
PROGRErSN R0ORT AND LYALUAT19S (FINAL) 

PILOT PROJECT TO DDONSTRATE RURAL APPLICATIONS 

Funding Received& * 30000 part of USAID 010 No.- 60-8790-001. 
All funds fully accounted for in Final Reort 
covering total grant prepared in March 1952. 

Other fundin
from C.R.S1 6 19o000 - to cover living travel and
 

administrative expenses of technicians 
fully accounted for. 

Progress of Project Activity since last report (28 Februarm 1983)
and Project Overview 

The construction of th-e solar oven installation at CIDERAs Temara, was
completed at the end of April 1983. It co.prices a mirror-mounted hellostat with 
electronic control systems powered by hydraulics, a mirror-counted concentrator s
 
a tvin-chambered bread-baking oven on rails and a tripod-counted oven for the

baking of ceramics. The creation of this installation was made possible by the
 
collaboration of a number of agencies. 
 The USAID OG funded the purchase of
materials; C.R.S. funding the Geneva Travel Loan andobtained from Development
Fund for the project's running coats up until June 1982. Qualified solar engi
neers and technicians have been assigned to the project by GMOSAT, France

(Groupement pour Etude de Fours et Cutils Solaires et l'Aosistaace en Techno
logies Appropriess); since June 1982 the running costs have been covered by a
 
grant rade by the French Einistry of Foreign Felntions for use by GE OSAT costs
 
of personnel assigned to the project have been borne by the CDER (Centre pour Is
 
Developpement des Energies Renouvelablen)s since that organization's participation
 
in the project from mid 1982.
 

During 1982, and following a series of meetings between the interested parties,

ownership of the project site - originally that of the Jesuit Fathers responsible
for the Temara Agricultural School - pacoed, with the management of the school, to 
the Ministry of Agriculture. However, since the solar installstion itself us 
naturally of greaLer interest to the Hinistry of Energy and Mines, an aCreement 
use drawn up between those Ministries allowing the second full and free use of the 
installation for an initial period of 2 years which may be extended indefinitely.

A translation of that agreement is attached to this report.
 

The agency within the Ministry of Energy and Mines responsible for the molar oven 
Is the Centre pour le Devoloppement des Energieo Renouvelablea, uet up in 1981 and 
based at Marrakech, where its work is et present chiefly in the development of
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photovoltaic cells. Moroccan engineers and technicians from the CDR have 
been assigned to tho Temar. project since April 1982. The addition of the solar 
installation (or rather the use of it) to the CDFE's facilities is considered 
of great value in providing wider experience for its technical personnel and in 
the development of the possible applications of the solar oven in Morocco (see
below). In fact, the "acquisition" of such a major facility has been instru
mental in giving the CDIR a new sense of momentum and purpose, helred not least 
by the publicity surrounding the Temara solar installation, which has served@ 
at the same time, to make the CDkR better known. 

An important element in the publicity given to the solar energy installation
 
was that of its official inauguration in the presence of two Government
 
Ministers: lr. Mousesa 
 SAADI, Minister of Energy and Mines and Mr. Othman DEdNATI9 
Minister of Agriculture and Agrarian Reform. The ceremony was held at the site 
on the morning of Saturday, July 23rd and special invitations were extended to 
members of all participating organizations. Those who represented USAID were 
*tlr. Gary Pricker, Read of Projects, and Hr. Andres del Acedo, Supply Officer. 
Representing Catholic Relief Services were Mr. Michael SHEEHAN, Director and 
Mrs. Gigi HRLICKA, Program Assistant. Mr. Marcel FLIGHT, President of GF OSAT, 
caree from France to attend. Also present were the Director-General of the CDER,
Hr. Abdelhaq FAKIHANI, the Director of the Department of Agricultural Education 
and Research, Mr. Abderrahrane KASSA, and tir. REGILAE ex-Ninister of Finances, as 
well as the Governor and Caid of the Province of Temara and Skhirat. Not long
after this event, one of Morocco's daily newspapera, "Le 1latin's published an 
article on the solar oven - a cony of which is attached to this report. 

