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CHAPTER 3 " BASE SURVEY

3.1 Natural Conditions in the Study Area and Neced for Decentralized
Electrification

Haouz Region extends to the south of Marrakech city, and measures 160 km
cast~west and 60 kim north~south. ILand area of the Haouz Province is 6,231 km?
with population in 1994 of 434,810 persons comprising 67,444 houscholds. The
provincial governnment office is located in Tahanaout.

The target of the subject Study is in principal 120 unelectrificd villages which are not
candidates for connection to the existing grid. These villages have a population of
45,556 comprising 7,272 houscholds. The Haut Atlas range with 3,000 m class peaks
{highest peak is Toubkal at 4,167 m) nuns along the souihern periphery of the area.
Moving northward, the topography of the area alters to piedmont and hills, ultimately
opening up on the Haouz Plain (500~600 m). The target Study villages are scattered
in this area of varying topography.

The Amizimiz, Rheraya, N’fis, Ourika, Zat rivers, cte. flow northward from heir
headwaters in the Haut Atlas to join the Tensift river, which emplies into the Atlantic
Ocean. The majority of the Study villages are scattered along these tributaries, which
are the site as well of the micro-hydropower sites selected under the Study. Rainfall
in the Study area is highest at 600~800 mm in the mountainous region in the south,
and graduvally decreases moving northward (300-400 mm in the plain region).

As topography becomes more rugged, access to villages deteriorates to only foot
paths and distance from the existing grid increases making decentralized
electrification necessary'.

In the target villages, television usc rate is 52% (powcred by car battery) and
illumination rate by butane gas is 56%. The above described topographical
conditions render battery recharge and fuel supply an extremely laborious effort.
Also, in order to obtain fuel wood for energy, villagers cngage in unmanaged trec
telling which poser the danger of natural environment degradation.

In this Report, the “Haouz Region” is used to designate the arca in terms of
development concept, while “Haouz Province” indicates the administrative unit

pertaining to the area.
3.2  Survey of Natural Conditions

3.2.1 DMeteorology as Indicated by Existing Data

In the basin of the main tributaries there exits some meteorological synoptic posts.
Since the whereabouls of their data record could not be accounted for, the data

1-3-1



obtained from Meteorological Station in Marrakech, which has relatively long-term
observation records, was used as base data to comprehend the general meteorological
conditions of the Study area. This was supplemented by rainfall data collected at
sclected appropriate observation points. {sec Table 3.2-1)

{1} Climate of the Study Arca

The rolling plain between the Haut Atlas and the Atlantic Ocean lies in the
Mediterranean Climatic Zone: with hot and dry summer and mild winter with much
precipitation. Marrakech 1s situated further inland and exhibits a continental climate
with Mediterranean undertone. Mean daily temperature ranges from [1.8 °C in
January to 29.2 °C in July, maximum temperature from 18.4 °C (January) to 37.7 °C
in July, minimum temperature from 53 °C (Januvary) to 20.8 °C (July), relative
humidity from 40.9% (July) to 58.5% (January), sunlight hours from 197.8 hr
(February) to 324.6 hr (June), and rainfall from 1.8mm (June) to 52.7mm (March).
Fog occurs predominantly in the winter, while lighining occurs most in March~April
and July~October. (Table 3.2.1 and Figure 3.2.2 indicate general meteorological
characteristics of Marrakech.)

Although Marrakech is located in relatively low piedmont of the Atlas range, the
Study area is almost all higher mountain terrain. Accordingly, meteorological
conditions are more severe than that of Marrakech, particularly with regard to low
temperatures and heavy snow in the winter.

(2) Precipitation

Daily rainfall record and isohyetal map were collected to study flood discharge and
spatial characteristics of precipitation. Daily rainfall data for 15 years (1980/81 -
1994/95) were collected for 5 observation stations in the Study area. As evident from
the data the hydrological year of the study area is from Sepiember to August of the
following year. Annual precipitation values are summarized in the table below.
Average annual rainfall in the study arca for the 5 observation stations ranges tfrom
192 to 489 mm. These values are somewhat lower than those of the isohyetal map
(Figure 3.2-3). Except for Aghbalou which generally agrees with the foregoing, all of
the posts lie within the 400-500 isohyetal bell on the isohyctal map.

About 70-80% of the precipitation happens during the period from November to
April. The dry period from June to September receive only 7-9% of rainfall,
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Annaal Rainfoll of the dMain Basins

) Unit:(mum)
Station Taferiat | Aghbalo | Tahanaou fgnir Imm El
u { N’Kouris Hammam
1980/81 273 408 395 191 21
1981/82 405 582 411 189 --
1982/83 -- 315 -- 115 --
1983/84 211 376 312 157 288
1984/85 388 552 396 281 379
1985/86 -- 468 647 123 -
| 1986/87 . 314 280 140 230
1987/38 -- 595 365 304 470
1938/89 -- 631 545 -- 365
1989/90 286 438 -- -- 296
1990/91 474 829 462 177 373
1991/92 292 - 487 361 340 3og
1992/93 238 277 193 34 226
1993794 -- 648 -- -- -
1994/95 396 359 -- 208 110
Average 337 489 397 192 328

== Month with missing data {observation months per year extend from September t0 August of the follawing year)

The tables below exhibit the exceedance (for flood prevention) and non-exceedance
(for water resource planning) probability analysis of annual rainfall for 5-100 years
return period.

Exceedance Probability Analysis

Unit:finnmy)

Return Period Syrs 10yTs 30yrs 50yrs 100yrs
Taferiat 39_‘9 447 517 548 591
Aghbalou 705 845 1067 1172 1321
Tahanaout 481 544 631 669 718
lgnir N'kouris 244 285 347 375 412
Imin El Hantmam 426 483 564 599 616

Non-exceedance Probabilily Analysis

Unit. ftnm)

[ Return Period Syrs 10yrs 30yrs 50yrs 100y1s
Taferiat 269 245 220 211 201
Aghbaion 377 327 21 260 242
Tahanaout 290 250 206 189 t70
Ignir N'kouris 129 108 85 77 68
Imin Et Hommam 261 228 192 17¢ 164
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Figure 3.2-4 shows the chart for mean monthly precipitation of the gauging stations.
3.2.2  Temperature and Rainfall Estimates

The meteorological observation stations on the northern slope of the Haut Atlas range
{0 the south of Marrakech are almost all located below 2,000 m elevation, have only
sparse data, and carry out no observations other than for rainfatl and temperature. The
records for these stations showed numerous time gaps, were low in reliability and
included no data on snowfall. They were subscquently deemed inappropriate for
planning under the Study. Although snowfall does occur at elevations around 1,000
m, villages which become snowbound as a result of snowfall over several months are
located above 2,000 m elevation,.

No existing data is available for the target micro-hydropower scheme arcas. To
address this, average temperatures and rainfall amounts for the Project arca was
estimated by extrapolating from records available at the Marrakech observation
station. This was done by applying the trend that temperaturcs gradually drop and
rainfall conversely is greater as elevation increases.

(1) Temperature

Due to the fact that data is sparse for observation stations at clevations corresponding
to that of the Project area, mean monthly temperatures were estimated according the
formula below for 5 existing gauging stations and 7 micro-hydropower scheme arcas
(of which 3 were the subject of survey at the Pre-Feasibility Study stage). Results of
this estimation are shown in Figure 3.2-5 and 3.2-6).

Assuming temperature drop rate to be -0.6°C/ 100 m, T = -0.6 x (H-HM)/100 + TM,
where H = target site ¢levation, TM = temperature at Marrakech and HM = elevation
at Marrakech.

Since the § existing gauging stations are at higher elevation than Marrakech, mean
monthly temperatures are lower. The target 7 micro-hydropower sites are located al
even higher elevation than the foregoing 5 existing stations. With the exception of
Inzaine, temperatures in January drop below 0° C.

(2) DPrecipitation

Since the micro-hydropower scheme sites are at points of high elevation of the Haut
Atlas piedmont, observation data is almost non-existent as in the case of other general
meteorological data.  Assuming that a straight line proportional relation exists
between rainfall and elevation up to a certain altitude, rainfali amount was calculated
according to the formuta R = ali + b. In order to caleulate proportional coeflicients a
and b, annual rainfalt and elevation data for 4 existing gauging stations was applied.
Data for Iguir N’kouris was climinated due to poor correlation with that of the other
stations. Also, data at the Asni, Ait Ourir an Tlat N'Yacoub gauging stations was
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eliminated due to poor reliability. The periods covered by the data from these were
extremely limited, and showed poor correlation with that of the other stations.

Study was made for 4 cases of hydrological years 1980~81, 1983~84, 1990-91 and
annual mean rainfall. The hydrological years were selected on the basis of the fact
that each of the 4 gauging slations had complete records for these years. As shown in
Figure 3.2-7, the data for the said existing stations indicates a straight line
proportional relationship belween rainfall and clevation, with R? = 0.79-~0.98.

Applying thie proportional relationship calculated as per above, annual mean rainfall
at each micro-hydropower site was computed (Table 3.2-2). With the exception of
the 3 sites (Id Ssiar, Alla Qumzri and Adardour) located in the Amizmiz and N’fis
catchments, the annual mean rainfall amounts calculated according to formula (4)
the table show relatively good correspondence with the isohyetal map, with estimated
values being around 1.0-~1.2 fold that of the map. In the case of the Amizmiz and
N’fis catchments, estimated values are around 1.4~1.8 fold that of the map. it can be
seen from the isohyetal map as well that the rainfall impact due to the mountain
topography of the basins is different than that for the other catchments.
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Mean monthly temperature, humidity, sunshine and precipitation
(08" 02°W, 31° 37°N, 463.53m)
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Figure 3.2-6 Estimated Temperature - Microhydro Potential Sites
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Figure 3.2-7 Linear Relationship between Annual Rainfall and Elevation
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Table 3.2-2  Estimated Annual Rainfall -- Microhydro Potential Sites
Ad justed Istimated mean annual rainfall
No. Scheme Flevatioh | height [ Eq(1) | Eq(2) Eq(3) | Eq{1) |1schyeial D/ @)
' ® ®
(m) {m) (xm) {iam) (inm) (om) (mm)
46 [Adardour 1, 770 1,010 763.7 | 574.4| 873. 1] 832.2 600 | 1.4
38 |inzaine 1,300 540 | 537.9 ]| 436.3 ] 638.1 | 597.2 600 1.0
1l |Arg 1,525 165 | 646.0] 502.4 | 750.6 { 709. 7 650 1.1
G |Alla-Noumer 1, 500 740§ 634.0 ] 495.1 ! 738.1( 697. 2 - 4801 1.5
7 |ldssiar 1, 700 910§ 730.1 | 553.91 838.1| 797.2 4501 1.8
|21 |Anfli 1, 760 990 | 764.1 ) H68.6{ 863.1 | 822.2 700 | 1.2
118 |Tidsi 1, 726 9651 742.11 561.2 | 850.6 | 809, 7 0011.2
Reference height (Taferiat): 760 m
Year Equation _a_ b
1980-81 Eq (1) 0.48 | 278.5
| 1983-84 Eq(2) 0.29] 277.6
1990-91 Eq (3) 0.50 | 368. 1 |
Mean Eq(4) 0.50 | 327.1 ]

Note: Rainfall (y} is estimated with the respective linear equation

Eq(1y~Eq{4). The values for Isohyetal were obtained from
SOUS-MISSION 111 B, CLIMATOLOGIE-PLUYVIOMETRIE

{SOYETES ANNUELLES (1935/36 a 1984/83)

Rainfall of micro-hydro potential sites were estimated with observed

data of the existing gauging stations localed in the dewnstrean reaches.

A lirear relationship between rainfall and altitude is normally assumed.
x = Adjusted height (m)

Lincar equation y=ax+h

Values by Eq(4), in general, are slightly larger than those of Ischyetal map.

The values for Idssiar, Alla-Noumzri and Adardour are much larger than

those of Isohyetal map, 1.4~1.8 tires, a trend as expected since rainfall in

the upstream reaches of N Fis shows poor correlation with altitude,

as evident from ischyetal map.

Rainfall in the vpstream of N Fis could be affected strongly

by local tapography

Annual rainfall an

e i

d_eleyation
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2000
1500
1000

500

I

Rainfall (mm)

2 3
Rlevation (xi, 000m)

1-3-14

.ﬂ"»"ﬁ
R



i

A
it

3.2.3 Hydrological Survey
(1) Hydrological Data Collection

In order to survey the generation potentiality of the potential micrahydro sites, the
existing gauging slations in the Study area were surveyed. As a result five (5) existing
pauging stations were identified (Figure 3.2-1), though these are not necessarily very
close to the target sites. Nevertheless, these data were adopted as they are useful for
planning and no other better data exist in the Study arca. Although observations at
cach of the said stations have been carried out over a long period of time, there are
many instances of missing data for hydrological analysis, and as a result record
analysis centered on daily discharge data for the fast 10 years.

Existing Gauging Stations and Data Collected

Station No.  Station name Date established  Data collected

2 1562/53 Taferiat 19622.9 1980.9 71993.8 1}
3 2089/53 Aghbalou 1969.4. 4 1931.9° 1994._8 2)
4 1565/53 Tahanaout 1962.3.8 1983.9°1993.8 3
5 510/62 Iguir N'kouris 1974.3.20 1984.9 "1994.8 n
6 1566/53 Imin £ Hamman 1966.7.14 1983.9°1992.8

Note: 1) 1986~1989 missing data
2y 1985~1987, 1959 missing data
3} 1987 missing daia

(2) Study of Hydrological Data

1} DBasin !lydrological Characteristics

Table 3.2-3 indicates the discharge coeflicients for each basin of the Study area.
These values express (he correlation between annual discharge and rainfall as
observed at the existing stations. Results of plotting of average discharge
coefficients by area and clevation indicate the generally expected trends that the
average discharge cocfiicient decreases as catchmenl area increases, and
conversely increases with greater elevation.

The specific discharges for the above existing stations, as well as discharge
coefTicients and specific discharges taken from other data sources (Bassin Versant
du Tensift Caracicristiques de PEcoulement) are shown in Table3.2.-4.

The results of the survey under this Study shows goed correlation with the data

taken from other sources. Specifically with regard to discharge coefficients for
Zat, Ourika and Amizmiz catchments, estimated values under the Study and those
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from other data show vary litlle variance. In the case of the Rheraya and N°fis
rivers, the estimated values under the Study are somewhat larger.

2)  Average Discharge

The daily discharge data were used to estimate mean monthly and yearly discharge
for the hydrelogical years of the gauging stations (Table 3.2-5).

The results show that mean daily discharge fluctuates throughout a year: From
November to Junc nmuch flow is observed but from July to October the flow is
reduced to mere trickles. Discharge in late fall and winter comes mainty from the
dircct runoft of rainfall. In late winter and spring, most of the discharge comes
from runofl of melting snow, resulting from rainfall and solar warmth. This trend
is obvious at Iguir N’kouris and Imin El Ilammaim in the basin of N’fis (Figure
3.2-8).

3)  Design Discharge

Daily discharge data of each hydrological year for the stations were sequenced in
ordinal magnitude to obtain the design discharge, Q,,,-Qs¢s-

The table below shows the design discharge Qg5 & Qy;, and unit area values (kny?).

Specific Discharge of Qm, Q.

nit: (m*[v. Lshm? )

Station Area Q185 Q275 Q83 Q275
(km?) Ratio (m3/s) (m3/s) (¥skm?) (Vs’km?)
Taferiat 51523 1.4 0.5 272 057
Aghbalou 503 ] 2.2 27 i4 5.37 2.8
Tahanaeut 226 | 1.0 1.1 0.7 4.59 3.11
Ign_irN’kouris 8§48 | 3.8 1.7 . 06 4.36 0.7 -
Imin El Hammam | 1236} 5.7 - 51 1.2 395 0.93 |

MNote: When taking catchment of Tahanaout a3 (, the catchrnent ratio of other catchment ranges from
22°5% '

The specific value of Q; and Q,y ranges from 5.37-2.72Us/km’ and 3.11-
0.7Vs/km’, respectively, indicating that discharge characteristics differ from basin
to basin. '
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Table 3.2-4 Specific Discharge ~ Existing Ganging Stations
Qued 7at Ourika Reraya NFis Amizaiz
Station Namg Taferiat Aghtalou Tahanaout | Iguir Imin El Sidi
B N Kouris | Hamam Hssain
Type Simplifice| Principale| Principale| Principale| Principale| Simplifiee
No. IRE 1562/53 2089/53 1565/53 510/62 16566/53 2131/53
Catchment (kin?) 515 - 503 2261 818 1236 115
Altitude m) 760 (070 925 1100 770
Datn of operation | oa/02/62 | 01/04/68 | 08/03/62 20/03/11 14/07/66 16/12/87
Mean runoff 1 1.37 h. 12 1.73 3. 80 181 0. 12
specific discharge (1/5/kn?) _ & 43 10. I8 7. 65 41, 48 492 3. 63
Data used in| From 1980 1981 1933 1885 1983 #2
this study To 1993 1991 1993 1994 1992 H2
Dala omitied  {19xx) #H1 86~8%, 91 | 85~87,89 | 87, 91 95 93, 91 "7

Nafe:

Water/hydrological year: September to August of following year
#l Data omitted in this study duc to missing data or interrupted observation
i2 Sidi llssain Station (Amezmiz, a tributary of N IFis) was omitted as no data

was available. '

These values were quoted from "TABLEAU DES STATIONS HYDROLOGIGUES”

Runoff ratio ard specific discharge of basins in the study area -

|—' Catchnent Aonual Annual Peficit Runoff | Specifie
area Runoff Rainfall ratio discharge
Oued (kn?) {mm) (mm) {mm) (%) (V/s/km2) | Remarks
() @ @ D=-3-@ | @-0/Q |©=-+1076/
{86 100%355)
Zat 525 260 511 281 18 82
Gurika 503 323 673 350 18 0.2
Reraya 225 241 609 365 10 77 ]
N Fis I, 686 102 518 477 i8 2.2
Amozmiz 115 186 516 360 3t 5 9
Note: Source of data unknown. The above values were quoied from

tables collected from Department of Hydrology, Public works.
"BASSIN VERSANT DU TENSIFT CARACYERISTIGUES DE B’ ECOULEMENTY
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Table 3.2-5

