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GUSTAVO RODRIGUEZ ELIZARRARAS 

OLADE participated actively in the preparation of the Nairobi Con- 
ference. The work of OLADE was recognized at that Conference and herein 
a brief description is given of sorne of the projects. 

Within this outlook, OLADE has initiated activities aimed at an integral 
development of a great number of sources identified by the United Nations 
Conference within the group of new and renewable energy sources. The 
criteria of priority is based on the accesible technology and the availability 
of energy and human resources that make feasible, in the short term, a 
massive development of these resources within a framework of regional 
cooperation and within an appropriate energy plan. 

Regarding solar energy which the industrialized countries insist in 
calling a free source of energy and which they present as a solution to the 
energy problem in the Third World, it should be seen not only at a much longer 
term but also with great caution. Behind these slogans lies the greatest 
technological dependence. This implies that it is free and that without it the 
development of solar energy is practically negligíble. 

It has been demostrated, according to data by OLADE published in 
their Energy Bulletin Nº 16, that the participation of the new and renewable 
sources in the global energy supply is marginal. Thís indudes on one side 
hydroenergy which is considered a conventional source and at the other 
extreme firewood and charcoal which for centuries have been conventional 
sources and in our countries continue to be even though they are ignored, 
given the absence of adequate energy planning. Between these two extremes 
are the resources with less use such as biogas, small water fall, wind energy 
and other with greater potential such as geothermics. These have not been 
developed not because their existence was not known but rather because the 
existing oil dependent energy scheme practically excludes them frorn the 
energy supply, 

The energy dernand of the so-called world' s energy consumers wich is 
that sector of the world population that because of its income can have a 
dependence on hydrocarbons (many times not only for satisfying its basic 
needs but unfortunately the majority of the times for wasteful purposes) is 
contrary to the social and economic stability desired and sought especially by 
the Third World Countries. 

The current year could be called the year of the new -and renewable 
energy sources since the attention of the energy world has been centered on 
the preparations of the rnost important world forum on this topic: The 
United Nations Conference on New and Renewable Sources of Energy that 
was held in Nairobi. Kenya last August. 

EDITORIAL 

Organización Latinoamericana de Energía



NOI~3}1 NV:)I}I3Jl\1V . . 
Nll Vl t!Hl NI NOll:)V tlO 
WV}I~Q}Id IHQ}IIVN t!Hl tlO 

NOil V lN3Jl\13ldJl\11 3Hl SG'MV MOl 

NOl!:>nomU.NI 

seM a:lua1a;uo::::> a41 's1a1awe1ed ¡epas pue ':>!wouo:>a 
'¡t?:>!l![Od l{l!M d!4suoqe¡a.I sir 01 pue arruau Á.IaA 

· Sl! 01 anp 'pafqns pata:leJmnw l? S! sitp a:>U!S 
· ÁeM rsn] pue 'Ápap10 

'rn;a::il?ad e U! .mzoo sssoord S!l.{1 aAEt¡ 01 S! Át!uewnq 
JO:J <)8uane1.p a1p 1e41 puE i\EMJapun Ápea1¡e S! 
UO!HSUEll Áfüaua S!lfl lt?l.{l PE:J paz!u2o:>aJ l'! S! ll 

·,\¡!unwwo:> fEUO!lEU.Ia¡u¡ a41 o¡ 1ea141 ¡enua1od E 
aq peno:> siq1 .IO:J 'a:>uE¡eq puewap pue i\¡ddns aq1 U! 
SOl'!l(:> P!OAe 01 pai¡sap si 1! J! suo¡s!:>ap pnos ':JO s¡seq 
a41 uo 'pawweJ2oJd SllD:JP snD!lU<)!JSUO:l uo paseq 
aq p¡noqs H pue ssaoord ¡euO!l!SUelt 2u~o2­uo ue 
:Jº 1rnsai a41 aq IHM An¡Em¡d Áfüaua S!l.{.l ·saJmos 
i\füaua ÁJEWpd JO UOrlt?:>!:J!SlaA¡p aq1 a¡EidWa¡UOJ 
p¡.noM 4JNM l?W'E!JOUt?d Á2Jaua p¡mM MélU l'! alQWOJd 
01 paau ¡ua8Jn al.{1 mo pannod pue wa¡qoid .h21au¡¡, 
ª41 :JO arrueu tEUO!tEUlatU! a41 passans 'aAHE!HU! 
S!l.{l 8u!4JunE¡ uo 'knunwwo::i ¡euonewaw¡ ª4.l 

