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Foreword 
In late 1981, Energy/Development International (E/DI), now a division of the International Resources Group, Ltd. (IRG),was awarded a technical services contract by the 
Government of Kenya to implement the Kenya RenewableEnergy Development Protect (KREDP), a bilateral program otthe United States Agency for International Development
,USAID) and the then Ministry of Energy of the Govurnmentof Kenya. 

The KREDP is designea to promote tree-piantjni andiniroduce conservatnon meamsures :'n order o~c' uce toeconsumption of woodfuels and importej cz !-'hery helpalleviate Kenya s -. ,odtue1 and toreiqM exCXC a!,. :rens.The project has three mom programs: 

CONSERVATION AND FUEL SUBSTITUTION Thisprogram provides techn:cal assistdnce in energy
planning and conservanont rovid-s irmninrn energymanagement, and ssists in mnienetnna national energy
conservation and fuel sbtien measures. 

AGROFORESTRY I he gioal ot tis programr is to promotefarm tree p tanttng eiorts, especialv aqroioresrv,, pra:tices,in order to increase woodfuel sources and thus help
conser-P Kenya s dwindling forests and arrestenvironrnertal degradation. The agroforestry program alsocontributes to increased food production. 

COOKSTOVES AND KILNS: The goal of this program is todesign, test, develop and ma, s disseminate more fuelefficient wood and charcoal stoves and charcoal making
techniques. 

This booklet, EnergyCons .rvationin Kenya, isabrefaccount 
of KREDP's industrial conservation and fuel substitution proram. E DI, working won and under the guidance of the 
o K a.stv o),'Eriergy and Regional DeveJopment was able tocarrv out tl-e acti'ities 'escribed in this pubiic.tion. TheId'. now has the necessary audit equipment ande'Xperienced techni coistaff to continue this program. E/Dl isplecised that If was given the opportunity to serve as theMinistry's te'h'ocal ontractcr durina these formative years. 

Samuel Hale,Jr. 

PRESIDENT,
 
inteinational Resources Group, (IRG)
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Introduction 

Kenya had an estimated population of 20.2 million in 1985. 
The country's land area is about 221,000 square miles, of 
which only 17% is considered medium to high potential 

It, 

FIGURE 1. Kenya Petroleum Refinery at Mombaso. The refinery is 
the sole source of domestically refined productsfor Kenya, andas 
well supplies severalneighbc'uringinland countries, 

agricultura] land. Agriculture is the backbone of the 
economy accounting for over 30% of Gross Domestic 
Product Major products include coffee, tea, maize, wheat, 
sugarcane, cattle and dairy products. Manufacturing is 
second only to agriculture in economic importance,
accounting for about j.3% of GDP. Ken-ya has no known 
deposits or fossil fuels anci therefore must import all the 
petroleum required for transport, manufacturing and power 
generation. Fortunately, substantial hydroelectric and 
geothermal potential exists and has been partially developed. 

Since independence in 1963, Kenya has continued to 
operate a mixed economy where tble 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 population. Population growth is one of the 
nation's most diffizuh problems, as Kenya has one of the
world's highest growth rates, averaging abou 3.8% during the 
1970's. Another serious impediment to realizing Kenya's 
development gocfts is insufficient foreign exchange. While 
the volume of merchandise exports has grown by 1.5% per 
year since the late 1 960's, overall purchasing power has 
dropped by 27%/ since the .arly 1970's. Petroleum imports
constitute a major part of this problem, growing from a net 
cost of 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 
i984. A major portion of that drop was due to a 12.5% 
decrease in oil consumption. 

4 
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1. Boilers and Boiler Houses 
A boiler is a device used to con crt the internal energy of fuel
and transfer that energ. through steel to 'ater for steam 
generation. Tile thermal efficienci (effectiveriess (oftransfer of

energy) of a %oiler is determined 1' the magnitude of losses
 
during conversion and transmission, the muost important of
 
%shicllare:
 

* Dry and hot flue gas dis- 0 Loss due to heat carried aiaN
 
charged through the chimney by moisture and idrogen

(i.e., oxgen, carbon dioxide, %ia the chimnc 
 .
 
nitrogen and sulfur oxides).
 

