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CHHAPTER 6 PRELIMINARY PROJECT COST I'STIMATE

6.1

Cost Estimate Criteria

Criteria applied in preliminary project cost estimate are as follows:

(H
(2)

(3}

Q)

(6)

(7

(&)

9}

Prices are as of the end of May 1997,
Exchange rate:

US$ 1.0=DH 9.31 (Dirhams)
USS1.0=¥115.0

Project works will all be carried out by contract. Contractors will provide all
necessary construction equipment and temporary facilities, and include
depreciation for the same within the contract cost.

[t is assumed that the executing agency for the Project will be the Renewable
Fncrgy Development Center (CDER) of the Ministry of Energy and Mines
(MEM). As such the Project will be a government project, and subject to tax
and duty exemptions on imported equipment and materials.

It is expeeted that the relevant taxes and duties would be paid in the case of local
procurement of equipment and materials, and the local sub-contracting of works.

Equipment and material prices:  include value added tax
Sub-contracted works: include an extra 20% over the actual cost
of works

Costs for equipment and civil works were calculated based on market price
survey, with reference to project implementation plan, work quantities for each
category of construction work, and relevant unit costs. Correlation cross check
was also made with petformance on past similar projects in Morocco.

Installation of cquipment procured dorestically includes both actual installation
works cost and intand transport cost.

Costs for imported equipment were computed based on market price survey
(FOB prices), assuming an additional 20% cost (of FOB) for packing and
transportation (to include marine and infand transport, ofl-loading and sterage).
Inland transportation component is assumed at 5% of the overall packing and
transport cost.

Engineering fee is assumed at 10% of equipment cost, transport and instatlation
cost and civil works cosl.
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(10) Physical contingency cost is assumed at 10% of equipment cost, transport and
installation cost, civil works cost and engincering fee.

{11} Interest and price increases during the project construction period have not been
taken into consideration.

(12) Foreign currency portion and local currency portion comprise the following:

FForcign currency portion : imported equipmeat and material cost, he
marine transport, engineering fee,
physical contingency
Local currency porlion : civil construction works, power
transmission and distribution facilities,
installation cost, taxes and duties,
cagineering fee, physical contingency
6.2  Preliminary Project Cost Estimate
Table 6.2-1 indicates preliminary project cost estimate including civil construction,
equipment cost, packing and transportation, installation works, tax, engincering fee
and physical contingency. Delailed breakdowns are as follows:
Table 6.2-2  Breakdown of PV Generation Project Cost ;gi

Table 6.2-3  Breakdown of Diesel Generation Project Cost
Table 6.2-4  Breakdown of Micro-hydropower Praject Cost
Table 6.2-5  Breakdown of Transmission Line Extension Project Cost
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Table 6.2-1 Preliminary Estimate of Overall Project Cost

[{EREST
FV generaton Diesel gencratinn Mﬂo{:::"i;"f““ Trar:ixj::;:lhnc Project Cost

Phoze b | Phase ItI Touab | Phasc I | Fhase W) Toral | Phasc 1 jPoase i} Torab | Piase | | Plze 1] Toad | Fivse B Phase C:_’;':‘:

1 Ceastructica Cest
1-E Cinvil Works 15 1% 30[ 1036] 1 41T7f A4S 1651 1,412 2.43]

1-2 Equipment

(1} Generating equipment 1a7e| v ress]  as]  4s) sl ass] 2] sm 2208 1355] 367
12} Feansmizsion Mwibitics ] 119 151 270 e i 225 15t 130
{1) Distribution faclities | 3 et 2% 356 535 209, 205 832 Fid] 1,584
(%) Pazlin ¢ and ranspon 272 176 413 1% 10 20 53 [o 1i¢ 3N s 557
(5) tastaltation works £ 133 1004 1 4 3 32 117, 209 8217 4548 1181
Totat 2877 1623 4500 437 461 913 ril &gof 1,772 3% M 4497 3664) 71.51)
Grand Tot! 1877 1623] 4500 172 134 94%| EB3CE 2397f 4217 19 MF 54593) $4% 99
2 TaviVAT) 152 s a8 23 33 {65 22 317 €49 3] (2] 67} EYC L IS

{Civil works (1-1) + Generating equipmert (1) + Transmission faciblies (2) + Disuwibution facibiics (33 * Installaticn works {8)r(Packing & trars (A0 05)) ~ 29

3 Engincering foe 288 162 45C 47 48 G5 134 Pl 434 32 3z 551 3521 1,201

{Corstructiocn et (1) = 1074

1. Physical continginiy M5 173 295 A2 52 it4 Wz 264 56 35 35 605 4351 1§00

{Construction cost (1) + paginaenng fee (1) = 102«

by
:

5 Preliminady project
ool estimale 3.73}] 2078] 561 654 6__:_rL_,3_I_3 2488] 3273 5068 450 450 7.225] 60151 13,397
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CHAPTER 7 FINANCIAL AND ECONOMIC EVALUATION

7.1  Task Flow for Financiat and Economic Evaluation
1)  Power Demand Estimate (Section 5.4, Power Demand Forecast)

Size of power system required for cach village is determined on the basis of survey of
capacity of clectrical appliances / cquipment to be utilized and hours of cnvisioned
power use for each type of power demand.

2)  Selection of Power Supply Method (Section 5.5, Pawer Supply Plan)

On the basis of criteria including natural features of the village sites, whether or not
waler resources are available, distance from cxisting transmission line, number of
village houscholds, ete., standard economic base units are applied for cach method of
power supply to calculate supply cost and determine the appropriate supply system to
be adopted.

3)  Design of Power Supply System (Section 5.5, Power Supply Plan)

Separate design is carried out on a village-wise basis for each power supply system
{except in the case of PV generation for which a common supply system design was
applicd).

4) Calculation of Supply System Installation Cost (Section 6.2, Preliminary Project
Cost Estimate)

Construction cost estimate is carried out based on system design.

5) Determination of Operational Method for Power Supply System (Section 5.6,
Operation and Maintenance Plan

With regards to operation and maintenance structure, CDER will manage system
O&M encompassing all of the target villages. Power users’ associations will be
established in each village, and civilian contractors will altend to system installation
and upkeep. An operational approach most appropriate for the installed power system
will be determined for each village, and the set fees collected and system management
activities pursued.

6) Calculation of Power Supply Cost (this and the items below are described in this
chapter)

Power supply cost is calculated on the basis of construction cost and syslem
operational cost.
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7)  TFinancial Evatuation

A locally appropriate clectricily use tariff (based on affordability of villagers to pay
for power) is determined, and envisioned income and outlays under the systems are
calculated in order to cvaluate the financial viability of the Project (this does not
apply, however, to extension of existing transmission line).

8) EBconomic Evaluation

On a village wise basis, the selected power supply system is compared with an
appropriate alternative system which would provide the same service (power supply)
in terms of economic value of resource consumption (personnel, materiel). (This does
not apply, however, to extension of existing transniission line.)

9)  LEvaluvation of Socio-cconomic Iimpact

Socio-cconomic impacts envisioned to result from clectricity supply to heretofore
unclectrified villages is evaluated.

7.2 Financial Evaluation
7.2.1  Calculation Methed
1) Financial cvaluation is done on a village unit basis.

2} On the basis of the above, an integrated financial analysis is carried out for
each electrification method.

3) Project life is assumed to be 30 years for micro-hydropower generation, 20
years for PV gencration and 10 years for diesel generation.

4) In calculating the monthly cost to be paid by users and the per kWh cost of
electricity, recovery ratios for initial investment were considered for cases of
100%, 75%, 50%, 25% and 0%. Initial investment recovery rate has the
following 3 meanings: :

{a) The said recovery rate on initial investment is applied to determine the
amount of funding which remains at the end of the project period. In the
case of a 100% recovery rate for initial investment, an amount of funding
remains which is equivalent to the initial invesiment amount after
factoring in of the interest rate (equivalent to the respeclive discount rates
applied) in operation during the said project. This amount is thus
available for reinvestment in a subsequent project of identical scale. On
the other hand, where recovery rate on initial investment is less than
100%, the scale of funding available for reinvestment drops
proporlionately.
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)

6)

)

8)

7.2.2

(D

(b) The said recovery rate on initial investment is used as an index of the
financial burden to be borne by the system vsers during the projeel period.
A recovery rate of 100% implies that the users will eventually bear the
cntire initial investment amount. Conversely, a recovery rate of 0%
means that the users assume no responsibility for repayment of initial
investment amount.

(¢) From the standpoint of funding procurement, the recovery ratc on initial
investment serves as a basis for identifying the respective vatios within the
initial investment total which (i) must be repaid or {ii) need not be repaid.
A recovery rate of 100% implies that the entire initial investment amount
must be repaid during the project period. Conversely, a recovery rate of
0% means that none of the initial invesiment amount need be repaid. In
the foregoing, the disconnt rate signifies the interest on funding necessary

for repayment.

Piscount rates of 0%, 3%, 6% and 9% were applied to determine net present
value (NPV). As in the case of the recovery rate on initial invesiment, the
discount rate as well has se¢veral implications.