Mean Monthiy and Annual Discharge - Existing gatiging Stations

gnit-al’s
QUED ZAT/TAFLRIAL No. IRE 1562/53 (atchuent- 515182 Altitede =700
Year 1580 1581 1582 1983 §951 1585 1990 1991 1952 1993 Average |
Sept 0. 11 015 0.13 0.0 0.03 0.02 0.9 035 0.§2 0. 03 0.20
Get 2.33 0.1% 0. 414 2.93 0.03 0.03 0.3) 0. 90 015 | 121 ] 0.8
_Nov 392 0.7 0. 80 0.89 0.67 0.37_ | 6.2 0.33 0. 51 3.88 118
Dee | 131 [098 L 097 | 046 ] 083 | 066 {145 fioig fo72 {28 1.9
Jan 0.75 0 &3 0.21 0.22 0. 33 2. 42 0.33 | 1.05 1. 2 1.0 2. 08
fob | 295 |20 | 132 |eas |66 |33 [3or Qito lires [ 606 ) 322
Mar 4.89 1.67 1.1 0.95 3.03 617 12, 33 373 %81 16. 06 550
Apr 6. 30 2. 14 0.78 .01 | 3.140 3.03 10. 15 9.74 2.58 7.64 513
May 3.31 9. 09 0. 53 11. 36 7. 18 2. 58 3. k2 6. 08 1.65 i 84 5. 00
" len | ve3 |16 Jois e 102 |22 Jus |23 Josy ] po3 } R
Jul 0.39 | 0.37 0. 18 0. 0% 0.72 1.87 | 122 . 19 0.3 0.22 0.3
Aug LK 3. 10 Q.10 0. 01 Q.07 .59 0.16 057 0.03 018 0.73
Anrual | 7 427 2. 83 0.56 1. 57 2.67 2.06 2.%3 3.08 1.2) 1.23 2.36
QUED OLRIKAJAGHBALOY No. IRE 2089,/53 Catebsen1=593502 41t]tpde=], 070p
Year 1081 1982 1553 1533 1353 1960 1971 1592 1993 17321 Average
" Sopt 1 0.10 ] 0.3 [ 005 |01 [0 (9 (232 [ost [e19 1035 | 146
Oct 0.83 [ 1] .76 a1 2.21 2.16 2. 67 1.09 1.20 0.82 1.23
| Now 1.33 ¢ 49 2.51 0.99 813 Q.59 1.68 0.9 3. 63 1. 06 2.28
Pec 10.74 [ 0.5t |06 1175 | 267 | 242 {o7.51 j 131 [474 [o61 | 632
_1an 1.20 0. 44 9. 31 5. 86 2. 5% 0.73 5 07 1.55 5.61 .33 2.3
Fob 1 211 a. 69 0. 39 G 10 2. 5% 11.53 3.26 | 1.83 11. 43 1.53 4. 29
Mar 330 1.01 1.§2 5. 10 1. 90 75.59 | 29.60 10.2 J2. €% 3. 4% 16. 69
dpr 11.65 1. 18 2. 18 8. 52 7.53 (.81 70. 88 0, 88 23.50 16. 00 2047
Way_ [ 1560 | 1.67 | 530 (1258 | 562 |13.31 1€1.98 | 369 {4718 | 838 ] 14.55
Jun 2.93 0,26 0.85 3.32 317 2. 12.23 | 0. 80 3.12 1.65 3.10
Jul 0. 81 0.08 D12 1. 17 14. 05 1.§1 222 0 28 [1%:1} 0. 89 2. 21
Aug 0. 56 GG ¢ 03 0. 37 0. 58 2.53 5 18 0. 19 0.o0 | & 41 N )
Annual | 3.43 G. 69 1.27 3. 82 4.63 15. 27 19. 64 2. 74 9. 10 357 6.39
QLED RERAYA/TAHMNAOI No. IRE 1565733 Catchuen1=225ks? Atitede: 5250
Year 1983 1931 1985 1936 1588 15953 1970 159 15952 1993 Average
Sept | 015 1017 |01z |04y bos o7 | 108 63 Jo28 [epn | 03
et 0.31 0. 04 0. 71 0. 36 1.39 A1) 0.z 0.5 022 9. 07 697
Nov 0. 1% 0.21 0. 51 0. 89 419 2.22 0. 36 0.16 0. 76 i 20 . 11
Bec 0.43 0.30 0. 61 0.50 2.07 2.93 6. 9 1 41 0.32 | 6.% .33
Jan 1043 1 233 |oes |o7r | 132 |35 po3r ez 0645 {09 1.69
|__Feb Q.23 1. 49 [ 5.22 1.27 2.72 093 0. 30 6. 13 b. 80 149
Mar 0.31 1. 10 1.18 1. 88 2.1 5 61 6 02 1.02 1.32 6. 05 2.71
Apr 0.9 A7 1L 2. 40 5. 86 259 7.03 | 13.08 216 6. 51 49
Ray 3.16 7.43 2.2 2.36 6. 30 4. 65 3.42 11519 [ 231 5.43 5.%5
Jun 071 2 52 [ 0.79 4.76 24l 1.83 7.26 1.74 L14 2.11
Iul 0.26 9. §2 0.32 0.4 2.06 0.72 0.91 0.98 1.0 0.22 0.73
Ang 0. 09 0.1% 0.11 0.13 0.91 0.32 9. 41 0.76 0.22 0.33 0.33
Annuall 0.61 1. €6 0.77 1.28 2. 80 2. 86 1.9 3.69 040 2.C6 1. &6
QUED X' FIS/ICGUIR NKGLRIS No. IRE 510/62 Catchecnt=-£18ha2 Altitude=1, IWs
Year 198 1533 1986 1588 1989 1930 1991 1992 1533 19591 Avérage
Sept | 0.00 0.00 D. 14 0. 49 0.33 1.32 8. 16 0.24 0.12 9.12 0.2
et 9. 00 0.12 0. 00 4 57 10. 01 121 [ .32 6. 32 0. 61 2.38
Novx | 170 0.29 .25 146.83 | .11 0.72 0.86 0.63 9.33 Q.80 6. 87
Dec 2.25 0.51 0.38 9. 48 37. 56 1.33 4 45 2.23 4. 63 4.21 10. 11
Jan 5. 16 0. 85 3.64_) 5.9 22,65 095 1.52 169 2.8 Q.26 9. 14
Feb 7.78 0.53 1. 40 159 9.55 1.61 8. 49 3.56 313 1.20 4.79
Mar £.71 1.0 1.83 5.65 27.83 X5 14. 81 5 92 19. 72 9. 49 14. 01
A 1483 (38 |oex [19.37 |19.15 [9o21 g2 | 293 750 | 997 828
May 533 113 0.73 §. 80 8. 43 2. 58 9.08 1,30 2.B9 2.33 319
Jun 1. 41 O 30 0. 01 2. 10 3. 88 091 366 0.49 0. 68 0.38 | 539
Jul 0.08 0. 03 .60 1. 11 0.98 0. 15 0.92 0. 10 0.1 .14 0.10 ]
Aug 0.02 0.02 0.00 0.43 0. 33 0.42 0.62 0. 10 1.26 014 0.33 _|
Annval § 2. 83 31 .93 7.99 13.25 2.59 §. 01 1. 62 4. 14 218 4.53
QUED N FIS/IMiN EL HWMAN  No. IRE 1566/53 Catchasni=], 290ks? Atitede=370s
Year 1553 1981 1983 1556 1987 1988 1953 1950 1931 1532 Iverage
Sept G0 ] 000 6.901 0. 11 9.00 0. 52 0.73 1.88 0.19 Q.73 $.12
Oct 2.91 0.00 0.1¢ 0.72 .97 7.38 |32 87 .31 1.02 | JEX) 5.58
New 24. 18 4.16 .35 13 3163 1106.43 | 1058 0.74 1.07 1.€6 21.81
Dec 3.4% 3.23 0. 69 0.63 g 81 13.74 | 43.01 1. 48 62. 90 2. 30 17. 50
Jan 1.32 9. 10 1. 19 5.71 1. 57 6. 13 18. 41 i.32 8. 7B 2.60 5. 61
Feb 055 9. 58 1. 17 782 31, 61 6.91 8 37 229 17. 23 3.12 9 64
Mar 1.31 .02 1287 1.58 19363 |1h76 3595 J15.00 |31.66 | 1.63 21. 53
Apr 0.86 6. 69 1.65 0. 61 25.85 | 20.00 11607 J12.97 |29.18 | 2.72 11.96
May 2 10 920 1. 98 0.72 10.89 8.5 11. 83 4.91 12. 43 1. 86 6 41
Juvn 0. 22 1. 69 .50 1. 10 5.3 4. 62 8. 07 1. 88 6.2 0.93 2. 86
Jul 0. 02 0.22 0.06 0.01 1.37 1.46 2.1l 0. 67 2. 14 0.71 0. 04
Auvg 0,00 9.63 0.03 0.00 0.43 L. 00 .15 0.70 0.91 0. 11 0.3
Annwall 3. 15 4.2} 1. 47 393 21. 08 15.59 118.73 317 11.78 1.%3 8. 16
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3.2.4 Sunshinc Intensity in Mountain Region

The Study avea in 1aouz Province is located on the southeri side of the Haut Atlas
range at clevations ranging 500~2,300 m. Terrain comprises both mountain slope and
plain, Figure 3.2-9 indicates the daylight intensity distribution in Morocco. In the
case of the PV generating module, sunshine intensity is computed applying 1
K\W/m/h as the base sunshine volume, and multiplying this by the average number of
sunshine hours. As shown in the figure below, the Study arca exhibits an average
53-5.6 kWh/m¥day, placing its sunshinc intensily value within the 5.3~5.6
kWh/m?day range.
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Figure 3.2-9 Distribution of Daylight Inteusity in Morocco

In the case of adopting PV generation systems in the mountainous arcas of Haouz
region, there will be numerous instances where the subject villages are located in
valleys. Accordingly, sights where confirmed during field survey so as not fo be
subject to reduction of effective sunlight hours available duc to blockage of sunlight
by mountain mass.

On the other hand, it is anticipated that there will be some differentiation between
plain and mountain arcas in terms of frequency of cloud cover and rainfall. Although
it would be best to install sunshine meters in the targel mountain villages for precise
collection of data on sunshine hours, due to the constraints under the Study it was
instead decided to request a record of weather conditions to be taken at the time of
water level gauging at the discharge observation stations. This was utilized as a basis
of estimating the percentage rate for fair weather. Such weather observations were
performed twice each day (once in the morning and once in the afternoon). Results
are as follows.
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Month: | Oct Nov De¢c  Jan  Teb Mar  Apr May

Arg  Moring 81 87 42 32 83 74 413 87
Aflernoon| 65 67 3s 29 72 74 33 87

Tidst Morning | 81 8 S8 61 76 87 8§37 17
Afternoon | §1 &0 45 32 72 52 27 53

Although precise evaluation is difficult to a lack of comparative data for plain region,
it is assumed that fair weather rate is poor for December, January and April.

Sunshine hour ratio in Marrakech for each month compared to the month of
maxinunm sunshine hours (July) is shown in the following table.

Month - Oct Nov Dec Jan Feb Mar Apr May Jun " Jul Aug ‘~}cp

Ratic 72 64 62 64 67 72 76 84 95 100 94 82

Comparing with the above table, it is concluded that there is potential for insufficient
sunshine volume in mountain areas in December, January and April. Nevertheless, it
must be borne in mind that the observation data for the said mountain area represents
one time only, and therefore is lacking in preciseness. Under the subject Master Plan,
capacity of PV generating modules for systems in mountain villages which meet the
criteria below is 1o be 1.5 times that of systems largeted at plain region in order to
achieve design power supply.

(D Villages located at elevations over 1,500 m
@ Villages where rainfall is in excess of 600 mm per year

Table 3.2-6 indicates the 17 villages which mcet the above criteria.
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Table 3.2-6 Villages Concluded to Expeticnice Low Sunshine Intensily

No. Dovar Map| Adfi- tede Power || No. Davar Map| Alti-tude Power
- : No. m '] source : : No. m * 1 ¥ fsource
{0 [Tizi Oussem U] ran)e | ¢ PV 61 |Agueaze 2 820
@ 1d Aissa u 740 | ¥ PV &2 [[fw Baragha k) 850
(3] [Tassa Quirgane ? 1.19% * Py 63 JAgadir Baragha 3 1,074
) [tgeem ? 17504 s | * v 65 [Adar Baragha 3 1,610 a
6] Atz Oumzi 3 1440 * H &6 |Tadchent 3 1,100
7| [1d Ssier 7 1630 * i 61 |Tamsoult E 960 |
(3] [Azhetla 3 2050 (¢ | * PV 6% JDar Jama1 At Al 3 %7
) [lkiss 4 100 | * PV 69 |Apadir Ait Brahim 3 930 B
10] |Amszakron i1 1850 | * H 73 {touraghan 3 930
15| |Ar2 11 13301 | * H 71 {tmiki 2 830
{3} [Tirerhouhrine 11 2000 | * PV I 72 [IntAitAlla 2 940
13| H{E1 Bour 11 1,400 * D 73 |Boukhelf 3 930
13]2]Iroskar 11 1.380 * G ] 74 |Addar AiLAN 3 1,030
13] lkiss It 1850 )¢ * H i 76 |Ait Bowrd 3 1,044
(N |Tachzddirt 1t 2180 1 ¥ Py 77 |Ait MBarek 3 1,060 1 |
18] |Sgqour 14 .20 73 |Agadit At Bourd 3 1,190
19] |Annagdour 4 LI50 79 [Afells Quassif 3 LI
€] |Tematerte 14 BEOD | s | % Py 81 |Afella fghil 7 1,033 ]
21} [Anni | 13 pso e {*] H 83 1|Anfeg 7 1,020 o
23} |Timichi 11 2000 | s | ¥ H 83 2|Aguersonak 7 970
23| |Agouns il 2500 )]s 1 D 8¢ JAitBouzid 7 950
24] [Ovuizd Mansour 6 630 85 1]0umast i 240
25| H{Oulad Labjar 3 700 — I 85 2]Ait Zitoun 7 1,600 }
25]2]Cumnas 6 700 86 |Tapadin 7 1,150
26| 1] Avwin Mazouz 5 560 87 1{Z20unt 7 §.160
26]2{Bouchiha Bon Om 5 300 ] 87 2| l2alaghan 7 1,020
2] [Det Ei Ain 6 580 83 |Tigouder 7 1,280
30| |Bel Abbas 10 [ 83 |Amerzi 7 1,180
321 {Decb Chem's 10 P 30 |Agoual 7 1.100
B 33| [Sour Tedeara 10 510 9 |Chashat Tarik 6 330
E 34| |Tiat Tedrara | 16 970 | 92 [1gnitSdidene 7 960
35| |Imin Tala 3 1.480 93 |Tizi 7 930
36| |Addouz k] 1,450 94 [Aghbalou ? 850 _
37| |Ain Ghad 3} 1.450 95 Al Hsain ? 1,080
33{ |Inzaine 3 1,420 95 [Al Boutker 7 1,160 ]
39] [Emi Nisly k] 1,350 97 |Tzzatourt 7 1,65
40| |Dou Anamer B 1,320 98 [Tamsoulte 7 1,050
4] |igoundem 3 1,350 99 |Tizgui 7 1,220
42| YToug Liheif 3 1,200 100 [Aii Tirghit 7 1,482
43} |Ak Ouzkri -1 1,600 101 |Tachbibt Kabli |6 850
44| [AitHmaa 7 1,400 102 [Tachbibt Echatoui 6 85D ]
45| fltzgui 3 1.180 103 JAsgouns 6 420
461 |Adardour 3 1,800 | » R 104 JAit Aamara Lousd 3 750
43| |Lemdinat 3 1840 | o | * D 185 Hgouder & £33
48] |Tairt 3 1,750 | » D 106 [lakaama 3 930
€ |Anemmi 3 1,70 | » PV 107 JAit Aamar El Bous 6 850
50] JAnsmrou 3 1,780 |« | ¥ D 109 [Chouirige 6 120
G}| [Talat Ait Ihia 3 1760 | o | * PV 112 [Lamhamid & 8§70
52| |Toulkine 3 1,716 ] « D 113 ||Tarast 17 1,210
@] |Adghouss 3 1,770 | PV 113 2]|Assika 171 - L2
St {Douzcow 3 18201 » D JI 114 JAbadon 15 AL L
551 |AitOuimane k] 1,450 - W s [Queiz o 16 1550] o | % G
§ &) |Tagadint 3 1610 | PV 116 [TabantIghi 16 tso0]s [ G
2 &) trifia (3 1,580 | « WV |ldD [Asa i 1330 [*] PV
(3 [Anfriounz ] 1,720 | « PV 118 |Tidsi 16 1,750 « § * H
53] [Ait Smil H 1.040 113 |Ait Atmane 16 1550f | * D
60) [Tilatine ] 810 3D [Ezzacuite 14 169000 | x| PV
1O villages with Jow daylight intersity 1) Elecuitication method
2)e; villages located at elevations over 1500m PV Photovoltaie generation
337 villages where eainfalt exceeds 600m per yeas H  Micco-hydropoter gencration

D Dicsel generation
G Trassmission ling extension
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3.3 Basc Data Study for Project Formulation

3.3.1  Villager Aspirations regarding Elcetrification, and Affordability to Pay
Electricity Tariffs

Villager aspirations regarding electrification, and affordability to pay eleetricity fees
as identificd through questionnaire survey are as follows: :

@ 98% of villagers desire electrification to power lighting, radio and
television appliances. Those desiring electrification solely for lighting, or
solely for television and radio use comprise only 2%.

@ 21% of villagers also desire clectrification for other elecirical appiiances
such as refrigerator, etc.

@ Village chiefs and average villagers indicate an average capacity for initial
investment of DH 1,990 and DH 1,050, respectively.

@ Village chiels and average villagers indicate an average affordability for
monthly electricity fees of around DH 140 and DIT 70, respectively.

® Amnual village household income is over DH 29,000, of which DH 15,000
is saved.

Under PERG projects, beneliciaries pay 25% of investment. Where this is paid on an
installment basis, the amount is DH 40 per month over a 7 year period; when paid in a
single lump swn the amount is DH 2,252, (In the case of a 50 W PV kit, cost is DH
9,000, 25% of which is DH 2,250.)

