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ABSTRACT

The Lumina Project and Lighting Africa con-
ducted a full-scale field test involving a switch from
kerosene to solar-LED lighting for commercial broil-
er chicken production at an off-grid farm in Kenya.
The test achieved lower operating costs, produced
substantially more light, improved the working en-
vironment, and had no adverse effect on yields. A
strategy using conventional solar-fluorescent light-
ing also achieved comparable yields, but entailed a
six-fold higher capital cost and significantly higher
recurring battery replacement costs. Thanks to high-
er energy and optical efficiencies, the LED system
provided approximately twice the illumination to
the chicken-production area and yet drew less than
half the power.

At the study farm, 3000 chickens were grown
in each of three identical houses under kerosene,
fluorescent, and LED lighting configurations.
Under baseline conditions, a yearly expenditure
of 1,200 USD is required to illuminate the three
houses with kerosene. The LED system eliminates
this fuel use and expense with a corresponding
simple payback time of 1.5 years, while the solar-
fluorescent system has a payback time of 9.3 years.
The corresponding reduction in fuel expenditure
in both cases represents a 15% increase in after-
tax net income (revenues minus expenses) across
the entire business operation. The differential cost-
effectiveness between the LED and fluorescent sys-
tems would be substantially greater if the fluores-
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cent system were upsized to provide the same light
as the LED system.

Providing light with the fluorescent or LED sys-
tems is also far more economical than connecting to
the grid in this case. The estimated grid-connection
cost at this facility is 1.7 million Kenya Schillings
(approximately 21,250 USD), which is nearly six-
times the cost of the fluorescent system and 35-times
the cost of the LED system.

The LED system also confers various non-ener-
gy benefits. The relative uniformity of LED lighting,
compared to the fluorescent or kerosene lighting, re-
duced crowding which in turn created a less stressful
environment for the chickens. The far higher levels
of illumination also created a better environment for
the workers, while eliminating the time required for
obtaining fuel and maintaining kerosene lanterns.
An additional advantage of the LED system relative
to the solar fluorescent system was that the former
does not require a skilled technician to carry out the
installation. The portable LED system lighting lay-
out is also more easily adjusted than that of the hard-
wired fluorescent systems. Furthermore, switching to
the LED system avoids over one metric ton of car-
bon dioxide emissions per house on an annual basis
compared to kerosene.

There is high potential for replication of this
particular LED lighting strategy in the developing
world. In order to estimate the scale of kerosene
use and the potential for savings, more information
is needed on the numbers of chickens produced off-
grid, as well as lighting uses for other categories
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Fig 1. Map of Kenya highlighting the Rift Valley and Central Provinces, the black diamond represents
the approximate location of the chicken farm*

Fig. 2.The three chicken houses. (Left to Right): fluorescent house powered by a solar-wind hybrid system,
the kerosene house, and the LED house

of daylight. Each house produces 3,000 chickens per
cycle, and the chicks for all three were delivered on
the same day. Throughout the standard 35-ay grow-
ing cycle, the area occupied by the chickens within
the houses was gradually expanded (per standard
practice) by moving portable screens, depending
upon the size of the birds. From day-zero to day-15
one-third of the house area was used, day 15 to 18
two-thirds were used, and from day 18 through the
end of the cycle the full capacity of the houses was
utilized. Each house was monitored and maintained
by a single caretaker throughout the production cy-
cle. This particular farmer completes five of these
cycles in'an average year. More intensive produc-
tion levels would yield larger differential savings be-
tween the electric and fuel-based lighting techniques.

In the initial years of operation the houses were
illaminated in the evening with kerosene lanterns.
One year ago, the farmer installed a 520-watt solar-
wind hybrid system to power fluorescent lamps. For
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the purpose of this study the farmer agreed to operate
one house under the solar-wind fluorescent system,
revert one to kerosene lanterns, and to allow us to
install a simple, commercially available solar pow-
ered LED lighting system in the third (Figs. 3-5).
The solar-wind system consisted of four 12-volt
100 AHflooded lead-acid batteries charged by a
120-watt PV panel and a 400-watt wind turbine, op-
erating three 5 W compact-fluorescent lamps and
two 6 W linear fluorescent lamps for a total of 27
lighting watts.The LED system consisted of six
sealed-lead-acid battery-packs (2 LED lights per
pack) that were each charged by a S-watt PV panel,
operating a total of twelve 1 W LED lights for a to-
tal of 12 lighting watts. Over the growth cycle, de-
pending upon the area of the houses in use and the
judgment of the caretakers, the number of lighting
sources varied, with an upper limit of five fluores-
cent lights, eight hurricane lanterns fueled with ker-
osene, and twelve LED lights (Table 1 and Fig. 6).
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Table 3. Cash flow and profitability for each house over the 35-ay growing cycle