Specifically, the said discount rate implications include (i) the interest rate on
profit under the Financial Internal Rate of Return (FIRR) as well as funding in
operation during the project period, and (ji) interest on borrowed funds in the
course of the project.

Cost for ];cm'er facility consumption for public facilities (street lighting,
schools, etc.) is calculated as cost to be borne by the user.

Interest on initial investment was excluded from calculation; however, taxes
are included in costs for equipment and materials to be procured locally as well
as locally confracted construction works. Initial investment also includes
engineering fee and physical contingency.

Calculation has also been made for the case of collection of a US$
1/month/household each for both CDER and users’ association operating costs,
respeclively.

Calculation of Power Supply Cost

Calculation of Monthly Cost to be Paid per Household

Monthly payments per household were calculated for varying cases of initial
investment recovery rate, and discount rate applied for net present value. {(sec Table
7.2-1}.

Methodology in this regard comprised calculation of total cost incurred during the
entire project life for cach method of clectrification on a village wise basis. Annual
discount rates were then applied to determine nel present value {(NPV).
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In the same manner, the number of users per each village are discounted, and this
multiplied by 12 months to obtain the NPV in terms of payment months. Village-wise
total cost of electrification is shown in Attachments.

Division of the total NPV by NPV in terms of payment months yields the cost for
cach houschold per month (LRMC} (equivalent to the per kWh cost as a result of
dividing the same by the monthly utilizable power of 240 Wh/day x 30 days = 7.2
kWh).

(LRMC [Long Range Marginal Cost]: The differential between the income garnered
through collection of the this computed cost, and the costs incurred during the project
period is equivalent to the intercst rate on funds in operation during the said project
period (i.c., equivalent to the discount rate applied at the time of calculation of initial
investment amount).

Table 7.2-1 Monthly Cost to be Paid per Household

(excluding operation cost)
{USS$ / mo. { home}

Electrification method PV generation D:ese‘| Micro-
gencration hydropower
No. of villages gl 12 18(7)

No. of houscholds (year 2000) | 3213 | 1,80 | Lisg8
A S vt AP OISt NP it O ot

Return on initial investment Dii;?:m 20 year life 10 year life 30 yearlife
S (T R - S A X N 7 N A 13

3% 13.7 24 15.4

6% 16.2 10.4 277

9 18.9 115 3715

k3 T 7S R 11 % I I R Y N

1% 1.3 78 M8

6% 132 86 211

9% i5.1 9.4 284

50 T 0w 83| TTsA T 10

1% 90 6.2 10.3

6% 102 6.7 14.5

9% 11.4 73 19.4
2% L e% | eAl T T aay T e

3% 6.6 4.6 5.8

0% 21 49 79

9% 7.7 52 - 103

N T L Y R

% 4.2 ’ 30 1.2

6% 4.1 10 1.2

P4 4.0 3i 1.3

* In the case of initial investment recovery rate of 0, the reason the monthly cost becomes less in the
case of a higher discount rate under PV generation is that the number of users was assumed as constant
from the first year of the project (systems are installed on an individual home basis, with initial
investment being the same for each new user added in the course of the Project); in contrast, however,
a 1.24% increase tn users per annum has been assumed in the case of the other melhods of
clectrification (only system connecting costs are required). Also, in the case of PV generation, a
significant difference in houschold sonthly payment amount appears in comparison to other modes of
electrification due to the fact that PV generation incurs somewhal larger annual outlays including
battery replacement every 3 ycars and controller replacement after 10 years.
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The figures in the above table represent average values for cach mode of
electrification; in actuality, however, there is some difference depending on the
village. For example, a look at the village-wise houschold monthly payments in the
case of a 100% discount rate range of fluctuation is 1.5 fold in the casc of PV
generation, 1.2 fold in the case of diesel gencration, and more than 3 fold in the case
of micro-hydropower.

(Us%householdino )

Electrification method PV generation | Diesel gereration { Micro-hydropower
S T T T T Max | Min | Max | Min | Max [ Min
miatiavesment o A
recovery rate
100% 0% 15.7 10.9 9.5 7.6 298 9.1
100% 3% 18.1 12.3 123 8.6 45.0 119
100%% 6% 21.7 144 144 9.6 64.1 19.9
1006% 9% 255 l6.;? J 16.7 10.6 86.5 2.0

The above fuctuation in cost stems from differences in construction cost (micro-
hydropower), number of households (diesel generation) and number of public
facilities (PV generation).

(2) Household Monthly Payment (collected amount) which Makes Project
Operation Feasible

The houschold monthly payment which makes possible a sustainable project implies
the cost to be bome by the users which effectively covers over the long term variable
cost (O&M cost, fuel cost, etc.) as well as the operational costs required by CDER
(overall responsibility for project operation) and users’ associations (responsible for
daily system management) in the case where no outside subsidy is applicd to the
Project.

Table 7.2.2 sets owt the houschold monthly payment (collected amount) which would
result if a US$ 1/month surcharge each is applied to the values in Table 7.2-1 to cover
operational costs of CDER and the users’ associations, respectively.
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Table 7.2-2 Montlly Cost to be Paid per Household
(including operation cost)

(US3 /mo. fhome) -

Electrification method PV gencration D:e.se.l - Mlcro—_
generation | hydropower
No. of vilages 71 12 18 (7)
No. of households (year 2000) 3213 | 1,890 | 1,158
Return on initial investment Dli:to:m 20 yearlife | 10 yearlife | 30 year life
C100% 1 0% | T ) 1e4] 48
3% 157 114 214
6% 17.2 124 29.7
9% 209 13.5 39.5
7% 0% | 2z e T e
3% 13.3 8 16.8
6% 152 10.6 23.1
9% 17.1 114 30.4
0% | 0% | 13| 7131 90
3% IIR)] 8.2 12.3
6% 12.2 8.7 16.5
9% 13.4 6.3 214
% | e% | sa T ed|l T e
3% 3.6 6.6 7.8
6% 2.1 6.9 9.9
9% 9.7 1.2 12.3
0% L 0% 65 500 32
3% 6.2 5.0 12
%6 6.1 5.0 32
9% 6.0 5.1 33

7.2.3  Balance of Payments Calculation
{1) LEstimated Payment by Users

On the basis of questionnaire survey, present household expenditure on iHunination
fuel (butane gas, candles) is estimated at DH 786 per year (DH 66/month). In
addition, expenditure for batlery to power TV, radio and other electrical appliances
comes to an average DH 97/month.  Analysis of this expenditure on a houschold basis
in terms of income bracket and geographic tocation indicates, with the exception of
the more economically advantageous class, an expenditure of DH 60~70 /month for
iltumination fuel and DH 70~100 for power to energize electrical appliances. On this
basis, although some difference is evident depending on income bracket, there is no
major variation in expenditure geographically with the exception of one afflnent
scctor of the Tahanaout consumer population.
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On the other hand, demand was forecast on the basis of general rural electrification
planning as a result of consultations with CDER. However, judging from the status of
utilization of lighting, TVs and radios by cach houschold and the findings of
questionnaire survey, it is anticipated that numbers of fight fixtures per houschold as
well as hours of TV and radio will increase in the tuture beyond this basic demand
forecast. In addition, it can be expected that some insufficiency of power supply may
occur at times in the case of PV generation (due excessive cloudy weather) or micro-
hydropower (due to drought discharge). As a result, it is necessary to assume some
continued expenditure by houscholds for illumination fuel and radio dry cell battery,

ete.

Under the envisioned Project, clectricity tarift level which can be afforded by the user
(each houschold) is assumed on average for all houscholds at the above described DI
163/month (DH 66 + 97/month). {lowever, also as discussed above, it becomes
necessary to assume a separate expenditure by cach household of DH 20/month for
illemination fuel (butane gas) and DH 20/month for radio dry cell batteries.

Accordingly, an appropriate amount which the beneficiary user will be able to afford
for electricity tariffs is assumed at around DI 100~120/month (present expenditure
for lighting fuel and baiteries minus the above separate expenditure to offset times of
insufficient power under the schemes). Also, the willing-to-pay amount indicated by
the target beneficiarics of DH 50~75 accounts for some 80% of the total, with
houscholds indicating DH 50/month being in the largest group. Overall average
willing-to-pay amount is DH 71.

It is necessary here to understand that the foregoing gap between willing-to-pay (DH
71/month) and afford-to-pay amounts (DH 100~120/month) is the natural result of the
target houscholds desiring maximum electricity service at minimum cost burden.

With consideration to the above criteria, an electricily tariff level which beneficiaries
are capable of paying for the power to be supplied under the Project is estimated as
follows:

1) Under the PERG electrification program currently under way in Morocco, it is
planned to colleet tariffs from users of DII 40/month in the case of exlension
of the grid, and DH 60/month in the case of PV generation (battery
replacement cost to be borne by the user).

2) Under the questionnaire survey catried out in the course of this Study,
responses were obtained from each village with regards to affordability to pay
for electricity tariffs. In this regard, the general villager indicated an average
DH 7t/month for the same.

