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Forewecrd

In late 1981, Energy/Development Internetional (E/DI), now
a dvision of the International Resources Growup, Ltd. (IRG),
was awarded a technical services contract by the
Government of Kenya to implement the Kenya Renewable
Energy Development Froject {(KREDP), a bilateral program f
the United States Agency for International Developmeni
{USAID) and the (hen Ministry of Energy of the Government
of Kenva.

The KREDP s designed to promote tree-planting and
iniroduce conservation rmeasures i order t¢ reduce the
consumption of woodaluels and imporied o 4 herery help
alleviate Kenva s .. oodiue! and toreign exchanae problems,

The project has three main programs:

CONSERVATION AND FUEL SUBSTITUTION: This
program provides techn:cal assistance in  energy
planning and conservation. provides rainmag in energy
management and assists in mplementng nahonal energy
conservation and tuel substitution meascres.

AGROFORESTRY: The goal of this program s to promote
farm tree planting efforis especially agroforestry pra. tices,
In order to increase woodiuel sources and thus help
conserve Kenya's dwindling lorests and arrest
environmen+al degradation. The agroforestry program also
ceniributes to increased food production.

COOKSTCVES AND KILNS: The goal of this program is to
design, test, develop and mass disseminate more fuel.
efficient wood end charccaj stoves and charcoal making
techniques.

This booklet. Energy Cons=rvation in Kenya, isabriefaccount
of KREDP's industrial conservation and fuel substitution pro-
gram. E/ Dl working witn and under the guidance of the
Ministry o1 Energy and Reqgional Development was able to
carry out the activities escribed in this publicanon. The
Mimstry now has the necessary audit equipment and
expenenced technical staif to continue this program. E/DI is
pieased that it was given the opportunity to serve as the
Ministry's tachnical contractor during these {ormative years.
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Samuel Hale,Ir.

PRESIDENT,

Internstional Resources Group, (IRG)






Introduction

Kenya had an estimated population of 20.2 miliion in 1985.
The country’s land area is about 221,000 square miles, of
which only 17% is considered medium to high potential
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FIGURE 1. Kenya Petroleum Refinery at Mombasa. The refinery is
the sole source of domestically refined products for Kenya and as
well supplies several neighksuring infand countries.
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agricuitural land. Agneculture is the backbone of the
economy accecunting for over 30% of Gross Domestic
Product Major products inciude coffee, tea, maize, wheat,
sugarcane, cattle and aeiry products. Manufacturing is
second cnly to agriculture in economic importance,
accouniing for about 13% cf GDP. Kenya has nc known
deposits ot fossil fuels anc therefore must import all the
petroleum required for transport, manufacturing and power
generation. Fortunately, substanfial hydroeleciric and
geothermal potential exists and has been partially develeped.

Since independence in 1263, Kenys hes continued to
operate a muxed eccnomy where the private sector has
played an essential and major role in productive activities.
Government is striving hard to provide the necessary jobs
and housing, food and essential services required for the
country’s growing gopulation. Population growth is one of the
nation’s most dificult probiems, as Kenya has one of the
world's highestgrowth rates, averaging abou: 3.8% duringthe
1970’s. Another serious impediment to realizing Kenya's
development goais is insufticient foreign exchange. While
the volume of merchandise expcrts has grown by 1.5% per
year since the late 1960's, cverall purchasing power has
dropped by 27% since the early 1970's. Petroleum impeorts
constitute a major part of this problem, growing from a net
costoi only K£ 1 million in 1973 and reaching a maximum of
K£200 million or 63% of net export earnings in 1981, before
dropping to K€ 193 million or 32% of export earnings in
1984. A major portion of that drop was due to a 12.5%
decrease in oil consumption.
























1. Boilers and Boiler Houses

A boiler is a deviee used to convert the internal cnergy of fuel
and transfer that energ)y through steel to water for steam
generation. The thermal efficiency (cffectiveness of transfer of
energy) of a "wiler is determined by the magnitude of losses
during conversion and transmission. the most important of
which are:

@ Dry and hot flue gas dis-
charged through the chimney
(i.e.. oxgen, carbon dioxide,
nitrogen and sulfur oxides).

® Loss due to heat carried awnay
by moisture and hydrogen
via the chimney

©® Heat radiated from the
boiler surface to the
atmosphere.

® |.oss due to unburnt earbon
and other ecombustibies in the
fuel after combustion.

Another major area where losses are found within the boiler
house is at the feedwater tank. Iosses oceur in several ways
primarily:

® Losses due to unreturned
condensate to preheat feed-
water.

® Radiation and convection
losses from the feedwater
tank.
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FIGURE 13. Poor Combustion in Wood Fired Boler. Boiler fired by
wood and ccliee-husk. Better combustion by use of an improved
burning system could lower fuel cost and reduce pollution.



The following are some of the more significant boiler related

conservation opportunities:

Selected Conservation Opportunities

Measure

1 Monitor and control com-
bustion by frequent adjust-
ment of air and fuel ratios.

2 Measure oxygen or CO-
composition of flue gases
and adjust to minimize
excess air.

3 Monitor soot and scale in
boiler and clean fire and
water sides as necessary.

4 DMeasure flue gas tempera-
ture and try to minimize,
while keeping above dew

point of gas (about 152 C for

1%sulfur fuel).

