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Household Energy Consumption Patterns: An Analysis of a Pilot Household Survey
 

A major concern related to Egypt's rural development is the supply and
 

opportunity cost associated with energy. 
Increased economic production
 

and productivity is primarily a function of augmenting human physical
 

energy with increased increments of non-human energy sources and adoption
 

of more efficient and effective energy uses and technology. Development
 

throughout history has consisted of finding substitutes for human energy.
 

Egypt's development will also require incremental increases in energy
 

utilization, but in rural areas a 
more pressing energy concern related to
 

required efficient energy use and conversion is the increasing scarcity of
 

traditional non-commercial domestic fuels.
 

Throughout Egypt demand for these fuels, primarily animal and agricultural
 

waste, have increased for soil re conditioning, fertilizer and fodder.
 

Due partly to the Aswan High Dam's restriction of silt flow, the Nile no
 

longer provides proper nutriments to replenish the delta soils. 
 In 1977,
 

the equivalent fertilizer value of produced animal manure was estimated at
 

40,000,000 L.E. The Agriculture Research Center in Giza, estimates that
 

approximately 20-30 percent of this dung is used as cooking fuel. 
In addition
 

1/3 of the crop residues is also consumed as fuel. In fact the DOE assessment
 

estimated that 30 percent of Egyptian energy consumption was combustion of
1/ 
animal and agricultural waste in rural areas. 
 Loss of these nutrient rich
 

resources requires increased consumption of chemical fertilizer requiring
 

high financial and energy cost.
 

1/ These figures are only rough estimates with an unknown error factor.

The Department of Energy(DOE) and Egyptian Government(GOE) 1979 energy

assessment had to rely on these figures.
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Agriculture is the major Egyptian industry accounting for 57 percent uf GNP
 

and 47 percenL If the labor force. 
Although Egypt is rapidly transforming
 

into an urban society,, 60 percent of its ropulation still resides in rural
 

areas. 
Rural Energy utilization is based primarily on renewables. The DOE/GOE
 

assessment egtimated that only 25 percent of rural energy consumption could be
 

attributed to commercial fossil fuels. 
These commercial fuels are diesel fuel
 
2/


for pumps and electricity generation, and kerosene and butane for cooking.
 

The commercial fuel consumption rate measured in joules is high because of
 

the low energy efficiency obtained from direct combustion of agricultural and
 

animal waste.
 

Energy planning for rural Egypt is hampered due to the fact that no official
 

statistics are available on use and availability of non-commercial energy
 

resources. Any comprehensive energy plan/policy must take into account this
 

rural energy consumption and supply pattern.
 

These patterns must further be disaggregated to household levels if decision
 

making processes are to be understood. Figure I is a generalized rural

3/
 

Egyptian household system
 

2/ This is approximately 19-20% of Egypt's oil consumption(DOE/GOE assessment

estimates). 
These figures do not include the small amount of butagas consumption.
 

3/ regional specific rural and urban case studies will be examined later in
 
this paper.
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A few variations of this model exist. Two examples are cases where family
 

members are employed outside the household, and where specialization occurs
 
4/


in agricultural production. Both of these varients increase dependency on
 

commercial markets probably resulting in increased utilization of commercial
 

fuels.
 

Rural household regimes are almost completely recursive systems(i.e. everything
 

is recycled). Losses from these systems are fossil fuel and agricultural
 

animal waste consumed as fuel. This critical loss in organic waste could be
 

measured by the decreasing land fertility indicated by increased consumption
 

of commercial fertilizer, labor and water to accomplish similar levels of
 

production. In many regions throughout the Delta, as well as other areas,
 

farmers complain the amount of rationed fertilizer is insufficient to meet
 

their needs.
 

There are three basic types of rural energy projects beneficial to the target
 

population. All three address two basic problems, increasing scarcity of
 

traditional fuels and development requirements to increase energy utilization.
 

These three dimensions are:
 

4/ A particular specialization affecting availability of agricultural waste
 
for fuel would be dairy/meat production and vegetable farming. Both of these
 
require crops that produce very little suitable refuse for combustion.
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- Conservatioui of Energy - conversion efficiency technologies such as a simple
 
stove will consume 50 percent less fuel as compared to the Egyptian Kanoon
 
(open fire stove). Fuel efficiency decreases energy resource demand providing
 
more dung and crop residue for agricultural purposes.
 

