independently of 
the wind direction. The disadvantage is that with exception of the 
Darrieus-type rotor hardly lift is used as the main operating force. 
- operation: lift, drag or both. 
- movement: rotating, osci1lating, trans1ating. 

Applications of wind energy are: 
a) providing mechanica1 energy, 
b) electricity generation. 

The rotationa1 movement of the wind turbine can be transmitted by 
pulleys or transmission shafts to drive machines used in metal and wood 
crafts or in agricu1ture and to drive waterpumps. Prob1ems occur in 
changing the torque and changing its direction. Because of the 
fluctuating character of the wind energy supply regu1ation is necessary 
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to get a sufficiently constant rotational speed. 
Another problem is storage. Not only the supply of energy varies 

enormously, also the demand of the user may vary from minute to minute, 
day to day, week to week. This means that a energy storage systern is 
required. Storage possibilities are flywheels, storage by elavating 
water, batteries or pneumatic storage (see appendix D.6). 

Generators may be DC (direct current) generators (which can be 
converted into AC (alternating current) by a mutator) or AC generators. 
Nowadays usually AC generators are used for windmills. In the last case 
usually 3-phase, synchronous or asynchronous generators are used. 
Low-voltage electrical energy is most commonly stored in batteries. 
High-voltage electrical energy (110, 220, 380 V) can best be stored in 
the form of potential energy (e.g. pumped-water storage). 

Applications in Zambia 

In Zambia the ~ater Affairs Department of MA~D had put into service 
close to 100 wind waterpumps. Some private farms have installed 
windmills for waterpumping, which appear to render good service (ZAM 
88). Most common types are the 'Southern Cross'and 'Climax' types, both 
of the conventional 'American' multi-bladed type (PAA 81). 

The marketing of windmills was in the early eighties controlled by 
3 companies (PAA 81), which arealso involved in marketing of 
agricultural machinery, located in Lusaka and the Copperbelt. These 
windmills were imported from South Africa, but now their distribution 
bas stopped. Table D.ll gives a review of prices of windmills in Zambia 
(1980). 

Today, many installed windmills are out of operation due to 
- lack of spare parts 

ft a ie 

Ciil~X 10 ft 
- 12 ft 
- 15 ft 

Southern Cross 
Sen.25 

Deapster 6 ft 
- 10 ft 
- 14 ft 
- 18 ft 

Tower size 

9.1 I 

12.2 I 

15.2 I 

12.2 • 
? 

TABL! D.l1 Prices of windaills. 

Rotor size Price in 1987 value 

3.0 I 

3.7 I 

4.& I 

4.3 I 

7.& I 

1.8 I 

3.0 I 

4.3 I 

5.5 • 

I 48,000 
I 75,000 
I 100,000 
I 74.000 
I 141,000 

I 41,000 
I 63,500 
I 119,500 
I l01,600 

l) lbove: windaills aarieted in Zaabia, 1980. Saurce: PAA 81, p.17. Prices are without 
pu1p and piping and converted fro• 1980 lwacba in 1987 lwacha, using an conversion factor 
19.3, basedon the "index af goeds for fixed capita! foraatian", !anthly Digest of 
Statistics, lprii/Deceaber 1987, CSO, Lusaia. 
The "Ciiaax• is Sauth lfrican aaie, and was available fra1 later Engineering Ltd., litwe 
and later lells Ltd, Lusaia. Tbe •sautbern Cross" is lustralian aaie, and was available 
froa iabert Hudsan Ltd., Lusaia/ldala. 
B) Below: prices of Deapster series. Source: B!U 81, p.Hl. Prices converted froa 1980 US 
Dollars by using tbe conversion factor, 1 US~ (1980) = 18.67 I (1987). 
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- not well arranged maintenance 
- parts theft. 

In Zambia Family Farms Ltd. has been involved in windmill 
manufacturing (small-multiblade waterpumpers) but has ceased this 
activity (WYA 82, p.37). The ITDG (Intermediate Technology Development 
Group, London, UK) has started a windpump development programme in 1975 
and has identified potential windmill manufacturers in several 
developing countries. Also cantacts were established with Zambian 
manufacturers (Rucom Industries, Northland Engineering, PAA 81, p.22). 
Plans have never come off, as industries lost interest in the project 
(lack of manpower and financing). A by ITDG designed model is taken as 
an example of a (theoretical) 1ocally manufactured windmil1, with the 
following characteristics (PAA 81, p.40): 
Type: ITDG, rotor size 6 m. 

life-tirne: 15 years, 
price: about K 40,000 (1987 Kwacha). 