3) The questionnaire survey likewise revealed that at present villagers pay per
houschold an average DII 163/month for encrgy for illumination purposes,
including DH 97/month for battery purchase and recharging, plus additional
cost for kerosene and candles. After subtracting the above supplemental cost
(DH 20 + 20/month) from the present outlay of DH 163/month for
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illumination fuel and battery purchase, the result is DI 123/month. However,
due to the fact that in actuality the said supplemental cost varics depending on
the village and the houschold, the affordable cost burden by users is assumed
at DIL 123~163/month for ctectricity tarifYs,

On the basis of the above data, assuming household outlay per month at a minimum of
DH 40/month and a maximum of DI 163/month, balance of payment under cach
category of electrification was computed for houscheld monthly payments of USS$ 4, ?%
7, 10 and 14, respectively (IM 1 = US$ 1.0). '
(2) Results of Balance of Payment Calculation
Results of balance of payment calculation for each categery of electnﬁcauon are
shown in Table 7.2-3
Table 7.2-3 Overall Balance of Payment Calculation

1}y PV generation

{US$ 1,000)
Return on initial investment | Discount Monthly payment (US$ / household
rate 3 7 [TV I L | A
00%% %% T3 3667 3% 1< | 7,050
3% 27,235 -5,398 23,562 -1,113 m %
6% 6,845 -5,403 -3,960 -2,037 -595
%% -6,578 -5.406 -4,23% 2,613 -1,501
TTUTTTTTTRY% T T T U6 RS AN | 896 L1s8 [ 3301
3% -5,783 -3.946 2,110 339 2,175
25 -5,393 3,951 -2,508 -585 1Y
9% -5,126 -3,955 2,783 -1,221 .50
B 17" SN N 7S AR 7] S (P £ 3577 2640 | 3933
3% -4,331 -2,495 -653 1,790 3,627
6% 3,941 2,499 -1,057 867 2,309
% -3,674 22,503 -1,33t .3 1,402
********* % | 0% 7] 620 | CLI06T [ LOOT T[T 3 6,405
3% -2,880 1,043 194 | 324 5,079
6% 2,490 1,047 | 395 2,318 3,761
5% 2,223 1,088 . i 1,682 2,854
0 % R AL N CL A 2,459 £ < R T L
3% -1,428 2409 1. 22450 | 4694 6,530
6% -1,038 AL Es | 37 T s
9% AN .__._.1(;1;;,_, O 77 I R & 4,306
*note: 2 = .. indwates balance of payment in the black g
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2)  Diesel generation
USS 1,600)
Return on initial investment | Discount Monthly payment (USS / household
tate 4 7 10 1% | 1T
“T00% 0% -1,566 -337 -107 863 1,594
3% -1,529 -509 -289 538 1,159
25 6% -1,500 -366 -432 279 813
N 5% -1,476 -1,012 -548 71 535
S 75% 0% | -1,237 ) -S08 21 | 1w 1,922
3% -1,201 -580 40 867 1,487
6% -1,171 -6318 -104 608 1,141
5% -1,148 684 219 3139 863
B 56% T 0% 905 | -180 549 1,522 2,351
1% -372 <252 368 1,195 1,815
6% -843 -309 224 9316 1,470
9% -819 -355 - 109 728 t,192
25% 0% Sg T 149 [ T8I | n850 | 2379
3% -544 .76 697 1,524 2,144
6% -514 19 553 1,264 1,798
%% -491 -27 437 1,056 1,520
o % 0% | 252 | 477 |7 L6 | 2078 | 2908
3% -215 - 405 1,025 1,852 2,472
6% -186 348 &gt 1,593 2,126
9% -162 302 766 1,384 1,849
% *note: indicates balance of payment in the black
3) Micro-hydropower generation
(USS 1,000)
Return on initial investment | Discount Monthly payment (US$ / household
rate 4 7 o 14 17
1060%% 0% 3372 -1,870 2,368 =365 1,137
1% -5,532 -4,576 -3,620 2,346 -1,390
6% -5,618 -4,963 -4,308 -3,434 -2,779
5% -5,668 -5,189 -4,710 -4,0714 -3,592
5% 0% -1,924 2,422 920 i 1,082 2,584
3% -4,084 23,128 -2,173 -898 58
6% -4,171 -3,515 2,360 -1,986 -1,33
9% -4,220 -3,741 -3,262 -2,623 2,144
’’’’ 0% |7 0% 2478 974 | - 528 2,330 | 4092
’ 3% -2,636 -1,681 =735 550 1,506
6% 2,123 2,068 -1,412 -538 117
9% -2,773 2,293 -1,814 -1,176 -696
g, 5% 0% 1,023 473 1,973 | 3978 | 5480
o % -1,189 T 233 723 1,998 2,953
6% -1,275 -620 36 509 1,565
9% -1,325 -246 -367 272 759
0% 0% FO ] T920. | 3823 | 54% | 6928
% 259 LS | 2170 | 3445 4,401
6% | 175y - 818 |- 1483 2,357 3,012
9% | 1230 U602 | 1,081 1,220 2,199

¥Note:

- .- lndicates balance of payment in the black
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(3) Example of Results of Balance of Payment Calculation

1} Case of Monthly Payment of USS 4

PV generation: No profit occurs for any of the cases of initial investment
recovery rate or discount rate,

Diesel generation: No profit occurs for any of the cases of initial investment
recovery rate or discount rate.

Micro-hydropower: Profit oceurs for an initial investiment recovery rate of 0%.

Since variable cost and operating cost are borue by the
users, facility O&M is possible.

2) Case of Monthly Payment of USS 7

PV generation; Profit occurs for an initial investment recovery rate of 0%.
Since variable cost and operating cost are borne by the
users, facility O&M is possible.

Diesel generation: Profit occurs for an initial investiment recovery rate of
25% and discount rate of 6%. In other words, users can

_ bear responsibility of 25% of initial investment.

Micro-hydropower: Profit occurs for an initial investmenti recovery rate of
25% and discount rate of 0%. In other words, users can
bear responsibility of 25% of initial investment.

In other words, all 3 modes of electrification are sustainable. In the case of diesel
generation and micro-hydropower, 25% of initial investment can be borne by the
users.

(4) Envisioned Monthly Payment

1) Under the results of questionnaire survey set out in Section 2.3.2 (Chapter 2,
Socio-economic Conditions), outlays for lighting purposes and to operated
electrical appliances (TV, radio) in the home average a total DI 163/month,
comprising DH 66/month for candle and butane gas, and DH 97/month for
battery purchase and recharge. If this outlay becomes available for monthly
payment after implementation of the schemes, affordability to pay would be
DI 163/month = US$ 17.5 /month (D11 9.3 = US$ 1).

Calculation of FIRR in Table 7.2-3 assuming the foregoing US$ 17.5 as the
monthly payment by users yields a 6% FIRR at 100% recovery rate for PV
generation, an FIRR over 10% at 100% recovery rate for diesel generation, and
a 1% FIRR at 100% recovery rate for micro-hydropower. In other words, a
monthly payment can be cotlected which makes possible a 100% recovery of
initial investment for all three modes of clectrification (disregarding profit
rate).
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2) If the eavisioned monthly payment is intended to correspond only to the DH
97/month current outlay per houschold for battery purchase and recharge, then
the said monthly payment would be around US$ 10/month. Calculation of
FIRR in Table 7.2-3 assuning the foregoing US$ 10 as the monthly payment
by users yiclds a 10% FIRR at 25% recovery rate for PV generation, a 3%
FIRR at 75% recovery rale for diesel generation, and a 6% FIRR at 25%
recovery rate for micro-hydropower.  Resulling in the user assuming
responsibility for approximately 25% of overall initial investment.  This is
roughly equivalent to conditions under the PERG program. A US$ 10/month
payment under conditions of the foregoing initial investiment burden by the
users achieves an internal rate of return (including interest) of over 6% overall.

3) A monthly payment of US$ 14, corresponding to a midway point between 1)
and 2) above, yields a 4% FIRR at 75% recovery rate for PV generation, a
10% FIRR at 100% recovery rate for diesel gencration, and a 1% FIRR at 75%
recovery rate for micro-hydropower.

(5) Collection, Use and Management of Monthly Payments

Tmplementation of the Project docs not merely imply a redirection of the presemt
houschold outlay for lighting and electricity purposes, but also the establishment of
cleancr and safer energy source, elimination of the laborious task of battery recharging
at charging stations, and the inconvenience of not having electricity during the period
of battery recharge.

Full collection of the envisioned household mentily payment would result in an
approximatc monthly income for CDER of USS$ 6,000. “This capital could then be
used, in addition to Project operation and management, for related purposes mcluding
rescarch and personne! training in renewable energy exploitation, training and
awareness programs for users, and public relations campaigning throughout Morocco
with regard to the advantages of renewable energy development.

Also as discussed earlier, analysis for each electrification category was done on an
overall basis for the entire Project area. In actuality, however, a considerable
fluctuation in cost is seen from village to village.