Present Status of Project 

The repfnbibiJity of this project lies vith the CDERfor the ,anagcrent now -
the nost appropriate Moroccan authority. A budret for the purciaoo of raterials
 
und toola |as been nade available to the .rojcct, along with 3 other CD1;R pro
jects, by a grant of 93,000 Fr. from the "rench Coverrvent organization "Agence

do la Franco pour la Vaitrie do lEnergie". Since these funds are in franca, 
all purchases of materials will be made in France where materials are consi
derably cheaper (not as at the commencement of the project where the emphasis 
was laid on local purchasing). hethor funding from l,oroccan sources for 1984,
for the continuation of the pro.ect, will be forthcoaing is as yet unknovn.n 
Vrnagement of prenent funds is in the hondo of the CDER and perission for 
their disbursement, as well no the authority for nny actions to be taken con
cerning the solar installation, hno to cone from tWit ortnniz.tion (in ,arrakech)
instead of from G;FOSAT (in France) as before. A French "military" volunteer 
engineer in assigned to the CI)±R and heads the on-aite team, assisted by a 
Moroccan solar engineer and/or technician ansi~ned to the project by CDER. The 
contract of the present French engineer, Chrintophe Cordell, ends in December,
but he will be replaced by another voluntcer, Jorome Foch, who arrives in 
Decembr. Also ct,,rting work on the project then will be a well qualified
Yoroccnn engineer siho is at prcsent receiving ,pecial training at GLUOSAT's 
solar oven site ut M;ontpellier. Immediate plans include the construction of a 
wind shelter for the Concentrator and the fiuior tuning of the electronic 
control syotem. 
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Practical A pljcatione of the Solar Oven 

- Bread-baking 

An in other sectors In Morocco, the Summer has not been a time of geat activitor achievement at Teara. However, since the completion of the solar instai.lagin0 a first series of experimentation has been successfully completed& thatof the baking of bread. These experiments were undertaken in conjunction with astudent from the Hassan II Agronomica Institute, who presented a paper on"Bread-making with solar energy" for his end-of-studies thesis, for which heobtained a very good grade. His research had 2 parts, the first conistlig ofenquiries amongst the city, commercial bakers as to their bakivg costs (ovens
are normally fired by wood or fuel oil) and the second cousistin4 of modifying
the baking in the solar oven of a baker's dough to achieve the same quality of
finished bread 
A Jury of tasters were used to judge the results which finallywere
very successful. It wa calculated that the oven as it is nov could cook amaximum of 160 loaves (weighing 450 grams/1 lb.) per day, costing at present
I DH. each. At this rate, and assuming 
a minimum of 250 days of sunshine ayear, the cost of the installation would be amortized in 10 years. Naturallythe cost of construction of any future installations should be greatly reduced
by virtue of the experience gained on this prototype - and particularly itseveral Vere built at the same time. It was also calculated that a modificationin the design of the bread-making oven itself - a larger door  would permitthe baking of a greater number of loaves at one time and increase the possiblenumber of loaves baked per day to 400. It is possible that another student fromthe Agronomical Institute will carry out similar work next year with a modified 
ovens
 

- Ceramics 

The experimental work in hand at present concers the baking of ceramics. The
max. temperature so far gained with the specially-adapted oven is 850eC. Modifications to the shape of the "Pre-heating" chamber are underway to increasethe temperature to 1,000"C. This will allow the baking of ceramics in I to 2hours. Artisanal baking methods in use inMorocco 
- for example at the Sale
potteries outside Rabat  are atill very primitive, taking 8 - 10 hours, which
does not permit of high quality finished products. The team working at Temarahope that their work in this irea will be taken notice of by Morocco's potters.A seminar is planned for end Povember/beginning December which potters from
 many parts of the country will be invited to attend to make them &ware of the
benefits of rapid baking methods. (Baking times can be reduced by a number of
fctorso chiefly that of oven shape and construction, quite apart from the use of alternative energy sources). Contact has been made with the "Centre
d'Apprentissage" in the 
,edina - a training center for young potters where
there is a very go-ahead instructor. He is extremely interested in what canbe learnt from the Temara experimentation, and it is hoped that this will leadto a modification in the Training Center's teaching methods, and thus have a

real impact on Morocco's future potters.
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A recent development within Morocco's mining industry has been research luto 

the possibilities of the exploitation of large good-quality clay deposits in 
to decide to go ahead with largethe Anti-Atlas area. Were the Government 

scale commercial exploitation of tleoe, in the production of ceramics, the 

a vital factor in making any -projectprovision of solar-powered ovens could be 
viable. In Morocco's South conventional energy supplies are at a premium (a 

for the area's development)l sunshine is the mostproblem faced by any plans 
plentiful resource. 

- Matals and Einerals 

Morocco is rich in a variety of minerals and particuarly in Phosphate of which 

it is the world's chief exporter. The prices for these exports, in their'raw 

much lower than those the same minerals obtain in the industrial
state, are very 
world once processed. It in naturally to the country's advantage to develop its 

own processing industry, and the CDER hope that solar energy could be part of 

this. In this context, and taking advantage of the recent publicit7, the CDER
 
4.neral companies and faculties of
has recently circularised all of orocco's m

Science, informing them of the solar installation and its potential, and asking 

them to propose programs of experimentation of interest to their particular 

branch. An open meeting is to be held in October. A specific exarple of a 

possible application is that of the drying (up to 100C) and pyrolisation (up 

to 800*C) of Phosphate to produce Phos2horic Acid. (Morocco does have facilities
 
-
for producing Phosphoric Acid by applying Sulphuric Acid - the primary method 


but since it hs to import the Sulphur for this process, much of its profita

bility is lost.) To make use of solar energy, it v.ould be necessary to develop
 

a special heat receiver and rotating oven for this process. A similar receptacle
 

could be used for the trcatment of gypsum for plester and cement. 