A comparable imported windmill would cost (see table 0.11) about 
K 100,000. A cost reduction of about half or more could be achieved by 
1oca1 manufacture alone. 

Locally manufactured would have a number of advantages, cornpared 
with imported systems: 
- saving foreign currency, 
- shorter supply lines from manufacturer to customer, resulting in more 
accurate systerns suited to local conditions, reduced transport costs, 
eliminatien of expensive "middle men", greater availibility of spare 
parts, 
- stirnulating the development of Zambian technical capabilities, 
- job creation. 
Using local raw rnaterials (instead of imported ones, like steel) could 
contribute substantially to cost reduction and availibility of spare 
parts. 

Although average annual wind speeds in Zambia are quite low they do 
not totally exclude the exploitation of the wind resource. As a rule of 
thumb one can say that the minimum speed at which a (imported) wind 
installation can operate is about 3 m/s and economically at 4 m/s 
(compare with annua1 average windspeeds given in table 0.9). As 
electricity generation (fast-runner type of windmill) requires high 
windspeeds, due topoor start-up behaviour, the first application in 
Zambia has to be sought, I think, in waterpumping: 

household water supply (less than 50% of the rural households has 
access to safe water), 
irrigation and cattle consumption. Of the househo1ds engaged in 
agriculture 79% are small-scale or subsistenee farmers. In the 
event of drought, so has been the experience in Zambia, maize has 
to be imported. Simple appropriate technology irrigation would 
enable the farmers to have two crops a year, hereby increasing 
farmer's income and leading Zambia to self-sufficiency. 

For water pumping or shaft power application multiblade slow-running 
windmills are most suitable. In the next chapter the economics of 
windmill applications are discussed. 

There is litt1e R&D work on-going at the moment. TDAU at UNZA has 
been invo1ved in design of a small windmill for water pumping. 
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D.4 Small-scale hydrapower 

The term small-scale hydro stands for mini and micro hydro, both 
implemented with low investments and serving a limited number of 
demands. The first power extensively used in history other than animal 
or human power was that derived from falling or flowing water by a 
waterwheel. Waterwheels have been used for thousands of years to take 
over the laborious and monotonous tasks, such as grinding grain, pumping 
water, for textile manufacture and metallurgical processing. As the 
demands for power increased over the centuries the waterwheels were 
constructed larger and larger. By the middle of the nineteenth century 
waterturbines began to displace waterwheels. Turbines are more efficient 
than waterwheels, because they can workat much higher speeds (and 
generate much more number of revolutions per minute, thus they can be 
used for electricity generation), principally by their smaller diameter 
and they generate much more power in a smaller volume. On the other hand 
waterwheels can be much more economical for small-power requirements in 
some cases. 

Various types of hydropower devices exist: 
- waterwheels, already in use in ancient cultures. Advantage is that 
they can be manufactured locally (e.g. from wood). Main disadvantages 
are there low speeds (which excludes electricity generation) and their 
bulk, and a lot of work goes in their construction) 
- water turbines, which are of the action-type (Pelton, cross-flow, 
Turgo turbine) or of the reaction-type (Francis, Kaplan turbine) 
- free-stream turbines (hydrofoiled turbines, inverted pumps) 
- hydraulic air compressor, an almost forgotten technology, but already 
in use in roedieval Europe (trompe) 
- waterram, which is self-operating water-raising device. 

Auxiliary equipment 

A water power system consists of, besides a turbine or a wheel: 
- civil works (dam, pipes) 
- appliances (to drive machines usually a transmission drive is 
necessary; electricity is produced by generators). 

Waterwheels run relatively slowly and are therefore hardly suitable 
for electricity generation (generators require rotation speeds of 1500 
rpm or more). Applications of mechanical power are basically the same as 
discussed in the wind energy paragraph. Waterpumping is a very suitable 
option for small-scale hydro utilization, as it is independent of 
rotation rate and also demand. Lifted water can be stored in tanks. 