- Renewable energy substitution and conversion
 
to more efficient forms. - the substitution of environmentally neutral renewable
 

energy sources technology for fossil fuels, environmentally damaging sources of
 
energy, and solar harnessing technologies.(e.g. over consumption of crop residue
 
and dung at the expenses of land fertility; solar crop drying equipment will
 
improve quality of product, thus a cleaner and more uniform product and decreased
 
spoilage).
 

- Increased non-human energy resources - This is not necessarily a renewable
 
energy option but in renewable energy programs these choices would be based
 
on renewable resources.
 

The accrued benefits associated with these twes of orograms are presented in
 

Table I.
 

Another important area of energy analysis is urban domestic energy consumption
 

patterns. These account for an additional 12-14 percent of the oil consumption
 

(DOE/GOE estimates) plus majority of the butane-gas(butagas). Butagas is rapidly
 

becoming a major fuel source in both urban and rural areas. 
As income increases, a
 

major constraint to its rural adoption appears to be distribution.
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Since any comprehensive energy program must include domestic energy elements
 

due to the large portion of energy consumption by this sector (25-30% of the
 

commercial and 100% of non-commercial fuels), 
a pilot study of domestic energy
 

demand/supply patterns was condunted based on household case studies and
 
5/

interviews with key informants of selected villages.
 

METHODOLOGY:
 

As depicted in Figure 2, Egypt is divided administratively into twenty-six
 

governorates. 
The newest governorate, not shown, is Nubaria, located southwest
 

of Alexandria.
 

Based on ecological regions defined in a recent AID funded Agricultural assessment,
 

eight regions were identified for possible household energy studies (See table 2).
 

The Delta, Upper Nile Valley and Fayoum regions were the concentrated areas for
 

study since they support a little more than 97% of the population and virtually
 

all of the present agricultural lands.
 

The Mediterranean Northwest coast, a part of the vast western desert is sparsely
 

populated relying on scarce rainfall &nd some ground water irrigated farming.
 

Fruits are the major agricultural crop in the region.
 

In the Red sea coastal region there is no known fresh water aquifiers and little
 

to no rain.
 

5/ It 4s recommended that a more extensive and comprehensive household energy
analysis be implemented. This cursory study will serve as a test model for
 
this suggested analysis.
 

6/ The number of villages in each region is also given in Table 2.
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TABLE 2 

REGIONS OF EGYPT USED IN THE ANALYSIS 

ECOUM POPULATION PRIHARY ECONOMI 
(MILLION, 1975) ACTIVITIES COMENTS GOVERNORATES INCLUDED 

NUMBER OF 
VInAdFS STUDIED 

Delta 24 Agric"lture. Industr3 
(Textiles, Food 
Processing, Irop and 
Steel) 

Contains Cities of Cairo. 
Alexandria. and Ismailia, and 
Over Half Agricultural Land. 
Densely Populated 
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Agriculture and Scattered Oases Mersa Matruh 
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Sparsely Populated, Arid, 

Partly Under Israeli Occupation Suez (4 case studies) 
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Desalinated or trucked in water is required to support the population.
 

Economically this area is important for petroileum, minerals and fishing.
 

Excellent turism potential exist along the coast. The rest of tle Eastern
 

Desert, Red Sea Governorate, dependent on limited rain fall in the mountains,
 

is very sparsely populated with nomadic groups existing on herd-raising.
 

The Western desert amounts for almost 75% of the land mass of Egypt. The New
 

Valley to the south consisting of four major oases forming a chain which is the basis 

for the New Valley vrolect which uroposes a major land reclamation by irrigating
 

the entire oasis belt from Fayoum,southwest of Cairo to Kharga oasis, north-west
 

of Aswan.
 