Accordingly, collection of an overall uniform monthly payment (or a fixed monthly
payment by mode of electrification) from the system users would result in a profit for

. some villages and a deficit for others. To rectify this, it will be necessary (o manage
" collected funds such that the surplus at one village is effectively rerouted o cover the

insufficiency at another vitlage, thereby ensuring the long term stability and

" sustainability of project operation. For this purpose, it is necessary that CDER secure

the personnel and operational resources to make such management of funds possible.
(6) Collection in the Form of Electricity Taniff

In comparing the power cost for cach made of electrification, comparison of per kWh
is the most readily understandable yardstick. For this purpose, the monthly payment
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amounts calculated in Table 7.2-2 have been divided by the monthly electricity
consumption of 7.2 kWh to give the per kWh cost. However, in the case of micro-
hydropower generated energy is high at an available 15.5 kWh/month, and this has
been reflected in the calculated wnit prices.

Table 7.2-4 Cost per kWh of Consumed Power {including eperation cost)

(USS /7 kW)
! Desel . -
Electrification methed PV generation gen;:;:ion Micro-hydropower
Noof villages 7t T I3y
No.of households (year2000) ' "3213 | 180 LI
Generated energy by hydropower 71kWhJ_H$kWh
Return on initial investment Dli;:):m 20 year life | 10yearlife 30 year life
I X S Y TR T IL-ﬂI 77'7"77"2?05}" I ik
% 2J8i LSBi 297 - 148
6% 2.39! .72 4.12 2.06
59% 29 !.8?1 549 2.75
TS T 0% | 169, T T 1el T eS| T 082
1% 1.85 1.36 2.33 1.16
6% 2.11 1.47 kA 1.61
9% 237' 1.58 4,22 2.11
B A | 1Y /A v Y 1 Y 7]
3% I.SJ! .14 1.7t 0.85 K3
8% 1.69 1.21 2.29| i.14 E%
9% 1 .86; 1 .TZ'S‘i 2.97 1.48
TR T T 0% ”7’""I‘.‘l"?i""_"—(ﬁ‘}{_'_m_@fﬁfo 04
1% | .I9! 0.92. 1.08 0.54
6% 1.26 0.96 1.37 0.68
9% 1.3 5} IL 1.7t 0.86
TR T % 0.9| ”——'"E@i I Tt 032
3% 0.86 0.69' . 0,44 - 0.22
&% O.SSi 0.69 44 .22
9% 0.83i O.Tl’ 0.46, 022

1) Electricity tariffs for home power use in Morocco are reporied nation-wide at
DH 1/kWh (US$ 0.1/kWh). At this rate under the envisioned schemes of this
Project, all villages would operate in the red even with a recovery rate on
initial investment of 0%. In other words, power supply under these conditions
would not be sustainable without some kind of subsidization. '

2} Under ERD (decentralized rural electrification) of PERG, users serviced by
grid extension are subject to a steady base fee of DH 15/month and DH
40/month to cover construction cost (this ranges from a minimum of DH

© 0.842/kWh to a maximum of DIl 4/kWh. Under the envisioned Project, users
of 7.2 kWi/month will be subject to a payment of DH 61/month over the first
7 years (DI 84/month in the case of higher electricity tarifts). After this, it is
assumed that payment would drop to DH 21/menth (DH 44/month in the case
of higher eleciricity tariffs). Converted into an average payment over a 20 year
period, the result is as follows depending on the applicd discount rate:
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7.2.4

At a discount rate of 3%: DH 40.5/month
At a discount rate of 6%: DIH 43. U/month
At a discount rate of 9%: DH 45.5/month

In the case of higher electricity tarift:

At a discount rate of 3%%: D1t 63.5/month
At a discount rate of 69%: DH 66.1/month
At a discount rate of 9%: P 68.4/month

Since a 6% discount rate is applied under PERG, clectricity tarifls to be
callected in line with the PERG framework would be DH 43/month {US$
4 6/month at an exchange rate of DH 9.3 = US$ 1) and DH 66/month (USS
7.1/month).

Monthly houschold payment calculated under the Project is an average US$
5.3 (PV, diesel and micro-hydropower) at an initial investment recovery of 0%
and discount rate of 6%. Application of the minimum taciff of US$ 0.7/month
would result in inadequate funding base for system operation and maintenance;
however, application of the high tariff would bring in US$ 7.1/month per
houschold which generates sufficient funding for O&M.

On the other hand, due to the fact that a monthly payment of DH 60/menth for
7 years only is indicated for beneficiaries of PV generation in the case of
PERG, costing under the Project assumes an outlay by the user from the cighth
year for battery replacement of US$ 2.4/month.  In such case, payments
become DH 43.5/month for a discount rate of 6%, DH 45.6/month tor a
discount ratc of 6% and DH 47.5/month for a discount rate of 9%. Adoption
of DH 45.6/month for a discount rate of 6% is equivalent to US$ 4.9/month
which represent a deficiency in O&M cost of USS 0.4; however, system
operation is considered to be viable given this limited degree of insulliciency.

Initial Investment Structure

From Table 7.2-3, calculation was done for monthly payment based on varying ratios
of (i) portion of initial investment funding which must be repaid, and (ii) portion of
initial investment funding which need not be repaid. {Interest on portion of initial
investment funding which must be repaid was assumed in this case at 6%.) Monthly
payments (preliminary estimate) by users under each electrification category arc as
follows for varying rations of portion of initial investment funding which must be
repaid, and portion of initial investment funding which need not be repaid.
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Poriion of funding I P&Z:O:ez?;dll:g PV Diesel Micro- Overall average
to be repaid repaid generation | generation | hydropower | (reference value)
100%% 0% 17 13 30 182
75% 25% 15 11 22 15.1
50% 50% 12 8 16 1.5
25% 75% 16 7 10 9.1
% 100% 7 6 4 6.1

Overall average was computed on the basis of houschold number as of the year 2000
as a reference figure (does not include subsequent future increase in number of
houschotlds).

In the case where portion of funding to be repaid is 100%, necessary monthly
household payment is US$ 17 for PV generation, US$ 13 for diesel generation, and
US$ 30 for micro-hydropower generation, with an average reference value for all
modes of electrification at US$ 18.2. In the case where the portion of funding to be
repaid is 25%, necessary monthly houschold payment is US$ 10 for PV generation,
US$ 7 for diesel generation, and US$ 10 for micro-hydropower generation, with an
average reference value for all modes of electritication at US$ 9.1.

As reference, the funding plan would be as follows in the case of a recovery rate of
25% on initial investment.

(USS 109
Portion which

Electrification Preliminary project Portion which

ik
’c

method cost estimate must be repaid | need not be repaid
PV generation 5,811 1,453 4,358
Diesel generation 1,313 328 985
Micro-hydropower 5,766 1,442 4,324
Total 12,890 3,223 9,667

7.2,5  Examination of Village-wise Economic Indices

On the basis of survey of socio-ecconomic conditions as set out in Chapter 2, a study
was carried out of the relationship between income and aftord-to-pay / willing-to-pay
amounts for each target village under the Master Plan. Also, on the basis of the
foregoing, study was made of (i) amount which must be returned and (ii) amount
which need not be returned for cach village.
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1) Correlating Coeflicients for General Economic Indices

Fcanomic index A Econmic Index B Correlating coeflicient
Total income Total expenditure 0.7117
Total income Expenditure for encrgy 0.431
Total income Electricity related expenditure 0.286
Total income Willing-1o-pay amount 0.306
Total expenditure Expenditure for energy 0.376
Total expenditure Electricity related expenditure 0.406
Total expenditure ' Willing-10-pay amount 0.407
Electricily related expenditure | Willing-to-pay amount 0.395

On the basis of the above, it is concluded that a correlation exists between total
income and total expenditure (over 0.5). Conversely, it is assumed that a
correlation does not exist between the other economic indices (less than 0.5). In
particular, a corrclation is not seen between the present clectricity related
expenditure and the willing-to-pay amount for future electrical power supply.

In other words, it is not neecessarily the case that high income villages consume a
proportionately higher amount of powes. likewise, it cannot be concluded that low
income villages indicate a correspondingly low willingness to pay for futare
electricity supply.

Accordingly, it is judged feasible to establish a set monthly payment amount
regardless of individual village income levels.

2} Village-wise Income, and Initial Investment Amount for Electrical Power
Facilitics (Appendix-2C)

In Appendix-2C, target villages for electrification are ranked in order of income
level, the corresponding inifial investment for electrification of each village
entered, and the cumulative initial investment amount delermined.

Avcrage village-wise income (simple average value) is around DH
27,000/year/household. Number of villages which fall below this average total 62,
which is equivalent to roughly 2/3 of all the target villages (in the case of micro-
hydropower, alt villages to be supplied by a single scheme are considered

together).

If portion of initial investment which need not be repaid (grant-aid) is to be
directed at villages which fall below the average income, and conversely, portion

~ of initial investment which need be repaid (loan) is directed at villages which are

above the average income, then ralio of the former to the laiter becomes
(coincidentally) 50 : 50.
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On the other hand, the weighted average for houschold income which takes into
consideration the number of houscholds per village is DH 29,000/ycar/houschold.
In such case, cumulative ratio of initial investment to be directed at villages which
fall below this average is 53%.

Incidentally, in the case where portion of initial investment to be repaid is 50% at
an interest rate of 6%, necessary monthly houschold payment is US$ 12 for PV
gencration, US$ 8 for diesel gencration, and US$ 16 for micro-hydropower
generation, with an average reference value for all modes of clectrification at USS$S
11.5.

