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The other technology for collecting the direct
rays of the sun to generate eleciricity is a
solar cell or photovollalc array such as that
used to power spacecraft.

Such promising technologies could be useful

for a vartety of tasks in rural areas, This
potential is described in Table 251, where

Solar encrgy for Tanzanin 299

capital costs of the former are high relative
to operating costs while the reverse tends o
be more true of diesel power. Thaus, for
example, it may be possibie to borrow nearly
100 per cent of the 1otal life of project costs
for a photovoltale instaliation (since such
cosls consist nearly entirely of initial

Drp-

Domes-

tic

Space  water

Heating

But what of costs? Are these not ali
technologies that require years more of
resgarch or the establishment of mass
markets to become cost competitive with
conventional encrgy sources? So few good
data have been kept on the costs and
performance of such technologies in actual

MMW Bl i+ L+ 14 technologies are applied to 15 conunon capital), whereas for the initial capliial for
mmw - village tasks with the result that there are 34 diesel one could borrow only about

wwm £, KR applications that seem useful and 39 one-cighth of the He of project costs. Hence
R SE| A+ T applications that seem marginally useful. cheap caphal Tavours solar over dissel

enargy.

Of course the panelliats recognized that a
final determination of whether a given
technology should be applied to a given
village situation depends not only on the
financial costs, but also on availabiiity of
resources, social obstacles, social benefits,

im :,m o immmw situations that we cannot answer this Emmwmmaui barriers, long-range power

mm OB | [ qguasiion completely. However, some requirements, and long-range development

ﬁ,mw s o preliminary caloulations suggest that at least goals. Tn the short {ime available 1o them,

b SEL e five techaologies now “on the shell” are, or they focused on estimating financial costs of
soon will be, cost effective when compare the technologies considered most likely to

W % with either diesel electric gencration or the be applicable with the understanding that
ViR existing electric grid in the case of thig was but 2 first step iy the decision-making
- o Tanranian villages. These calculations were process.”
38, 4+ w..m made in Tanzania during a 10-day workshop
- [ T R U N B T = jointly sponsored by the 1S National . ‘ .
o e e B Basis for cost comparisen
o o Academy of Sclences and the Tanzanian
L B . . . . . o
m g2 L 4 w Waftiopal Scientific Research Couneil. For a A hypothetical village of 300 families was
SEE AT I w waek, this workshop group® poured over chosen as g basis for estimating the magnitude
- , caleulations of the costs of performing certain of financial investment needed. It was
. o . N R . . e . P . . N
2 L i ) 2 villuge tasks (i) with diesel motors, (i) with assumed, for these inhial nstatlations, that
O & e R I H i) . n R - . . ’
& electricity from the Tanzanian eleciriv grid, the needs of each family could be met, on
4 and (i) with five small-scaie ronewable the average, by the use of | kilowatt-hour
W. 8y , technologies. The results surprised even the per day (300 EWh tolal) io be applied io

experts. Each of these five technologies
appeared o be now, or svon would be,
comspetitive with diesel, & number of them waler, or grinding grain. At this rate of
compete well with the electric grid for energy consumption, Tanzanians receiving
ceriain village tasks, These results are valid central-station generated eleciricity from

Lighting, operation of a village ielevision
= k] M (=3
receiver, radio commuanications, pumping

Energy use
Water

pronp-

ing

!
-+

-, potentially appl

¥

Sowrce: Adapted from a presentation by J. R. Williams at the Tanzanian workshop.

Table 25.1. Solar energy applicability matriz. Animals are included as a solar technology (based on photosynthesis). For many villages the use

of animals would represent a modernizing step, It includes the use of dung for burning or fertilizing.

Y 3 - . . [ [ . e .
# 5 despite the assumption that capital to build TANESCO (Tanzania Electric Supply
o s N
o m i the facility costs 10 per cent and must be Company) would pay, on the average, about
ER-E = 3 5 repaid during the life of the equipment. In (.95 shilling (s) per kilowati-hour® (the
-] B58E g 8 w | s S - : L oy
81 =8 S ik . 8 - actual fact, a great deal of capital ks often US equivalent is 30.113/kWh), It was
S| E2EE mckm .m Es 2 £ E L available to developing countries on far assumned further that the 300 kK\Wh/day
= P et LoD ’ T - e 1 feae] it d H 4
rm n}m m g ZEEEED w z o more generous ierms. This is more could be supplied either on a 5-hour basis,
P, Soww aw = - . . - : 3 - v =
N = - HMd stEagh| g advantageous to solar energy over the life of that is, at the rate of 60 kW, or {or 20 hours,.,
o 5 s ssD Do = . ol C o . : ; oz - . i
. : 2 EEESEEER TESE| B the project than to dissel power, because that is, at a rate of 15 kW,
: U ALORRAZEZTIEES | &
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Table 25.4. Water requirsments for supplying
hydroclectricity by simall-scale systens