Villages selected were not randomly chosen but were based on recommendation by
 

Egyptian counterparts. Given the small number of villages to be studied, 

representativeness could better be controlled based on regional knowledge than
 

probability sampling. In each village secondary sources and interviews conducted
 

with key informants established structural (general patterns) and aggregate
 

level data. This provided information concerning community level services and
 

activities (economic and social), farming patterns, and energy supply and 

consumption patterns. As a validity check on the macro-level data, 2-3 household
7/ 
level interviews were conducted.
 

7/ The proposed comprehensive study will be geared to household studies from
 
which village data will be aggregated. Women were always interviewed and in
 
some cases men were also present. If it became apparent the men were dominating

the interview, the female team member would start a side conversation with the
 
wife as a validity check.
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Nine villages were selected from the Delta. Three of these villages
 

(Naziat El-Ashttar, Mit Rahinah and Omar Makram) were based entirely on secondary
 

data provided by the National Research Center. An additional village, Manawat,
 
8/
 

includes data from the NRC study and a team visit.
 

In two of the nine villages, researchers were unable to obtain case studies to
 

support key informants' interviews but in both of these villages, Sendyon and
 
9/
 

Basaisa, a group approach was used with the key informants.
 

8/ The NRC data was collected for a bio-gas project being funded by AID. In all
 
other cases the major source of information was based on visits to the villages.
 

9/ A group interview consists of more than one person/family being interviewed
 
at the same time. In this type of interview respondents are forced to be
 
consistent, decreasing the error factor in responses. Effectiveness of this
 
approach is best when status equivalents are interviewed.
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The Suez region was represented by two villages, Omdat El-Ganayen and Amer.
 

Irt each of the northeast villages two household case studies were conducted.
 

In the North-west coast portion of the Western desert (Mersa Matrub Governorate)
 

data was collected in only one village, Sidi Kereier. 
A windmill industry and
 

utilization study was also conducted in this area. 
Results are reported in
 

appendix C. The third region for energy investigation was the sparsely populated
 

arid Red Sea Coast. Acquisition of fresh water is a major problem for the
 

fishing, mining and petroleum production communities of the area. 
Household
 

energy data was gathered in a fishing settlement in Hurghadah. There were doubts
 

as to whether the case study, the fisherman's cooperative leader, was represent­

ative of energy usage patterns for the area. 
Local government officials assured
 

us that these energy consumption figures were fairly accurate for the fishing
 

community since energy demand isrelatively homogeneous since there is no alternative
 

fuel resources.
 

Three villages (Kom Ombo, Ballana, and El Shatb) in Aswan Governorate were
 

chosen to represent Upper Egypt. Representative case studies were conducted
 

in Kom Ombo and Ballana. Ballana is representative of the re-settlement
 

villages provided for the Nubians displaced by the High Dam Lake.
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Other reports appear in the appendix C which do not directly relate to household
 

energy demands. 
These studies are the Industry in Wadi El-Natrum, general
 

interviews concerning the New Valley settlements and, socio-economic and energy
 

utilization insights from a visit to Sadat city, one of the new satellite cities
 

located off the desert road between Cairo and Alexandria.
 

In addition to the rural studies, an energy utilization ethnographic series of
 

case studies were carried out in Cairo to be representative of urban poor,
 

pern-urban-poor and lower income urban working class families. 
Two cases were
 

chosen for each of these three urban classes.
 

Detail data on all of these villages and cases may be found in the appendix
 

A and B. Discussion in this next section will be based on generalization
 

extracted from that data. These findings serve as a pilot study and should be
 

considered cursory in nature. 
In the next section problems and possible hypotheses
 

for future studies are explored. 
Any further studies on energy utilization must
 

be based on observation over at least a few days with careful measurements of all
 

system inputs and outputs. 
 Itwould also be useful to implement these studies
 

at more than one point in time to control for any short-term constraints which
 

may have caused a temporary change in consumption patterns. Ideally, the study
 

should contain one point in time for each season to determine any seasonal
 

variance; but given the expense and time this would require, the study might
 

have to rely on memory of respondents. This present pilot study, relied on
 

short interviews based on respondents memory and estimates of quantity and
 

weight.
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Findings:
 

Data discussed in this section is restrited to energv usage patterns. 
Very
 
little data was collected on supply quantities. Animal and Agricultural waste
 
can be easily extrapolated from this data bassd on average waste per feddan for
 
various cropping patterns. Accurate weight on organic waste supply would have
 
been useful in the analysis but unfortunately absence of this type of detailed
 

data precludes any analysis of percentages of agricultural waste used as fuel.
 