3}  Village-wise Monthly Payment, and Initial Investment Amount for Electrical
Power Facilities (Appendix-2D)

Data in Appendix-2C was re-ranked on the basis of size of houschold monthly
payment by village (initial investment recovery rate of 100%, discount rate of 0%),
and cumulative calculation of imtial investment amount carried out.

Monthly payiment in the case of micro-hydropower showed a considerable range;
while that for PV generation and diesel generation showed a more steady
distribution.

A clear differential was also seen between villages targeted for PV gencration /
micro-hydropower, and those targeted for diesel generation. [f funding supply is to
comprise portions under differing financial conditions, one possible approach
would be to wse the former and the latter as the criteria for determining the
direction for application of the said funding packages under differing financial
conditions.

In the case where the funding portion which nced not be repaid (grant-aid) is
directed at the villages where a high monthly payment is required, and conversely
the funding portion which need be repatd (loan) is directed at villages where a
lower monthly payment is required, 77.7% of the initial investment amount would
comprise the said portion which need not be repaid, and 22.3% would comprise
that portion of the same which need be repaid. This scenario is close to the 25%
burden for initial invesiment payment which falls on the users under the previously
discussed PERG program. '

7.2.6  Funding Qperational Structure

In the case of both 2) and 3) above, the initial investment funding would be
supplied in total to the counterpart agency (CDER in the case of this Project).

CDER would then carry out electrification facility construction, collect the
determined houschold monthly payments from the villages via the wusers’
associations. CDER would then manage these funds, and effect repayment of that
portion of initial investment which falls under the loan category.
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Envisioned flow of funding and related tasks is given in Figure 7.2-1. Task content
for each arrow in the said figure is as follows:

= >

SO0

I.

Supply of funding (grant, loan) to CDER by the funding agency.

Installation of power gencrating facilities by CDER (PV generating systems
to be installed by private contractors).

Utilization of electric power by system users.

Monthly payment by users (to the users’ associations).

Payment of electiicity tariffs to CDER by the users’ associations {after
deducting operating costs for the users’ associations, and maintenance fees
{o go to the PV system privatc contractors).

Payment of maintenance fees to the PV system private contractors.

Of the fees received from the users’ associations, CDER sets aside that
portion which is designated for repayment of the loan portion of initial
investment financing (loan repayment fund).

Of the fees received from the users’ associalions, CDER sets aside that
portion which is designated for CDER aperational costs (CDER operational
fund).

Of the fees received from the users’ associations, CDER sets aside that
portion which is designated for baltery replacement (battery replacement
fund).

Of the fecs received from the users’ associations, CDER sets aside that
portion which is designated for cost adjustment (cost adjustment fund).
CDER disburses funding from the cost adjustment fund to those users’
associations where cost adjustment is necessary.

In the case of PV systems where batter replacement is necessary,
disbursement is made by CDER to the PV system private contractors from
the battery replacement fund.

. PV system private contractors carry out battery replacement.

Users® associations under the diesel generation and micro-hydropower
generation schemes carry out operation and maintenance of their respective

systems.

CDER makes repayment from the loan repayment fund on the loan portion
of financing in line with the arranged deadlines.

CDER carries oul training to upgrade the technical levels of PV system
private contractors.
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Figure 7.2-1 Flow of Funding and Related Tasks

7.3 Economic Evalnation

lZconomic evaluatton is carried out by comparing the total cost during the project life
for the designated electrification method (cost) with that over the same period for the
alternative method (benefit). In this case the economic evaluation cost {shadow cost)
is applied.

In order to determine shadow cost, a conversion factor is assumed on the basis of
market prices. In this process, market prices are considered to comprise material cost
and personnel cost.  An appropriate ratio of the two is determined and conversion
factors of 0.9 for material cost and 0.5 for personnel cost are applied.
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Table 7.3-1 Setting of Conversion Factors

ltem Material cost ratio Personnel cost Conversion factor
(%) ratio (%o}

Generator, PV module, 160 0 .90

battery

Civil works 40 60 0.66

Transmission / distribution 60 40 0.74

line, etc.

Fuel 100 0 0.90

Maintenance works 0 100 0.50

Overhaul S0 50 0.70

However, tax, engineering fee, and physical contingency have not been considered in
the above economic calculation.

7.3.1 Results of Economic Analysis (B/C})

Caleulation was performed on a village-wise basis for each method of electrification.
Dicsel generation was adopted as the alternative electrification method for the
purpeses of comparison, with the exception of villages where diescl generation is to
be adopted from the outset, in which case PV generation was used as the alternative
method for comparison.

Calculation assumes that initial investment would occur in the Ist year of the Project,
with actual power generation to commence from the 2nd year. 1n all cases a 20 year
supply of power was assumed, with costs incurred ecach year calculated in terms of
shadow prices. NPV were computed by applying an annual factor corresponding to
the determined discount rate.

" In the case of benefit under PV generation and micro-hydropower, the cost for

comparable scale power supply by diese] generation has been factored in.

On the other hand, in the casc of villages to be electrified by diesel generaiion, the
cost for comparablc seate power supply by PV generation has been factored in.
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Table 7.3-2 Benefit-Cost Comparison (Total Villages under Each Category of
Electrification Method)

Benefit/cost Discount rate | PV generation D:ese.l Micro-
generation hydropower
Beachit (US$ 1,000) 0% 5,490 3,381 962
3% 4,553 2,991 854
6% 3,929 2,729 782
9% 3,501 2,549 732
Cost (LIS$ 1,000) 0% 6,679 2,563 3,360
3% 5,952 2,235 3,243
6% 5,465 2,016 3,179
9% 5,129 1,866 3,141
Benefit/cost 0% 0.32 1.32 0.33
3% 0.77 1.34 0.30
6% 0.72 1.35 0.27
9% 0.63 1.37 .26

In cases where the benefit/cost ratio exceeds 1, the selected method of electrification
is advantageous compared to the alternative. In this regard the subject calculations
indicates that PV generation for 31 villages is advantageous over diesel generation.

In the cases where benefit/cost ratio exceeds 1, the EIRR (Economic Internal Rate of
Return) can be computed. [n the case of PV generation for 31 villages, the EIRR is
within the limits of 0 ~ over 100%. On the other hand, for villages targeted for
adoption of diesel generation, (his method of elecirification is advantageous over PV
generation in all the subject cases.

7.3.2  Sensitivity Analysis for Changes in Fuel Cost for Diesecl Genera!ioh
In estimating system installation cost, it is difficult to anticipate those costs which will
fluctuate greatly; however, it is conceivable that a certain amount of fluctuation in fuel

cost may occur. In this regard, sensitivily analysis was done for a scenario
envisioning a 2 fold increase in the cost of fuel (see Table 7.3-3).
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Table 7.3.3 Benefit-Cost Camparison (Assuming a Two Fold Increase in Fuel

Cost for Diesel)
Benefit/cost Discount rate | PV peneration chse'l Micro-
generation hydropower

Benefit (US$ 1,000) 0% 6,964 3,381 1,357
3% 5,637 2,991 1,148

6% | 4,756 2,129 1,009

9% {4153 2,549 913

Cost (US$ 1,000) %% ‘ 6,679 3,313 3,360
3% : 5,852 2,786 3,243

6% 5,465 2,436 3,179

9% 5129 2,197 3,141

Benefit/cost 0% 1.04 1.02 040
3% 0.95 1.07 0.35

%5 0.87 112 0.32

9% 0.81 16 0.29

In cases where cither the price of diesel fuel has increased or fuel combustion
efficiency worsens to the point where fuel consumption cost rises two fold, cost
cconemic advantage between PV and diesel generation for the villages target for PV
generation shows almest no difference.

On (he other hand, although the benefit/cost ratio for micro-hydropower schemes
shows virtually no change.

Although the villages originally targeted for diesel electrification show a narrowing of
advantage over PV clectrification as an alternative, a margin of cconomic advantage
still remains.

7.3.3 Economic Evaluation of Change in Power Source for Present Jllumination,
TV and Radio Purposes

Al present, candles, butane gas, etc. are used for illumination, and dry cell and
antomobile batteries are used to encrgize TVs and radios. Electrification of the target
villages will result in a shift to power supply from the envisioned systems. The
econontic impact as a result is evalvated below.

{Pre-conditions)

Present: - lighting: DH 66/month for purchase of gas,
kerosene, and candles (breakdown is
estimated on the basis of village social
survey)

TV, radio: DH 97/month for battery purchase and
- charging cost (breakdown is estimated on
the basis of village social survey)
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Post-clectrification:  power supply for lighting, TV, radio from project schemes
Target houscholds: 6,201 (as of the yecar 2000)

System cost: adopting initial investiment recovery rate of 100% and
discount rate of 0%

Conversion rate; DIE9.3=US$ 1

Table 7.3-4  Breakdown of Cost Elements, and Calculation of Monthly Shadow

Prices

i Cost item Monthly | Converted | Conversion| Shadow

cost (DH) | cost (US$) rae price

(US$)
Present: Gas 30; 20197 09 18177
Kerosene 10, 6732 0.9 6059
Candle 26 17504 0.5 8752
Battery purchase 57 38374 0.9 34537
Battery charging 40 26929 04 10772
T Tol - 163) 109736 | 78197
Post-electrification: | System repayment 47620 t 47620
0 1]
Fuel (dicsel) 2835 09 2552
Battery replacement 9639 0.9 2675
Maintenance 10008 0.5 5004
Operation 12522 0.5 6261
“Total (including repayment) | | 82624 | 70112
| Total {¢xcluding repayment) 22492

Under econromic evaluation, Project cost merit is US$ 55,800/month, with a 6.1 EIRR
for initial investment of US$ 12 million (US$ 7.6 million at economic price). In other
words, in a micro-economic sense switch 1o electricity is advantageous.