per cent, For this example, this would mean
a finznacing cost of 9.6 milthon shillings per

FPower (L) Head o_wo

Tl {0 /iy

yeay from yeers 11 through 50, If the energy
generatedowere sold o the :_Eoﬁm al the

48 iz

60 24 23
12 30

6 100

24 6

15 12 12
i 24

cost fgurss galoulated in Table 23,6, the
annual income would be 33 million shillings
if the loan were a conventional 10-year

foan, and 35 mufiion shillings if it were a
convaentional 30-year tean. This wo JSE
provide the government with betwesn 25 and

Table 25.5. Base data for cost of supplying
hydroelectricity by means of small-scale systoms

40 million shitiings for other EE??. On the
other hand, if energy were s01d al a rate just
sufficient to meet the 40-year r@uw of the

Lifetime Uit cost

ftem (years) (5)
Crencratorturbine 30 2000 LW
Power conditioning 30 a/W
Batteries

{85 per cent e 6 "8U0/kWh

IDA loan, the rate would be 0.1 7s/kWh, &
figure less than one-fifth the current prics of
cleciricity in Dar-es-Salaam, and a cost weil
supportable by the villages electrified in this
scheme. (This Is approximately s per week.)
The four hydroelectric cases considered
were based on a use by the villagers of 200
watts of electricity for 5 hours per day.

For such a loan, no payment is required
for the Arst 10 years; the loan is repayable,
in equal annual instalments over the next
40 years, at an annual interest rate of 0.75

Table 25.6. Cost of spulbscale hydrogleciric systems (in shill

was ot included

For cases 3 and 4, this is the total capacity
of the system. For cases 1 and 2, however,
the system would be capable of supplying
energy ai the samne rate {60 kW) day and
night for 24 hours, If this capacity were used

i) The cost of dams and pensiocks

ftem Case 1 Cuse 2 Case 3 Case 4

Cosi of cquipment

Generator/turbine - 240000 240000 G0 000 60000
Powey conditioning 30000 4] QG600 1]
Instaliation G000 24000 15000 GOO0
Subtotal® 665000 265000 103000 SO0
Baltery storage 0 4] 2EG000 O
Instatla O 4] LEH00 25000
Subiotal ] 4 08000 {000
Total ? PproRbnate) GAHGL00 276000 4T0000 004

30-year ioun TGHOO0

10-year loan 107000
Cost of electricity £5/10Whd

30-yeor joun 0.64

10-year loan 4.97

wel inlerest rare®

25000 85000

44400 S9000
0.26 0.81 G.71
0.40 (.50 0.73%

*Pased on amortization of U

IBased on L0000 KWhyyear,

1oun In equal vear!
+1n both cases, it was assumed that the cost of the batlery siorage wou

v inst

e amoriized over & years,

-
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Table 25.7. Cost of supplying cooking {uel, lighting, mechanical power, and cleciricity by biogas.

Base daia
Cattle dung 10 ka/day per cow
Biogus production {at 0.06 m? 0.6 m*/day per cow
Laergy content of biogas as o< L o1 cent :_,5 ne® 6.4 1 E
Systern liletime 20 vears
cersion efficiencies

25 per cent
90 per cent

Elecirical gencrator
Plant cost
Single~family plant {3 m% HUHGy

Fingneing cost

Single-family plant, $000s at 10 per cent for 20 years 7055 /vear
M:m&@m.r:r:;cm Lo provide 1 kwh/day, mlﬁo&p at 10 per cent

{3 hourfday) 59405 year
Fogine to provide 1 k'Wh/day, mechanical energy, 320057 at

10 por cent (4 hour/day} 35205/ year
Energy cosish
Cooking and Heghting directly by gas (20 KWhiday) G.10:/5Wh

Cooking and genermtion of ceciricity at | kKwhiday
Cooking and generation of mechanical power at 1 k'Wh

*Approxnimately 4 BWh of hiogas energy 15 avallable daily from cach cow.