* Heat radiated from the 0 Loss due to unburnt carbon

boiler surface to the 
 and other combustibes in the
atmosphere. fuel after combustion.
 

Another major area ithere losses are found 
"ithin toe boiler
 
house is at the feediater tank. losses occur 
in seseral %sals
 
primarily:
 

* Losses due to unreturned • Radiation and convection FIGURE 
condensate to preheat feed-

13. PoorCombustion in Wood FiredBoer. Boilerifiredbylosses from the feed"ater wood and coiee-usk. Better combustion by use",ater. of on improvedtank. burning system couid !oweilie cost and reduce pollution. 

12 



The following are some of the more significant boiler related 
conservation opportunities: 

Selected Conservation Opportunities 

Measure 

I 	 Monitor and control corn-
bustion by frequent adjust
ment of air and fuel ratios. 

Measure ox)gen or (0-
composition of flue gases 
and adjust to minimize 
excess air. 

lonitor soot and scale inboiler and clean fire ard 

4 	 Measure flue gas tempera-
ture and try to minimize, 
while keeping aboe dei 
point of gas (about 15 (for 
1%sulfur fuel). 

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

Ipact 

Improved combustion. 

Flue gas %sith8%oN gn vs 
3 %oxygen (at 300 C) means 
waste of about 7% in fuel 
(indicates 58%%s 16'%excess 
air). 

Increased fuel efficienci. 

lue gas "ith temperature of 
320 Cvs 220 Cnmeans about 
5% greater heat loss up stack. 

For eserC 6 increase in 
fecd%%ater temperature. 1% 
of boiler fuel is sased. 

6 	 Insolate feedsater tnk. 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. 

-

4A 	 X 
'= . -,"

11-IGo P. : c'u-or :oiea on Gloss Purnoc'e.Recuperators 
' : ue Q.OS, Iowenng ueJl use by 

u I or _2 .e,' Creose;n corbuston air termperature. 

I.
 



2. Furnaces, Kilns and Dryers 

There are many t~pes of equipment falling into this category,
 
but the basic concepts of energ. efficiency can be applied to all.
 
Overall efficiency in this t'pe of equipment refers to the heat -"
r 
used per unit of finished product.\While boilers may be 80-85%
 
efficient, furnaces mav range front 20-45% in efficiency for
 
example. in forging and rilling steel respectively.
 

The basic principles of energy efficienc include: 

O Proper insulation of "alls. @ Minimizing heat loss due to
 
to excess air and incomplete
 
combustion.
 

* 	 Scheduling to make full use* monitoring and maintaining i' "
 

of facilities. equipment.
 

[feat recoverN has perhaps the greatest effect on operational 
efficiency but has often been oerlooked. Likewise proper FIGURE 15.PoorlyInsulatedandLeakingSteam Lines.Majorlosses 

operation and monitoring to minimize air infiltration and 
excess air levels can drastically frequently occur through leaky joints and valves, and deterioratedoperate burners with proper 

or inadequateinsulation.lower fuel use. 

14 
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Energy Efficient Stoves 

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 a typical family's monthly expenditure
for charcoal or about Kshs 90/-, so that a family can recover 
the cost of the improved stove in about 2 months irom savings.
Over 125,000 stoves are estimated to have been sold by md 
1985, and currently there are more than 5000 stoves being 
produced per month. 

:n the dissemination o il'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 efficient stoves, see the 5 
companion booklet, Improved Cookstoves in Kenyca aiso 
available from KREDP. 

FIGURE 

18 



.
.
. : i
,
.
.
.
.
.
.
.
.


 

V
IA

V

 

4-j 
_r: 

U
if 

U
 

'
 

C
1n 

"
 

o 
>
~
~
 

o
 

0 
u)'0 

o 
U

)O
 lo

 o(0) 

.
.
.
 S
o 8.
 

X
 

fu X
,
0
 

.
.
 