In termis of financial evaluation as well for the same case, total present outlay by users
for illumination, TV and radio use of US$ 109,700/month draps to US$ 82,624/month
including repayment cost burden. Added to this is the fact that power service
improves as well. Overall, the switch to clectricily is advantageous.

FIRR calculated for initial investment of US$ 12 million is 3.4%.

7.34  Study of Benefit from NMicro-hydropower

In carrying out cconomic cvaluation of micro-hydropower, benefit is considered in
lerms of the cost of an alternative power source as in the case with other modes of
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clectrification. In this section, evaluation is done on the basis of total for kW value
and kWh value.

The kW value and kWh value applied in cconomic evaluation comprise power-value
(kW-value) and energy-value (kWh-value). Power-value is the per kW fixed cost
factored over the system lifetime. Energy-value corresponds to the variable cost per
kWh in the course of anmmual power gencration.

The power-value and encrgy-value applied to economic price for micro-hydropower,
and the alternative power sources of dicsel generation and PV generation for the 3
micro-hydropower sites is as follows:

Micro-hydropower

Unit Arg Adardour Tidsi
Target household no. 205 168 110
(year 2000)
Facility capacity kW 30 26 15
Inifial investment uss 495,820 461,500 364,900
Initial investment per KW USS/KW 16,587 17,750 24,327
Discoun! rate %% 6 G 6
System fifetime _ year 30 30 30
Fixed repair cost USS/year 1,005 1,279 1,120
. Power-value USS/kW/year 1,153 1,251 1,731
< Fuel cost USS/kWh 4] 0 0
Variable repair cost US$AWh 0.065 0.098 0.143
Energy-value USSkWh 0.065 0.098 0.143
Dicsel generation
Unit Arg Adardour Tidsi
Target household no. 205 168 110
{ycar 2000)
Facility capacity kW 203 16.7 1.7
Initial investment Uss$ 94,347 01,924 57,128
Generaling equipment Uss 10,048 9,001 5,390
Trans./distr. line Uss 84,299 52,923 51,738
Initial investment per kW USSAkW 4,648 3,708 7,439
Discount rate % 6 6 6
System lifetime
% Generating equipment year 10 10 10
Trans. distr, line year 30 30 30
[nitial investment gener. equip 0.136 0.136 0.136
recovery rate trans/distr.lin 0.068 0.063 0.063
e
Power-value USSK\Wiyear 350 289 560
- Fuel cost USS/kWh 0.162 0.17 0.18
Variable repair cost LSSk Wh 0.079 0.097 0.135
Inergy-value USSKkWh 0.241 0.263 0.315
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PV generation {solar home syslem)

Ada rd.ou r

Unit Arg Tidsi
Target houschold no. 205 163 110
(year 2000)
Facility capacity kWp 27.6 219 14.4
nitial investment Uss 231,134 183,135 118,203
Initial investimeat per kKW USS KW 8,396 8,362 8,383 é,,,
Discount rate % 6 6 6 =
System lifetime year 20 20 20
Initial investment 0.087 0.0687 0.087
recovery cocfficient
Power-value USSkWiyear 730 727 729
Fuel cost US$KWh 0 0 - o
Vartable repair cost US&kWh 0.345 0.358 0.366
Fnergy-value USHkWh 0.345 0.358 {.366

In the case of the investment cost (shadow price) for PV generation, the amount is
essentially the same for all villages. Battery replacement and maintenance cost are
computed as variable cost.

In the casc of the subject project where decentralized power sources are independent,
sources for surplus power consumption are not present, and energy use will be
roughly the same in the {uture, economic viability comparison applying kW-vatue and
kWh-value is the same as analysis of cost benefit using shadow prices,

As a result of cost-benefit analysis using diesel generation as the alternative power
source for comparison with village electrification by micro-hydropower, B/C ratio is
less than 1 in all cases which does not yield computation of internal rate of return (see
Volume 2}.

Where PV generation is used as the alternalive power source for comparison,
assumption of micro-hydropower generating cost as “cost” and PV generating cost as
“benelit” results in the following for the case of 30 year systein life at 6% discount
ratc.

Unit Arg Adardour Tidsi
Benefit/cost 1.44 1.21 0.98
EIRR %o 2.8 14 -0.2

Utility life for PV gencrating schemes is assumed at 20 years. However, in the case
where comparison is done for a 30 year system life period, replacement of PV
generating equipment would occur and this residual cost is factored into the
evalunation of cost in the final year. '
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Applying a discount rate of 6%, micro-hydropower is advantageous over PV
generation for Arg and Adardour in terms of economic evaluation.

7.4  Evaluation of Socio-cconomic Impacts to Result from Village Electrification
1) Electricity Use
Project implementation will result in the clectritication of the houscholds and

facilities indicated in the table below by means of clean, safe and readily accessible
cnergy (based on survey of socio-economic conditions).

Village General Street Schools Mosques | Shops | Beneficiary

no. households | lighting poputtation
2000 106 6,512 1,303 112 132 281 41,380
2010 106 6,938 1,389 12 132 281 44,663

2) Improved Educational Levels

Increased opportunity for TV and radio use in schools and the home will promote
the dissemination of information and contribute upgraded educational levels.

3)  Belter Access to Information - Increased Leisure Opportunitics

Improved access 1o TV, radic and other telecommunication sources  will
significantly expand the information herizon of the Project area population. Also,
increased leisure opporiunities will become possible both in the home and at public
gatherings through availability of TV, radio, karaoke, etc.

4) Contribution to Global Envireonmental Improveiment

At present, butanc gas is a common means of energy for illumination in the
mountainous regions of Morocco. With illumination possible by electrification,
this butane gas use can be directed at cooking purposes, thereby reducing the
consumption of fuel wood for the same.

Electsification by means of PV and micro-hydropower schemes, which are the
primary focus of the subject Project, resulls in zero cmissions of sulfur oxides and
nitrogen oxides which oceur in the case of fossil fired power gencration. The
subject power sources are both clean and renewable and have major posilive
significance from the standpoint of improved global environment.

5) Reduced Work Load for Women
Fuel wood and water fetching are primarily performed by women in the Project

area. Electrification of the target villages will reduce the need for fuel wood, and
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make possible domestic water via pump. This will greatly reduce the labor load in
this regard, and tree women for more productive educational and work pursuits.

6) Improved Productivity

In the arcas clectrified by diesel generation and micro-hydropower, power will
become available in the off-peak hours to operate threshing, milling and grinding
(potlery) cquipment.  Also, nighttime work as a result of electric lighting is
facilitated, and a power source for operation of simple clectrical machinery
becomes available.

7} Regional Economic Development - Prevention of Population Influx to Urban
Centers

During the project implementation period, installation and civil construction works
will increase employment opportunities for local labor. After completion of
construction as well, maintenance works, and operational materielfequipment
procurement and transport will result in movement of capital inte the Project area,
which can be expected to have a stimulating effect on general cconomic activity in
the vegion. With regional economic development and increase in employment
opportunities, the resultant improved rural living standards will serve to suppress
the influx of young persons to urban centers and contribute to an overall
invigoration of the rural socio-cconomy'.
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CHAPTER 8 CONCLUSION AND RECOMMENDATIONS
8.1 Conclusions Drawn from Study

Due to gcographical conditions, Haouz region soffers from backward economic
development, and exhibits indices of per capita GNP and electrification rate which arc
well below the national average. Most villages in the region are small, and these are
scattered over a wide area oflen with poor access. In the case of such an area,
electrification by extension of the existing grid is not cost effective in terms of the
relationship between initial invesiment and resultant power consumption volume.
Accordingly, power supply becomes necessary under a framework of decentralized
electrification. Against this background, a Master Plan was formulated under the
Study targeting 120 villages for decentralized electrification. A Pre-feasibility Study
was subsequently carried out for high priority micro-hydropower schemes selected
under the said Master Plan.

(1}  Study Methodology

@ In carrying out the subject Study, existing socio-economic conditions in the
Study area were first identified, and a questionnaire survey in this regard
carried out to reflect the same in Master Plan formulation.

@ In designated the mode of electiification for each village, criteria were
formulated for selection of power supply source. Determination of the most
appropriate power source was then done in linc with the foregoing criteria.

® Power demand was forecast for each village, and this used as a basis for
formulating the subsequent power supply plan.

@ Study was carried out for an O&M plan following completion of project
construction.

® A project implementation schedule was formulated, and preliminary project
cost estimated.