Economics 

Unit costs per kWh of hydro power installations vary widely as they 
depend on: 
- the available flow and head, 
- the costs of civil works required, 
- the distance over which electricity has to be transported, 
- the sophistication of electrical controls required. 
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According to ACT 81 (p.83) invested capital is roughly allocated as 
follows: - civil works (24-52%) 

- generating equipment (30-40%) 
- transmission (10-30%) 
- operation and maintenance (3-8%) 

Prices quoted for turbines and generators range from US$ 500-5000 
per kW (ACT 81, p.49, WOR 79, p.l31 or in 1987 Kwacha: K 4400-44000). 
Such systems have useful lives of about 30-40 years. A waterram 
delivering 3.5 m3 /day, would cost about K 460 (material costs 
demonstration model D.Phiri, Agric. Engineering, University of Zambia). 
Significant cost reduction can be achieved in the Zambian context by 
local manufacture of hydro power devices, using locally available 
non-imported raw materials. 

Application possibilities in Zambia 

Hydro-development is so site-specific that no development can take 
place without a field study for gatbering basic data of the specific 
site. These data include: 
a) hydrological data (miminum flow, maximum flow, flow duration and 
seasonal variation, height of water in floods, the avarage flow), 
b) geological data (water condition: clear, muddy, sandy, acid, soil 
condition), 
c) physical data (pipeline length required for obtainning the desired 
head, topographical maps and site sketches with high quality (contours 
separated by no more than 30 m), 
d) elirnatic data (air temperature, rainfall data (average, seasonal 
variations), 
e) energy-use pattern (average use, minimum use, peak use, seasonal 
variations). 

To my knowledge no (large-scale) efforts are undertaken to map 
possible sites for small-scale hydro. Above-mentioned data for Zambian 
sites could be obtained by assessment surveys. Topographical maps can be 
obtained from the Survey Department Map Sales in Lusaka. Impractical 
areas include: 
- flat areas without dams, since low-head systems cost more than medium 
and high-head systems, 
- streams in low rainfall areas, unless high heads are present, 
- areas too far away from load centers. Economie distance depend on the 
costs of alternative power generation, the size of power demand, the 
cost of building transmission lines and cost of developing the site 
itself. A rule of thumb (GOW 85, p.98) is the following for hydro plants 
under 100 kW: if a load centre requires Y kW capacity, a hydro plant 
should not be located farther than 100 times Y meters away. 

TDAU began research and development actlvities in 1978 and bas 
since: 
- designed, manufactured and installed a cross flow water turbine at an 
existing small dam site near Nkandabwe (Gwembe District). The unit 
provides mechanica! power for grinding maize since 1980. 
- started another project to manufacture and install a cross flow 
turbine to drive a 3.5 kW electric generator to supply a rural health 
centrein Chavuma (Balovale District). 
- installed a water supply system at Kawambwa St.Mary's Mission: a 
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combined waterram and water turbine system, delivering about 180 
litre/day. 

D.S Geothermal energy 

Geothermal energy is the natural heat contained within the earth. 
Temperature increases with depth (e.g. at 20 km: 270°C). Most of this 
heat is too deep to be exploited, physically and economically. In some 
areas, mostly those whohave shown recent geological activity (such as 
volcanism), some spots have porespaces in the fault hot rock material 
that permit water (steam) to circulate through a natural (hot springs) 
or drilled channel. In Africa large parts associated with the Rift 
Valley System show geothermal activity. There are about 100 hot springs 
in Zambia in the northwestern and southeastern part of the country. 

Applications as high-temperature steam for space and process 
heating or generating electricity involve complex technologies. 
Requirements of a power station are similar to standard thermal power 
stations, with the difference that no fuel is required so that costs of 
geothermal-based electricity may be lower. Costs range from US$ 
150-500/kW plant capacity (ENE 76, p.50, K 3800-12700, 1987 Kwacha) for 
the plant and US$ 70-100/kW for the well (ENE 76, K 1800-2500 in 1987 
Kwacha). Also exploration costs will have tobetaken into account 
however (with the risk that no water is found in adequate explorable 
quantities and qualities). According to ENE 76 (p.50) geophysical 
mapping and exploration may cost US$ 100,000-1 million (1987 K 2.5-25 
million). 