1,;sa!ituno:> asa41 JO ¡uawdo¡aAap ª'!1 8UHE.Ia[a:>:>E 
11? papa1ip s110Ha aqt ;o rxanroo a4¡ U! Á[ll?[n:)¡ped 
pue sauiunoo 2u¡do¡aAap aq1 ;o asoq1 Anepadsa 
'spaau Áfüaua feqo¡2 amtnJ a4¡ JO UO!Pl'!JS!ll?S 
aqt o¡ 8unnqp1uo:> o¡ Ma¡A l? lfl!M,, saamos A81aua 
CISCllfl JO uoneznnn pue tUaWdo¡aAap aqt 8UHOWOJd 
tE paw¡E uouoe pairaauoo .IOJ samseaur a¡emqera 
01 S'E!M ­l'!ÁUa)I '!qOl!EN u¡ 'IS6l 'tz­ot ¡sn2nv 
2uµnp p¡aq­ J\21au3 :Jº s;nmos a¡qeMauaN p!.IB MaN 
uo aJuaJaJUO:) a41 8u!uaAuoJ u¡ Áydwassv yEiaua9 
suoneN panun a41 Jº aA!Pa!qo Á.IJ?wµd ªlf.1 

• .LS3:H OA V .150'.) "}IG 

'Á1!Ul'!wn4 ne 01 UOWWO:) 
swa¡qoid 01 suonn¡os JO:J i.pieas aq1 U! uonar 
­oqeno:l ;o aJaqdsouue ue U! mo papie:> aq p¡noM 
suoneJaqnap a1p tl?l.{1. aa1ul?Jl?n2 01 JapJo U! saunmoo 
.raquraur aq1 Jº uo!spap PD!1Hºd a41 2u!ua412uaJ1s 
pue 2u!pe.Ine 1e paw!e ospe aJaM suoueredard ª4.1 
')fSE1 atl?.JHªP pul'! xajduroo e ÁJSflO!Aqo St?M 1! os 
pue 'uoptsue.u i\21aua a41 ssmsip 01 1a41a201 auroo 
p¡noM Át!UflWWO:> {EUOHl?UJatU! aqt :JO ne 11'!1.{1 awn 
tS.I!:J aq1 seM 11 ·1no pa!Jll?:> aq 01 suo!1t?!102au pu­e 
suorreiaqnap a41 m¡: i\4doso¡p­f d re:>m¡od a41 pu­e saseq 
¡epos pue •:iiwouo:ia '[B:l!u4:ia1 a41 2u!4snqe1sa 1e 
paw!l? samA!Pt? :JO sapas ­e JO pa1sisuo:> uoperedard 
S!l­{.1 ·sJJ?aÁ OM1 1SOW[l? :JO popad l? JaAO paredard 

SNOU V8V cl!Ulcl WNOl~:nl 

2u~péll!P lO:f 1S!Xél s1uawap rewndo ll?lfl [élAél( S!41 1e 
S! 1! souts 'S}tnS<ll sn JO UOpl'!lUélWa{dW! a41 }O pue 
a:)UaJaJUO:J a41 JO uouaredard a41 :Jº s1­emd ureur · ai.p 
:JO auo pairuusuoa se4 iusuoduroo yeuoi2a.I ª4.1 

. Mopq Ht?tap U! paq!DSap <!Jé '­P!lfM '[aAa[ 
¡euo!2aJ a41 te SlJOJp pue 'siq1 uaaM1aq S)fUH SE 
8u!AJas ')fJOM Á.Io1E1edaid [Euonewa1ui a41 U! ÁtaA!Pe 
pa1­edpiped 3GV10 pue V1:J3 ·s¡a11.a¡ ¡euo¡:¡1m pu­e 
'11mo!8aJ 'reuo¡:¡ema1u! atp 1e 'sa!t!A!Pe :Jº Á1apeA e 
JO patS!SUO.J é):)Ua.Ia:JUO:J <l\­{l lO:J uoperedard ªlf.1 

·,{fü;¡u3 JO saamog a¡qeM;JU;J~ pue M<'JN uo ;)JU;U<)JUO:) 
suo11eN p;¡i¡un ;i\{1 Jº ¡eJaua'.) ,\Je¡aJJas ;)l{l o¡ ¡ue¡s¡ssv • 

"SL6l 'OZ 
J;¡qw;¡:i;ia 'SvI!ff/53:}!/V · l¡qwassy ¡eJau;i9 suoneN pai!un (I 

Organización Latinoamericana de Energía



Energy Alternative an
Industrial and Financi
Challenge for Latí
America. 
Ecuador 
OLADE 

for the Financing of an
and · Renewable Source 

Their Incorporation int
Energy Planning an
Policy. 
Nicaragua 
INE 
Ministry of Natur
Resources, Nicaragua 
Contributions from th
FAO and the UNEP. 