® Financial and economic evaluation was carried out, and study made of project
operational methodology and socio-economic impacts to result from the

Project.

@ Selection of viable micro-hydropower sites was done, and a Prefeasibility
Study carried out for 3 of the most promising sites from among thesc.

(2) ~ Selection of Power Supply Source
The methodology in this regard comprised (i) first a priority ranking of electrification

method assuming 20 year tofal cost (including fixed and variable costs) necessary to
electrify a vitlage of fixed size, followed by (i) a final selection of power source after
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making correction for special features of cach mode of electrification as well as the
site arca, and the specific needs of the targeted villagers.

Your categorics of clectrification were considered, ie. PV gencration, dicsel
generation, micro-hydropower and extension of the existing grid.  Eliminating from
consideration redundant villages which will be electrified under the ongoing program
by ONL, finally sclected target villages under the Study total 106. A description of
these is as follows:

@ 1In the case of PV gencration, economic advantage increases with smaller
village size and greater dislance from the existing grid. Total number of
vitlages selected for PV gencration is 71,

@ In the casc of diesel generation, economic advantage increases with greater
village size and greater distance from the existing grid. Total number of
villages selected for diesel generation is 12.

@ In the case of micro-hydropower, fixed cost is greater than that for other
modes of electrification, making il less attractive for adoption. However, due
to lesscr variable cost, micro-hydropower becomes favorable compared to
other modes of electrification in the case of project funding under
advantageous financial conditions which make the need to repay initial
invesiment  sigaificantly reduced {or eliminated altogether). With
consideration te the original intent of the request from the Moroccan side, and
on the basis of comparison of variable cost only, total number of villages
selected for micro-hydropower electrification is 18.

@ In the case of extension of the existing grid, economic advantage increases
with greater village size and closer distance from the existing grid. Total
number of villages selected for diesel generation is 5. These are within
(.2-2.0 km of existing transmission line and are not included the under on-
going ONE program for rural electrification.

(3) Power Supply Plan

Village-wise power demand was forecast, and the power supply plan for each
category of electrification formulated taking into account necessary reserve capacity.
In principle, separate power sources are to be established for each village; however in
the casc of hydropower where site conditions yield a potential with suflicient surplus
to electrify more than the immediate village, a power supply plan was formulated for
clectrification of mulliple nearby villages from the same scheme. In such case, the
optimum micro-hydrepower scheme scale was determined through (1) comparative
study with a hybrid approach were one portion of the subject vitlages would be
powered by PV gencration, as well as (ii) a comparative study of varying scales of
strictly micro-hydropower generation.

On the basis of the foregoing, supply plan by power source is summarized as follows:



b

No. of villages No. of hauseholds | Facility oulput (kW)
PV gencration Hn 3213 33360
Diesel generation 12 2,136 156.8
Micro-hydiopower 18% 1,301 179
Extension of existing gri 5 288 2324
Total 106 6,938 692.6
Nate 1) Mo of systems is 4,653

7} Scheme total is 7. The Todsk scheme will provide supplemental poaer ko Afra
(ot on the original request lst)

33 Indicates PY module capacity (kWp)

4) Indicares goid 12ad

(4) Tmplementation Schedule

Duc to the large number of target villages under the Master Plan, project
implementation is planned for 2 phases (i.e. Phase I and Phase 1), Under Phase I, PV
generation for 54 villages, diesel generation for 6 villages and 3 micro-hydropower
schemes (the 3 schemes selected for Prefeasibility Study) would be carried out.
Under Phase 11, PV generation for 17 villages, diese! generation for 6 villages and 4
micro-hydropower schemes would be carried out. :

Since extension of the existing grid is under the jurisdiction of ONE, (hese works have
been eliminated from consideration under the subject Project. Phase 1 construction is
planned to begin in June 1998 and end in March 2001. The subsequent Phase [l
construction is planned to begin in June 2000 and end in March 2003.

(5} Preliminary Project Cost Estimate

Preliminary estimate envisions a total project cost of US$ 13,295,000 which afler
elimination of existing grid extension comes to USS 12,845,000. Breakdown is as
follows:

Methed of electrification Phase | Phase {I Total
PV generation 3,730 2,036 5,766
Piesel generation 654 659 1,313
Micro-hydropower 2,488 3,278 5,766
Total 6,872 5,973 12,845
Extension of existing grid 450 -- 450
" Grand total 7,322 © 59713 13,295

{note: USS1=DI931=¥113)
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{6) Tinancial and Iconomic Evaluation
1)  Financial Evaluation
Based on the overall balance of payment calculation (Table 7.2-3) depending on

the househeld monthly payment level, results of financial evaluation are as set out
below.

@® Case of Monthly Payment of US$ 4/month

<Monthly payment corresponding to the electricity tariffs of DH 40/month in the
casc of cxtension of the cxisting grid and DH 60/month in the case of PV
generation under the PERG program>

Under PV generation and dicsel generation, no portion of initial investment is
recoverable at this monthly payment rate. Furthermore, even payment of variable
cost and operational costs becomes impractical. Only in the case of micro-
hydropower, which features a relatively cheaper variable cost, can facilities be
maintained at this rate of monthly payment (assuming no need to recover total
initial investment).

@  Casec of Monthly Payment of US$ 7/month

<Monthly payment corresponding to the affordability to pay of DH 70/month in
the case of the general villager, as indicated by the results of questionnaire survey>

[n all cases of PV generation, diesel peneration and micro-hydropower, facility
maintenance is possible. Under diesel generation and micro-hydropower, a 25%
recovery of initial investment can be achieved.

®  Case of Monthly Payment of US$ 10/month

<Monthly payment corresponding to the outlay for battery purchase and recharge
of DH 97 per month by the average household, as indicated by the results of
questionnaire survey>

At this level of monthly payment, facility maintenance becomes possible for all 3

categories of electrification. Initial investment recovery rates of 25%, 25% and

75% become possible in the cases of PV generation, micro-hydropower and dicsel g
generatton, respectively,  This corresponds to the PERG program under which a .
25% burden of initial invesiment is placed on the users. At this rate of initial

investment recovery, an FIRR of 6% is achieved.

®  Casc of Monthly Payment of US$ 14/month

<Monthly payment corresponding to the average affordability-to-pay amount of
DH 140/month as indicated by village leaders during the questionnaire survey>



2

At this level of monthly payment, facility maintenance becomes possible for all 3
categories of electrification. Initial investment recovery rates of 75%, 75% and
100% become possible in the cases of PV generation, micro-hydropower and diesel
generation, respectively.

® Casc of Monthly Payment of USS$ 17.5/month

<Monthly payment corresponding to expenditure by houschold per month for
illumination purposes of DH 66 (candles, butanc gas), and DH 97 for battery
purchase and recharging (TV, radio use), for a total monthly cutlay of DII 163, as
indicated by the results of questionnaire survey>

At this level of monthly payment, not only does facility maintenance become
possible for all 3 categories of clectrification, but an initial investment recovery
rate of 100% become possible for all 3 types of power source as well.

On ihe basis of the above, a houschold monthly payment of around US$ 17
becomes necessary in order to achieve a 100% initial invesiment recovery rate for
all three modes of electrification. If a lesser amount is collected from the users, a
subsidy by the government becomes necessary to address the difterential in order
ta achicve a recovery rate of 100%.

Also, if the monthly payment level is set at US$ 7, which was the affordability-to-
pay amount as indicated by the average villager during the questionnaire survey, an
initial invesiment recovery rate of around 25% is achicved. In order to preserve a
balance of payments which needs no government subsidy, it becomes necessary
that the remaining 75% of initial investment be procured under conditions which
require no repayment.

2)  Economic Evaluation

Calculation was carried out on a village-wise basis for each electrification
category. the alternative encrgy source used in cvaluation was diesel generation in
the case of PV generation and micro-hydropower, and PV gencration in the case of
diesel generation.

The benefit-coslt ratio for PV generation (with the exception of one pertion) and
micro-hydropower was economically disadvantageous at less than i, while the
same for diesel gencration was advantageous at over 1. Accordingly, PV
generation and micro-hydropower appear difficult to adopt strictly in terms of
cconomical evaluation; however, these modes of electrification were ultimately
adopted on the basis of favorable comparisen with diescl generation in terms of
special merits of such systems, and in terms of financial evalvation considerations.

Also, study was carried out of the economic impact (benefit) to result from switch
to clectricity for illumination purposes (as replacenent for the present candlc and

* butane gas use) and for energizing T'Vs and radios (as replacement for the present
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dry cell battery use), As a result, EIRR is shown to be 6.1% under conditions of
initial investment recovery rate of 100% and discount rate of 0%. This implics that
a switch to electricity as the power source is advantageous.

(7) Conclusions

Under implementation of the Master Plan, 106 target villages in 1aouz Region will be
clectrificd, resulting in some 6,938 houscholds (equivalent to a beneficiary population
of 44,663) having access to daily electricity for TV, radio, lighting and public facility
purposes. This will result in an improving the electrification rate for Haouz Region
from 14% to 23%. It is anticipated that the 5 villages designated for connection to the
existing grid will be electrified in the near future under the ongoing rural
clectrification program by ONIE.