The geothermal gradient in the Zambian rocks is 23-50°C/km depth. 
Hence viable working temperatures (150-370°C) occur only at 8 km depth. 
This implies low prospects for the use as power generation (WOR 83, 
p.29). Practical use in Zambia may be use of low-temperature steam near 
the hot springs for small process heat needs. The Geological Survey 
department in Zambia bas embarked on a pilot scheme in Kasaba Bay where 
is a 88-95°C fresh water resource. The area bas a thriving fishing and 
tourist industry. Italy has supplied 500 kW generators, to be installed 
in 1988 (ZAM 88). 

D.6 Storage of energy 

The use of variable and unpredictable sourees of energy, such as 
solar, wind and water, often only becomes practical if some storage is 
possible. Not only supply, but also demand is variable. In this 
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paragraph I will discuss some storage methods and their feasibility for 
rural communities. Energy can be stored in mechanical, chemical and 
thermal forms. 

Mechanical forms and thermal forms 

Energy may be stored in the form of potential energy by: 
a) pumping water to a higher reservoir. Usually this system is used for 
electricity-generation. The kinetic energy of water flowing from the 
reservoir is used to generate electricity. Difficulty is that usually 
large reservoirs are needed. 
b) compressed air. This technology is already discussed in appendix D.S 
(see: non-turbine devices, hydraulic air compressor). 
c) flywheels, mechanical devices that store energy by spinning and 
release energy as the spinning wheel slows down. Flywheels storage 
systems are particularly suited for photovoltaic systems, in which the 
flywheel serves as an interface between the photovoltaic system and the 
AC-load, providing storage as well as regulating the wave form of the 
current. Such systems are expensive, about US$ 6000-10000 in 1985 
(projections ACT 81, p.l25). 

Energy can be stored as heat in materials, provided that suitable 
thermal insulation surrounds the storage system. The stored energy can 
only be utilized as heat, however, in practice. Energy technologies such 
as solar heaters fit well to this storage method. Efficiency of a 
thermal storage proces depend on the specific heat and the density of 
the storage material. Thermal storage systems are still very much in a 
development stage. 

Batteries 

Batteries are devices that deliver electrical power by 
electrochemical reactions that take place between two electrades 
inmersed in an active solution called the electrolyte. Desired voltages 
can easily be achieved by connecting cells in series. 

For near-term application 2 types of batteries are important: 
a) lead-acid battery, the conventional automobile battery. 
b) Ni-Cd battery, which has better performance (longer lifecycle, higher 
energy capacity). 

More advanced type of batteries are still more in the research and 
development stage than in the commercial. 

Fuel cells 

A fuel cell converts electrochemically the potentlal energy of a 
fuel to electricity in a highly efficient manner. The principles of 
operation are similar to those of batteries, with the difference that 
fuel cells do not need to be charged and do not discharge like batteries 
and that fuels are supplied continuously to the cell. The most practical ~ 
fuel is hydragen and the most practical oxidant is oxygen. Oxygen is 
readily available from air, hydragen can be made by a process called 
'reforming', from fossil fuels, biomass fuels or gasified coal. A fuel 
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cell plant consists of a fuel processor, the power section and the 
invertor. The power section consists of many individual cells arranged 
like a stack to pancakes. Each cell may be about a square meters in 
area, but only about 6 mm thick. Each cell produces about 0.6-0.75 V, a 
current in the range of 1500-3000 Ajm2 cell area depending on operation 
pressure and temperature, equivalent to 900-1800 W/m 2 . 

Advantages of fuel cells are: 
- transportation costs of hydragen are about 1/8 of that of electricity, 
- high efficiencies are possible (fuel cells: 75-85%, electrical 
efficiency of the plant: 39-43%), 
- compactness. A 26 MW plant could supply the needs of 20000 people and 
would only be 5.5 metres high and occupy only 1/4 of a hectare of land, 
- high life expectancy (about 16000 hours) 
(data from: BLI 86, chapter H; FUE 85, p.43, STO 79, p.l85). 