- Other
 

A special visit by Thicrry Salomon* senior GLFOSAT engineer, is planned in
 

October, under the cuspiceo of G.E.R.S., a French economic organization, for the
 

purpose of identifying Morocco's needs in high temperature processes. An important
 

benefit of this curvey will be an assessment of the potential .arket for the
 

Temara technology and recomendotions for its future development.
 

Final Evaluation
 

Tciara are in fdct incal-The present pcrcpcctivcs of the solar inctallation at 

culably greater that thoc originally envicaged for the solar element of the 

major C.I.D.E.R.A. project, funded by 0IG No. 608-19G-OO1. In this the benefits 

to be confined to the Agricultural School, then adof the installation were 

ministered by the Jeruite, and its pupils. With the taking over of the school
 

by the Moroccan authorities, the use of the 6o.ir site has passed to the
 
Now underfloroccan organization most likely to make the fullest use of it. 

onmanagement by the CDER, this innovative technolugy can be made availfible a 

national scale, wherever its application is practical. The preceding bection
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TRANSIATION
 

AGRFUo-T BE'TWEFEN 

THE MINISTRY OF AGRICULTURE AND AGRARIAX REFORi 

AND 

THE MINISTRY OF ENERGY AND HINE 
CONCERNINlG THE SETTING UP AND USE OF THE SOLAR 
OVEN 1 BE INSTALLED AT THE TD4ARA SCHOOL OF 

AGRICULTURE
 

This agreement is between, on the one hand,
 

- the Ministry of Agriculture and Agrarian Reform, Kingdom of Morocco,

represented by Mr. Abderrahmane KASSA, Director of the Department

of Agricultural Education and Research, (DEAR)
 

and on the other hand,
 

- the Ministry of Energy and Mines, Xingdom of Mcrocco, represented

by IMr. Abdelhaq FAKIHANIg Director-General of the Center for the
 
Development of Renewable Energies (CDER).
 

The following is 6set forth and agreed upon for the purpose of making

explicit the conditions under which a solar oven (hereafter referred to
 
as "the Installation") will be installed and utilized at the Temara School
 
of Agriculture.
 

PFRB.X.
 

The word "partners" is used to desi~nate the Department of Agricultural
Education and Research (DEAR) and the Center for the Develo/,nent of Re
newable Energies (CDER). 

The partners wich to complete the installation of, make functional, and

fully exploit, uithin the g-ounda of the Tociara School of Agriculturej an
 
installation for the concentration of solar energy of the solar oven type
 
with a capicity of 11 Kw.
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The functioning of this installation will ma'.4 available equipment with the 
potential for research and development of the artianal and semi-industrial
 
applications of concentrated solar energy for the following usess
 

baking, sterilization, canning
 
- treatment of minerals (dehydration, decarbonization of phosphates,
 

preheating of shale oils, etc.);
 

- fusion of metals;
 
- baking of ceramics
 
- steam production
 

and, in general, all possible end-uses of concentrated solar energy.
 

This installation is at present under construction in the context of a program 
of aid of USAID and C.R.S. Tho design and construction of the equipment Is being 
carried out with the scientific and technical support of G.E.F.O.S.A.T. asociation 
(Groupement pour lVEtude de Fours et Outils Solaires et lAssistnnce en Technologie 
Appropriee).
 

Since this installation may be used for a uide range of applications, it will be
 
possible for the partnezc to set up pluri-disciplinal teams for its utilization.
 

Finally, the pnrtnerb wish to pro-mote the direct, practical applications of 
solar energy to t)e benefit of rural de-,clopment and they will give priority to 
agricultural and mining applications. 

ARTICLE 1: Nature of the Installation 

The following are the specifications of the installation:
 

An optical system of solar energy concentration, ma.de up of: 

a) a helioatat of 50 m2, including: 

- a metallic support frame 
- 60 mirrors
 
- a c.ontrol mechanism permitting the structure to
 

follow the sun's movement.
 

b) a concentrator of 20 m2, including:
 

a metallic support frame
 
- 208 mirrors.
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This optical aystem, au defined above, is designated "the installation". 

The various receivers, pieces of equipment and specially desigred implement@.
already acquired or fabricated$ or those which could be acquired or fabricated,
withia the context of utilization of the installation are not part of it. 