Furthermore, electrification of the Haouz Region is expected to have a range of direct
and indirect beneficial impacts on area development.

In the above manner, electrification of Haouz Region is anticipated to have a major
upgrading eftect on the public welfare of the area; however, a somewhat lower
robustness in terms of project cost-effectiveness makes it recommendable that the
envisioned Project be subject to subsidy from the Moroccan government as well as
implementation funding under financially advantageous terms.

8.2 Recommendations on Implementation
(1) Operation and Maintenance Organization
1} Users’ Associations

The rural electrification effort by CDER will begin with establishment of users’
associations at the village level. The associations would be made up of persons
from the member houscholds, who would ¢lect from among themselves typically 7
officers comprising an association representative, deputy represenfative, secretary,
accountant, village leader, etc. [Ilowever, in the case of PV generation, it is
recommended that user associations be sct up at the hamlet (sub-village) level in
order to ensure close, hands on aperation of the systems.

2) CDER

Although CDER has good technological expertise in elecirification projects, it is
considered necessary that the agencies capability be strengthened in the area of
project management. This need would have to be responded to at the time of
Project implementation within the framework of appropriate measures (o upgrade
CDER’s operational and management capacity. Direct technology transfer in
effective management methodology would be achieved through the dispatch to
CDER of expatriale management experts who would work closely with the agency
in both the management of the subject Project as well as provide advice with
regards to other CDER projects.  Also, consideration would be given to the
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dispatch of Japanese Overscas Volunteers to assist m the training of villagers in
system use, particularly with regard in the eatly stages to correct utilization of
home solar systeins.

3}  Private Contractors

In the case of micro-hydropower and diescl generation, the presence of permanent
system operational staff in the subject villages will be cssential. 1t will accordingly
be necessary that CDER and the concerned private contractors take measures to
train such persons in each village to aperate the village system and perform simple
maintenance dutics. However, where more sophisticated facility repair measures
are required under any of the envisioned systems (PV, diesel, micro-hydropower
generation), the contractor so engaged would be called upon to perform the same.

In the case of PV gencration, a single self contained system from solar panel to
battery has been designed. In order to effect sustained, safe use of the envistoned
PV systems in the early stages, the user would be expected to cairy out only simple
maintenance such as cleaning of the solar panel with a professional technician to
make periodic visits to check the equipment. This would be continued until the
user has achieved an appropriate level of understanding of the system equipment.
‘Ihe Project envisions a 3 year period of after service following system installation
during which the contractor would make frequent tours of the villages to check the
systems, and CDER would supervise the training of operational personnel as well
as the villagers themselves such that they attain a suvitable level of maintenance
technology.

Under such a plan to utilize private contractors, it is necessary to fully understand
the trends within the said sector. In recent years in the Marrakech area, there has
been a move to provide engincering and financiat support to contractors based in
villages who engage in the marketing, installation and maintenance of PV systems.
It is considered a high possibility that this trend will continue to grow in the Tuture
with regard to extension services for PV generating equipment and any assistance
under Japan’s cooperation program should make active use of such contractors at
the system installation and maintenance level.

Private contractors to be selected must be fully capable of responding to the future
maintenance, rehabilitation and repair works envisioned fo occur under the
systems, When tendering for such contractors, a crucial criterion 0 be closely
looked at is whether or not the candidate contractor has the structure in place to
carry out sustained maintenance of the subjcct system(s). In this regard, contracts
would call for periodic after service following facility installation, and contract
zoning carried oul for the Project arca such that a single contract covers an
appropriate combination of areas relatively easy to visit as well as more remote
points in order to ensure the most effective afler service activitics.
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4)  Committecs

In order to optimize service under the schemes, committees will be established for
the purpose of eliciting views of the users, as well as to maintain closc linkage
between the public and private sector entities related to the Project. One committee
would encompass roughly all the users’ associations in a single Commune R., and
would be made up of members comprising representatives of the associations
within its area of jurisdiction, the private contractor, CDER, the commune, and
ONE. The committce would be chaired by the CDER representative.

Method of O&M
1} O&M Cost

O&M costs to go to the private contractors would be covered under the monthly
payments to be made by the users. However, duc to the fact that accumulated
moncy in this regard would be small for about the first 3 years of the Project
operation, it is anticipated that such would not be sufficient to cover all O&M
costs. To offsct this, CDER would carty oul during the Project implementation
period sufticient training of users’ associations, privaie contractors and the general
village population in systein operation and maintenance technology in order to
make possible a joint maintenance effort by the associations, contractors and
villagers. This will serve to reduce the amount of money which would need o be
paid to the contractors for O&M works. [t is recommended that such training be
implemented with funding assistance under advantageous financial conditions.
Such fraining would be expected to provide as well an incentive to the private
contractors.

2} Electricity TarifTs and Users’ Association Costs

Procedure in this regard would be as follows: @ At the time of coordinating
meetings, CDER would collect the electricity tariff portion (monthly set fee) of the
monthly payments by user households. @ During the first 3 years of Project
operation, the Q&M fees that otherwise would go to the private contractors would
be banked by the users” association themselves and function as operating funds for
the associations. After the third year of Project operation, the users™ associations
would then begin direct payment of the O&M cost portion to the private
contractors, @ The users’ association cost and baltery cost porlion of the
household monthly payments would be banked and managed by the associations.

3) Transparency of Payment Collection and Management

In this regard, it would be assumed that (i) users’ associations would be obligated
to issuc receipts and keep appropriate accounting records, (it) copies of these would
be submitied to CDER at the time of coordinating meetings, and (iii) CDER would
take suitable measures to manage these records. Where households are delinquent
in their monthily payments, disciplinary measures would be pursucd on the basis of
the said records.
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4)  Bank Account Management

The users’® association accountant would open and bank account and deposit funds
at interest. Since the associations will collect the electricity tariff and the O&M
cost (including battery cost) in a single lump sum, they will be guided in the
opening of two separate bank accounts and the separate management of these
funds. The join-up fees to be collected by memberts will serve as the operating
fund base for the users’ associations with possible future application to facility
expansion if necessary with increase in number of new system uscrs.

5) Equipment

According to financial analysis, collection of a monthly payment per houschold of
US$ 7 will enable minimum system maintenance in the case of PV generating
systems. Furlhermore, US$ 7 per household is within the alfordable to pay range
of the targeted village population. A breakdown of this US$ 7 amount would
comprise US$ | electricity tariff, US$ 3 towards eventual battery replacement, US$
2 as maintenance fee to the private contractor, and US$ 1 to the users’ association.
The total US$ 7 would be collected monthly from each user household by the
users’ association, which would then pass on the electricity tariff and maintenance
portions to CDER and the private contractor, respectively. ‘The battery cost and
users’ association portions would be placed in a bank account with interest.

In addition to the above monthly payment, a potential beneficiary would be
required {o pay a set join-up fee to the users’ association in order to become
eligible to utilize electricity. An appropriate level for such a fee would be in the
range DH 500~1,000 per houschold. This money would be banked along with the
users’ association’s portion of the houschold monthly payments, and scrve as the
associalions funding source.

Fquipment would remain in the ownership of CDER. If cquipment were to be
handed over to the users’ associations prior to establishment of a functioning
operation and maintenance structure, this would greatly diminish the right of
CDER (o remove equipment in cases where malfunctioning had occurred due to
improper system O&M by the users, or in the event of extension of the existing
grid into the target villages. Accordingly, the equipment is planned to remain
under the ownership of CDER throughout the 20 year duration of the Project life.

(3) Equipment Development

Various companies are currently directing efforts particularly at the development of
PV generating equipment as well as balteries. Jt was discovered in the course of the
Study that PV system balteries under development with the generally used capacity of
85~105 Ah capacity can be marketed for a price of DH 1,000 which is comparable to
the cost of the commonly available car battery.



In Moracco, batteries used for electricity purposes in the home are car batterics which
have been diverted for the same. Where such are used under PV gencrating systems,
baitery life expectancy can be assumed at around 3 years. i order to prolong battery
life, it is imporiant that battery discharge depth be controlled. If discharge depth can
be kept below 50%, a 5 year life expectancy can be achieved cven with currently
available batteries. In the case of independent selar home systems where battery
charge and discharge is repeated on a daily basis, establishment of an ample facility
capacity will serve to prevent excessive discharge in light of the fact that there is no
longer the need to transport the discharged battery o a charging station as has been
the practice in the past.

{4)  Selection of Target Villages for Electrification, and Electrification Method

As of this report, clectrification approach has been planned for 106 target villages.
However, a Tull confirmation for all villages has as yet not been accomplished with
regard to villager aspirations concerning electrification.  Toward this end, it is
anticipated that in the course of subsequent stages of actual Project implementation in
the future that villager aspirations continue to be reflected in planning by the National
Rural Electrification Committee (COSPERY) in line with stipulated procedure under
PERG.

(5) Future Study Plan

Itis recommended that the following studies be carried out in order to move smoothly g
to the next phase of the eavisioned Project.

® Sunshine intensity observations in mountainous region of the Project arca
@ Water level and discharge observations at newly installed gauging stations

b
t
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