3.3.2  Possibility of Electrification by Extension of Existing Transmission Lines

Table 3.3-1 indicates the distance from existing 22 kV transmission line to target
villages. Villages marked “A” are focated at 5 km or more fiom existing lines; while
those marked “B” are either located at over 10 km distance, or power line routes
would be over very rugged terrain. In both cases “A” and “B”, electrification by
cither PV generation or micro-hydropower would be advantageous compared 1o
extension of the existing transmission line. A preliminary study was carried out to
determine the appropriate method of electrification for each village.
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Table 3.3-1

Distance between Villages and Existing Transmission Line (1/2)

N Douar Households PGP ula- Dlstam.e ffom Line voli Remarks
0. Lion Wh‘fagrspjls_s_lgp__ o
Name (km) (kV) a
I |Tizi Qussem TTTTTTERT 4aa| B TM05[ 221via[2). through the mountain
2 |id Aissa . # ol B 85 22 i 7 B
3 |TassaOuitgane 55 315 AL so| 2 T T
4 [lgem 1 27 0| B | T T - )
6 [AllaQumwed | 40| 280 3.0 2| e
7 |ldSsior  } 661 5004 A | 60| 2| L )
8 |Aghella 1 64l 394] B E e
9 fkiss | 68| 3891'B | T o B A
10 |Amsakeos EEE Y 2 22via {11 2.5km from [11}
1 lArg 11020 A TUsel TRy T
12 |Tinethouhrine o 30| 250 B | 10d] “22|via [15]. 1.3km from [15]
13 1|El Bour 65 siI0| 20| 23 o
13 2|tmskar O 40] 280 200 072 T T T
15 [lkiss 65 S00| A 83 2 wa[l()} 1.3km from f10] i
17 (Tacheddit 60| 360} B_|_ 138 22fvia[i2). 3.8kmfrom[12] o
18 [Sgour s o360 | as| 2 ) T
19 |Amagdour 22 150 A ss|22 ) - o
20 {Tamaterte 40| 240) A T Us0] 2 oot T
21 Anfli  63] 3184 A4 80 . n !’1,*,[20] 3.0km from [20] _ ]
22 |Timichi | T 60) 30| B | 86 22{via[23). 26km from [23]
23 Ag_ont ) ﬁ ) los| 630 j}:_ T 60 o 22 through lhe mounlém o
24 ]Oula_d Mansour 70 500 A _71:2 | 6 B _d T
25 1,0ulad Lahjar B 100 600 - 03] 2 o o
25 2|Qumnas 150 800y . 1.0 60 L i -
26 1iAwin Mazouz B 671 A BT 63 2 - i )
26 2|Bouchiha Bon Omar | 66| 400 | 45 2 T
27 |DelElAIn | o _e00| 1 03] 6 T -
30 [Bel Abbas @ oo 40 2 T T
32 |Derb Chem's 60 369| | 23 22 T
33 |Sour Tedrara el 6771 20 22} T
34 |TlatTedrara - 80| 490 o] T 22| ) TooTTTmTmTmee
35 HminTala | 70| 460 B T T latong the he Anougal River -
36 |Addouz 50 30| B | Tl “lalong the Aeruga'l River B
37 |Ain Ghad 43 206 | B - |along the Anougal River o
38 |Inzaine | 70| 420 B | |along the Anougal River
39 {Imi Nisly 86 4501 A 9.0 afong the Anougal River o
40 !Dou Anamer ] 35 220 A 9.0, along the Anougalngr! -
41 lgoundem i JRE 0| A ] 80 __ jalong ﬁlf_ﬁlno_ugal River
42 |Toug Lkheif TTTTTTEN [ 250 | AT 7.0 ;alonglhe Anougal River :
43 |Ait Ouzkri 40 | 250 45| |along the Anougal River T
44 |AitHmad 0 300 AT 6.0 o Valgog_g_ﬂng_}\nougal River
45 Tizgui 3 6ot 250 A 55 "|along the Anougal River T T
46 lAdardour 160 —@mﬁ B | o iL ~ |slong the Anougal River '
47 {Lemdinat 160 085 A 6.5 22ivia {Sl] lOkm_f[El_?[Skl]i o
48 ftoin | 2301 1416 "7 48| 22lin the case via [49]. 1.5km from [49]
49 |Anermi oo s40! | 40! 2y
50 [Ansmrou 7' 160 985i A __EO 22 vaa [Sl} 2.5km. from [Sl]
51 jTalat Ait lhia [T 210 A 55) 22 -
52 iToulkine ol 1460 | 30 0 22]
53 |Adghouss T s o0 | A 60| 22)via {527]77;'-701\!]1_ from B2
54 |Douzrou ST 500 A | 85| 22[viafs?) s Skm from [52] S
55 [Ait Oulmane T iso| 600 B 06| 22valsdl tdkmfrom[S4] - -
56 |Tagadint o “so| w0 |'®w { | Lo
57 |Tifint T w10 B | L -
38 |Anfriouns TTeol 1201 A | §6] 22lvia  [52]. 5.0km from om [52)
59 [A{tSmil so] 400 | 40 22ivia [63], 1.0km from [63] T
60 {Tifratine g0 600 | AT| T 73T 32ivia[62] 2.0km from [62]
61 |Aguenze T 200 TA Vs 2y
62 |ifit Baragha 3s| 250] A | 5.5 22 T




Table 3.3-1 Distance between Villages and Existing Transmission Line (2/2)
Pouar Households PO!}UIE' Distance from Line voll Remarks
No. tion | (ransmission |
Name {m} | (kV)

63 {Agadir Baragha _40¢ 300, | 34 22

65 |Adar Baragha 1| 60 A 355 2 v@_[ﬁ_@l_ij!gp from 66]

66 |Tadchert 300 30 40| TR (63) 1 Okm from [63) T
67 |Tamsoull oS3 | 35 22|via(63). 0.5km from [63)

68 |Dar Jamaa Ait Ali 60| 2| A | 65 T -

69 |Agadir Ait Brahim 28| 120 A | 70| 22ivia[68). 0.5km from (68

70  jlouraghan 18 30| AL 70| 22via[68). 0.5kmfrom [68]

71 |imiki 50] 5004 A4 80l 2

72 it Ait Alla 2] 200 A 95| 2| - - -
73 {Boukhelf _#5| 4351 A 90]  22lviaj74]. 1.5km from [74]

74 [Addar Ait Ali 2] 150 A 25 2 via [70]). 0.5km from [70]

76 [Ait Bourd 100 700 B [ 1008]  22)via (69]. 3.0km from {69]

77 [AitMBarck 30 0| A 95 22via[69]. 2.5km from (69]

78 Agadir Ait Bourd 60 400 B | 11.0] 22lvia[76]. 1.0km from [76) i
79 |Afelta Quassif 28101 B |07 22via[76).0.7km from [76) -
St |Afllalghil 1wl | 1.0 22ivia [80}. 1.0km from [80)
83 i|Anfeg 151 95 k2l 22ivia [80]. 1.2km from {80]

83 2]Aguersouak 2 ooy - T 18[ 22yvia [80]. 1.0km from {80] )
84 |Ait Bouzid o | 73| |32 22{via[80].3.2km from (80}

85 1{Oumast 3% s | 1.8] _ 22{via(80]. 1.8kmfrem[80) ~
85 2|Ait Zitoun T [T HS] T 22 via 80), 1Sk from (80) ’
86 |Tagadint sy wry A 7| 220via[94). 25km from [94)
87 1{Zaouit s 60| S300 22{via[90] 1.0km frem (90}
87 2| lzalaghan e 33 22via[90). 1.2km from [90]

88 ITigovder 3o | a0l 22)via [90]. 2.8km from [90]

89 lAmei T 36T T TTUI6E T 52 via 90]. 2.6km from [99] N
%0 jAgouni 30 mz| Tl TR 80). 2 6km from S0 T

91 [Chaabat Tarik 53| 2541 A | 831 2via[92). 1.8km from [92)

92 )ighil Sdidene 14, s 350 2via[80). 3.Skmfrom [80)

93 |Tizi S9| 28| 1 30| 22viaf{80). 30kmfrom[80]
91 [Aghbalou 9| dn2 46 _22via[80). 4.6km from {80]
95 |AitHsain 13 75 | 34 2%via[98).0.5km from [98]

96  [Ait Boubker 4] 80| | 3.9  22via[95).05kmirom [95]

97 |Tazatourt CUUUn 2 43 23(via[98). 1.8km from [93] 3
98 [Tamsoulte 3|30 b 290 T32lvia(83-2) L.9km frem [833) T T T
99 |Tizgui Lo Sof 360y T f  30i  22[viaf83-1] £.9km from [83-1]
100 |Ait Tirghit ] 50 600 490 22lvia{99).1.8km from[99]
101 |TachbibiKabli ~ | 30 2200 3.0 _22jvia[102]. 0.5km from (102]
102 |Tachbibt Echatoui ooy 2 2via[107] -

103 lAsgoune 300 270 | 35| 22|inthe case via [102).2.0km from{102)
104 |Ait Aamara Loued 80 420 |45 22inthe case via [103).2.5kn from{103]
105 jlgouder 120 680 | o3| 22| o

106 |Lakaarna 0| 85| 18] 22|near from[111]. 0.4km from [111]
107 iAit Aamar El Bour ) 402 o4l 2| T

109 \Chouirige 120 800 LI
112 iLamhamid ~ 30| 1s0 ] 7 -
N3 {|Tarast 45| a7 B} 170 - )
113 2iAssaka 45| 37| By 2000 0 22 T
114 r,‘\_l_)ﬁdou" T T 77171707' 800 B "6-(_) _ n along theroad
115 rQlll’lZ ' 7 o N _'__?_2_ 280 02 R 2 fror;l th},_ﬁﬁ_g_dlr{g_lmé_ o
116 pabwnttahn 870,967 | AL 80 22 e
117 'Ansa 591 0| B |y o
118 | Tidsi 400 36| B | 500 22 T

119 Ait Atmane _los| 900 | B | 80|  22throughthe mountain
120 Ezzaouite 16 12t A 8.0 22 throdéﬁiﬁé_ﬁlouﬁtiiﬁ T
Total | 114 72102} 45556] |

(Notes A:more than 5.0km
B: more than 16.0km or steep route
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3.3.3  Village Houschold Number, Population and Residential Area

Table 3.3-2 indicates village houschold number and population for the years 1996 and
2010, as well as the present dimensions cast~west and north-south for area occupicd
by homes. Household number and population for the year 2010 provide the basis for

the power forecast for the design target year (2010).
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Table 3.3-2

Nos. of Houselolds and Residential Area Size of Vitlages (172}

Adininistrative Location Douar Village in 1996 § Village in 2010 |Residensial Area in 1996 (identfied by)
, . RHouse Popula-| Howse Poputa-| Frag- E-W N-§
Cerele Commue R. | No. Name hotds  tion | hotds t?on ments  (m) (o) Map/ Survey
Asni Quirgane I Tizi Qussem 72 444 86 537 l 200 150 #*
2 Id Aissa 44 180 52 218 ] 250 20| «
3 Tassa Ouirgane 55 375 68 454 1 800 500 *
imgdal 1 lgrem 27 130 32 157 1 500 150 *
Talat N'Yacoub & AllaOumuri 40 280 48 339 1 150 150 *
ljoukak 7 1d Ssier &6 500 78 603 1 500 300 *
lghit 8 Aghella &4 394 % 4M H €00 250 ¥
Aghbar 9 Ikiss £3 389 81 471 1 1,000 900 *
Asni 10 Amsakron 55 420 65 508 1 300 200 *
1t Arg s 1,020 89 1,234 4 400 1,000 *
12 Tinerhoubrine 3 250 s 30 ] 150 150 *
13 | FI Bour 65 510 77 617 1 300 100 *
13 2 Imskar 40 280 48 3319 1 200 Iso)] *
15 Ikiss 65 500 77 605 i 250 250 ¥
17 Tacheddin 60 360 71 416 I 230 250 *
Tahanaout  [Ourika 18 Sqour 43 360 53 436 1 120 300 ¥
19 Amagdour 22 150 26 18} 1 900 900 *
20 Tamatede 40 20 43 290 I 200 i50] =*
Seirifadma 21 Anfi 63 378 75 457 I 150 300 *
22 Timichi 60 310 7 418 i 604 400 *
Oukaimeden 23 Agouns 105 630 125 762 i 500 500 ¥
Tamesloht 21 Oulad Mansour 70 500 83 603 i 300 560 *
25 1 Qufad Lahjar 100 600 119 726 } 700 450F *
35 2 Qumnas 150 800 178 968 1 600 360 *
26 1 Awin Mazouz 67 420 80 508 3 300 600 *
26 2 Bouchiha Ben Omar 66 400 3 484 1 800 350 #
27 DelEl Aln 110 500 131 126 1 700 g | *
30 Bel Abbas 140 900 166 1,089 3 1,000 1,000 ¥
32 Derb Cheni's 60 369 n 446 i 360 400 ¥
33 Scur Tedrara 110 677 131 819 1 600 o) #
34 lat Tedrara 80 490 95 593 1 8§00 400] *
Amizmiz Anougal 3%  Imin Tala 70 460 23 8§57 1 500 k11 1) *
36 Addouz 50 309 59 363 1 400 100 #*
37 Ain Ghad 43 206 51 249 1 100 200 =*
38 Inzaine 70 420 83 508 | 230 100 *
39 ImiNisly 86 450 102 sy 1 500 400 ] *
40 Dow Anamer 35 220 42 268 1 200 200 *
41 fgoundem 13 100 15 121 1 400 1,600 *
42 Toug Lkhaif 40 250 48 302 1 200 200 *
43 AitQuzknt 40 250 458 2 | 250 150 ®
41 Aitilmad 50 300 9 36 1 500 00| =
45 Tizgui &0 250 n 302 1 800 1,000| #*
46 Adardour 160 700 199 847 4 600 2,700 ¥
Azgour 47  Lemdinat 160 085 190 1,192 1 SO0 400 *
4% Tnirt 30 1,418 2713 L7713 1 800 50] *
49 Anermi 90 540 167 653 I 560 500 *
50 Ansmrou 160 G985 199 1,i92 i 450 300 &
51 Talat AitIhia 70 210 83 254 I 500 4501 =
52 Toulkine 150 1,400 226 1,694 ] 600 350 *
§3  Adghouss 50 200 59 242 ] 150 150 *
$4  Dovzrou 220 1,500 61 1,815 1 350 00| ¥
55 Ait Qutmane 150 600 178 726 1 L7 Liop| *
56  Tagadirt 50 140 59 169 { 150 150] #*
57 Tifia %0 150 107 181 i 600 400 #*
58 Anfrioune 60 120 H 145 1 300 450 *
Dar Jamaa 59 At Smil 150 1,400 178 1,694 i 700 700 ¥
60 Tifratine 80 600 95 126 13000 2000 *
6t Aguenze 20 200 24 242 1 300 230 *
62  Ifit Baragha 35 250 42 302 1 L1300 L1150 *
63 Agadir Baragha 40 300 48 363 i 400 800 *
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Table 3.3-2

Nos. of Househalds and Residential Area Size of Villages (2/2)

Administrative Location Douar Valtage in 1996 Village in 2010 [Resideasial Arca in 1596 (identlied by)
. . House Popula-| Hlouse Popula-| Frag- E-W N-8 o
Cerele Coemmue R. | Ne. Name holds  tion | hotds  tfion | ments  (m) (m) Map/ Survey
Administrative Location Douar Viltage in 1996 | Village in 2010 |Residensial Areain 1995 (identtizd by)
\ ! House Popula-|llouse Popula-] Frag- E-W N-S .
Cerele Commut R. No. Name bolds  tion | bolds  fion | ments  (m) (m) Map/ Suivey
65 Adar Baragha 1 60 13 3 ] 500 250 *
66 vadchert 30 200 I 2 1 600 400 ®
67  Tamsoult 5 37 6 15 1 500 500 *
68  Dar Jamaa Ait Al 60 0 71 266 ] 400 300 *
§9  Apadir Ait Brahim 28 120 33 143 ] 5060 300 *
70 fouraghan 18 &0 21 97 i 300 200 L
1 Imiki 50 500 59 605 ] 160 o0 *
72 HitAitAlla 22 200 6 2 I 1,000 500 *
73 Boulkhell B3 425 101 SH I 1,000 500 *
74 Addar Ait Ali 22 150 26 181 ] 100 300 *
76 AitBourd 100 700 19 847 1 1,000 400 *
77 AitMBark 30 120 36 145 1 300 200 x
78  Agadir Ait Bourd 60 440 Ti 484 1 500 360 ®
79 Afella Ouassif 25 120 36 145 1 700 400 *
Ameghrass 81 Afellalghil 1 i 12 &5 1 150 150 3
83 1 Anfeg 15 93 18 115 1 150 200 *
83 2 Aguersouak 20 160 24 121 1 200 100 *
84  Ait Beuzid 119 733 141 337 1 260 250 ¥
85 { Oumast 33 180 42 218 { 250 200 *
85 2 Ait Zitoun 33 180 42 218 1 00 200 *
86 Tagadict 28 137 33 166 1 200 200 *
87 | Zaouit 9 &0 11 3 1 200 200 ¥
$7 2 lzalaghan 12 62 14 73 i 250 200 *
88  Tigouder 24 130 29 157 H 200 200 *
89 Amczi 16 181 43 219 1 500 200 *
90 Agooni 10 172 36 203 1 100 300 *
91 Chaabat Tari% 53 254 63 307 1 250 300 *
92  Ighil Sdidene 14 54 17 65 1 300 500 *
93 Tid 39 284 i E L { 500 500 *
91 Aghbalou K 472 107 511 1 400 500 *
95 AitMsain 13 75 ] 21 1 200 200 *
96 Ait Boubker 14 80 17 97 1 300 600 *
97 Taratourt 33 152 39 184 i 200 300 *
93  Tamsoultz i3 320 39 187 i 200 200 ¥
99  Tizgui 50 360 59 436 i 300 250 *
100 At Tirghit 50 600 59 16 1 400 600 *
Sidi Badhaj 101 Tachbibt Kabli 30 21 36 266 1 500 1,000 *
102 Tachbibt Echatoui 10 150 36 181 i 500 1,500 *
103 Asgoune 30 270 36 327 1 1,000 100 *
104 Ait Aamara Loved 80 420 95 508 3 5,000 600 *
105  lgouder 120 680 43 823 1 10600 500 *
106 Lakaaina 30 183 36 224 { 300 1,300 b
107 Ait Aamar El Bour 70 492 13 595 1 K000 2,000 *
109 Chouirige 120 800 143 958 2 200 600 *
112 Lamhamid 30 159 36 131 3 600 $00 #
At Qurir Ait Aadel 113 | Tarast 45 417 53 508 i 800 500 *
113 2 Assaka 45 387 53 468 i 700 500 *
Abadour 114 Abadou 10 §00 131 968 i 3000 1,000 *
Zerklen 115 Quriz n 280 26 339 ! 300 160 *
I16  TabantIghi 287 1,767 341 2138 18 6,500 3,600 ¥
Tighdouine 117 Ansa 59 300 70 363 1 300 800 *
118 Tidsi 40 316 43 382 I 300 800 *
L9  Ait Atmane 104 200 124 1,089 I 500 200 *
120 Ezzacuite 16 121 19 146 1 200 400 * |
Totat 114 7,212 45536 | 8,640 355116 51 57
{Notes } ¥ 1louschoids in 2010 are estimated with an annual growth rates of 1.24% based en those in 1996,

2) Population in 2010 ate estimated with zn annual growth rates of 1.37% based on those in 1996.
3) Fragments are number of pieces of fragmentation of tesidential arca.
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3.3.4  Nos. of Facilitics to Utilize Power By Category

(1) Schools to be Electrified

Table 3.3-3 indicates the present status {as of 1996} of the target villages with regard
to schools. Power demand forecast for schools was based on assumptions of (i) that

the number would not increase in the future, and (i) the number of light fixtures per
school.

(2) Public and Commercial Facilities to be Electrified

‘Table 3.3-4 indicates the present status (as of 1996) of the target villages with regard
to public and commercial facilities.