ARTICLE 2: Ownership of the Installation
 

The installation described under Article 1 will be the property of the Minist-y
of Agriculture unless the signatories decide otherwise. However, the ownership
of the accessories described in the last paragraph of Article 1 will devolve
 upon the owner of the installation unless they are acquired by the use
 

A tranefer of the installation to a CDR sits might be envisaged, allowing

experimentation to be carried out under optimal conditions. This transfer
would be the subject of a special agreement between the 2 parties.
 

ARTICLE 3: 
Rifhts of Utilization of the Installntion
 

Full and entire rights to the use of the installation are hereby granted to

the Center for the Development of Renewable Energies by the DEAR.
 

At the sane time, so as to facilitate the setting up and carrying out of

experimentiition, the DZAR places at CbLA'a disp~osal a terrain of 600 m2
surrounding the inrt-illation, as well an the 
building adjacent to the inntallation from vhi'rh the installation is o1rerated. 'This terrain will be marked
 
out by a fence or somse other iscano of dearkttion.
 

On this Gite, CL)rR is installing a local tenm respoivible for tho rmanagement 
concerning the installation.
 

In return for this full and cntire use of the inrt,l;ation, CVLR undertakes
 
to rmaintain the inst"llation in Eood functional order. CDiR alone will be
responsible for technical modifications or additions of any kind which may

be carried cut on 
the in:tnlation during its lter utilization.
 

.ARTICLE 4: fpol,,tIon of the Install.1ticn-Creaticn of a Scientific 
Co,.:i ttee
 

The CDER, having full righto to the use of the innti1lation and boing theappropriate body for the coordination, promotion anid encouragcm(nt of programs concerning the development of reneable energy ioources, i-i horoby
made responsible for the 
anngement of the inatalation.
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So as to allow use of the solar oven by all interested organizations, the CDXR 
will be responsible for the coordination of differept programs of research and
 
experimentation which could be carried out with the use of the installation* 

An advisory Scientific Committee could be set up by later agreement.
 

ARTICLE 5: Tee. of the functioning and utilization of the Installation
 

The Ci-iO will delegate a technical team for the completion and utilization of
 
the installation. This team will be composed of a sufficient nwnber of persons.
 

ARTICLE 6: Functioning and Utilization of the Installaticu
 

So as to facilitate the work of the team responsible for the functioning and
 
utilization of the Installation, the DEAR will make available to this team a
 
place of work situated within the Temara School of Agriculture.
 

As far as is possible, the DEAR will give assistance as required by the CDER 
for the completion and utilization of the installntion.
 

ARTICLE 7: Length, reconduction, revision and termination of the Algreemnent 

The present agreement has been concluded for a period of 2 years from the
 
date of ainnture by the 2 parties.
 

It nay be tacitly renewed in its present form by 2-year period unless one of
 
the parties wishes otherwise, in which caGe notice m.ust be given to the other 
party of this intention at least 2 months prior to the expiry date of the
 
current puriod.
 

ARTICLE 8: Arbitration in case of di.:njreement 

In the cae of dicagreemcnt, and before any rc-ourbe is mnde to a ouporior 
authority, both porties iwl nominate nn euthori-cd reprev;entative. Thecse 
rel-rcIc-ntitivca will meet with the rem of reeching a friendly nettlement of 
the d'cpute. If this is uot possible, appeal vill be made to the arbitration 
of a portion desibnated by both l irtica. 

AkTICLE 9: Rcnuncinti0n of right; of ownership 

In tho event t1at DFWR.wi.-ohen to Five up itn rij)hti of owneruhip of the oven$ 
or desires to regain the terrain defined under Article 3 for its own use, 
DMAR 4ill make a free gift of the ownership of the installntion to CD1fR. 



ARTICLE 101 Modifications to this Agreement 

Changes to this agreement may be made by additional clauses or by an 
exchange of letters.
 

fort C.D.E.R. 
 for: D.E.A.R.
 

(Signature illegible) Signed: Abderrahmane KASSA 

Director of the Departmentof Agricultural Education 
Date: 23rd November 1982 and Researcb 
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SOLAR ENMGY PR3JECT TE74APMA RAI3ATt 140ROCOO-AT 
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SMLU ENE3 ]WEOJT - AT 1MARA, RABAT, W =CO 

General view of completed inrta3lationt 

Concentrutor (Neen also below); heliontat; twin-chambered broad oven 
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BCLAR E1WUT PHET IER-AT RABAT, I(ROCOO 

View or heliostat behind loweredweiht.bankets pumped up by compressed
air, which powers t draulio directional 
control. syte. of heliostat. 

The end p)rodtucti 
frenhly aun-bs)'.d lo.%ves,
taken from the oven. 
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