-
._ 

-
-

0
 

,
 

x, 0 0 

r
,
r

.
 

'C
an) (

0
 

rd
,
,
 

-

'
 ,
o


o 
0 

4-

::I 

o 0: ,
 

C
: 5, 

-
0
 

>
' 

0
"
0
 
"
 
u
 

'
E
 

o
 

0~ 
~ 4-o 

0 

a)
0
 
O
 

'
-

0 
z 

-. a
-t 

0
 

~oO
a-)a)
) 

--u
.l)c



4-0 

'%
 

J, 
r 

rn 
:
 
,
 
'
 
.
a
"
)
 

E
 

o
"

O
 

a
 

)
 

_
0 0
0
 

0
 

u
 
W
,
 

"
 

-44-
u

.
.
..
 

0
U

 
0 

0 
o
 

o 
t 

.
,

o' 
u

 
:: 

.
.
.

0
0
 

0
 

>
;
z a)

U
) 

-a 
.
 

f 

C
d~ ~ 

0
-~

 

0 
a 

-'U) 
11)-

w
o-m

 
C

 



0:z6r 
0 

0
)0

, 
-

V
) 

"
Z

iQ
)0

 
0 

(1 

cn 
r 

0
 

E
l w

 

Q
) 

0 
). 

0
 

0
)0 

a 
0 

o 
0 

0 
ina 

co 
-4

l 

ol 
a) 

Q
) 

1-.V
 

0'0 
-4 

U
 

0 
06 

S! 

w
 

) 
U

 
n 

(n
 

. 
w

V
)a 

4
-1

 
V

' 
0 

~ 
l 

)0( 
-

0
 

0 
0
 

0
 

0
)
 

~ 
0 

C
. 

o
)

m
-0 

V
'

m 
2.-f 

w
>

~
 

o
 

-
ti 

00 

f) 
n 



Future Opportunities 

Many opportunities remain for conservation and fuel 
substitution initiatives to be successfully applied to improve
the efficiency of Kenya's ener-gy system and reduce its 
foreign exchange costs. Even with lower imported oil prices 
most of these conservation measures are economically
beneficial. Several of the more important opportunities are: 

Energy Audits 

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

* 	 Audit all medium to large scale firms 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 efforts. Further training is 

needed to: 

0 	 Expand governments capability to design, monitor 
and implement conservation activities, 

0 	 Continue to stimulate conservation actions by 
private sector and Government engineers and 
managers responsible for energy mdnagement, and 

0 	Create on-going local capablity to service industrial andinstitutional needs for technical support in energy con
servation. 

Fuel Substitution 
There has thus far been limited experience and success with 
substitution of domestic biomass fuels for oil in plants in 
Kenya. The first mator government initiative was the 'Coal
Conversion Action Plan Study" done in conjunction with the 
World Bank. This study found that significant iddit]onal cod! 

substitution was unlikely, but indicated that fu, her poterialexists for domestic (biomass) fuel use. Future fuel substitution 
work should address 

S 	 Supply of domestic fuels by type and source, 

• 	Fuel processing requirements, ".chnology and cost, 

0 	 Utilization methods and technology, particularly for 

21 



substitution for oil in existing piants, and 

* 	 Market size and location given the sources and costs of 
different supplies, and the geographic location and 
size of consumers. 

Incentives and Financing 

As more and more iirins become :ware ot conservation and 
fuel substitution opportun:ties, there wil he a gredter need to
provide sufficient inceivyes and nrancing to see that 
opportunities are reaized tull an rapidiy. Various 
constraints impede impiemetriation and should be both 
better undcrstood :d expicitlv dealt with. Areas that should 
be addressed inc'ude: 

* 	Current constraints to conservation ior oublic, 
parastatal, pr~vare and Government firms and in
stitutions, 

* Incentives which assist in stimulating action such as 
reducing leveis of duty and sa.es tax, stream-lining
import licensing procedures, ana reducing income 
taxes, and 

* Financial and technical assistance in preparation and 
implementation of investment projects. 

22 
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