Headquarters: 
Co­organízer: 
Evaluation Criteria 
Research on New 

The Hydro Power 
Potential: 

Headquaters: 
Co­organizers: 

­ Firewood and Charcoal: 

Three technical meetings were organized wit
regional experts on the following priority subject

By Cuban experts 

By OLADE 
By OLADE 
By OLADE 

By OLADE. 
By OLADE 
By Mexican experts 
By Brazilian experts 
By Brazilian experts 
By Nicaraguan experts

Biogas 
Geothermal Energy 
Hydro Power 
Small Hydro Power 
Stations 
Wind Energy 
Solar · Energy 
Shales 
Peat 
Firewood and Charcoal 
Energy Potencial of 
Sugar Cane 

a series of documents was elaborated to indicate th
degree of knowledge with respect to the new an
renewablé sources of energy, their potential use
and activities designed to promote their applicatio

The documents prepared were on the followin
topics: 

Q:s 

As for the more concrete activities, on the basis 
of consultations with the governments of the region, 

Severa! requests for technical assistance were 
covered by specialized personnel from both within 
and outside the region. In 1980 an informal do­ 
cument entitled "Methodologícal Cuide for the 
Regional Preparatory Process" was · formulated and 
distributed to all of the countries of the region, 
suggesting national activities which, within the context 
of the preparatory work for the Conference, would 
facilitate the channeling of the natíonal positions 
towards a regional one. 

On the one hand, the establishment of organi­ 
zatíonal ties or focal points in the Latín American 
countries ­with the Secretariat of the Conference, 
with ECLA and with OLADE­ was prometed 
through missions whose object was to provide 
information and technical assistance and to begin to 
identify the priority activities for the region during 
the preparatory process. The technical assistance 
from ECLA and OLADE during this stage was 
constant, and it undertook to coordinate formulation 
of national documents in the countries which · so 
requested or in specifíc technical areas. 

ECLA, in constant, close collaboration with 
OLADE, mounted and carried out a program of 
regional activities aimed at strengthening the positions 
at both the national and regional levels, which would 
be channeled into the Conference. The focus of 
ECLA and OLADE consisted of actíon on several 
fronts, which, as a whole, would provide the bases 
for formulating a regional plan in the area of new 
and renewable sources of energy. 

international collaboration towards the strengthening 
of actions at the national level. Likewise, in the 
different regions, there are institutional tools which . 
permit concerted action through existing mechanisms. 
In the case of Latín America, there is OlADE, which 
is an invaluable instítutional frainework for the 
implementation of regional cooperation. 
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"The energy transition should be based on 
technological, commercial.' financia!, and monetary 
patterns consistent with the determination of the 
governments to establish a New International Eco­ 
nomic Order, in arder to accelerate development 
and promote an overall balanced development", 
"In arder to facilitate the energy transition, a' 
process should be set in motion to assure the most 
efficient ídentífícation, exploration, evaluatíon, de­ 
velopment, and utilization of the energy resources, 
íncludíng the new and renewable sources, In this 
context, the potential of the new · and renewable 
sources should be considered as a dynamic variable 
which would tend to increase with the refinement, 
development, and popularization of the technologies." 

In the chapter ded icated to the measures for 
concerted action, . the Nairobi Program defines the 
following policy measures as the frarnework far 
action: 

The conceptualization .of the energy problem at 
this historical moment and its future prospects relate 
the subject . to. broader scopes · such as the New 
International Economic Order and Global Negotíations. 
Among the most ínteresting passages contained in the 
document in this regard, the following are. noteworthy: 

­ The energy transition 
The Framework far action at the national leve] 
(national action) . 
Objectives 
Measures far concerted action 
Policy measures . 
Specific measures . 
Implementation 
Priority areas of actíon 
Institutional arrangements 
Mobilization of financia! resources 

Its different chapters <leal with the following 
subjects: 

of energy within the context of the global energy 
problem. 