+ TBased on amortization of loan In equsl yearly instalments.

tRetail costs, Dar-es-Salaam, August 1577,
§Cost of energy production only—does not Include cost of applinnces or cost of coliecting dung.
{Assumiing peak loading.

for more than
Lifowatt-hour could be :rgrrn H E. @8 much by a gas

ost per concerdrations. Furthermore, lghting both
s-mnniie lantern and with generated
as a factor of 4 or 5. That is, with load factors  electricity was considerad. The caleulations
greater than 0.2 (5 hours® use per day), the are outlined in Table 23.7 '
rcV. of elect ¥ production by small-scale of the data shows that gas
hydropower systems of the type considered reguirements {or poor:xu three fimes a day
would approach 0.1 to 0,25k Wh. are approximately 14 m¥iday per family,
Biogas generation. The generation of which could be supplied by dung rom three
methane from human, animal, and 1o four cows, Tn contrast, to supply the
slectric lighting needs of a family (1 kW
¢ the bioges 1o operale an engine-
werator sel would require heat energy of
wﬁ ifday, which could almost be supplied
v one cow. This method of lighting,
herefore, ks almost four tmes as efficlent,
foanergy uss, as a gas-mantle lantern, albsit
reguiring a much greater capital investment.
same anount of gas--the gas
supplicd by one cow-—would provide
mechanical power alone at I KWhiday,
?E:E potential use for biogas, as a
aent for wood and charcoal, s in
mism clay poteery used for water and cooking

day)

more and more use in ¢
as people grow more awa

of these

encrgy and fertilize indeod,

plants are opsrating

i
=
¥

o

v

<
£
=
o
4
’C,
G'
e

=
e

.i biogus
i Fanzania, and o body of
experience in their rcxu;:r:cm and operation
is being accumulated.” Thus, it was natural
for the workshop participants to consider

the wse of biogas not only for viltage lighting
and cooking, but for the generation of
elesteicily or mechanical power, For this
exercise, the use of calle dung was agsumed,
with average produciion rates and methane
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Table 25,10 Cost of supplying electricity from existing grid

Base duta

Grid voltage

Dristance from grid to village &
Distribution voltage to substation
Local distribution voltag
MNumber of substations assumed®

Average :ccwgzm distance for 43 substations and 350 families in

le-km? villnge
Fixed costs
High voltage step-down transformer
33KV o 11 kY, 500 KW at 10000000 1500 kW
Fi-kV trapsmission line 20 km at 500s/km
Substation transformers
TRV to400 V, 50 KW at 10,000s/50 kW
Focal distribution lines (400 V3; 300 families at 0.2 km
per family and 125/m.
Fired costs
Flagncingt cosis
2i80000s at §0 per cent for 20 vears
Cost of electrivityt
Total anpual capacity 500 KW < 8760 hour/year
Unit cost of capacity (oad factor — 1}
Unit cost at 10 per cent load factor

33 kv
2 km
11 kv
400V
45

L2 kay
1060000
Baw@b

450000
TIG000s

2180000y

256000y

rear

4380000 KWh
.06 5/kWh
0.58s/kWh

*Because local distribution is so expensis ve, in this example it is ¢

cost effective to underutilize the

subsiations by using many of tham to reduce local hook-up distance,

1Based on amortization of Ioan in egqual yearly instaliments.

ation represents the unit cost of transportin
line t0 the consumer. Tt do2s 1ot tale into pccount ma 3

ed to the point where the 11 &V lne starts.

transmission lines to cover the country to
the extent of coming within 20 km of every
village, or constructing distrivution syslems
to viilages within 20 km of present
{ransmission lines, In view of the
overwhelming cost of the first alternative,
serious thought was given ondy to the second.
O this bagls, it was asstmed that a viliage
of 300 families would cccupy sbout 16 km?
at a distance of some 20 km from a 33-kV
:.zzwzmm&cm line. .& UMY ,_EJ, of the analysis
is given to Tabie 25,10, Transmission line
now.mw (331011 kV é:: a transformer of