(3) Present Status of Flour Milling and Pottery Industries
Table 3.3-5 indicates the present status (as of 1996) of the target viliages with regard

to public and commercial facilities. Power demand for these industries was outside
the Study scope (details in section 5.4).
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Table 3.3-3 Schools Targeted for Electrification (1/2)

Prediction in 2000 &
Adminisirative Location Dowars Situationin 1996 | 2010
Cerele Commue R. No, Name Schools Ctasses  Students Sl;::;‘; Schoals
Acni Ouirgane 1 Tizi Oussem 3 3 &5 170 3
2 Id Aissa 2 2 42 81 2
3  TassaQOuirgane ] i 20 40 !
Imgdal 4 lgrem 2 3 93 190 2
Talat N'Yacoub 6  AliaQumzri 0 0 1] 0 0
ljoukak 7 [Id Ssiar I 3 70 140 1
Ighil 8  Aghelia i 2 50 160 i
Aghbar 9 Ikiss I i 10 L1 i
Asni 10 Amsakcou 2 ) 34 188 2
o Ag I 2 46 92 1
12 Tinerhouhrine i 1 33 70 1
13 {1 El Bour 2 3 &0 120 2
13 2 Imskar I i 10 20 1
15  Ixiss 2 4 35 70 2
17 Tacheddint 2 2 40 R0 2
Tahanaout  Ourika - 18 Sqowr 1 2 35 70 i
19 Amagdour 0 0 0 ¢ 0
20 Tamaterte 2 2 40 80 2
Settifadma 21 Anfli 2 3 15 10 2
22 Timichi 2 4 68 136 2
Qukaimeden 2} Agouns 2 2 55 1331] 2
Tamesfcht 24 Qulad Mansour 2 2 10 by 2
25 1 Oulad Lahjar 1 4 100 200 {
25 2 Qumnas 1 3 300 €00 |
26 1 Awin Mazouz | 1 20 40 1
26 2 Bouchiha Bon O 1 3 120 240 l
27 IxiEiAie 1 8 200 400 ;
30 Bel Abbas i 4 160 axg i
32 Dearb Chem's 1 3} 80 160 i
33 Sour Tedrara 2 2 160 a0 2
;‘g 34 Tiat Tedrara 2 2 30 60 2
= Amizmiz Anougal 35 IminTala 0 0 0 o o
36  Addouz 2 2 32 61 2
37  AinGhad 1 3 130 260 i
38 Inzaine i 2 80 160 ]
3% ImiNisly 0 ¢ 0 ¢ ¢
40  Dou Anamer i 1 13 30 i
41 Igoundem 0 0 0 0 0
42  Toug Lkheif 2 2 40 80 2
43 AitQuzkri i 1 20 19 ]
44 Ait Hmad 1 1 390 60 1
45 Tizgui 1 1 3l 62 1
46  Adardowr 6 & 105 210 G
Azgour 47 Lemdinat 2 3 60 120 2
48  Tain 1 6 120 240 1
49 Anermi ] 2 120 240 i
50 Ansmiou i b4 50 100 1
31 Talat Aitlhla 0 0 0 0 0
32 Toulkine ] 4 70 140G 1
53 Adghouss 2 2 49 93 2
54 Deouzrou ] 2 40 §0 1
§5  AitOutmane 1 | 68 136 |
56 Tagadirt 0 0 0 0 0
g - 57  Tifin 2 3 42 81 2
§.- 5§58 Anfriouns 1 1 30 60 |
Dar Jamaa 59 AitSmit 2 6 15 1350 2
60 Tifratine 1 2 50 HED] |
61 Aguenze 1 i 5 30 |
62 16t Baragha 0 0 0 0 0
63  Agadir Baragha | 2 35 H 1
65 AdarBaragha 0 0 0 0 0
66 Tadched 0 0 0 i} 0
67 Tamsoult 0 0 0 0 0
63 DarjJamaa Ait Ali 1 7 130 260 1
69  Agadir Ait Brahi 0 0 0 0 0
70 lowraghan 0 0 0 0 0
71 Imiki ) 0 0 ¢ 0
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Table 3.3-3 Schools Targeted for Electrification  (2/2)

Prediction in 2000 &
Administrative Location Douars Situation in 1996 2010
Cerele Commue R. No. Na me Schools Classes  Studeals S;:::!: Schools
72 I AL Alla 0 0 0 ¢ 0
73 Boukhelf -1 2 60 120 !
71 Addar AL Al 1 i 15 30 I
76 Ait Bourd 1 4 40 80 ]
77 At M Barek 0 a 0 0 0
78 Agadir Ait Bourd 0 0 (] 0 0
72 Afella Ovassif ¢ 0 0 0 0
Amgghrass &1 Afellalghil ¢ 0 0 0 0
£3 1 Anfeg 0 0 (] 0 0
83 2 Agucrsouak | 3 25 50 1
84 ARt Bouzid 1 2 S0 100 ¥
£5 1 Oumast 1 i 33 70 I
85 2 At Zitoun 0 0 0 0 0
§6  Tagadirt ¢ 0 ] ¢ (1]
87 1 Zaouit 1] 0 0 G 0
8% 2 lralaghan ¢ 0 (1] ¢ 1]
88 Tigouder 2 6 137 2M 2
£9  Amezi 1 4 120 240 1
90  Agouni 1 3 5 30 1
91  Chaabat Tanik i 1 30 60 |
92 Jehil Sdidene (1 0 0 0 0
93 Tizi 1 1 25 50 i
9%  Aghbalon 2 4 &0 120 2z
95  Ail Hsain 0 0 1] 0 0
96 At Boubker I 1 3R 76 1
97  Tazatourt 0 0 0 1] ¢
9% Tamsoulie i | 38 76 1
93  Tizgui i | 3s 70 1
100 Ait Tirghit i 2 82 104 i
Sidi Badhaj 101 Tachbibt Kabli 0 0 0] 0 0
102  Tachbibl Echatou I 3 70 140 1 ]
103 Asgoune 0 0 0 0 0 ‘5%,
104 At Aamara Loue 1 6 120 240 1 &
165 ITgowder 2 3 70 140 2
136 Lakaarna 0 0 4] 0 4]
107 Ast Aamar Ei Bou | 7 200 400 1
109 Chouirige 1 2 30 &9 1
112 Lamhamid 0 0 1 G 0
Ait Qurir Al Aadel 113 | Tarast 1 3 30 106G 1
113 2 Assaka 0 0 0 ¢ 0
Abadour 114 Abadou 2 7 170 340 2
Zeikien 113 Quriz 1 2 60 12¢ i
186 Tabantlghi 2 3 214 428 2
Tighdouine 117 Asnsa | 2 70 149 t
118 Tidsi 0 [ 0 ¢ 0
119 At Atmape I 6 150 - 3560 1
12}  Ezzaouite i 1 30 60 |
Total or Average 114 P2 228 5,51 11,082 112
Max. &6 g 300 600 6
Min. 0 0 0 0 0
S.D. 0.9 2 55 110 09
{ Notes ) 1) Schools are composed of Keranic and Primary Schoals,

2) Space is estimated with 2m? for one student.
3) Numibers of schools in 2010 s predictad not increasse after 1996
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Table 3.3-4 Public Facilities and Industries Targeted for Electrification (1/2)

Administrative Location Dovar Mosques | Public Hlalls | Cooperatives] First Aid ] Warchouse Stores Butchers
Cerele  CommueR, | Noo Nime Naos, Sp::e Nos. Spalu Nos. Spa:‘e Nos. Spa:e Nos. SN,W Nos. Sp::e Nes. Spa;e
(m’y (m) {m]) {m’} {m) (m) (m’)
Asni Owirgane ] Tizi Oussem 1 400] © [ ] D 9 4 (] o 4 % 0 G
2 M Absa 1 2501 0O o 4] 0 0 [+ 0 0 4 & 2 6
3 Tassa Quirgane | 29401 © 0 0 [ i} ¢ 0 [ 2 3 0 0
Iingdal 4 lgem 1 1] ] 0 0 1] ¢ 0 <] [ 2 10 0 0
Talat N'Yacoub 6  Allz Oummni 1 Het S (] 0 [+ 1] 0 1) G b4 40 0 [
foukak 7 14 Ssfor t joo] © 0 0 0 o 0 0 4 3 60 0 0
Betub B Aghella ] 100] © 0 0 [ [} D 0 [ 2 40 0 0
Agzhbar 9 Ihiss i 301 © ] 0 1} [ 0 0 [ 1 20 0 0
Asmi 10 Arsakrou ! 200 0 0 a (] [} U 0 5 1 3] 0 4
1 A 1 160 © 0 [y 0 0 ) 0 € 1 p.4] 0 0
12 Tinethouhriae 1 200 © 1] i} 0 D [} i} 1 3 2 1 6
13 1 El Bowr 0 o] ¢ ] 0 0 ] D 0 0 1 10 ¥} 0
13 2 Umskar 1 100] © 4] 0 0 0 o 0 ¢ D 0 4] 0
15 Ikiss 1 300 ¢ Q9 0 0 D 0 ¢ 0 & 13 2 &
1?7 Tacheddist ] 00| o 0 0 [ 0 0 o 0 & 8 ] &
Tahanaoe Ourika 18 Sqour i 500] O 0 0 0 0 ¢ ¢ ] ? 2 0 0
19 Amagdour t ool O 0 0 L1 ¢ o (] 0 4 & [ o
20 Tamatene ] 200)] © 0 0 1] [ & G 0 G 1] [4] 0
Settifadma 2t Anfli 1 io] o 0 d [] o 0 ] ¢ 1 8 4] [
: 22 Tinichi 1 00| 0 0 0 [} [ [} G 1] 2 Hy ¢] 13
Oukaimeden 23 Agouns 1 0| o 0 g 0 0 b 0 0 [ 4] 4] [0
Tamesloht 13 Oulad Mansour 1 o] © i+ 0 0 L] D [+ 0 2 H 1) [+ o
25 1 Oulad Lahjar | 100 © 0 Q 0 [ b 4] 4 3 s 4] G
25 2 Cuonas 1 200] © 0 0 0 1 100 L] ¢ E 20 4] 0
26 1 Awin Mazcuz 1 50| © 0 0 0 D [} ] [§ 2 19 1 10
26 2 Boochiha Boa Omar 1 0] 6 0 L3 ¢ 0 ) ] 0 1 50 [} (]
27 D<iElAin 1 00| © 0 ¢ 0 0 0 D 0 14 0 4] [
30 Be! Abbas 3 0 ¢ 0 o ¢ 0 0 0 [ 5 100 [ 0
32 DoabCren’s 1 100 ¢ 0 0 0 0 0 0 0 2 30 0 0
33 Sour Tedrara t 153} © 0 ] Q [ 0 0 0 8 0 0 0
34 1at Tediara 2 sw| 0 0 0 0 0 4 0 0 4 8 0 0
Amizori Ancupal 33 bmin Taia I 160 0 (i3 0 0 [ [H 4] ) 5 3] ! 33
36 Addouz i 120 0 4] ] 0 1] 0 4] 4 ] 0 1] )
37 AnGhad ] 100] ¢ Q 0 a 0 [} 0 4 4 80 V] 0
13 Twzaine ] 1] 0 0 0 Q 0 [+ [+ ¢ 5 100 ! 15
33 ImiNisly t 1l ¢ 0 i &) 0 0 4] 4 5 100 0 0
40 Dou Apamer t 150} ¢ 0 1] 4] 0 0 ] 0 1] 0 0 0
41 Fgoundem 1 1] ¢ 0 1 80 i} G [ 0 i s 0 D
42 Toug Lxheif ] 100) ¢ 0 0 ¢ D 0 /] 4 [i] 0 0 0
43 AitOudai 1 501 ¢ 0 0 ) 0 0 0 0 1] G 0 0
44 AitHmad 1 106] ¢ 0 /] o 0 [ 0 0 i 2 0 [
45 Tizgai | 100] © 0 0 1] 0 ¢ 0 4 i 6 0 0
46 Adardour 1 100 © 0 1] o 0 ¢ 0 0 1 15 0 €
Azgour 47 Eemdinat 1 00| © 0 i 40 0 ¢ [} 0 4 10 0 [
48 Tnin 2 el o 0 0 ) & 5 [+] 4 k) 60 3 50
49 Anermi 3 4500) © 0 ] ¢ 0 G (1] 0 3 50 0 ¢
50  Ansmrou ] 10 ¢ 0 4] [ 0 [ 4] 0 4 10 0 0
51 Talat AitIhla I 109} ¢ 0 [{] 1] 0 0 4] [0 1 20 0 Q
52 Teulkine 2 400} ¢ 0 4 i 0 0 ] 6l W 0 2 »
53 Adghouss 1 L] 0 4] [ 0 0 4] 0 1 10 1] 0
54 Douzron 1 120 ¢ 0 1] 1) 0 [ [ ¢ 6 14 4] 0
55  AitQutimane 1 100 © 0 D 4 0 0 1] [d 5 10 ¢ 0
56 Tagadin 1 104] © L} 0 0 0 G /] [ [«] 0 0 0
7 Titn 1 106] 0 ] 0 ) 0 @ [ 4 2 10 0 0
58 Anfricunz | 8§ O ] ] 0 0 q 0 0 1 10 Q 0
Dar Jamaa 57 Ait Smil | X0 © ¢ 2 100 0 ] Q 1] ? 50 1] 0
&0 Tafratine i 0] © 1] 0 0 0 [ 0 0 3 9 0 0
61 Aguenze 1 we o [ 1] o Q 9 a 0 0 Q Q [
62 It Baragha 1 100] 0 i3 0 0 0 G ] [} 1 24| [ [}
63 Agadir Baragha 1 3| 0 ] 0 [ 0 0 Q 0 ] [ [+ G
65  Adar Baragha 1 100 O 0 0 [1] G 0 Q 0 0 [ ) 0
66 Tadchert ] 1201 © 0 0 0 ] G 0 0 ) 10 D ¢}
67 Tamsoult b] 6l © 0 0 0 4] b 0 0 0 0 o ]
€8 DarJanaa Ait Al i 00| 1 149 0 0 ] 225 0 [} 2 50 0 ]
&9 Agadit Ait Brahim [ 7 0 0 1] 0 0 d 1} 1 % o G
70 fouraghan 1 1001 © 4] /] ] 0 ¢ g 0 a ¢ [ 0
211 bk 1 00 o 4] } 53 0 Y ¢ 0 ] 16 ] 0
72 it AitAla 1 0] o 0 4] 1] 0 [y ] 0 ! 15 0 G
73 Boukhelf 2 450 0 [+ 4] 1] 0 ¢ o 0 4 160 0 4
74 Addr Ait Al 1 16] 0 0 1 48 0 0 G 0 ] 4 0 ¢
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Table 3.3-4 Public Facilities and Industries Targeted for Electrification (2/2)

Administrative Lecatien Douaz __Mosqees ) Public Halls | Cooperatives [ FistAid | Wa rehouse Stores Butchers

Cerele  Commue R, | No. Name Nos. SN: f Nos, Spi;: € Nos. Spa: ¢ Nes, SN: ¢ Nos. SP]: ‘ Nos, SPJ: ¢ Wos, Spa: ¢

: {m’) {m) {m) (m) {m’}) {m’} {m’)

6 AitBourd ] 2000 0 0 0 0 Q [+ 0 ¢ 4 £0 1] e

1T Adt MBarek 1 ol o 0 0 i} 0 a [} ¢ | I5 0 4]

18 Agadir Al Bourd 1 106] @ 0 0 G ¢ 0 ¢ a 1 1] 0 0

13 Afella Ouassif ] ol © 0 0 ¢ ] 0 0 0 ) 0 4] 0

Anmicghrass 81 Afcila tghil 1 100] © 4] [ ¢ ] 0 0 0 0 G 0 0

B3 1 Anfey i 20 0 0 d 0 [} 0 0 G 4] G 0 0

83 2 Apuersouzk { 4] © o Q [+ 0 0 0 v €] ¢ 0 0

81 At Bourid { 01 0 ] 0 [+] 0 ] [} Q H 25 ] 0

£5 1 Oumast 1 ol O [ Q [+ 1] 0 Q G [i] 4] i) iz

£5 2 Ait Zatowa 0 ol ¢ 1] 0 [} 0 4] 0 [ 1] 0 \) u

86  Tagaldid 0 of © o 0 0 0 1] 0 0 L} 0 0 Q

87 1 Zaoui H [00] o ] Q 0 4] 4] 1] G Q0 0 o 0

87 2 lzalaghan 1 Ho| o [} 9 0 [ [{] 0 G Q o ¢ ¢

8% Tigowder [} ¢l 0 (4] Lt] 0 0 4] ] [ Q o \] ¢

8} Awmnea 1 150] © 1] 0 0 0 0 [} 0 G 0 0 ]

9“0 Agouni i 6t] © (4] a 0 0 [ [ [} Q ] 0 ¢

91 Chaahat Tark 2 Wl ¢ Q i 100 0 0 [} 3] 2 B 0 4]

92 Tghil Saidenc 1 801 O G ] 0 1] 0 [} 0 0 ¢ 0 o

93 Tin i X0 ¢ ¢ [ 4] 0 0y 0 0 ] 3G o} 1]

94 Aghbalon 1 225 @ 0 0 ¢ o [ o 0 2 18 0 0

95 Ait lHsain 1 200 0 0 0 4] ° ¢ 0 0y 1 { 2 0

26 At Baubker 1 1500 0 0 [V} 0 ¢ il [ 0 0 [} g 0

97 Tazatourt 1 100 0 0 4] 1] 0 g 0 0 2 12 0 L]

93 Tamscuhe 1 200 1 40 4 0 0 0 1] o 1 6 0 Q

9 TMargui ] wly o G [4 Qo 0 0 ¢ 0 t 16 0 o]

160 At Targhit ] 36l ¢ Q 0 0 0 0 Q o 0 L] 0 G

Sidi Badhaj 101 Tachbubt Kabl 2 RILI] [+ 0 0 O b 1] 0 2 30 9 Q

102 Tachbidt Echatoui 1 1 6 [+ ] 0 [} L] 0 O 2 k] 0 [¢]

10} Aspouns 1 ) o 4] 0 [+ 1] ] ] 0 2 8 0 0

104 Ait Aamara Loued 2 00] 0 0 o 1] 0 ) Q 0 3 6 0 0

105 fpowder i i200 1 175 1 43 1 94 0 0 2 10 0 G

186 bakaama ¥ 60| © 0 L] 0 0 0 0 [ 0 1} 4] ]

107 Ait Aamar El Dour 3 wy ¢ 0 | 100 0 0 [} 4] 3 [ i 20

10} Chovirige i 0] 0 O 1 190 0 0 0 4] 2 K 2 30

12  Tamhamid 3 ml o ¢ 1 100 [id ¢ 0 0 0 4] ° 4]
Al Cuwi At Aadel 143 1 Tarast 2 10 o 0 0 ] o] G 0 0 2 30 2 30 E%‘
113 2 Assxka 1 14 0 Q0 4] 0o o] ¢ 0 0 5 50 ¢ 0 CECT