The international, regional, national, institutional, 
and organizational preparations culmínáted in Nairobi 
with he discussion and eventual adoption of the Nai­ 
robi Program of Action and varíous resolutions related 
to ·· its implementation, The high­level polítical 
participation 'at the Conference (5 heads of State 
and more than 100 representatives from the ministerial 
level, the result of prior political mobilization) the 
active participation of more than . 300 specialists in 
the tapies ofthe Conference, more than 50 represen­ 
tatíves from international and regional organizations 
and more than 800 representatives frorn non­go­ 
vernmental organizations, · gave the Conference the 
atmosphere and characteristics of an historical­polí­ 
tical event and a technological­scientific congress, all 
in-one, 

Th~ Program of . Action resulting . from the 
Conference .and adopted by. consensus is the . first 
step in an international undertaking aímed at a 
realistic locating of. the .new and renewable sources 

The Naírobí Canference and Its Program of 
Action. 

· The Regional Plan of Action identífies the 
following basic programa far the region: 

. Energy · Planning 
Information and Diffusion 
Traíníng and the following lnt~gral ones: 

Hydroelectric · .. Development 
.Firewood and Charcoal 
Production of Liquid Fuels 
Solar Energy . 
Plant Residues and Energy Efficiency in Agro­ 
industry 
Geothermal Energy · 
Biogas 
Wind · Energy. 

the objectives, where "integral" is understood to be 
a program which con tains all the · necessary 
elements, from research and development to indus­ 
trialízation. 
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During the upcoming months, appropriate steps 
must be taken to provide feedback for the Latín 
American Energy Cooperation Program and the 
Nairobi Program of Action, so as to achieve an 
optimum interaction. Surely the long tradition of 
economíc cooperation in the Latín American region 
will be enhanced · by the Nairobi Program and will 
in tum aid in guaranteeing the effective implementa­ 
tion of the first step of the international community, 

The regional nature of the implementation is 
facílítated in the Latin American case by the existence 
of the ideal organization to meet this challenge: 
OLADE. The Nairobi Program, on pointing out 
the relationship with other inter ­ governmental 
groups, issues a call for the active participation of 
these in the implementation of the Program, through 
the identification of activities already underway or 
planned in light of those identified in the Program. 
In addition, the Latín American countries present at 
the Conference ratified their position as set forth at 
the Preparatory Meeting in México, and they adopted 
a resolution in which, referring to the Pronouncement 
of San [ose, the Lima Agreement, and the Latín 
American Energy Cooperation Program, they . invited, 
the organs and agencies of the United Nations, the 
international community, and the Govemeents, to 
provide effective financia! and technical support For 
the development of the NRSE in Latin America. 

­ Activities oriented to the production of capital 
goods related to the energy industry. 

­ Organizatíon of technical meetings, seminars, and 
conferences; 

Support to regional programs related to resource 
assessment, research, development of demostration, 
training, planníng and project identification. 
Call to establish inter­governmental bodies in 
the field of energy, where none exíst. 
Strengthneing or specialízed regional instltutíons. 
Strengthening or establishment of regional infor­ 
mation networks which could be connected to 
international systems. 
Organízation of research activities at the regional 
level, 
Regional demonstration projects. 
Pre­investment actívities aimed at the accelerated 
ímplementatíon of NRSE. 
Support for the regional efforts aimed at the 
transfer and díssemínatlon technologíes, 

Throughout the preparatory process, during the 
Conference ítself and during the negotiatíons and 
definitions for the implementation of the Nairobi 
Prograrn, the regional component has been stressed 
as the main element of internatíonal cooperation. 

Among the priority actions in this area, the 
Program identífies the following: 

The Regional Component in Implementation: 
OLADE and the Nairobi Program 

moderator and sensor in the policy­making problems 
for the area of new and renewable sources of energy, 
in light of the energy transition. During the First 
part of 1982, this inter­governmental committee will 
meet to work towards their final definition and 
towards the launching of specifíc programs and 
actíons, In addihon, the Conference issued a call 
For the coordínatíon of the United Nations system in 
this Held and determined that, with a basically 
decentralized operatíon, the different organs and 
agencies will be coordinated by the Director General 

· for International Economíc Cooperation and Deve­ 
Iopment. Concrete action is now being implemented 
to that end. The numerous current and future 
programs in the energy sector already, carried out 
or programmed by the U.N. system, are also being 
analyzed in light of .the Nairobi Program. 
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Based on the príoritíes, the Following should 
defíned: annual projéct studies, work and financin
progranis; materíals and equipment needs and requ

.. ·-·: ·­ ·.: . ­ .. _­ ..
. field veríflcation: Thís consists in . verifyin

the data that will serve as' the basis Ior the preli
minary establishment of priorities, followed im
mediately by the verífícation of constructíon Feasíbi
li~. 