Kerosene Houss | Fluorescent House LED House
Ksh UsD Ksh usk ksh] _ UsSD
Expenses
Purchase of Chicks ) 172,500 2,156- 172,500 2,567 172,500 2,156
Caretaker Salary e 16,000 200 16,000 2007 16,000 200
Chicken removal 1,000 13 1,000{ 137 1,000} 13
Feed . 347,917 4,349 347,91? O 4,3497 347,917 4,349
Food feeders 600 8 600 8 600 &
Medicine ,. 17,500] 219! 17,500 2197 17,500 219
Water , 200 3 200 3 200 3
Water feeders (for bigger chickens) | 1,500 isf 1,500 19 1,500 19
Water faedars (for chicks) 170 2 170 2 170 2
Charcoal room heaters/Jiko S60 7 560 7 560 7
Charcoal 10,200 1287 10,200 1287 10,200 128
Sawdust 10,000 1257 10,000 1257 10,000 128
Materials for wind protection 1,440 18 1,440 18 1,440 18
Sanitizer : 140 -2 140 2 140 2
Manure removal 1,400 18 1,400 18 1,400 18
Petrol 1,800 23 1,800 23 1,800 23
Rent 4,000 50 4,000 50 4,000 50
Miscellaneous (tests, supplies, repairs) 2,500 31 2,500 k3 | 2,500 31
Energy ]
Kerosene wicks 80 1
Kerosene fuel 6,305 75
Kerosene Lamp Chlmnav
__Replacement 59 1
Battery Replacement 3,067 38
_Battery Replacement: LED System 1,350 17
Total expanses 595,870 7,448 592,493 7,406 590,277 7,385
Revenues | 660,178 8,252 660,178 8,252 660,178 8,252
Resuits ' , ’
Net pre-tay incoms 64,307 804 67,684 846 69,401 868
| Income taxes (30% of net income) 19,292 241 20,305 2540 20,820 260
Socal security taxes (5% of wages) 850 11 850 11 850 11
After-tax net income 44 165 852 46,529 582 472,731 S97
Kerosene: % of after-tax net
Income 15%
Lighting System Cost 2,480 317 300,000 3,750] 46,800 585
Simple Payback Time (vs. -
kerosene) = years 9.3 1.5

(Note: average actual values across the three houses are used here to suppress inter-house noise and clanfy the rela-
tive impact of lighting choices.® Expenses for assets lasting longer than one production cycle (feeders, heaters, batter-

ies) are prorated to per-cycle values)

tricity grid. The estimated grid-connection eest at
this facility (which is located close to a nearby dis-
tribution line) is 1.7 million Kenya Schillings (ap-
prox 21,250 USD), which is nearly six-times the
cost of the fluorescent system and 35-times the cost
of the LED system.

In addition to cost savings, switching to the LED
system avoids over one metric ton of carbon dioxide

There were differences in mortality rates among the houses,
which influenced the food inputs. It cannot be concluded
that the differences were related to the lights, and in fact
one house was determined to have a minor outbreak of the
disease Gumboro. Therefore, in order to standardize the
cost-benefit analysis for the different lighting systems, we
used average feed cost and sale revenues across all houses.
The LED systems would appear significantly more profit-
able using the raw data.




emissions per house on an annual basis compared to
kerosene. Given the virtually complete elimination
of kerosene light in farms opting for LED lighting,
these projects would be particularly conducive to
carbon-trading arrangements because of the relative-
ly low uncertainties regarding the degree of expected
displacement [7]. In many other contexts, verifica~
tion is far more difficult and only partial substitution
can be realistically assumed.

4. CONCLUSIONS

Significant quantities of kerosene are used to pro-
vide illumination for chicken production in off-grid
settings. Through a controlled test in a full-scale
chicken-production setting, we found that net reve-
nues could be materially improved with the conver-
sion to grid-independent electric lighting systems.
The choice of kerosene, fluorescent, or LED light-
ing sources did not make a perceptible difference
in chicken growth rates. However, the LED sys-
tem produced the most illumination, paid for itself
in saved kerosene in one-sixth the time of the fluo-
rescent system, and offered many co-benefits for the
workers in comparison to the other lighting systems.
There is significant potential for replication of this
LED lighting strategy in the developing world.

About The Lumina Project

The Lumina Project — an initiative of the U.S.
Department of Energy’s Lawrence Berkeley Na-
tional Laboratory — provides industry, consumers,
and policymakers with timely analysis and informa-
tion on off-grid lighting solutions for the developing
world. Lumina Project activities combine laboratory
and field-based investigations to ensure the forma-
tion of policies and uptake of products that maximize
consumer acceptance and market impact. Lumina
Technical Report No.8, for more information, please
visit http://light.1bl.gov

About Lighting Africa

Lighting Africa, a joint IFC and World Bank pro-
gram, seeks to accelerate the development of com-
mercial off-grid lighting markets in Sub-Saharan Af-
rica as part of the World Bank Group’s wider efforts
to improve access to energy. Lighting Africa is help-
ing mobilize the private sector to build sustainable
markets to provide 2.5 million people with safe, af-
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fordable, and modern off-grid lighting by 2012. The
longer-term goal is to eliminate market barriers for
the private sector to reach 250 million people in Af-
rica without electricity, and using fuel based light-
ing, by 2030. Improved lighting provides significant
socio-economic, health and environmental benefits
such as new income generation opportunities for
small businesses. Lighting Africa contributes to the
goals of the Clean Energy Ministerial. For more in-
formation, please visit http://www.lightingafrica.org.
Lighting Africa is implemented in partnership
with the Asia Sustainable and Alternative Energy
Program (ASTAE), the Energy Sector Management
Assistance Program (ESMAP), the Global Envi-
ronment Facility (GEF), Good Energies Inc., Italy,
Luxembourg, the Netherlands, Norway, the Public-
Private Infrastructure Advisory Facility (PPIAF), the
Renewable Energy and Energy Efficiency Partner-
ship (REEEP) and the United States. :
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(Footnotes)

1. On Day 18 all three houses were opened up to
their full floor area. The caretaker of the kerosene
house continued to use six lanterns for two days af-
ter which he decided it was not bright enough, add-
ing the final two lanterns totaling eight lanterns on
Day 20.

2. All Kenya Schillings to US-dollar price con-
versions use an exchange rate of 80 Ksh/USD as per
August 2010.
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