Other interesting information wal gathered as byproducts of the study. 
These
 

will not be discussed in this section but are included in the case materials
 
10/


found in the appendix.
 

The most salient finding for energy planning is the highly universalistic rural
 
household utilization pattern(See table 3). As illustrated inFigure I (page 3),
 
there is a sensitive balance in energy utilization patterns of rural households.
 

Animal and Agriculture waste have highly competitive uses between soil reconditioning,
 

fuel, and fodder. Because of the immediate needs for fodder and fuel, soil
 
reconditioning often receives lower priority resulting in loss of fertility in
 

agricultural land. 
A trend toward increased commercial fertilizer is prevalent
 
in all agricultural areas. 
As mentioned earlier, a common complaint among farmers
 
is the inadequate quantity of rationed commercial fertilizer. Any type of energy
 

program must consider these interactive effects.
 

Traditional mud ovens are used in almost all rural households for bread baking.
 

In large villages, where bakeries exist, a growing trend, if income available,
 

is 
to buy soft bread for breakfast.
 

10/ For example (a) Micro economics of small dairy farms in data on Manawat (Delta)
and Amer (Suez), (b) Small fishing industry discussed in Hurghadah.
 



TABLE 3
 

REGIONS
 

Household energy 
Hardware 

Aswan Suez North West 
Coast 

Red Sea Delta 

Butagas stove I0% 50+% 15% 100Z 10-3n2 
Kerosene stove 100Z 100% 100Z 100% 90-100% 
Kanoon 100% 10-301 85% 9.0-10% 95-100% 
lud oven 100% 100% 100% 100% 100% 

-uel consumption 

Cerosene 25-30 liters 20-30 liters ? 20-30 liters ave. 40 literi 

lutagas* 3/4-1 bottle 1 bottle 1 bottle I bottle 
20-60 liters 
1 bottle 

,Butane) 

nimal Dung 

r dung cakes 

gricultural waste 

lectricity 

ud oven usage 

150 kg 

cakes not used 

sugar cane 

pulp major fuel 

8/month 

dung-very 

little usage 

? 

4/month 

None 

? 

4/month 

None 

Aquatic plants 

? 

Dung cakes 

50-180kg 

240-500kg" 

240-500Kg* 

3-4/month 

aimal holdings *** 

ffalos/cows 1-2 ? 10-15 most families 2-3 
own zero 

-inkeys I ? very few very few 1 
donkeys in donkeys in 
the area the area 

goats/sheeps 2-3 ? 2-3 1-2 

butagas bottle contains 12 kg of gas (4 liters) 

This range was established from only four cases studies, but is probably accurate given the
amogenity of other fuel consumption patterns.
 

Manure figures for large animal range too wide for an accurate estimate.
!50-500 kg/month. The range is
If the amount collected in the sheds, it may be explained by amount of time
inimals spent in the sheds.
 



But bread for other meals is still baked in the traditional oven. With exception
 
of Upper Egypt, ovens througho~jt Egypt are fired about once a week for baking
 
bread. 
In upper Egypt (Aswan Governorate) ovens are fired twice a week except
 

among the Nubian population who also bake hard flat bread daily.
 

The ovens are fired with dung and agricultural waste. Quantities of each are
 
dependent on resource availability. 
There was no indication of dung combustion
 
as fuel in the areas of the Northwest Coast, and the Red Sea, and only a small
 

percentage of homes use dung as fuel in Suez. 
Fuel for baking in the Red Sea
 

is dried seaweed and drift wood.
 

In upper Egypt, the Delta and to some extent Suez household monthly averages
 

for dried animal manure as fuel is 100-150kgs. In areas except Upper Egypt
 
animal dung when used as fuel is mixed with chopped straw or rice/wheat hulls
 

13/
and dried as 
cakes. The mixture ratio ranges from 1/3 to 2/3 dung. 
The ratio
 
depends on availability of the resources and the type of agricultural waste used.
 