.; R.eadjustment of .. pl'io~lties; · Based on th
previous information, the · priorities should be r
adjusted taking into .. account criteria such as: siz
and costs, potential for contributing to rural d
velopment, community participatíon, use of loca
material. and 'labor, . equipment supply C:apacit
av~ilé!,pilíty of technícíans ?~d engíneers. 

­ Prelímlnary · establishment of priorÍties fÓ
the .isolated localítíes and micro­regions that can b
electrífled .with S.H.P.S.: . Thís consísts · of th
establishment ~f .. príoritíes for the áreas .· ídentiííe
abo:ve, based on preliminary crltería with respect t
the · data gathered, Thís actívíty also allows th
formulation of · annual programs far prelírnínar
studies, work, financing, training, etc. 

­ Preliminary identification of isolated center
and rnícro­regíons: The evaluation of the resource
far S.H.P.S. is dosely tíed to the need to develo
such sources in order to satisfy the electricity need
of small localítíes. Also, any massive S.H.P.S.
development plan should be formulated on the basi
of priorítles established for the localities and sub
regions which could be electrified by S.H.P .S. Th
prelimínary identification of isolated centers an
micro­regions is presented as a group of actívítíe
that provide an initial estimate of the magnitude o
the, problem. 

.,,thefr Afág~ittxclé'' 'must be estimated according t
available data far each basín or depresion. 
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;.....; 'Evalúation · of: resource by hydrographic 
basins and depresions: In order to have ­a · prelímínary 
estimate of the resources available for S;H.P.S., 

Inventoriesof existing S.H.P.S.: this consists 
of the identification of the existing and projected 
plants. An inventory eonstitutes a useful tool .íor 
orienting plans and programs ­In .evaluatíng the degree 
of S.H.P.S. development; in determining short­term 
actions for re­conditioning, re­Iocation and project 
continuation; and also determiriing reference indices 
proper to the . country, ·. This . inventory can be 
employed in the study of other exístíng energy 
supplies, principally with regard to the extensión of 
existing . electrical networks and installed thermo­ 
electric .plants, 

The global" evaluation activities should : have 
various. characteristics, íncludíng: 

Within the context of Ré~ióri~l S.H:P.S'l 
Program, OLADE has elaborated planning and 
evaluation methodologies for resource and energy 
demand in the rural area, in order to assíts the 
member countries in sysfernatic S.H.P.S. development 
planning. 

In the programs, the evaluations have been 
geared to the global study of the resources and 
demand by micro regions and basins, and not to 
ín­depth studies of specífíc projects. When considering 
the development of S.H.P.S. in micro regions and 
isolated areas, it should not be forgotten that the 
global evaluations of the energy dernand and of the 
resources are closely tied in geographical terms, due 
to dístance límítatíons for high and low tension Unes. 
In addítíon, when an att.erript. is made .to ínterconnect. 
an SJ{P.S .. with existíng ·networks~ the link. must be 
wíthín the zone where .the hydro . resources and the 
trarismísion Unes. are' located, . . .· . . ··. . , 

It is very important to differenti~t~ bet~~en the 
global evaluation of resources and demand, and the 
evaluations done in studies far specífic projects. 
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With respect to bilateral technical cooperation, 
particular attentíon and care should be given to the 
objectives and scope of a program, ín order to 
avoid the d.isguised sale of technology condítioned 
to comercial objectives, for íf this were necessary, it 
should correspond to specific negotiaton activities 
aimed at making purchases of technology under 
favorable cond.itions and · not to granting exclusivity 
hidden within an assistance program. Moreover, in 
all the cases of intemational technical assístance, 

It is necessary to define the type of institution 
that sould assume responsability for the technological 
development of equipment. A viable scheme in many 
cases consists of such responsability being assumed 
by the State Research Institute. The procurement of 
financia! resources for research depends, to a .large 
extent, on the ínstitutíonal structure that is adopted, 
in order to guarantee the corred use of .the funds, 
whích could be · public contributions from industry 
investment projects. 

It is not possible to establish one single pattern 
for the design of T echnological Research Programs 
on Small Hydro Power Stations at the level of each 
country. However, several general points can be 
made whose applicability should be considered in 
each case. Thus, it should be considered that it is 
necessary for each country to have definite techno- 
logical development policies, establishing a framework 
of priorities Ior the technological research on 
equipment. 

It would reduce the financial requirements for 
ínitiating research. 

It would impróve the capacity to evaluate alter- 
natives for equipment acquisition, 

It would increase the generation of experimental 
infrastructure and the capacity for evaluating the 
plants in operation. 