Abadour 114 Abadceu 2 300] 1 N0 0 0o 1 303 H 24 ¢ [4} 4 21

Zatkien 13 Qunz 1 K21 Y] G 0 ] O ¢ G L1 1] & 1] 0

16 TFabant Ighi 4 il © c o o] 1 204 0 0 6 3 0 [

Tigldouvine 117 Ansa 2 200 ¢ 0 Q 0 L] ) 0 0 3 60 0 [0

118 Tidsi 1 Wi ¢ 0 Q 0 4] G 0 0 3 50 0 [

113 At Aunaee 3 Wi o6 a ) 0 ¢ 1d 0 1] L1 120 2 kh]

120 Fzeaouite R L) 0 0 0 ¢ 0 0 0 3 50 0 0

Totzl [RE} 13} Hadger] 4 8551 12 945 H 939 1 41234 1538 25 373

Avorage stze 140 214 1.892 33 24 11 n

Vitlages havieg pubhc facibties 107 93 4% 4 35%) 1 96% 5 $4% 1 09%] 8F 701.19%%] {14 12.3%
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Table 3.3-5 Status of ilenr Milling Industry in the Villages (172)
Flour Mill Poltery
Administrative Location Douar Namber & Eacrgy of Mills Capacity{ llouse-
Cerele Commue R. | No. Name Total Petrod \Yater Animal | (kg/day)| holds
Asni QOuirgane 1 Tizi Oussem 5 ¢ 5 0 300 ¢
2 M Aissa ¢ ¢ 0 0 0 0
3 TassaQuirgane h) 0 0 5 200 0
Imgdal 4 lgrem 1 ¢ 1 0 150 0
Talat N'Yacoub 6 AllaQunwri 3 0 3 0 150 0
ljoukak 7 M Ssior i 1 0 0 100 0
Ighil $ Aghelia 0 0 0 0 0 0
Aghbar 9 lkiss 0 0 0 0 0 0
Asni 10 Amsakrou 1 G | 0 124 0
I Arg 2 G 2 0 224 0
12 Tinerhouhrine 2 0 2 0 320 0
13 | El Bour 1 ¢ 1 0 150 0
13 2 Imskar 1 G | 0 80 0
15 Ikiss 1 6 1 ] 144 0
17 Tacheddirt i 0 1 0 LED] 0
Tzhanaowt  Qurika I8 Sqour 0 0 ¢ 0 0 0
19 Amagdour 0 o 0 0 o 90
20 Tamateite 0 0 0 0 0 0
Settifadma 21 Anfli ¢ 0 0 0 0 0
22 Timichi 1) 0 0 0 0 0
Oukaimeden 23 Agouns o 0 0 0 0 ¢
Tamesloht 25 Oulad Mansour ¢ 0 0 0 0 0]
25 1 Qulad Lahjar I t 0 0 3Go 0
25 2 Qunnas I I 0 0 300 0
26 1 Awin Mazouz ] 1 0 0 160 2
26 2 Bouchiha Bon Omar 0 0 0 0 Q 0
27 Del El Ain i { ] ) 960 0
30 Dl Abbas 2 2 0 | 600 0
32 Derb Chem's 0 0 0 1) 0 0
33 Sour Tedrara 1 { 0 0 150 0
34 Tiat Tedrara I 1 0 0 200 G
Amizmiz Anougal 35 IminTala 4 o 4 0 1900 G
36 Addouvz 0 0 0 o 0 0
37 Ain Ghad 0 0 0 ¢ 0 ¢
38 Inzaine 3 3 0 0 600 ¢
39 ImiNisly 0 0 0 0 0 0
40 Dou Anamer 0 0 0 )] 0 0
41 Igoundem 2 2 0 0 150 0
42 Toug Lkheif 0 0 0 0 0 4
43 Ait Quzkei 0 0 0 0 0 0
44 Ait Hmad o 0 0 0 0 0
45 Tizgui i 0 i 0 90 0
46 Adardour 0 0 0 0 0 0
Azgour 47 Lemdinat 2 0 2 0 240 0
: 48  Tnirt 1 l 0 0 80 0
49 Anermi 1 1 0 ] 100 0
50 Aasmrou 0 0 0 0 0] 0
51 Talat AitIhla 1 0 1 0 100 4]
52 Toulkine 2 2 0 0 400 0
33 Adghouss 0 0 0 0 0 0
54 Douzrou 2 2 0 1] 1050 0
55 At Qutmane 0 0 0 0 0 o
56 Tapadint 0 0 0 0 0 ¢
57  Tifint 0 0 0 0 0 0
. 58  Anfrioune 0 0 0 0 0 0
Dar Jamaa 59 Ait Smil 0 0 0 0 0 ]
60 Tifratine 0 0 0 0 0 1]
61 Aguenze 0 0 0 0 0 0
62 [ft Baragha 1 | 0 1] 200 0
63  Agadir Baragha 0 0 0 1) 0 0
65  Adar Baragha 0 0 0 0 0 0
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Table 3.3-5 Status of Flour Milling Industry in the Villages (2/2)

Flour Mill Potlery
Administrative Location Dousar Number & Energy of Mills Capacity| House-
Cerele Commue R. | No. Name Total  Petrol  Waler Animal | (kg/day) | holds
66 Tadchert 0 0 0 0 0 0
67  Tamsouli ] 0 0 0 g 0
68  Dar Jamaa Ait Al 0 1] 1) 0 0 0
69  Agadir Ait Brahim 0 0 0 Q - 0 0
70 Touraghan 1] 0 1} 0 0 Q
71 Imiki ] H 0] ] li2 0
72 It Ait Alla 3 0 0 3 160 0
73 Boukhelf 3 0 0 L) 400 0
74 Addar Ait Ali 0 0 0 0 0] 0
76 Aitlourd 3 3 0 0 450 ]
77 AitMBarck | 1 0 0 150 G
78 Agadir Ait Bourd 0 0 0 0 ¢ ¢
79 Afella Quassif 0 0 0 0 ¢ 0
Amegherass &l Afella Ighil 0 0 0 0 0 0
83 | Anfeg 0 0 0 0 0 0
83 2 Aguersouak 0 0 0 0 0 0
&4 AitBouwrzid 0 0 0 0 0 0
85 1 Oumast 0 0 0 0 0 0
85 2 Ait Zitoun 0 0 0 g 0 0
86 Tapadirt 0 0 0 0 0 0
87 1 Zaouit 0 0 0 0 0 0
§7 2 lzalaghan 0 0 0 (] 0 0
88 Tigouder 0 0 0 0 0 0
80 Amezi 1 i 0 0 1600 0
90  Agouni 0 0 0 0 1) 0
91 Chaabat Tank O 0 0 0 0 1
92  Ighil Sdidene ¢ 0 4 0 0 0
93 Tizi 0 0 0 0 0 0
91  Aghbalou 0 0 0 0 of o
95  Ait Hsain 1 1 0 0 100 0
96 At Boubker 1 { (] 0 540 0
97  Tazatourt 0 0 0 0 0 0
98 Tamsoulte ] 0 i 0 100 0
99 Tizgui 0 0 ¢ 0 0 0
100 At Tirghit 0 0 0 0 0 0
Sidi Badhaj 101 Tachbibt Kabli i i 0 0 100 O
102 Tachbibt Fchatoui i 0 | 0 120 0
103 Asgoune I i 0 G 170 0
101 Ait Aamara Loued 5 0 5 0 158 0
105 lgouder k] 3 0 0 1000 ¢
106 Lakaarna 0 0 0 0 QO 0
107 Ait Aamar El Bour 0 0 0 0 0 0
109  Chouirige ! 0 0 | 150 I
. 112 bLamhamid | i 0 U] 167 0
Atk Gurie Ait Aadel 113 | Tarast 3 0 3 0 160 0
113 2 Assaka K 0 3 0 ¢ o
Abadour {15 Abadou 3 3 0 G 165 0
Zerkien {15 Quriz 0 0 0 0 0 0
{16 TabantlIght 4 0 4 1] 20 0
Tighdouine 117 Ansa ¥ 0 1 0 80 0
118 Tidsi 3 0 3 0 250 o
119 Ait Atmane ] 0 0 I 100 0
120 Ezraouile 0 0 0 0 1] 0
Tolal 114 98 38 47 13 16,104 7
Villages having a Nour mill 53 (46%) 100% 39% 48% - 13%
Vitlages making potterics 3 (3%) S

{Note) Encrgy of pottery is manpower, and production size is medium ia afl villages.
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3.4 Base Study of Power Supply Source

Base study was carried out for the tollowing 5 methods of electrification considered
possible for the Study area.

(1) PV generation

(2) Wind power

{3) Micro-hydropower

(4) Diesel generation

(5) Extension of existing transmission line

Of the above, (4) is eliminated from priority consideration duc to the fact that it is not
a renewable energy source. In the case of (5), this is exantined as a possible power
supply source where under the Study where conditions are considered optimum for
the same.

{1) PV Generation

PV generation method utilizes electrical energy which is generated by the PV module
and battery stored during the daytime.

Accordingly, a criteria for adoption of this method is that suificient daylight hours are
essentially available (hroughout the year. Consideration, nevertheless, must be given
to measures to compensate for periods when sunlight may not be available (seasonal
fluctuations, ete.). In the case of Haouz Region, sunlight hours are in the range
5.3~5.6. Also, it was confirmed through field survey that mountain mass will not
impact on effective sunlight howrs. As a result, PV generation is deemed an
appropriate power source under the Project. (Base sludy of the 3 methods of PV
generation considered under the Study, i.c. solar home system, battery charging
station, and centralized distribution system, is given in the following section 3.5).

(2} Wind Power

Under this method of electrification, wind energy is used to power generating
equipment. Accordingly, a prerequisite for adoption of this type of power source is
that a set minimal level of wind speed is available throughout the year. It is
considered that a wind velocity of at least 5~6 mfs is necessary for gencrator
operation; and given the fact that wind velocity in Haouz Province is 2~3 m/s
conditions are unfavorable for wind power adoption. As a result, wind power was not
pursued as an oplion under the Study.

Incidentally, wind power projects are being pursued along the northern coast of the
country where conditions are favorable for this type of energy gencration.

(3) : Micro-hydropower Generation

Micro-iydropower utilizes head achieved along rivers to power generating
equipment.  Accordingly, stable discharge and topography which offers adequate
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head are prerequisites for this type of encrgy.

In the case of Haouz Region, the Haut Atlas range runs to the south, and rainfall is a
relatively abundant 400--500 mm per year, Also, the rugged topogiaphy of the arca
ofters abundant head along rivers and mountain torrents.  Accordingly, micro-
hydropower is deemed an appropriate electrification method for adophon under the
Project. :

(4} Dicsel Generation

Diesel generation relies on fosstl fuels for generator equipment operation.
Accordingly, it is ncither environmentally friendly, nor a domestic energy source.
Also, a steady supply of fuel and availability of spare parts ar¢ necessary. However,
it has been a major mode of rural clectrification in the past due to ease of f’lCll!l)
installation and maturity of technological levels in this field.

As a result, diese] generation is adopted under the Study as an option for comparative
analysis purposes, but is eliminated from consideration as a priority power supply
method due to the fact that it is not a renewable source.

(5) Extension of Existing Transmission Line

L:xtenston of existing transmission line represents the easiest method in terms of
operation and mamtenance, and is also the most stable power supply source.
However, cost performance declines and supply side O&M increases as village
distance becomes greater from the existing line.

In the case of the Study villages, those which are already included under ONE
plamning for grid extension have been climinated from consideration. However,
transmission line ¢xtension will still remain an option at future stages of the
envisioned Project should this mode of clectrification ultimately be identified as most
appropriate for certain specific villages. Where such villages should be identified in
the uture, these would accordingly be incorporated into ONL planning rather than be
included under this Project.

3.5 Study on 3 Mcthods of PV Generation
(1)  Special Features of the 3 Methods

The following 3 methods are considered under the category of PV generation. The
special features of each are described below.

®  Sofar Home System (SHS)

Under this method, PV module, battery, controller, ete. are installed on a home wise
basis as a separate system.

I'acilities are installed to meet initial demand only, with expanded installation of PV
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module, battery, cte. for cach new user in the future. This results in a minimized
initial investment. Although this approach has no scale merit, facility expansion is
simplified.

As the said system is installed on a home-wise basis, there is an intimacy with the

system felt on the part of the user resulling in belter system care and longer facility
life.

@ Battery Charging Station (BCS})

The PV module equipment is installed at a single location, with centralized charging
of batteries which are then transported back to the individual home. This approach
requires cstablishment of a charge station and deployment of operational and
management personnel.

This approach has the disadvantages that (1) it is necessary to transport batteries (o
and from the home, and (ii) charging at a common location results in shared use of
batteries resulting in less personal care of equipment and resultant shorter battery life.

Although this method has economical advantages, supplemental survey under the
Study indicated that it is not highly viewed by villagers who perceive battery

changing as laborious.

@ Centralized Distribuiion System

Under this method, PV module, battery, cte. are installed at a single location, from
which power is delivered to the user by distribution line. It requires establishing a
central station, constructing a distribution line system, installing electricity meters and
deployment of operational and management personnel. Furthermore, it is difficult to
control power consumption by each user houschold resulted in the need for excessive
facility capacity. The CDS is consequently considerably more expensive than the
home solar system approach.

(2) Evaluation of the 3 Methods of PV Generation

In the case of @ (centralized distribution system) the most important factor is that
actual power consumption by the users remains within the design consumption
volume for each user. Power use in excess of the design volume results in cxcessive
battery discharge and resultant significant shortening of battery lite. Also, this
approach has the disadvantage of requiring larger facility capacily to offset
transmission loss where user households are located at some distance from the central
generator,

As a result, © (SHS) is adopted where user households are scaltered, and power
demand is extremely smalf. Method @ (CDS) is on the other hand adopted where
user houscholds are located in relatively concentrated manner, and comparatively
robust powét demand is present. Method @ (BCS) is not given high marks on the
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basis of past performance on projects which have adopted this method. Specifically,
users feel inconvenience in the need to carry batteries to recharging stations, and there
are cases where users neglect the proper timing for battery recharge which results in
cxcessive discharge and subsequent shortening of battery life.

(3) Comparative Study of SHS and CDS for the Study Area (case study)

@® (SHS) and @ (CDS) difler in terms of system composition, and i is necessary to
carry out a comparative examination of construction cost as well an enginecring
evaluation for the two methods. In making this comparison, consideration was given
to factors of demand volume, mode of power use (alternating current or direct
current), village configuration and of course the affordability-to-pay of target users.

Details of case study are presented below, On the basis of this study, it was
determined not to adopt the CDS under the Study (CDER likewise was negative with
regard to CDS). '

1Y Quantilative Comparison

Results of quantitative comparison of SHS and CDS are as follows:

ftem Individual home system Centralized method
Supplied power Direct, bow voltage current (32 V, Alternating carrent (110 'V, 220 V); requires
24 V) transformer and iavertor
Oistribution fine | Notnecessary | Distribution line necessary from power

| source to cach user
'F'aci'lit;v ste | Mouschold moﬂ);Tpo]e near house Space must be sufficient for biaineilié}iﬂibd“;ér'

is suflicient source equipment installation, and battery
placement
Engineering and Possible with simple technical skills] Sophisticated electrical engineering skills
maintenance works required :
Meihod ofuse | Improper use has no impact on Excess utilization by ene user impacts on
other users other users
Flecirical éql_.lif)ﬁier_xl” “Requires direct, low voltags curcent | Standard clectrical equipment available on
equipment only the market can be used
Connectiontogrid Some iﬁlpr"o_\jé_rﬁéhf-s_f_é:]ﬁi_fe_d____ "| €an be edsily accomplished - o

2)  Comparative Case Study

Comparalive siudy examined construction cost for 3 cases, i.c. 50 households, 100
households and 150 househaolds.

Assummioil-l (powci' cons'u'mption)r .

-Comparison is based on power consumpiioﬁ of 240 Wh/day for cach case.
-SHS systems are 75 Wp per houschold, at direct currentof 12 Vand 24 V.
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-CDS is converted to alternating curcent, at 220 V.

frem

trdividual home system

Remasks

Centraiized systein

Reinarks

TV nindule
Battery

Cl harge_t-on-(m!!-\‘l o
frverier and contrel

Instaflation works o

Intra-village wiring
works

Home wiring works

24075 306 =75 (Wp)

H00AR

T 1'No of houscholds

Weos

Average sunshing hours 245 %Wh
perday=51

240 kW x 1 2 =283Wh

Inventer loss. 20%%
System efficiency 6%

258/5.3%06=00 57
100 Ah £ househald Reguires shed for ceatral
equigmaent
“Canuscexisting | TRt T Must e spociatly ordered
equipment standandly
available oo the market
1" o e Must be specially ondared
Simpleworks | Tset T ] Requires works for panct

Tisa

No ofhouscholds

instabiation, shed
consiruction, frotoctive
fencing and foundation
pole installati;ﬁ}:_ and
distribution wiring vorks

* The PV module produces electric power (Wp) when it receives a quantily of sunshine
equivaleat to | kW/m%h. The module capacity is calculated by dividing the required generated
power by the average number of sunshine hours per day, and taking into account equipment

efficicney factor.

computed as follows: 240 (Wh/day) 7 5.3 (h/day) /0.6 = 75 (Wp)

Assumption - 2

Facility unit cost:

In other words, module capacily necessary to produce 240 Wh/day is

[tem Unit Cost {USS) Remarks
PV medule Us$\Wp 8 Procurement from Japan
Battery US%/Ah I Modified car battery
Charge controller T Tusskit | 90 | Tobeimported
Inverter (centralized system) USSAi 30,000 To be specially designed
and fabricated (including
control panel)
Installation (home system) | USS&it | 200 | Polelequipment installation
{centralized USSKkit 10,000 Foundation, ftame, fence,
system) shed
Intra-village wiring works 20,000 Electric pole installation,
wiring works, home
connection works
Homewiringworks | USShome | 60 | $10 per connection
cquipment
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3}  Construction Cost Comparison

<Case-1 (50 houscholds)y>

Item

Individual home s.ystemi

(Us$)

Centralized system

(UsS)

PV module
Dattery

c Harrga}:)r'xirbl lerand |

inverter

Instaliation works

Intra-village wiring

Haonie wiring works

Perwaiteot

Per home cost

75 % $0=23,750
3,750 Wp x 8

100 Ah < 50 %

Unnecessary

TUusAp
" USShome

| S0kitsx90 |

 S0nes.x200 |

© SO0mos.x 60 |

30,000

15 x50=13,750
3,750 Wpx8

5,000 Ah x 1

O Usetx30000

st x 10,000

 Usetx 20000

 S0mos.x60 | 3,

30,000

5,000
30,000

<Case-2 (100 houscholds)>

Item

Tndividual kome systcm!

(USS)

Centralized system

(USS)

PV module

Dateery

Charge controllerand |

inverter

Installation works

Intra-village wiring

1lome wiring works
Tolal

Perwatteost

Per home cost

75 < 100="1,500
7,500 Wp < 8

100 Ah x 100 x 1
180k <90
" 100nes. x 200
" Unnecessary
© 100nos.x60

TTOsAWE T

60,000

10000 |
9000

75 x 180 = 7,500
7,500 Wp = 8

10,000 Ah x 1

20,000

©USShome | 1050 |

S Mseax 100000

~ 100nos. x 60

C1sx30,000

 Iset<40,000

60,000

10,000
30000
10000
40,000
TE000

156,000

Sy -
1,50
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<Case-3 (150 houscholds)>

. Tem ‘Individual home systcm' (US$) [ Centralized system (USS)
PV module 75 < 150 = 11,250 90,000 l 75> 150= 11,250 90,000
11,250 Wp = & 11,250 Wp = 8

Batery | 100AR=150x1 | 15000 |  §S000Ahx1 ) 15000
Charge controlierand | 150kits x 90 13500 | Msetx30000 | 30,000
tverter
Instaliation works | 150mos. <200 | 30000 | 1slx10000 [ 10,000
Inteavillage winng | Unnecessary | | lsax60,006 | 40,000
fome wiring wersks | 15000s.x 60 | 9,000 | 150nes.x 60 9,000

B v 7Y S R 17 20 N A DX
Perwatteost | UOS§AWp T T | 1
Perhomecost | US$hkeme | 0 LOSG | SO

Construction cost comparison shows that (i) in the case of a small number of
houscholds (50) per village, the cost of CDS is twice that of SHS, and (ii) where
number of houscholds is large (150), the cost of CDS is on a par with SHS. Thisis
due to the fact that CDS equipment, pariicularly the contrel system including
inverter must house a minimum number of circuits to support the system and up to
a certain capacity the cost of the inverter controt board does not change. As a
result, the construction cost for the CDS is relatively more costly in the case of a
smaller system.

4)  Technical Evaluation

In light of the small number of houscholds per village and small individual user
demand in the case of the subject Project, the CDS approach has the following
disadvantages from a technical standpoint. As a result, it is recommended that the
SHS type system be adopted under the Project.

@  High Distribution IFacility Cost

‘T he output capacity of the generating facilities envisioned for one village under the
Project is around 3-4 kW, with distribution of power to be provided to an average
30~60 homes per village. Given the need to distribute power to cach household
within a target vitlage, it is necessary to lake into consideration transmission loss
vis a vis th small demand per user. As a result, small diameter transmission line
would have to be adopted to cope with conditions of relatively high voltage and
small current, In comparison to conventional such facilitics, numerous costs
would be entailed in ensuring the such small diameter transmission line could bear
up under the severe natural conditions in the Project area, i.c. wind and snow.