It was noted that when rice hulls were used the mixture contained less dung than
 
when straw was used. An alternative hypothesis that the mixture ratio is simply
 
a personal preference regardless of type of agricultural waste must be explored.
 

The correct hypothesis cannot be definitively determined from this study because
 

data was collected only at one point in time.
 

11/ A few exception in the Delta were noted where baking was a little less frequent
(2-3 times per month). 
 There appears to be no external determinant for the variance
in frequency of baking. 
A broadcr study should explore this variance.
 
12/ In the rural areas of Suez a more extensive survey must be conducted to determine
the percentage of households using dung for fuel and definitive reasons for this

low utilization.
 

13/ These cakes usually average around 500-600g wet and 200
-300g dry, although
in some areas of Giza Governorate a preference for heavier cakes was noted (2kg.)
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But because of the homogeneous rural energy utilization argument made earlier
 

itwould be fairly safe to assume the dung cake mixture is related to types of
 

agricultural wacte instead of regional preferences.
 

Three basic dung cake sizes were noted. A very small 200g size, a 400g size and
 

a large 2 kg size. There appears to be no physical determinant of preference in
 

cake size. This should be an element of a further study. Also in the next study
 

precise measurement of agricultural waste will enable the researcher to examine
 

the fuel trade-offs-between animal and agricultural waste.
 

In Upper Egypt, possibly due to cropping patterns, but also similar to other
 

African countries, dung is dried and used as fuel without mixing with agricultural
 

waste. Aswan Governorates' major agriculture product is sugar cane whose residue
 

is not suitable for dung cakes.
 

In rural areas with exception of Suez and Red Sea areas, Kanoons, the traditional
 

open fire stoves are used for most cooking. This traditional stove is fired with
 
15/


agricultural residue (240-500kg). The stove is extremely inefficient and produces
 

excessive amounts of smoke which may result in respiratory health problems and
 

eye diseases. The absence of Kanoons in the Red Sea is probably due to small
 

amounts of agricultural waste and low availability of aquatic plants. In the Suez
 

area causal effects are not as clear because regional data collection did not
 

explore this issue. A possible reason for lack of Kanoons in the Suez area is
 

14/ To oeparate these two alternative hypotheses data would have to be collected
 
in the area/household during a period when other types of waste are used to observe
 
if this changes mixture ratios.
 

15/ This is based on onLy four case studies in the Delta. A more extensive study
 
is needed with precise measures.
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the poor balance of organic waste and soil reconditioning needs. Also many
 
rural households have members who are employed outside of agriculture which
 
provides additional money for commercial fuels. 
 This second hypothesis is
 
based on a general trend detected relating higher commercial fuel utilization
 

within higher family cash income brackets.
 

Throughout Egypt kerosene stoves are almost a universal fixture in the rural
 
as well as lower income urban households. 
In rural areas kerosene stoves are
 
used primarily for heating water for tea and washing. 
In poor urban households
 
and some rural households kerosene stoves also function as cooking implements.


16/
For rural households consumption patterns are very similar ranging from 20-30
 
liters of kerosene per month at a cost of 2-3 pt/liter. In the delta region
 
this range is 
a little higher with half the cases using between 40 to 60 liters
 
per month. 
Even with a higher delta kerosene usage the total cost is about the
 
same as other areas because of the delta's lower price per liter. 
Higher household
 
consumption patterns can usually be associated with increased usage of kerosene
 
for cooking. 
A later study should investigate these observations in more detail.
 

Butagas stoves are increasingly becoming popular items for cooking, and making
 
tea in rural households. 
In some areas of the Delta they are owned by 30% of
 
the households, although the most common ownership level is 10-15% with the
 
exception of the Suez and Red Sea areas.
 

16/ Urban household consumption will be discussed in more detail later.
 



The range of butagas stove ownership in Suez appear to be very high and in the
 

Red Sea ownership is near 100%. 
This high ownership pattern may be an adaptation
 

rdqnired by the shortage of traditional fuels, but also interrelated are the
 

areas adequate distribution and supply of butane gas. It is difficult to determine
 

without a historical analysis the role of supply on adaptation. The present
 

supply and excellent distribution of butagas may be simply due to the large demand.
 