It would facilitate the intensive and systematic 
training of specialísts, 

lt would permit the systematic development · of 
technical knowledge and the gathering of re- 
levant information. 

lt would allow the development and assimilation 
of non-conventional technologies. 

- Equipment design could be adapted to the locally 
available materials and . to the industrial structure 
of the country. 

It would enable equipment to be produced al:' 
low costs, which contríbutes to reducing the 
magnitude of the initial investments. 

It would allow the maximízation of the techno- 
logical development possibilities for equipment 
design and manufacturing, suitable to the specífic 
conditions of each country. 

The development of a technological research 
program on small hydro power · stations is considered 
of high priority for the following reasons: 

T echnical assistance to the countries in techno- 
logical research, transfer of technology and 
equipment production, formulation of development 
plans and advising for specífic projects. 

- · Directory · of regional manufacturers of equipment 
and materials. 

- Execution of research and technological devel- 
opment projects of regional interest. 

Elaboration of methodologies for the design, 
standardization and construction of turbines. 

Sharing of experiences · and reciproca! assistance 
between regional research institutions. 

Elaboration of profiles for research and techno- 
logical development projects which could be 
undertaken in the región. 
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Promotion of national equipment manufacturing. 

In a manual fo~ S.H.P.S. decision - m~ki~g, 
prepared by . OLADE and UNIDO, systematic 
analysis of unit costs is presented and this will be 
amplified in the S.H.P.S. Costs Manual. 

Promotion of non-conventional technologies that 
reduce costs while maintaníng adequate engineering 
levels. 

Definition o-f the scope and objective requirements 
for specific studies in light of the magnitude of 
the anticipated investments. 

Encouraging organized community participation 
in plant construction. 

Promotion of massive S.H.P.S. development in 
arder to have them be more economical, deve- 
loping joint projects by basin and by mico - 
regional level. 

Evaluation of the resource and demand at the 
leve] of basins and sub-basins, in arder to define 
projects with good techno-economic characteristics 
and to reduce the requirements for .specific 
studies. 

Currently, the total unit investment costs for 
S.H.P.S. fall within US$ 2000 and US$ 5000 per 
kilowatt installed. OLADE propases a regional goal 
of. US$ 1000 and US$ 2000 per kilowatt installed, 
which will require the following: 

4. Economlc aspects 

The traditional attitude of underestimating the 
production potential of our countries also has a ne- 
gative influerice, since the extraregional supplies are 
considered superior. 

industrial characteristics for the satisfactory develop- 
ment of equipment production. 

Among the limitations to technological develop- 
ment, the following can be mentioned: a) insufficient 
value placed on the importance of the technological 
aspects by the entities responsible for the execution 
of rural electrifícation projects; b) limited use of non - 
converitional technologies, the product of an erroneous 
conception that considers S.H.P.S. as large plants 
reduced to scale; e) the prevalence of financia! 
schemes tied to the extra-regional supply of equip- 
ment; d) the frequent absence of national policies to 
promote technological development and to regulate 
the transfer of technology: and e) many countries' 

As has been mentioned before, there also exists 
industrial production of equipment and materials in 
the region, mainly turbines, speed regulators, gene- 
rators, piping, valves, switch boards, instruments, 
electrical materials, and building supplíes: this implies 
that regionally ít is possible to adequately supply 
stations with potentials less than 500 kW. 

Within the región, the levels of exchange of 
experierice, transfer of rechnology, and material and 
equipment supplyare very límíted: currently, strong 
this of dependency are maíntained extra-regionally 
with respect to those elements that are not avaílable 
locally. ' 

It is estimated that Latín America should already 
have approximately 2000 small hydro power stations 
in operátion. However, this figure constitutes a very 
small portion of the plants that need to be installed · 
in arder to satisfy the rural energy needs in isolated 
areas that have adequate hydro resources. 

stations that were abandoned because of inter- 
connections. Even though in the region there are 
numerous plants that fall within the category of 
small hydro power statíons, an important part of 
them have been buílt with conventional technologies 
and equipment imported from outside the area. In 
many cases, these plants were conceived of as rural 
development instruments, which relfect the lack of 
definite policies in this regard. 
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This document presents the regional and extra
regional countries with definitions and guidelines t
be considered in the planníng and development o
mini hydro power stations. It is Ior entities tha

"Mini Hydro Power Stations: A Manual fo
Decision -Makers" 

This document attempts to provide the regional
countries with a picture of the hydroelectric potential
and the industrial and financia! implications that
such development can have within the Iramework
of regional cooperation. 