[-3-43



@  System Reliability

Successful examples of full Hedged, centralized type systems are few in
developing countrics.  Implementation to dale has essentially been limited to
experimenial, pilot projects. Accordingly, with consideration to subsequent Q&M
tollowing completion of construction, the centralized system is less desirous in
terms of system reliability (particularly with regard to the reliability of the NFB
[no fuse breaker] with capacity appropriate to the Project).

NFB (No IFuse Breaker) Reliability:

Supply of alternating current power enables a relatively flexible use of various
clectrical appliances commonly available on the market; however, at the same
time, there is the danger that volume of actual clectricity consumption will place
a heavy overload on the system afler facility construction in excess of the
originally envistoned power demand. In some cases, a portion of users may
cansume a volume of power far above the allocated amount, resulting in
cccasions where all users lose access to clectricity. To counfer this, it is a
general practice to install NFB (No Fuse Breaker) in cach home to control the
amourt of electricity consumed by cach user.

However, NFI’s have been generally developed for power over | A, [n the

case of the subject Project, an NFB with around 0.3 A capacity would be e
necessary for each household. At the present stage, development of such an %
NI'B would require time, and would be of low initial reliability.

$) PV Generation Methods used in Morocco

PERG, the umbrella program for the decentralized electrification under this Study,
assumes adoption of cither the SHS or BCS approach. On the basis of discussions
with CDER (counferpart agency for the Study) at the start of field works, it was
confirmed that CDER was in favor of SHS adoption under this Study.,

6) IFuture Issucs

The PV electrification methads of (i) individual home system and (ii) centralized

system have respective advantages and disadvantages in tenns of conslruction cost

and O&M afler construction. In consideration of the future connection of the

silbject arca targeted for electrification to the main power grid, it is desirable that .
various technological development be further pursued with regard to the g

centralized system such as small capacily NFB and improvements in terms of
ransmission loss.

3.6 Target Villages for Electrification under the Master Plan
(1)  Confirmation of Villages to be Electrified by ONE
At the start of the phase 1 field works, it was identitied that 7 of the 120 villages
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contained in the original Study request were already slated for connection to the
existing grid under electrification planning already in eftect by ONE. These were
accordingly climinated from the scope of the Study. Also, during the latter part of the
said phase 1 field works, another 3 villages were identified as already subject to ONE
electrification planning and these too were climinated from the Study scope.

In order to preclude any other redundancy in electrification planning, detailed study of
ONE’s electrification program was carried out in close collaboration with the agency,
and as a result an additional 9 villages were identified as warranting exclusion from
the Study.

Villages Eliminated from Consideration due to Redundancy with Other ONE
FElectrification Planning

Administrative location Douar No. of istance from
" Cercle | Commune R. | No. name households| grid {(km)

Asni Asni 13 El Bour | 65 2
Tahanaout Tahanaout 25 Oulad Lahjar 1 100 0.3
25 QOumnas 2 130 1
27 Del El Ain 110 0.7
Tahanaout 33 Sour Tedrara 110 2
105 Igouder 120 0.5
Amizniz Sidi Badhaj 107 Ait Aamar El Bou 70 0.4
109 Chouirige 120 1.4
Ait Ourir Zerkten 116 Tabant Ighi 287 0.2

Total | 9 - 1,13'-'2'""}'" o

Accordingly, 19 villages were thus eliminated from consideration under the Study due
to prior inclusion in planning by ONE to extend transmission lines in the near future.
However, 3 alternative villages were nominated for inclusion under the Project
making the net reduction in village number 16.

(2) Target Villages for Electrification under the Master Plan

The inventory survey was carried out for 114 villages. Due to exclusion of the 9
villages indicated above, the total number of villages was reduced to 105. However,
with the addition of onc village (not included in the original request) for
clectrification by micre-hydropower, the final number of target villages for
electrification under the Master Plan is 106.
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CHAPTER 4 POWER SURVEY

4.1 Electric Power Situation in Moerocco
4,11 Flectric Power Enterprises

Planning and development in the energy sector in Morocco, including power projects,
falls under the jurisdiction of the Ministry of Energy and Mining (MEM). ONE as
well falls under the supervision of MEM.

Power generation power projects are carried out solely by ONE; however, there are
some private companies that develop power for private use. The latter account for
only 12~13% of total on-line facility scale. According to ONE procedures, users®
associations, beneficiary households and private entities can freely construct, operate
and manage, and set electricity tarifls in the case of schemes where power scale is
under 6 kW/village.

Control of power transmission projects is the sole jurisdiction of ONE; nevertheless,
there are public distribution entifies which supervise power distribution in such large
urban centers as Casablanca and Marrakech in which case power is bought from ONE
for salc to area consumers. Table 4.1-1 indicales entities engaged in electric power
distribution and their respective propottions of total power sales.

Table 4.1-1 Public Power Distribution Entities

Name Service area Sates proportion (32)
ONE All residential area excluding 16.3
pubtic authorities
Public authority: 51.7
RAO Casablanca, Mohamadia, Ain 243
Harouda, Beni Iklef
RED Rabat-Sole, Tamara, Skhirati, 74
DBouznika, Boaknadel
RADEEF Fes : 4.0
RAID Tanger, Asilah 4.0
RDE Tetovan, Larache, Chefchaouen, 33
MDig
RADEEA  Marrakech, Sidi-Bou-Outmane 2.9
RADEEM  Mcknes 26
RAK Kenitra, Mehdia, Fourat 1.7
RADEES  Safi : 0.9
RADEEJ El Jadida, Azemmour, Sidi Bouzid, 0.6

Chtouka, Moukay, Abdellah
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4.1.2  Power Supply and Demand

Total annual generated power in 1991 was 9,874 GWh (8,675 GWh by ONE and
1,199 GWh by privatc companics). ONE thus accounts for 88% of total power
generation. ‘lotal power sales by ONE amount to 7,765 GWh with transmission and
distribution power loss at around 11%.

Table 4.1-2 shows the annual generated power for the period 1986~1992, and Table

4.1-3 indicales annual power consumption by use for the period 19821991,

Table 4.1-2 Annual Generated Power -
' (unit: GWh)

Year N ) ONE 7 Private Total
“Thermal | Hydro | Subtotal | Thermal | Hydro | Subtotal |
1986 4075 | - 1,025 5,100 480 17 | - 497 5,597
1987 5,918 806 6,724 715 0| 715 { - 7439
1988 6,622 936 7,558 1,407 ] 1,408 8,966
1989 7,001 1,157 8,158 923 0 923 9,081
1990 7,412 1,220 8,632 1,285 0 1,285 9,917
1991 7,409 1,266 8,675 1,199 0 1,199 9,874
1992 : 8,030 981 9,011 1,314 0 1,314 10,325

Table 4.1-3 Annual Power Consumption
{unit: GWh)
Voltage range Purpose 1982 1989 1990 1991
High and middle Industry 1,478 2,215 2,330 2470
voltage Mining 529 687 721 720
Public utilities 209 418 452 475
Agriculture and fishing 246 392 430 442
Potable water 00 214 299 330
Commercial and service 239 203 o 227 236
7777777777777777 Subtotal | 3,071 4448 4744 49830
Low vollage Power 73 99 - 113 i3
Public 93 190 - 218 210
Household - 1,197 2,106 2,268 2,462
""""""""""" Subtotal | 1,363 2395 2599 2785
R S Total | 4434 6843 - 71343 7,765
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Consumiption of high and medium voltage pewer targeted at industrial sector demand
is gencrally higher than the low voltage power for domestic purposes, with respective
shares at 65% and 35%. flowever, growth in low voltage power consumption is
significant, reflecting the progressive clectritication of rural areas.

Figure 4.1-1 Annual Generated Power by Hydropower (GWih)

1400

1200

1000

1965 19 1987 1958 1qsg

1990 1991 1962 qg03

1994 1005

Amnual generated power by hydropower for the period 1985~1995 is shown in the bar
graph in Figure 4.1-1. Fluctuation in the said annual generated energy is marked in
recent years (1991~1995). This is a reflection of the unstable rainfall during this
period, particularly the severe drought occurring in 1993.

4.1.3 Power Facilities

(1) Power Generating Facilities

ONE presently owns the following power generating facilities (as of 1995).

1) Thermal Power Staticns (total installed c-apacity: 2,532 MW)

(a) Steam turbine

Jorf Lastar: 660 (2 =330) 1994 crude and coal

Casablanca: 120 (2 x 60) 196875 crude and coal

Jerada 165 (3 x595) 1971-72 coal

Kenitra 300 (4 x150) 1978--79 crude

Mohammedia 606 (4 = 150) 1981--85 crude and coal
Subtotal 1,845 MW
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(b) Gas turbine

Mohammedia 99 (3x13) 1991~92 ~ crude
Tan-Tan 99 (3x33) 1992 crude
Tt Mella 99 {3 x33) 1993 crude
Tetovan 40 (2 =20 1975-97 crude
Agadil 40 (2=20) 1974-77 ciude
Tanger 40 (2 =20} 1975-77 crude
Casa Z. Industrielle 40 (2 =20 1994 crude
Tetouan 99 (3 x33) 1993 crude
Subtotal 615 MW

(¢) Diesel

Sedi Kocom 155 (2x7.75) 1967 dizsel oil

Laayoune 2L (3=x7) [988--39 crude

Al Hoceima 23 (=23 1947~70 diesel oil

Tanger ' 64 (2x32) 1954-58 diesel oil

Cssauira 22 (1x22) -~ 1986 diesel oil

Isolated sysicm 244 (total) diesel oil
Subtotal 718 MW

2)  Hydropower Stations (total installed capacity: 926.7 MW)

Afourer 936 (2%46.8) 1995
B. El Qidanc 1350 (3 x435) 1953~55
Al Massira 1280 {2x61) 1930
Im Fout 3.2 (2x15.6) 1947-49
Daourat 170 (2x8.5) 1950
5. Said Maachou 208 (4x52) {929
M. Youssef 240 (2x12) 1975
Kasba Zidania 7.1 (2x3.55) 1935~36
Hassan ter 670 {1 x07) 1990
Allal Al Fassi 2400 (3 = 80) 1994
Mohammed El Khanis 232 {(1x232) 1967
Bou Areg 64 (Ix64) 1969
Idriss ler 406 (2=203) 1978
El Kansera 44 (2x72) 1935-39
Q. El Makhazine 360 {1 x396) 1979
Taurart 20 (2x1) 1951
M. Eddahbi 100 (2x5) 1973
Takerkoust 1206 (2x0) 198487
Lau 141 (4 % 3.525) 1934-42
Fes Amount 12 (3x04) 1925
Fes Aval 9 (2x0935) 1934
Taza 0.6 (2x0.3) 1929
Meknes 0.6 (3x02) 1925

3} Total Installed Capacity for Generation: 3,458 MW (2,531.8 MW of
thermal + 926.7 MW of hydropower)
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(2) Transmission and Distribution Facilities

The high voltage transmission grid has been established mainly along the coast
providing power to such major urban centers as Casablanca, the capital of Rabat, etc.

Trunk transmission lines are 225 kV cables, supplemented in some areas by 150 kV
lines. In rural arcas {for example Haouz province), transmission lines are 60 kV
capacity.

Medium voltage distribution lincs presently comprise 20, 22, 30 and 5.5 kV cables;
however, ONE is currently in the process of standardizing these at 22 kV capacity. In
Haouz province, these are alt 22 kV.

Table 4.1-4 indicates the lengths of transmission and distribution lines in 1990, 1992
and 1995,

Table 4.1-4 Total Lengths of Trausmission and Disfribution Lines

Voltage range 1990 1992 1995
225kV 3,142 3808 4870
150 kV 864 762 -7
&0 kv 6,985 7,946 8,070
Middle voltage 13,140 15,160 16,000
Low voltage (380/220 V) 24,200

4.1.4 Power Demand Forecast

ONE had formulated 2 scenarios for power demand forccast for the period
1992~2010. One scenario envisions an annual growth in demand of 7%. The second
perceives an 8% power demand growth rate per annum (o the year 2000, after which
demand growth would be 7%. The latter was formulated taking into particular
consideration future electrification in rural areas.

However, power demand forecast was revised in 1996 to envision power demand
growth of 4% in 1996, and 6% for the period 1997~2010. The revision was prompted
by the difficully in extending the existing grid into rural areas due to the distances and
costs required. o

4.1.5 Future Power Development Planning

ONE has formulated the following péwér devcfopmcnt plans to meet power demand
growth.



(1) Facilities Currently under Construction
Hydropower:
| Al Wahda 248.1 MW
Wind power:
Koudia Blance 53 MW

Thermal power:

Jorf 1id ‘ 330 MW
Jorf IV 330 MW
Subtotal: 961.1 MW

(2) Facilitics Currently under Planning

Hydropower:
Dchhar £l Oued 92 MW
Aidl Messaud 6.4 MW

Thermal power:

No.1 Combined Cycle 470 MW
No.2 Combined Cycle 470 MW

Subtotal: 1,038.4 MW

(3) Facilities to be Retired

Facde 6 x 20 MW 120 MW
(Agadir, Tanger, Tefonan)
Roches Moires 11 & 1] 120 MW
(Casablanca) _

Subtotal: 240 MW

{4) Total Installed Capacity by End 61‘2{}04
Hydro and wind power  1,326.5 MW

Thermal power 3,892 MW
Total: _ 5218 MW
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4.1.6 Electricity Tariffs
In contrast to the short-term grid extension projects by ONE, the Global Regional
Flectrification Program (PERG) was launched on August 2, 1995 with broad
emphasis on rural electrification. This has resulted in a two ticred tari¥ structure
comprising ONE tariffs, and tartffs under PERG.
(1) ONE Tariffs
From January 1, 1996, ONE has adopted a new electricity tarifl which cstablislies
electricity tariffs for medium (22 kV) and low (400/220 V) voltages aimed at unifying
tarift rates.
Objectives of the tariff structure revision are as follows:

@ Global and effective management for electrical energy
Control of peak demand and promotion of power use during ofl-peak hours

Standardization of tariffs of ONE and other public enfities which sell power

Shift to a unified tarifl system for the enlire country

2 @& @ @

Iistablishment of a new houschold tarifT system with consideration to
electricity consumption per month

®

Review of tariffs for large consuming households (more than 500 kWh)
@ Procurement of funds to promote rural electrification

In order to promote rural electrification, ONE has adopted a broad ranging rural
elecirification plan including establishment of a Rural Electrification Department, and
assessment of a 2 centime (DL 1/100) per kilowatt surcharge on urban power users to
establish a rural electrification fund.

[n the case of decentralized rural electrification, CDER is the principal in establishing
clectrification associations which then set up their own clectricity tariff structures and
operate independently.  As these tariffs are higher than those imposed by ONE, it is
recommended that cerfain measures be taken, Specifically with regard to ONE’s
electricity tarif¥ siruciure, the following apply.

Power consumption by medium voltage (22 kV) users is divided into that for general
use and that for agricultural purposes. -Furthermore, time periods of power
consumplion are divided into three, ie. peak hours, daytime hours, and off peak
hours. Electricity tariffs for agricultural power are calculated according to seasonal
criteria as well as whether use is on a regular day or holiday.
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This new tarift system for general medium voltage (22 kV) consumption based on the
above is as follows:

General Medium Voltage Tarifts (3 time periods):

1) Time periods

Winter (6 mos.: 10/1~3/31)  Summer (6 mos. 4/1-~9/30)

Peak hours 17-22:00 18~23:00
Day time hours - 07~17:00 07~18:00
O peak hours 22-07:00 23~-07:00

2)  Base charge (including tax)

Oufput base charge: DH 291 /kVA /year

TarifY:

Peak hours DH 1.1657/kWh
Day time hours DII 1.06714/kWh
OAf peak hours DH 0.7820/k\Wh

General Medium Voltage Tariffs (2 time periods):

Two time period tariffs would be adopted as a temporary measure until completion of
mstallation of imeters for 3 time periods.

1)  Time periods

Peak hours 07-~23:00
Oft peak hours 23-~07:00

2) * Base c¢harge (including tax)

feak hours 07~23:00
Oft peak hours 23~07:00

Electricity tarifis for medium voltage (22 kV) users for agriculttural purposes would be
as follows: : '

Agricultural Purpose Medivum Voltage Tarifls:

1y Scasonal time periods

Time period: Daytime hours Off-peak hours
Regular day: 07~24:00  0-07:00
Sunday: T 17-24:00 ' 0~17:00

o
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Season: Winter (5 mos.}  Swmmer (7 mos.)

Period: November 1 ~ March 31 April 1 ~ October 31

2)  Basc charge (including tax)

% Fixed (adi¥ DI Wh (including tax)
-~ Option | (DHAVA/pa) " Daytime | Off-peak
" Winter | Summer | Winter [ Summer
TLU 1,524.34 0.57125 0.53673 0.45973 0.45973
MU 865.93 . 12607 0.64197 0.52251 0.45973
CuU 384.80 1.68073 0.74705 0.58514 0.45973
“Discount coefficient | f-1=1 | 1-2=025|r-3=005| r-4=006

In the case of medium vollage electricity tarifls, output charge is the base charge to
which a utility fee is added depending on amount consumed and timing of

consumplion.

Low Voltage (440/220 V) Tariffs:

Commercial lighting Home lighting
Consumption 0-~100 J101~2{}0 201~500] >500 | 0-100 |101~200 201-500 | >500
kWh kWh kWh kWh kWh kWh kWh kWh
Code ) 1 o I TE
Tariff andard) | 0862 | 09055 | 09331 | 1364 | ogez | 09055 | 098st | 13464
Code 1
Tariff (without MN | 1011 | 1.087 | 1183 i 166 | oo
Commercial lighting Industrial and agricultural G%\l"ci-;rgir:;nt IE::;;
Consumption 0--150 i >150 0-100 | 101~500 =500
kWh kWh kWh kWh kWh
Code TN T Tl T T | s
8 Tariff Guandard) | 11770 | 13080 [ Loe0o | 11130 | k2720 | 12204 | 10058
Code 8 48 28 18
Tarift (without MN T']i'd'_i_f.géﬁdﬂ 12720 | 13360 | 35270 | 14650 | none

MNA: fee applicd when power consumption does not reach the predetermined amount at tisme contract.
Commune and public lighting: discount for public £ commercial lighting applicd by commune.
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On the basis of the above clecttical tariff structure, application of ONE tarifis to the
target villages under the Project would result in a fee of D11 0.842 / k\Wh for lighting
purposes, and IMT 1.060 / kWh for power purposes.

(2) Electrification Methods and Tariffs under PERG

PERG was formulated by ONE and forimally adopted by the Moroccan government on
August 2, 1995. The said program aims to clectrify all regions of Morocco by the
year 2010 at a rate of 100,000 houscholds per year over the 15 year period
1996~2010. The annual budget under the program is DH 1 billion per year, with
clectrification costs to be borne 25% by the beneficiary houscholds, 20% by the
commune rurales / users’ associations, and the remaining 55% by ONE.

PERG tariffs vary depending on whether electrification is by (i) extension of existing
transmission line, (it) diesel generation or (iii) PV generation.

Examples of cost burden sharing for each type of electrification are described below:
1) Extension of Existing Transmission Line

A.  Inthe case of cost sharing by ONL, the commune rurale and the beneliciary
households:

Criteria: Villages to be cnergized are selected by COSPER (National
Rural Electritication Commitice)

Cost sharing:  -The commune rurale bears a cost of DH 2,085 (in the casc of
payment by installment, this becomes DH 500 per year for 5
years) for each beneficiary household.