Those families who own butagas stoves use a 12kg (4liter) bottle of butane a
 

month. The average price of a bottle is 1 L.E., 
a little less or more depending
 

on transportation cost giving a range between 80-1.50 L.E.
 

Urban household energy consumption:
 

The most salient observation on urban and peri-urban household energy consumption
 

is the almost complete reliance on fossil fuels. In very poor peri-urban
 

households discarded trash and wood is burned for space heating. 
In only one
 

case where animals were owned did the household use dung cakes and then only at
 

feast times because of limited supply from their donkey and cow.
 

Unlike rural areas, urban households consume a considerable portion of fuel
 

for space heating. Space heating fuels in peri-urban areas are usually
 

non-commercial consisting of discarded materials and agricultural waste.
 

Urban households usually burn their kerosene primus stove or occasionally
 

the butagas stove for space heating. An estimate of space heating fuel
 

consumption is about 1/2 liter of kerosene a day.
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Almos all urban households use butagas for cooking and tea but peri-urban
 

butagas stova ownership ranges from 10-50 percent. Peri-urban butagas ownership
 

is related to family income and to a small extent area supply. For both urban
 

17/
and peri-urban areas butagas demand for cooking ranges from 8-10 liter/months.
 

Hot water for bathing and waching is provided exclusively by kerosene primus
 

stoves. 
The kerosene consumed for this energy task is approximately 12-15 liters
 

per month. This consumption pattern increases and in
some cases doubles during
 

the winter due to consumption for space heating and larger amounts of hot water
 

for bathing. Households in this sample who also use kerosene for cooking consumed
 

between 75-130 liters. The upper range is a household that also uses kerosene
 

for space heating,the lower consumption rate is because this family uses a butagas
 

stove for water and space heating. Therefore the average kerosene consumption
 

is around 100-120 liters per month.
 

A wide range of electricity usage was noted in the urban per-urban study.
 

The range was between .65 - 2.0 L.E. per month. One peri-urban household
 

reported spending 3-6 L.E. per month but the accuracy of this large electric
 

bill is in doubt.
 

Low income families appear to have a positive relationship between expenditures
 

on energy and family income (table 4). Although th, limited sample size
 

restricts any definitive statement regarding percentage of income allocated to
 

fuel expenditures, a very rough estimate would place these types of budget items
 

in the low teens.
 

1J This is about 2-3 large bottles or 4-5 small bottles. Because of supply

problems rural areas use the large 4 liter bottles exclusively.
 



Table 4
 
Monthly Family Income and Energy Expenditures, Urban Sample
 

Classification Size Income (LE) 
Fuel 

Expenditures (LE) 
Fuel, 

Income 
Poor Urban 4 Adults 30-35 4.20 13% 

4 Children 
Poor Urban 2 Adults 40 8.70 22% 

2 Children 

Poor Per-urban 2 Adults 
4 Children 

22 .65 plus 
free wood 

3% 

Poor Pern-urban 7 Adults 72 8.00 11% 
2 Children 

Poor Per-urban 7 Adults 92 6.00 7% 
2 Children 

Working Class 5 Adults 50 2.95 6% 
3 Children 

Working Class 4 Adults 74 3.83 16% 
4 Children 

Conclusion:
 

In rural areas any energy project intervention must take into consideration
 

competing demands on crop residues and animal manure. 
Rural development requires
 
either more intensive energy utilization or more efficient and effective use of
 
energy. 
Three types of general end use technologies can assist in accomplishing
 
this goal. 
These technologies consist of devices for increased efficiencies,
 

conversion techniques to more useful energy forms and storage and augmentation
 
of present energy resources. 
Basic village energy requirements are heat, lighting,
 
water lifting, other forms of mechanical power, fodder, and fertilizer. Conversion
 
technologies such as photovoltaics, solar dryers, thermal collectors, etc. make
 
more efficient use and storage capacity of solar radiation providing energy
 
requirements for lighting, heating, cooling, drying and electric power.
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Another conversion technology, bio-gas digestion provides more efficient and
 

effective resource utilization of animal and agricultural waste.
 