"The Hydroelectric Potential: Energy Alternative
and Industrial and Financia! Challenge for Latí
America" 

The OLADE activities have given particular
emphasis to the development of methodologies, 
manuals and technical documents that can be used
by the institutions of the countries to promete S.H. 
P.S. development. The following is a partial list o
these works: 

The Regional S.H.P.S. Program initiated it
activities in January of 1980, with the principal
objective of promoting the massive implernentation
of small hydro power stations in the region, as 
partial answer to the development of the rural area
and isolated zones, taking advantage of one of th
most abundant regional energy resources. 

6. OLAOE Activities 

With regard to S.H.P.S. operation and mainte­
nance, it is recommended to have suitable institutional
plans that combine the possibilities of autonomous
requests for plants at the local leve! with technical
and organizational support from the electrifícation 
entities, for which OLADE has prepared a reference
model. 

The creation of funds is of prime importance for
rural electrification development based on S.H.P.S. 
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In addition, it is necessary to initiate research 
activities that will lead to reduced engineering and 
equipment costs, thereby encouraging greater parti­ 
cipation by national engineering in studies on S.H. 
P.S. construction and coordinating the effective 
participation of the rural community in the construc­ 
tion stage by means of electrífícation committees. 

The development of S.H.P.S. projects requires 
considerable support frorn the national budget of 
each country, these projects will generally attend 
commuinities with a reduced economíc capacity. 
This makes it necessary to maximize the use of energy 
generated primarily for productive purposes. 

The object of the studies should consist in 
determining the demand and its variation with time, 
the available falls, the variation of the ponds and 
its relation with the demand. 

In the specific S.H.P .S. projects, studíes would 
refer to an analysis of basins and sub­basins, with 
hydrological, geological, geomorphological, and 
geotechnical studies whose degree of detail would be 
related to the magnitude of the investment, in sorne 
cases including economic prefeasibility through an 
indirect analysis of: possible rates. . Those projects 
wheh( thére: is doubr as fo whether they should 

. cdnHfÚ:ie ,.Qi not should undergo a · feasibility study 
· e)(arríiilatioil. · 

.. fa' the c~si()f'féa~ibility studies, the schernes of 
preliminary designs should perrnit a quatitative or 
comparatíve econornic analysis to evaluate S.H.P .S. 
against other alternative sources to satisfy the demand. 

The planning and programming methodologies 
should be uniform and the criteria for establishing 
priorities should be in accordance with the policies 
proposed. · 

programs. In addition, the needs should be defined 
with respect to equipment, labor, and professional 
and technícal personnel. 
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Implementation of pilot projects, geared t
perfecting adequate methodologies for the massi
implementation of S.H.P.S. 

Identification and diffusion of alternatíves for th
organization and financing of investment program

Promotion of the sharing of technology among
the countries through technical assistance and the
exchange of regional specialists. 

Diffusion of the best technological altemative
far S.H.P.S. equipment. 

Technical advising to Cuba for the developrnent
of its S.H.P.S. implernentation program. A
agreement has been signed between OLADE an
Cuba. 

Technical advising to CADAFE ­ Venezuela, t
promete the development of S.H.P.S. implemen­ 

. tation programs. The preliminary designs fo
the small hydro power station in Piñango wer
made. A cooperation agreement is being elabo
rated, 

Technical advising to various countries which ar
planning groups of S.H.P.S. far demonstration
and/ or applied research purposes. 

In general, the support OLADE has given to th
countries has entailed the following activities to
promete the massive implementation of S.H.P.S. 
in the region: 

Definition and diffusion of technological develop­
ment methodologies suitable for the regional
countries, 

1­ 

T echnical advising to Grenada far its program o
S.H.P .S. development, for the formulation of a
integral feasibility study already in progress, an
for the solicítation of financing. 

Technical assitance in the design of the civi
structures and turbine of the srnall statíon i
Cuyuja. A technical cooperation agreement exist
between OLADE and INECEL. 
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Technícal assistance to INECEL­Ecuador, for the 
development of its national S.H.P.S. program. 

The OLADE Permanent Secretariat also gave 
support to the countries and institutions that required 
the technical backing of the organization for the 
development of their natíonal programs. Obviously 
the scope of these activities has been limited by the 
available budgetary funds, as well as by the resources 
that the interested countries have allocated for this 
program. These activíties have been carried out 
within the framework of Decision 073 of the Eleventh 
Meeting of Ministers of OLADE, which charged the 
Permanent Secretaríat with solicitíng extra­budgetary 
funds for a permanent technical team to aid the 
activities of the countries in the massive development 
of S.H.P.S. In complying with this mándate, OLADE 
has now formed a small rnulti­disciplinary technical 
tearn that carries out specific support activities in 
the countries. 