-Each beneficiaty household bears a cost of DH 2,252 (in the
case of payment by installment, this becomes DH 40/month for
7 years). ’
-ONE bears the remaining cost.

B. In the case of cost sharing by ONE, the users’ associations_and the
beneficiary households:

Criteria: No participation by the commune rurale

Cost sharing:  -The users’ association bears a cost of DI 2,085 for each
beneficiary household. ,
-Fach beneliciary household bears a cost of DH 2,252 (in the
case of payment by installment, this beccomes DH 40/month for
7 years).
-ONE bears the remaining cost.
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C. In the case of cost sharing by ONI and the users’ associations;

<Casc 1>
Criterta:

Cost sharing:

<Case 2>
Criteria:

Cost sharing:

<Case 3>
Criteria:

Cost sharing:

Villages only without participation of commune rurale
-The wsers® association bears a cost of DI 4,337 for each

beneficiary houschold.
-ONE bears the remaining cost.

Villages only without application of PERG criteria

-The users’ association bears 50% of construction cost
-ONE bears the remaining cost (50%).

Villages for which standard criterta do not apply

-ONE bears a cost of DI 5,000 for each beneticiary houschold.
-The users’ association bears the remaining cost.

2)  Diesel Generation

Cost is shared by the commune rurale, user’s association and beneficiary

households in line with that for transmission line extension.

3) PV Generation

PV generation comprises solar home systems installed in individual households.
Energizing capacity is 4 lights.

Cost sharig:

“The users’ association bears a cost of DH 1,440 for cach
beneficiary houschold.

-Each beneficiary household bears a cost of DI 60/menth for 7
years. '

-ONE bears the remaining cosl.

Specific amounts to be borne by the user for each category of electrification under the
above tariff framework are described below.

1) PV Generation (energy for 4 lights)

The user pays DU 60/month for 7 years to cover construction cost. In addition, the
user must bear costs for battery replacement.
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2y  Diesel Generation

The user pays D 40/month for 7 years to cover consiruction cost. Base fee for
4~5 hours of power usc per day is DH 15/month, with a fanff of DII
4--5/kWh/month {or actual power used. Converted into a monthly payment, the
forcgoing comes to DH 25-40/month.

3} Extension of Existing Transmission Line

The user pays DH 40/month for 7 years to cover construction cost. Electricity
tarifT is in accordance with that determined by ONE.

[ summary, the user bears a DH 40 per month cost for 7 years to cover construction
cost and electricity tarifts of DH 10~40/month in the cases of diesel gencration and
transmissiont line extension. Total payment per rnonth thus comes to DH 50~80. In
the case of PV generation, the user bears DH 60 per month to cover construction cost;
however, no electricity tariff need be paid (although the user must bear the cost for
battery replacement).

Accordingly, monthly payment by users in the case of all modes of clcclnﬁcatlon 18 in
the range DH 50-80/month.

This monthly payment (DH 50-80/month) is on a par with the present outlay by
households in unelectrified villages for oil lamp, butane gas, candles, battery, efc.
currently used for ilhumination purposes (DH 30~180/month per houschold; average:
DH 75/month per household).

417  Per Capita Power Consumption, and Eleefrification Rate

Per capita GNP for Morocco was US$ 1,040 in 1993; however, annual per capita
power consumption remains at a low 400 kWh. This is due to the fact that the
principal industries in Morocco of agriculiure, mining, tourism, etc. are low eleclricity
consuniing sectors, and that clectrification lags in rural areas.

Although the overalt electrification rate in the country is 75%, electrification is mainly
prevalent in urban arcas with the electiification rate selely for rural area being only at
21%. Furthermore, the overall electrification rate for Haouz province is 41%, with the
rate for rural area in the province being 14% (as of 1995). Also, an clecirification rate
of only 20% is forecast for rural area in the province by 1997, The above low per
capita power consumption and rural electrification rate are clearly seen in comparison
with ncarby countries of the region:

KWh/person/vear Rural electrification rate
‘Tunisia: 700 ' : 76
Algeria: 1,400 : 86
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kWh/person/vear (as of 1990)

Libya 4,180
Epypt 754
Lebanon 1,767
Morocco 384

4.2 Rural Electrification in Morocco
4.2.1  History of Rural Electrification

Rural electrification commenced in the 1970°s under programs carried out by Le
Ministere de IEnergie ct des Mines and Ministere de I’ Agriculture ¢t de la Mise en
Valeur Agricole. In 1975, a special fund for clectrification was established
corresponding to 4.5% of ONE’s development profit. The fund was applied to grid
expansion projects for ONE’s supply service centers.

In the early 1980’s, the Moroccan government launched The National Rural
Electrification Program (PNER) aimed at ultimately electrifying all rural arcas in the
country. The program is being implemented in 2 stages. According to the study
report {Sigmatrch, May 1987) at the conclusion of PNER-1, living standards in
electrified villages had been improved and cconomic activities expanded. PNER-2
subsequently followed; however, achieved targets of village electrification by 1994
were fess than anticipated due to funding difticulties.

In August 1995, the Moroccan government embarked on the Global Regional
Electrification Program (PERG). Within this framework, the special program ERD
(decentralized rural clectrification) was launched in June 1997 which elicits the
participation of the Ministry of the Interior in garnering cooperation of regional
autonomies. ERD establishes the details for implementation of decentralized rural
electrification under PERG.

4.2.2 National Rural Electrification Program (PNER)

As indicated above, PNER is being carried out in 2 stages.

PNER-1

This comprises the first stage under PNER, and was implemented over the period
1982~86. In the course of PNER-1, 286 villages totaling 64,000 houseliolds were
clectrified, corresponding to an average rate of 50 villages per year, To achieve this,
facility construction included 1,340 km of middle voltage transmission network,

1,215 km of low voltage distribution network, 341 locations of middleflow voltage
substations, and § locations of high/middle voltage substations.
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Funding required for this construction was DH 519 million, consisiing of a focal
portion of 121 239 million and a forcign portion of US$ 36 million (extended by the
World Bank). Burden for funding procurement was borne 50% by the nalional
government and 50% by local autonomies. ‘The exceuting agency was ONLE. The
problem experienced under PNER-T was an accumulative deficit by the executing
agency and local autonomies of DH 200 million.

PNER-2

PNER-2 is scheduled for implementation over the period 1990~99. As of the present,
600 villages have been targeted and 25,000 houscholds electrified. Target facilities at
the end of this stage are 4,800 km of middle voltage transmission network, 3,200 km
of low voltage distribution network and 9210 locations of middleflow voltage
substations.

Required cost tor PNER-2 is DI 2,532 million, comprising a local portion of DI
1,300 million and a foreign portion of DI 1,232 million (ECU 130 million). Burden
for funding procurement is completely the responsible of local autonomics, with ONE
acting as the exccuting agency. The problem experienced under PNER-2 is a shortage
of funding.

4.2.3  Global Rural Electrification Plan (PERG)

ONE has been the principal executing entity for rural electrification projects in
Morocco, and these have centered on expansion of the existing grid under PNER.
However, as the target villages become located al greater distance from the said grid,
the cost invelved in achieving electrification through cxtension of transmission lines
increases accordingly ultimately reaching a point where this approach is no longer
cost-effective.

On the other hand, since the creation of CDER with assistance from USAID in 1982,
empirteal research and development efforts have been pursued with regard to the
utilization of rencwable cioergy sources.  As a result of these efforts, it has been
demonstrated that PV energy, hydropower and wind power where such are available
represent a practical means to meet electricity demand in more isolated rural areas,
and this approach has emerged as a viable option for rural electrification.

Against the above background, a new cooperative framework has emerged between
CDER and ONE since 1994 to jointly pursue the exploitation of renewable energy
sourees in isolated areas. ONIE has show particular interest in the incorporation of
renewable energy schemes under rural electrification planning, and has subsequently
nominated CDER as a member of the National Rural Electrification Conunitlee
(COSPER) marking a new institutional strategy in the form PERG.

PERG aims at a unitied effort al rural electrification integrating the past experience of
both ONE and CDER. An implementation proposal for the program has been
evohved, and a master plan is now in the process of being formulated with scheduled
completion at the end of 1997, Basic strategy under PERG is described below.
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(1) Demand

The mumber of unelectrified houscholds of 1.92 million (12.6 million persons) as of
1994 can be expected to imcrease to 2.3 million (13.8 million persons) by 2003 and to
2.6 million (15.9 miltion persons) by 2010.

To meet this demand, rate of electrification must accelerate from the current SO
villages per year to 2,000 villages per year.

(2) Targets

Since electritication must be pursued within the framework of an integrated rural
development strategy, it must be combined with a program of establishing and
upgrading water supply, roads, schools, medical facilities, etc. to allow scattered rural
seitlements to interact on a community basis. The present electrification targel is to
provide electrical power supply to 1.5 million households (9 million persons) between
1996 and 2010. In order to achieve this, the following are to be carried out:

@ Electrification of the entire country by the end of 2010

@ Integration of electrification technology (conneclion 1o  existing
transmission grid, development of renewable energy sources, and
intreduction of dicsel generation)

@ Project costs are to be shared among ONE, regional autonomies and
subscribers

(3) Action Plan

A master plan for rural electrification is to be formulated to incorporate the following,

@ Creation of a data base for rural electrification

@ Extension forecast for existing transmission line

In tformulating the extension forecast, it is necessary to determine power
demand in the target arcas and whether or not electrical supply is feasible
by extension of the grid.

@ ldentification of areas which cannot be clectrified over the short - long term

by extension of the transmission grid, and consideration of adopting a

decentralized electrification approach (wind power, PV energy, small-scale
independent grid diese!, or micro-hydropower)

@ Setting of objective and realistic standards with consideration to technical
and socio-cconomic aspects within the framework for national land
development (with particular attention to border areas, and the northern and
southern regions).
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(4 Cost Reduction

A number of cost reduction policies have been adopted under the objective of
promoting electrification. These are as follows:

® Introduction of the principle of competition
@ Project grouping

@ Facility cost reduction through liberalizing of house connection installation
for subscribers and simpliftcation of appurtenant equipment

@ Use of shorter power poles {reduction of both cost for the pole itsclf, and
transport cost)

® Use of pole mounted transformers (reduction of civil works cost)
® Improvement of ONE’s material and equipment procurement procedures

As a result of the above measures, a cost reduction per houschold of DH 13,000 was
achieved in 1993. A cost reduction of DH 10,000 is anticipated for 1995.

In addition to the above, the following measures are under study:
® Adoption of the turnkey project format to reduce the construction period

@ Introduction of a geographical data system {(Such a system would be
adopted to optimize the selection of the most appropriate technology for
electrification {grid extension, wind power, PV power generation, bioniass
encrgy, small-scale independent diesel systems, micro-hydropower, etc.]
and retationship between cost and the selected engineering approach.)

(5) Maintenance and Training

Operation and maintenance structures for decentralized elecirification are to be
established through contractual arrangements with the concerned villages or local
auntonomies. Such agreements would be temporary, with responsibility for O&M to
be transterred to the private sector at a later date. This plan would be pursued under
the leadership of ONE, to include a lralmnb program for villagers in facility
maintenance.

{(6) Funding
The subject plan has as its target the electrification of 100,000 houscholds per year at

a cost of DH 10,000 per houschold. Necessary funding over 15 years for the
envisioned electrification is DH 15 biltion.
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In procuring such funding, the cooperation of all parties invelved will be necessary
(local autonomics, subscribers and ONE). Under the plan, the following sharing of
financial burden is envisioned:

® 20%

@ 35%

@ 20%

@ 25%

ONE (at an annual rate of DI 200 million)

Development tax (in addition to a sign-up fee for subscribers to
ONE and other electricity providers, a 2 centime [DH 0.02] per
kilowatt is to be collected from customers)

Local antonomies {at an annual rate of DH 200 million from tax
basc)

Subscribers (at DI 250 mitlion per year in total, with option to
repay over a 7 year period at the interest rate imposed on ONE by
its source of lending)

Cost sharing under each case is as follows:

<Extension of existing transmission line>

2 1. Method of cost sharing
A. In the casc of cost sharing by ONE, the commune rurale and the bencficiary
households:
Crileria: Villages to be energized are selected by COSPER (National
Rural Electriftcation Commitice)
Cost sharing:  -The commune rurale bears a cost of DH 2,085 (in the case of
payment by installment, this becomes DH 500 per year for 5
years) for each beneficiary houschold.
-Each beneficiary household bears a cost of DH 2,252 (in the
casc of payment by installment, this becomes DH 40/month for
7 years).
-ONE bears the remaining cost.
g B. In the case of cost sharing by ONE, the users’ associations and_the

beneficiary households:

Critenia:

Cost sharing:

No patrticipation by the commune rurale

-The users’ association bears a cost of DH 2,085 for each
beneficiary houschold.

-liach beneficiary houschold bears a cost of DI 2,252 (in the
case of payment by installment, this becomes DI 40/month for

7 years).
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-ONE bears the remaining cost,

C. Inthe case of cost sharing by ONE and the users’ associations:

<Case 1>

Criteria: Villages only without participation of commune rurale

Cost sharing:  -The users’ association bears a cost of DH 4,337 for cach
beneficiary houschold.
-ONE bears the remaining cosl.

<Case¢ 2>
Criteria: Villages only without application of PERG criteria

Cost sharing:  -The users’ association bears 50% of construction cost
-ONE bears the remaining cost (50%).

<Case 3>
Criteria: Villages for which standard criteria do not apply
Cost sharing:  -ONE bears a cost of DH 5,000 for each beneficiary household. g

-The users’ association bears the remaining cost.
2. Management and Agreement
A. Target houscholds for electrification
The commune rurale is to connect the minimum number of houscholds by

transiission line within 5 years of the start of installation works. In cases where
this is not possible, cost borne by households as yet unelectrified is to be returned.

B. Role of ONE

- Survey works and supervision required in the course of construction

- Construction of medium and low voltage transmission lines, and technology
development in this regard

- Financial burden for construction

&
&

C. Role of commune rurale

Preparatory works for introduction of electrification
Financial burden for construction
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D.  Facility ownership

IFacility ownership is in the hands of ONE to ensure developmeat and management
in line with TOR.

<Diesel power generation™>

% 1. Method of cost sharing
In line with that for transmission line extension.
<PV gencration (solar home system kits>
1. Method of cost sharing
In the case of cost sharing among ONE, users’ associations and beneficiary
houscholds.
Cost sharing:  -The users’ association bears a cost of DIl 1,440 for cach
beneficiary household.
-Iach beneficiary houschold bears a cost of DH 60/month for 7
years.
@ -ONE bears the remaining cost.
2. PV kits and panels for each beneficiary houschold
a. Indoor facilities
- 4 low voltage lights, 4 switches, | fuse, | battery, wiring
b. Outdoor facilities
- 1 PV pane}, | regulator
3. Management and Agreement
a)  Responsibility of ONE
g - PV kit supply
3 - Validation of the choice of young promoters

- Management of indoor facility installation works
- Funding cost for indoor and cutdoor facilitics

b) Responsibility of the users’ associétion
- TFunding cost for both indoor and outdoor facilities

- Suggestion of lists of young promofers according to the criteria of
sclection fixed by ONE
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c)

d)

- Suppeort in collection of PV facilily and management costs
- Collection management for monthly burden to be paid by beneficiary
houscholds

Role of commume rurale

Support o users’ assoctations in facility and financial management

Role of CDER

- Engineering support to ONE

- Ensure is necessary the training of young promoters suggested by the

local authorities or associations and accepted by ONE

Facility ownership
Indoor facilities become the property of the user upon payment of the cost
borne by the users’ association. Outdoor facilities remain the property of
ONE until payment of the cost borne by the user, at which time ownership
of the same is transferred to the user.

Guarantee

Outdoor facilities are to be guaranteed for a 7 year period. Indoor facilities

are to be guaranteed for a 1 year period (with the exception of low voltage
lights).

(7) Organization

In order to pursue PERG under the optimun conditions, the roles of related agencies
arc to be clarified as follows:

®

@

€

MEM . Confinnation of action plan and the execution of related studies.
It is necessary that action plans be concurred to by a committee
comprising representatives from the related sectors.

ONE :  Strengthening of national electrification programs. In addition
to formulating action plans that maximize local autonomy
institutional and know-how capabilitics, ONE would undertake
technical and funding management.

CDER :  Extension and development of renewable cnergy technologics,
maximizing CDER’s extensive experience and engineering
capability regarding decentralized electrification,

(8) Hems for Consideration based on Past Experience
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The following items bear note based on overall expericnce and achievement in
Morocco with regard to electrification:

®

@

Formulation of simple and practicai projects

Careful selection of the technology to be promoted. [Iuitially, individual
houschold PV encrgy systems (SHS) would be considered (forecast demand
nationwide is 350,000 units)

Encouragement of diffusion over competition in the marketing of clectrical
power

Promotion and strengthening of local importers and contractors, and
establishment of a quality control system

Support for the establishment of beneficiary groups, with officers to be elected
by the local residents themselves. Such groups are to be nurtured and given
guidance over an appropriate period of time (adoption of a suitable and
simplified group management approach).

Appropriation of a portion of subsidy for communal facilities (battery charge
stations, public facilities, pump stations, etc.). Such facilities are effective for
promotional and practical instruction purposes. Cost for facility O&M is to be
included in the budget of the concerned local autonomy.

After sales service in the form of mini-workshops (with consideration to
service facilities in neighboring arcas with well established clectrical supply
systems.}

Establishment of area teams strongly connected to the locale (to be responsible
for coordination, survey, training), to be integrated by a national level

coordinator and information neiwork (rapid response to conlingencies, creation
of a data bank)

Other support nieasures:

- Request for strong political support (establishment of a village
electrification fund subsidized from elecirical power and petroleum taxes)

- Strengthening of public relations campaign to raise citizen awarcness (in
addition to mass media, exhibitions in market places and other rural
centers)

- Exemption from value added tax for PV batteries

In project formulation, aftention is to be given to the following:
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@ Concentration on areas where clectrification efforts have already
commenced

@ Incorporation of ample budget for the creation and nurluring of local
groups (at present 10% of budget), and provisions for long term guidance
and support Lo such groups '

® Priority to local contractors not only for facility construction and
installation, but for the procurcment of materials as well.

(9)  Pursuit of ERD (decentralized rusal electrification)

In June 1997, ERD (decentralized rural clectrification) was established as a special
projcet within the PERG framework. This project establishes the detaited procedure
for implementation of decentralized rural electrification under PERG, and adopts the
following 2 part strategy:

- Installation of diesel generating equipment conneciedr to a mini-grid at
investment of DH 4,000~8,G00.

- Installation of solar home systems and centralized battefy charging stations at an
investment of DH 5,000~12,000.

In particular, diesel electrification according to the above can be expected to result in
the following:

As standard criteria are not adopted, the likelihood of successful electrification
is considered low.

- Development cost is expensive.
- No planning is done for future connection to the existing grid.
- Operating time for diesel generating equipment is constrained to 4~5 hr/d

PV generation, on the other hand, is seen to be an extremely advantageous method of
electrification in cases where user households are highly scattered.

In conclusion, clectrification of the target region should be carried out within the
special ERD project framework in light of the following:

- The experience acquired on the ERD theme confirms the strong demand of rural
population and their capacity to contribute.