At present there is no mass production of fuel cells in the world. 
Estimated costs to produce plants in the 5-100 kW range are about US$ 
8000-10000/kW, but in the case of mass production costs could be US$ 
1000-2000/kW (all 1984 dollars, souree data: FUE 85, p.49). 

As fuel cells are still in the R&D stage near-term application in a 
developing country as Zambia is not feasible. 

D.7 Engines 

Conversion of fuel energy to mechanical shaft power can be accomplished 
in: 1) internal cambustion engines (ICE) based on the thermadynamie 

Otto or Diesel cycle,in which the fuel is combusted inside a 
chamber and the energy produced by its expansion (pressure and 
volume change) is converted into mechanical energy. Examples 
of such engines are spark ignition (SIE) and compression 
ignition (CIE) engines. They have efficiencies of 20-40%. 

2) external cambustion engines (ECE), in which cambustion is 
produced outside the engine and the heat so generated is 
transferred to a working medium (water, air, hydrogen, organic 
vapours) and converted into mechanica! energy by pressure and 
volume changes. Examples are steam engines, stirling engines, 
gas turbines. Efficiencies are in the range 10-25%. 

3) direct energy conversion systems (DEC) convert heat into 
electrical energy, which is used to drive the motor. Examples 
are solar cells, fuel cells, thermoelectric and thermoionic 
cells. Efficiencies are in the range 5-20%. 

The latter group of systems are usually costly and have not been fully 
developed. ECEs are too bulky to use them in mobile shaft-power 
application. In stationary power applications steam engines could be a 
competitor of wood gas engines. Any !CE can be converted, in principal, 
to run partly or wholly on producer gas. 
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Wood gas can be used 1) in SIE (petrol engine) by modification of 
the inlet system with woodgas as a single fuel, 2) in CIE (diesel 
engine), either by a) giving it a spark ignition outfit and reducing its 
compression ratio to operate on single fuel, orb) by conversion to 
operate on dual fuel (diesel 20-24%, woodgas 76-80%). The first method 
has the disadvantage that shaft power drops wit 30-50%. The second has 
the same disadvantage and is more expensive and tedious than the first. 
The third method has the disadvantage of use of diesel, but has high 
fuel efficiency and larger engine lifetimes (CHA 84, p.391). Diesel 
engines with direct fuel injection are most ideal. 

Charcoal gas can run on any engine burning light hydrocarbons. 
Engines based on wood or charcoal gas need daily maintenance for 
clearing (0.5 hour before start and 0.25 hour after operation, CHA 84, 
p.291). 

Also vegetable oils can be employed in dual-fuel engines or as 
single fuel, but their disadvantage is their high viscosity, leading to 
carbonization. This requires frequent cleaning. 

Alcohol can be used with gasoline in SIEs, or as straight 
(anhydrous) or hydrated alcohol in a modified SIE, or as a blend with 
diesel in CIEs. Both methanol and ethanol can be used. Methanol has 
about half of the gasoline's fuel value per unit volume. Ethanol has 
about 2/3 of the gasoline's energy content. Use of straight alcohol 
requires alternation in the engine, because the cernbustion products of 
alcohol are more corrosive than that of gasoline. Hydrated alcohol 
requires essentially the same modifications as with straight alcohol. 
Pure alcohol is however quite costly, compared with hydrated alcohol. 
Burning characteristics of the alcohol-water mixture can complicate 
performance as water concentration increases. No engine modifications 
are needed in the case of using alcohol-gasoline blends. An extra 
advantage as compared with gasoline, is that no lead has to be added to 
increase the octane number (against 'knocking'). Alcohol with 7% water 
(accessible with normal destillation techniques) however cannot be mixed 
with gasoline. The water content has to be below 0.2%, but such 
destillation methods are quite expensive. Diesel engines can operate on 
separately carburated alcohol and diesel fuel (amount of alcohol added 
25-50%) 

Solar thermodynamic engines all operate according to the 
closed-system principle. The working medium passes through a 
thermodynamic cycle process. An absorber (absorbing heat provided by 
solar collectors, werking as a generator) is employed in one phase; a 
condensor is used in a subsequent phase to transform the working medium 
back into its original state. Cycle processes that have been suggested 
for solar units are Stirling, Clausius-Rankine, Ericsson, Brayton 
process. 
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