Return all feasible clean
condensate to a closed feed-
water tank.

h

Impact

Iimproved combustion,

Flue gas with 8%oxygen vs
3%aoxygen (at 300° C) means
waste of about 7% in fuel
(indicates 38%vs 16%excess
air).

Increased fuel efficiency.

IFlue gas with temperature of
320° C vs 220 C means about
5% greater heat loss up stack.

For ever: 6 Cincrease in
feedwater teinperature, 1%
of boiler fuel is saved.
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For a 6000 litre uninsolated
tank with a surface temper-
ature of 80°C, losses are
equivalent to 14,580 litres of
fuel oil per year.

Insolate feedwater tank.

4. Recuporator Installed on Glass Furnace. Recuperators

1 rram {ue gas, lowering fuel use by
ncrease in combustion air temperature.
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2. Furnaces, Kilns and Dryers

There are many types of equipment falling into this category,
but the basic concepts of energy efficiency can be applied to all.
Overall efficiency in this type of equipment refers to the heat
used per unit of finished product. While boilers may be 80-85%
efficient, furnaces may range from 20-45% in efficiency for
example, in forging and rulling steel respectively.

The basic principles of energy efficiency include:

¢ Proper insulation of wulls. @ Minimizing heat loss due to
to excess air and incomplete
combustion.

® Scheduling to make full use® monitoring 2nd maintaining
of facilities. equipment.

Heat recovery has perhaps the greatest effect on operational
efficiency but has often been overlooked. Likewise proper
opcration and monitoring to minimize air infiltration and
operate burners with proper excess air levels can drastically
lower fuel use.

cal .

FIGURE 15. Poorly Insulated and Leaking Steam Lines. Major losses
frequently occur through leaky joints and valves, and deteriorated
or inadequate insulation.












Energy Efficient Stecves

The project initiated the development of an energy efficient
charcoal stove which proved it could save from 25-50% of the
charcoal ordinarily used for cooking. The improved stove
costs about the price of e typical family’s monthly expenditure
for charcoal or about Kshs 90/-, so that a family can recover
the cost of the improved stove 1n about 2 months irom savings.
Over 125,000 sioves are estimated to have been sold by m:d
1985, and currently there are more than 5000 sioves being
produced per month.

‘n the dissemination oi ii:e stove technology the project has
focused on training and demonstration to private sector
commercial producers and the traditional sector. These are
located primarily in the country’s urban centers. The
improved stoves are estimated to have captured about 6% o
the market for new and replacement stoves. Work is also
underway to develop energy efficient wood stoves. Field
testing of these has already begun.

For more information on energy eificient stoves, see the
companion booklet, Improved Cookstoves in Kenva, aiso
available from KREDP.
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Future Opportunities

Many oppertunities remain for conservation and fuel
substitution nitiatives to be successfully applied to improve
the etficiency of Kenya's energy system and reduce its
loreign exchange costs. Even with lower imported o1l prices
most of these conservation measures are economically
beneficial. Several oi the more important opportunities are:

Energy Audits

Past audits-have been very successiul, but were undertaken
for a limited number of tirms and focused primarily on short-
term and low-cost opportunities. Further audit activities by
Government, and audit and conservation services by the
private sector are required in order to:

® Audit all medium to large scale hrms and significant
institutional and government energy users,

® Address medium to long term and higher cost opportu-

nities for previously audited firms, and

® Follow-up previous audits to stimulate implementation

Training

Creating awareness and providing essential technical
information to the private sector has been extremely valuable
in producing self-help conservation elforts. Further training is

needed to:

® Expand government's capability to design, monitor
and implement conservation activities,

® Coniinue to stimulate conservation actions by
private sector and Government engineers and
managers responsible for energy management, and

® Create on-going local capability to service industrial and
institutional needs for technical support in energy con-
servation.

Fuel Substitution

There has thus far been limited expenience and success with
substitution of domestic biomass fuels for oil in plants 1n
Kenya. The first major government initiauve was the "Coa!
Conversion Action Plan Study” done in conjunction with the
World Bank. This study tound that significant additonal coai
substituticn was unlikely, but indicated that tu ther potental
exists ior domesuc (biomass) fuel use. Future fuel substiiution
work should address:

® Supply of domestic tuels by type and source,
® Fuel processing requirements, t-chnology and cost,
® Utilization methods and technolog-, particularly for

21



substitution for o1l in existing piants, and

@ Market size and location given the sources and costs of

different supplies, and the geographic location and
size of consurmners.

Incentives and Financing

As more and more hirms tecome aware of conservation and
fuel substitution opportun:ties, there wiil be a greater need to
provide suflicient incentves and financing to see that
opportumities are reabzed iuily and rapidly. Various
constramnis impeae implementation and shouid be both
better understood 1:.d exphicitly dealt with. Areas that should
be addressed inciude:

® Current constraints to conservation ior public,
parastatal, private and Government firms and in-
stitutions,

® Incentives which assist 1n shhmulating action such as
reducing leveis of duty and sales tax, stream-lining
import licensing procedures, and reducing income
taxes, and

€ Financial and ‘echnica! assistance in preparation and
implementation of investment projects.