As noted above any energy intervention effects all interrelated resource components.
 

In areas with inadequate organic waste bio-gas plants could provide a new source
 

of fuel (low grade methane gas) for heating, lighting and mechanical/shaft power
 

without depleting animal and agricultural waste for fertilizer and fodder.
 

This new source of usable energy effects the entire household flow of resources.
 

The conversion technology increases availability of fertilizer and fodder which
 

allows for growth in animal possessions (provided adequate water availability)
 

and more intensive cropping due to better soil-reconditioning. Both of these
 

phenomena's would increase household incomes by providing larger crop surpluses
 

for the market. 
The larger supply of cash crops plus savings from previous,
 

but no longer required, expenditures on commercial fuels, fertilizer and fodder
 

can be used to finance, or at least partially finance, bio-gas plants or other
 

conversion technology. These estimates of changes in income flow in site specific
 

areas will be available next year from the NRC bio-gas project.
 

The pilot study.helped to identify some critical elements and procedures that
 

must be included in the final study. 
In addition to ecological zones, sampling
 

must be petitioned by agricultural cropping patterns and types of crops. 
To a
 

large extent this is controlled thru selection by ecological zones but in a few
 

villages in the Delta the pilot study showed some variance in energy demand and
 

source of supply associated cropping patterns. 
For example, the village of
 

Manawat, a dairy and meat producing area, has very little agricultural residue
 

for fuel consumption.
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Seventy percent of the land is used to produce fodder thus drastically reducing
 

crop residue for combustion. But on the other hand there is usually excess
 

dung. In areas very near Cairo where crops consist primarily of vcgetables9
 

farmers have less straw for combustion than do villages that plant a considerable
 

amount of grains. Data also needs to be collected on the fuel equivalency of
 

various types of crop residues.
 

Another crucial element in an extensive study is precise measurement by weight
 

of non-commercial fuel consumption. These figures should also be adjusted based
 

on moisture content in the fuels.
 

A third survey design element useful in analysis of energy consumption in both
 

rural and urban areas is to consider more than one point in time for data collection.
 

The quantity and types of fuel consumption are dependent on atmospheric temperatures
 

and types of seasonal crop residue.
 

This study relied oft memory and quantity observations by the respondent. Some
 

respondents gave inconsistent data and unrealistic estimates. The respondents
 

in these cases had little experience in estimating quantities and the interview
 

had to be discounted. Other estimates in the study may be inaccurate but not
 

detected. A larger sample size will to some extent cancel out errors in estimates
 

if thdy are limited in number. The best alternative for the final study is to
 

have data collection based on extensive anthropological observations where fuel
 

inputs are measured and weighed at time of use. This approach would require a
 

considerable increase in tvne requirements. Energy demand/supply averages over
 

two or three days would probably be required to ensure that data collected
 

during visiLs were representative of energy task and fuel consumption patterns.
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This cursory pilot study provides some information for project development.
 

A major rural energy project component should be assistance in development of
 
18/


conversion and increased efficiency technologies which help relieve the pressures
 

and consequences from often inadequate supply of organic waste.
 

Secondary priority should be petroleum substitution technologies for conservation.
 

These substitution technologies have national priority and only indirectly effect
 

rural populations thru foreign exchange improvements and maybe some employment.
 

From a national perspective any capital investment requiring recurrent fuel
 

expenditures should consider the feasibility of passive and active solar
19/ 
technologies even if it must be subsidized in the short-run. 
Photovoltaic
 

irrigation pumps for less than six meters heads are now competitive with
 

unsubsidized fossil fuels when the program is spread over a four year period.
 

If a national household energy survey cannot be implemented before energy project
 

planning is initiated at least villages identified for energy demonstration projects
 

should be scheduled for household surveys similar to those of this pilot study.
 

Ideally village selection should be based on analysis from the national survey
 

since it would be useful to select villages representing various energy demand
 

functions.
 

18/ These end use tochnologies convert energy resources to more usable forms

and often include storage capability. Examples are bio-methanation, and solar
 
thermal.
 

19/ Demonstration plants are necessary for engineering, economics, and social

investigation to determine future feasibilities under various constraints.
 