- The developed experience indicates mean costs for ERD around DI 10,000 for
equipment and installation per household.
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- The ERD is the economic solution for a praportion of rural villages (especially
those with weak demand, either grouped or scattered housing, and far from
medium veltage grid, ete.)

- In order to be a strong option of rural clectrification, the ERD must shift to a
large scale program.

- EERD must rest on the local dynamic and on an institutional framing, improving
the capacities of regional and locat entitics.

Accordingly, although clectrification of the entire couniry by connection to the
existing grid is the ultimate objective, there exists a considerable difterence in village
distance from existing transmission lines making it necessary to first carry out

decentralized rural electrification based on a wide range of appropriate technology
development.

4.2.4  Rural Electrification Centered on CDER Activitics

(1} Establishment and Role of CDER

Following the oil crisis in 1979, the Moroccan government placed new focus on the
utilization of renewable energy sources culminating in the cstablishment of Le Centre
de Developpement des Energies Renouvelables (CDER). The mission of this agency

is as follows:

® To carry out studies and research on the promofion, development and
utilization of renewable energy sources

System and equipmient adjustment

® Identification of the technical, economical and social advantages of
renewable energy

@ Establishment of an engincering framework to pursue the above
(2) CDER Objectives
The philosophy behind CDER activities encompass the following:

® Pursuit of the following in expanding the utilization of renewable enerpy
sources in rural areas:

- Replacement of an appropriate ratio of conventional encrgy sources
(kerosene, candles, gas, fuel wood) with renewable encrgy supply.

- Stabilization of local energy sources.
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Recvaluation of policy to address the issue of alternative energy sources.

Aftention to effective control of local cncrgy sources which are a
fundamental prerequisite for the socio-cconomic development of the
couniry.

Not simply to arrange for new energy supply, but to stiive to satisly the true
needs of the intended beneficiaries through a new analysis of demand.
Efforts are to focus on an improvement of living standards.

On the basis of the above philosophy, CDER has the fellowing objectives:

®

@

Strengthening of the role of the public sector in the arcas of scientific
research and development with regard to renewable energy sources, as well
as in the arcas of promotion and implementation of renewable energy
schemes.

Management and direction of important projects in the arcas of rural
electrification, effective use of energy in the industrial sector, and the
economic usc of energy in tertiary sectors and houscholds.

Involvement of CDER in the commercial and industrial sphere through the
identification of products adapted to local conditions and with good

markeling potential.

Puarsuit of study and engineering projects.

(3) Activities and Achievements of CDER

Since its inception, CDER has carried out numerous projects in the areas of PV heated
water, electrification (PV energy, hydropower, wind power), groundwater pumping by
PV power, and the production of biogas, as well as a wide range of general studies
related to the foregoing.

Principal activities of CDER are as follows:

0

@
(€1
O]

Energy planning
Energy management and conservation
Study on cost-effectivencss and marketabitily of energy

Collection and collation of information and data pertaining to renewable
CRergy sources

Feasibility studies on renewable energy sources
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Funding planning for the development of rencwable encrgy sources

Public relations and information dissemination to promote the usec of
rencwable encrgy sources

Implementation of mode} schemes for rural electrification (PV energy,
micro-hydropower generation)

Liaison with related domestic and international agencies
Seminars and conferences on renewable encrgy sources

Training of local eugineers and specialists

Since 1992, major projects in which CDER has been involved are as ollows:

©

@

@

®

National Decentralized Electrification Project (PNED)

Special Energy Project {PSE)} assisted by GTZ (Germany)
Rural Electrification Pilot

Project (PPER}) assisted by France

Rural Solar Elecirification Project assisted by Kf\WV (Germany)
(PRES)

Solar heating system (80 MW)

Wind power generation project

in the northern region (3 MW) assisted by KIW (Germany)
Biogas research project assisted by GTZ (Gerimany}
Village electrification project assisted by Spain

{4)  CDIR Organization -

The General Director of CDER is stationed in Casablanca, and serves simullancously
as the Director of ONE. CDER’s main headquarters is in Marrakech, and its
organizalion centers administratively on the Secretary General. A CDER branch is
focated in Rabat which is responsible for liaison with other central goverument
agencies and the promotion of special projects.
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(5) Description of CDER

Budget DI1 9,421,930 (FFY 1996); in Japanese yen: 116,376,000 (US$
1=DH931=Y115)

Personnel : As of May 1997;

Total 84
Enginecrs 19
Technicians 20
Administration 19
Others 26
Temporarily assigned personnel 18
Iegal status : Special corporate body under MEEM, established

for the purpose of rural decentralized
clectrification. At present, no plan for
privatization.

(6) Rencwable Energy
Renewable encrgy sources being given attention by CDER are as follows:

PV energy
Wind power
Biomass energy
Hydropower

CRCHCRS

All of the above represent inexhaustible encrgy sources which, furthermore, are
cnvironmentally friendly and casy to manage in terms of engineering aspects.
Specifically, in the area of PV cnergy, study is being carried out on PV power
clectricily gencration, PV powered pumping systems, PV powered water heating and
PV powered drying systems. In the area of wind power, study is being carried out on
direct wind power exploitation (wind powered pumping systems, ete.) and wind
powered electricily generation. In the area of biomass energy, attention is being given
the more efficient use of fuel wood and equipment to produce biogas. In the area of
hydropower, efforts are directed al studies on micro-hydropower potential and
electrical power generation by micro-hydropower. '

(7)  Decentralized Rural Llectrification

Generally speaking. extension of the existing power grid is the firmest method of
clectrifying arcas over the long term.  However, where the area targeted for
clectrification comprises numerous isolated villages, the cost required for
clcctrification by extension of the existing grid sharply rises.

Thus, in order to respond to the strong desire on the pari of residents of isolated
vitlages for access to electrical power, a decentralized clectrification approach is

neeessary.
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In Morocco, there are approximately 35,000 villages which cannot be practically
clectrified over the short term by extension of the existing grid. Average number of
houscholds in these villages is around 50. In order to electrify these villages, CDER
conteimplates the following 3 basic approaches.

_ ® Concentrated PV power and wind power generation in combination with
% battery charging cenlers

@ Scparale PV power generation schemes
® Mini power grids based on micre-hydropower and diesel generation (in
principal, however, due ta CDER’s focus on renewable energy sources,
diesel generation is not given major emphasis)
Tn light of the above activities, the role of CDER is as follows.
@ Development of independent, decentralized electrification schemes

@ Promotion of the extension of electrification

® TTraining of technical personnel in electrification by renewable energy
sources

L

g
B
nJ \'“-‘r.v

@ Project monitoring * management

® Selection, festing and mamgunenl of eqmpmcm related to rencwable enerpy
devclopment

(8) Village Electrification Project Achicvement

Main cfforts at vitlage electrification by CDER have been carried out jointly with
various international donor agencies. As of the present, approximately 10,000
households have been electrified applying various renewable energy technologies, and
it is anticipated that 20,000 houscholds will be so electrified by 1998.

Principal projects currently in progress are PPER (Pilot Rural Electrification Program)
= being jointly implemented with ADME (Development and Control Agency) of
e France, and SAER (Regional Encrgy Supply Program) being carricd out with

cooperation from GTZ of Germany.

The most marked achievement has occurred uander PPER. This project was
commenced in 1990 with 50% funding cach by the Moroccan and [rench
governments, and by 1995 under phase | electrification of 30 villages has been
completed at a cost of DI 30 million. Under phase 2, another 90 villages (210
systems) are scheduled to be electrified in 1997. SAER on the other hand is not
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limited solely to electrification, but aims to supply all encrgy needs of remote arcas
(in 1988, SHS were trial installed in 120 households) '

A description of PPER is given below. In summary, the program covers 1,597
households, 1,105 subscriptions, 19 groups and 30 villages. Breakdown by type of
clectrification is as shown in Table 4.2-1, indicating a tolal of 272 subscriptions for 3
groups (4 villages) in the case of diesel gencration. Battery charge stations by PV
generation have been established for 22 villages, comprising 14 groups and 698
subscriptions. Micro-hydropower services 3 villages, comprising 1 group and 95
subscriptions.

Table 4.2-1 Breakdown by Methed of Electrification (under PPER)

Method of No. of No. of No. of Subscriplionsfgrou—

electrification villages  subscriptions  associations P
Diescl 4 272 9 90 (272/3)
PV (BSC) 22 693 t4 50 (698/14)
PV (SHIS) 1 40 1 40 (40/1)
Micro-hydropower 3 95 1 95 (95/1)

note: 1) BCS : PV ballery charging station
2) SHS : individual household PV system

Classification of household electrification levels by province is indicated in Table 4.2-
2. Although major utilization of electricity is for lighting and television operation,
power is also used for radios (although this is not indicated in the table)

The most commonly electrical use is 8 W fluoreseent bulb x 2, corresponding to level
2, at 39%. Roughly half of this level of user also owns a television. Next is level 3 (8
W fluorescent bulb x 2 + 13 W bulb x 1 =3 lights) at 25%. Roughly half of this level
of user as well owns a televiston. Level 4 (8 W fluorescent bulb x 3 + 13 W bulb x 2
=5 lights) accounts for 17%, and over half of this level of user also owns a television
{more than 20% the number not owning televisions). Level 1 (8 W fluorescent bulb x
1) is the least at 16%, also with the fowest percentage of television ownership at about
19%. ' R :

Overall, roughly 40% of fotal subscribers own televisions.
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Table 4.2-2 Level of Household Electrification

Provinée flem Level 1 T Level2 1 fevel3 . Level 4 . level § Total
T T Pleorescent I Tx8W T 2x8W | 2x8W U 3xEW | Sx8W |
lights X I3WL 42X 13W 43X 13 W

Errachidia | w/ television 33 . 108 o T 14 266
wo/ television I 63 . "o 490 | 14 | 200
Asital | witelevision | 28 . 61 . 43 . 36 . - 174
wo! television g | 40 20 : 48 . -- 126
Safi [ witelevision | 88 1le 29 6 ¢ 232
] wo/ television 9 | 46 ! 1. I 14 ; - 107

" Total | witelevision T R T U O i | én
wo/ television 28 1 149 . 138 . 104 . 14 433

Total 176 434 1 281 186 28 1,105

%% 16% @ 39% 25% 17% 3% 100%

4.2.5 Rural Electrification by Micyo-hydropower

Micro-hydropower is a renewable energy source and is a mainstay of CDER’s power
development sirategy. The hydropower potential developed to date in Morocco is a
total of 927 MW at 23 sites {equivatent to around 40% of the total potential}. On this
basis, it is assumed that the remaining potential which can be economically and
technically developed is around 30%.

On the other hand, under the inventory survey carried out by MEM in 1979 at the
directive of ONE with regard to micro-hydropower in the 4 districts of Atlantique
Centre, Atlantique Nord, Mediterrancene and Schavienne, 200 sites with potential for
development in the range of 20 kW ~ 200 kW were identified with total output of 20
MW and annual generated energy of 25 GWh.

Under cooperation from USAID {Renewable Energy Development Stady; Chas. T.

Main), delailed study of 20 sites was carried out with basic design, project costing and
technical, social and environmental feasibility being dene for a minimum of 4 sites.

The selected 4 sites are as follows:

Sitg - Province Water source
Tabant Ait Imi Azilal Ait Imil spring
~ Tilloguit o - Auzilal Assif Ahancal river
Aghbalon N'Kerdous - Errachidia Assif N'Ifsas river
M’Senrir Ouarzazate Bay Koula river

All 4 of the above sites are well suited for micro-hydropower development; however,
in the case of M’Semirir, dicse! generation is concluded to be more cost-effective.
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Under support from ONE, CDER participated in the realization of the Tabant Ait hni
scheme, which constituted the first such micro-hydropower development project in
Moracco. The scheme utitizes S m of head and 210 #/s of discharge to generate 6.7
kW of power supply to 182 houscholds. The project was carricd out under
cooperation from USAID with MEM as the executing agency. Under the tens of
cooperation, DH 98,450 of the total project cost of DIH 191,000 was extended.

Subsequent to the above, ADEME and DGCI. jointly accorded priorily to micro-
hydropower development in Azilal Province as a method of yural ¢lectrification.

CDER has also since carried out a study on micro-hydropower potential in Wilaya
(Haut Atlas) south of Marrakech which has yielded promising results. Approximately
50 primary sites (5~30 kW) have been selected under the above. Fach site is capable
of providing eclectiicity to 50~100 households. In the case of 4 sites out of the
foregoing, feasibility study has been done with cooperation from GTZ in May 1993,

These sites are sununarized as follows:

Site Cercle No, of Quiput (kW) Construction cost
households {DI)
Tacheddirt Asni i 7.8 453,845
Ouinskra Asni 100 8.0 529,436
Tizgui Asni e 12,0 630,908
Ain El Atrouss Ait Curir 146 3.5 832,969

Of the above, the 2 sites at Ouinskra and Tizgui are under construction within a
funding framework including grant aid from GTZ (supply of generaling and control
equipment), and cost sharing among rural autonomies and user houscholds. However,
reassessment of construction cost at the detailed design stage indicates a probable
large increase in ultimate installation cost over that estimated at the pre-feasibility
stage (according to CDER). Also, reduced cost sharing by beneficiaries resulted in
constraints on provision of services and material procurement (cement, rebar, etc.) at
the construction stage, causing construction works to fall well behind schedule.

In the case of the Tacheddirt site, residents expressed discontent at utilization of river
discharge for any other purpose aside from irrigation, and indicated their desire for PV
generation.  Accordingly, no micro-hydropower scheme was carrted out.  Also, the
scheme at Ain El Atrouss was onginally envisioned to supply power to adjacent
villages as well; however, subsequent survey indicated insufficient discharge o
achicve this, and the baltery charging station approach was accordingly adopted
instead. The project has yet to be implemented due to funding adjusiment difficulties
in light of the substantial cost burden to be borne by the beneficiaries for battery
purchase, etc,
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With regard to micro-hydropower development on the Sahara desert side of the Atlas
range, ONE carried out an inventory study in 1938 which identified 19 potential sitcs
as indicated in Table 4.2-3,

Table 4.2-3 Micro-hydropower Sites under ONE Invenfory Survey

% Site No. of Neo. of Iead {m) | Discharge [Maximum  Firm Additienal no. of
& villages | houscholds (m?s) output output villages which
(kW) (KW} can be supplied
Targudapt: ]
Agounsa 14 960 40 300 325 106 0
Agadir Nait Mham 18 012 66 650 360 100 |
Tizi Niest 29 770 340 100 275 gs | including Ouarg
village

Askaw 15 599 83 350 200 66 {
[gounanas 11 340 174 165 200 60 4
lierra 14 510 25 100 195 60 0
Tinighas 9 300 187 130 180 Rk] 1
Tnine Tigouga : 9 435 e 150 140 48 4
Quarg 1219 3274140 230 80 140 52 ]
Asseys 10 350 145 115 120 39 |
Mgount k) 322 218 65 100 36 1
Ouarsazate: . )
Tasga 17 792 105 350 275 87 0
Oussikis 10 707 30 1000 210 7% 1
Timatras 9 532 163 150 184 59 | i
Aguerd Nissil Amont 6 473 95 240 155 52 E 3
Issqumar 6 392 21 860 115 43 0
Errachidia
Bendrat 4 520 130 145 145 - 57 0
Tasfalout 3+4 334+321 40 360 100 72 ¢
Taaddaouine 2 451} 50 300 100 50 o

As indicated in the above table, the subject sites are scaltered throughout the 3
provinces of Errachidia, Quarzazate and Taroudant, and are capable of supplying
clectricity to over 207 villages comprising 10,717 houscholds. At present, request is
being made to the French government for cooperation in the realization of these
schemes.

[n addition to the above, cooperation is being received from the Spanish government
for the implementation of 10 kW a micro-hydropower scheme and PV power
gencration scheme at Bab and Tara C.R. in Chefchaouen Province.

4,2.6 International Collaboration on’ Rural Decentralized Eleetrification
Programs

CDER has extensive experience with projects implemented in collaboration with
various international funding agencies. Major such projects arc deseribed below. {see
Table 4.2-4, and 4.2-53). '
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(1) United States (USAID)

1982
Funding amount: USS 7 million
Description of assistance:
CDIER building
PV test equipment
Computer
4 month training course at Seri in the US
PV pump facilities (15 locations implemented jointly by CDER and USAID)
150 locations of clinic PV lighting (100 W)

(2) France (ADIEMI)

1990: Study commenced under 50 : 50 funding outlay by the
Moroccan and French governments (PPER)

Phase-1: PV elecirification of 30 villages in 1995 at a cost of DH 30
miilion

Phase-2; 210 PV systems (90 villages) including public facilities

(clinics, schools, mosques, etc.). Electricity is used for TV,
indoor lighting, street lighting. Revolving fund format.

(3) Gemmany (GTZ)

PV electrification extension program: 120 households in 1988; 400 households
in 1996

Biogass

Improvement of fuel wood energy efficiency

Planning, estimation, cconomics

Micro-hydropower {(under 20 kW) at 2 locations near Marrakech

CDER restructuring: patticularly regarding upgrading of
technical skills of CDER personnel
through training programs, engaging of
instructors from outside, dispatch of
personnel overseas, ete.

(4) Spain

1994: ' Equipment supply and lrammg of perwnnel in Spam
Village electrification plan:  Electrification completed for 10 villages, 500
households

(5) Canada (CIDA)
1994: . PV pump facrilities at S locations

1995: ' * PV pump facilities at 130 locations
PV pump facilities at 2 other locations in cooperation with Ministry of Interior
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(6) China

1996: Grant of 2 micro-hydropower uniis
Table 4.2-4 Projects with International Collaboration (completed or ongoing)
SR
':,:-'_}:
Project pame Framework Partner Description
Moroco CDER-USA =USAID 1982(USS Tmill)
[emonstration gooporation =COER CDFR facilities
Phase : FV sl equipment

Training PV pomp
- Clinie PV lighting 130
PSE-MAROC Moroc-German CRER-GTZ 1988SHS120

* cooperation 1G36SHSA00
-cne BCS station
-2MCE(mini hy dro)
*4 Morog-Canada MOMCIDA 1994 PV pump §
*E : 1995 PV pump 130
PPER Mogoc-Frange CDERMOI phase-1:1995-1996 cooperation
cooperation -ADEME 30 viltages-1 500 houschelds
-CDER (PV,MC1E diesel)
Budget: 30mil. DH
50% Marocco

¥
S0% France

Phase-2: 1996-1597
90 viliages{210 villase plancd)
public facilities by retating fund

Poner Village Morocco-Spanish 10 villages,
cooperation (SHS.BCS, PV pomping)
PHED-MCH Morocco-China Electrification electrification of 2 villages
cooperation
d Program includes PV, bio-gas, bio-mase, planing cstimation economics, mini hydro, CDER
resfroctutmg.

v CDER imvolved in techoical mater only.
*24 More than 200PY pump are instalicd by now.
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Table 4,2-5 Projects with International Collaboration (under planning)

Praject name Framcwork Pastner Description
PNEDR-CER Morocco - IIC CDERMEM eleciriticalion of approx.150 villages
{~5000homes)
-CEE
PUERG-KFW Moroceo - Germany ONFE-CDLR electrification of approx. 130
villages(~7500homes}
Budget: 70% KFW, 30% ONE
PNED--HCA Maortocco - Japan CDER - JICA  rural clectrification of Haouz region
electrification of approx. 200
PERG National Plan ONE-CDER  vitlages (~100,000homes)
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