500 W) and substation (11 kV 10 400 V at

5 kW) costs and connection costs came to an
estimated total of about 2,18 million shillings,
Financing costs, based on a 20-year life for
ths system, and a 10 per cent annual rate of
interest, would be about 256000y per year,

IF this systern were [ully utilized (that is,

Can reasc
[Gre ;o

assuming,

mainlesance costs for the system nor the cost of

CASE COMsi

nably use
onable load factor to assume woul
be 0.1, which ﬁ.c&&
costs OS85/ EWh W
cost in the exdsting grid 0.30

few villages within

¢ electricity from the 33 KV transmission

S

"
s,

fi g continuous gm

of course, that TANESCO wo

be willing to sell electricity to the
distiibution point for its cost of generation.

remembered

foad factor of 1.0} the unit cost would be
0065/ KW U

sually & grid system is poorly
madched {o E?Fr needs, however, In the
ered, for example, & village of
300 families has & 00 kW supply

continueusly available, much more ¢

it

¥

\w

make the transmission

tthe gyverage general _:w
TWh, ihe o
for dalivered eleciricily by this scheme w wm
be 0.885/kWh—a figure comparable to
CUrtent consurmer prices in Dar-ss-Salaam.
This modust cost, it must be
would be available only to those fortunate

20 km of the existing grid

i1d

Table 25.11. Cost of supplying eleciricity by smali-scale

Selar energy for Tonzania 30

digsel gonerators

Buase dofa

neration
i life (aboul 10 yeurs)
Fuel consumptiion
Crverhaul
ol costs
Ratail nowr S W dies
Owerhaul cost
Tastallation

12

Annual cosis

mnz%.&ﬁ: and
Overhaul, 13000y at
Muintenance, Operator

Total annaal costs {fess fuel} (approximate)

Cost of electricity

Total energy generated annually
Unit cost, less fuel

Fuel cost, atl Tsjlitre

Total unit cost

¢ cent for 10y

5 hourfday
20000 hours
G.35 HirskWh
evary 3000 hours

290008
1560005
29005

g 5200s/ yeur
959 ¥ear

e

18000s/yea

ﬂ
f:

L1000 kWh
1.6/ kWh
0.7s C h
23s7EWh

*Hased on amortization of loan in equal yoarly

A more realistic ¢ it would take I
account the cost of transmission (o &E
distribution point, but this mfermalion was
vc_ .»é:uc_ to the panel.

all-scale dicsel gencration. In view of
m.ﬁ :cﬁ v of diesel electric gonerators, it s
instructive (o examinge the cost of generating
electriciiy by this technology. Tabie 25.11
summarizes Lhe cost figures based on current
retail prices in Dac-es-Salaam. At a cost of
2.3¢/kWh for diesel-generated electricity, it is
apparent that, with the exception of
EH%?..Q afcs gt present prices and
generoted eleciricity, the alternative

,MECHCWFV onsidered i our m?rcwit:
would be preferable on a unit-cost basis.
Even photovoluic devices will be
in o fow yeors,

One of the problems with such solar
energy technolegies that depend on wind or
sunshine or even lowing streams is that these
are intermiitent sources of snergy, se thatin
the United States they require 3 .cuur-mm
system based, for exammpie, on gas, ail, or
electricity, The cost of the solar-based
systern phus the back-up system may be
nrohibitive. However for many villuge t

[YpETe S I
jadnvitae aDiE

nataliments.,

in the developing countries, the back-up
system may be the (raditional encrgy system.
If the wind fails io pump water, the villagers
simply revert 1o carrying it on their heads,
; 10 shine (o velrigerate fish,
they are simoked over a wood fire, and so on,
Moreover, o pumber of tasks can be
erformed whenever prinary easrgy is
available—for exampie, grain can be ground
or watzr pumped and then stored for later
use.

Thus Tar we have esiablished that there are
good fechnologies, that there i preliminary
.,m sume of the: may be cost

& thal, in many cﬁu&u. there s o
iaile no capital
cosls. But there s sull very :, fe
with installing such technology in rural
vitkages of the Third World under
circumsiances where godd cost and
parfurmance data have been kept. In fuct,
many of the experiments in placing
technology in villages have ended in failure.
A number of ﬁna:ﬁmm ¢ za 3 mwﬁ. mim ane
digesters have wﬁwm L
for example, with s
results, Culside E&w

i the sun fail

affcctive
ready ba .w‘ p systom that ¢
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