Among the principal technical support activities 
that OLADE has undertaken, the following should 
be mentioned: 

As a first important step in supporting the 
training of the human resources required for S.H.P.S. 
development in the region, OLADE organized the 
First Latin American Course on S.H.P.S. Design held 
during September 7­23, 1981, in Lima, Peru, This 
event was co­sponsored by the Ministry of Energy 
and Mines of Peru and ELECTROPERU. 

From November 3­7, 1980, the First Latin 
American Serninar was held in Girardot­Colombia, 
under the auspices of OLADE and ICEL (the Co­ 
lombian lnstitute of Electricity) at which guidelines 
were established for regional action to promote the 
massive ímplementation of S.H.P.S. under the 
coordination of OLADE. 

general guidelínes of the Regional S.H.P.S. Program 
were revised, the OLADE activíties evaluated and 
opinions . exchanged on planning and programming. 
New guidelines were also proposed for future 
consideration. 
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The methodologíes used to estímate the exploit­ 
able portian indirectly (e. g., the methodologies 
developed by the United States Geological Service 
­U.S.G.S.­ such as the volumes method, Maffler 
1980) can provide fairly reliable results in those 

From the foregoing, it becomes evident that all 
the Latín American countries with a Pacífic coast 
and the Lesser Antilles have good possibílities far 
high­enthalpy geothermal resources. Any attempt to 
quantify these in terms of their energy potential 
could be quite risky in thís current stage of geothermal 
exploration. Actually, there are no methodologies 
for · accurately evaluating geothermal resources 
quantitatively. The main difficulty consists of the 
practica! impossibility of an a priori evaluation of 
the amout of heat present in a given set of rocks 
containing geothermal fluids before the filed has 
been explored and drilled. Neither can one know 
how much fluid is contained in rocks having a low 
or null permeability. With the technology currently 
available, fluids such as the latter cannot be exploited 
from the surface; and, therefore, the other constitute 
the only exploitable energy resource. 

Latin American Geothermal Prospects 

Among the remammg Caribbean islands, Hispa­ 
niola is potentially interesting in terms of medium 
and high enthalpy, but only near the graben Cul­ 
de­Sac, Enriquillo. at the transforming septentional 
limit of the Caribbean plate where very limited 
volcanic phenomena are present. The Atlantic 
countries of South America belong to the "passive" 
side of the continente, i.e., that without limits 
between adjacent plates. their geothermal possibilities 
are much slighter. In these countries, there is almost 
no chance that high­enthalpy geothermal resources 
exist: although there are sorne prospects for low­or 
possibly medium­enthalpy fluids wherever there are 
favorable tectonic and hydrogeological conditions 
(distensive zones permitting rapid rise of important 
volumes of hot water, along the fracture from 
deeper zones, and their infiltratíon into aquifers 
closer to the surface). 

On the Atlatic side of the Caribbean plate, 
there is an area of recent subduction, caused by the 
convergence of the Caribbean plate and that of the 
Atlantic ocean. The result was the formation of an 
island chain, whose active volcanic front extends 
along the Lesser Antilles. Only those islands located 
along this active vokanic arch (St. Kitts to the 
North and Grenada to the South), offer a potentially 
favorable geological setting for the development of 
high­enthalpy geothermal resources. 

The areas of geothermal interest correspond, 
either to the Pacific strips of andesitic volcanism, or 
to intersecting zones between the active volcanic 
front and the transversal depreseions, and to a lesser 
degree, the distensive depresions themselves. 

The geodynamic situation in Central America is 
much more complex, due to the existance of a 
triple function, in other words, contact among three 
plates: the Oceanic Cocos plate, and the continental 
North American and Caribbean ones. This situation 
produces an extremely complex tectonic envíronment, 
characterized by the subduction of the Cocos plate 
and the development of andesitic volcanism along 
the Pacific Strip of México. Nicaragua, Costa Rica, 
Panama and Honduras, of much less interest, 
Along with this subduction phenomena transforming 
limits, such as those which characterize the sep­ 
tentrional and meridional border of the Caribbean 
plate, have evolved; these include Guatemala, part 
of the Northern Antilles, and the septentrional edge 
of the South American Continent (Colombia and 
Southern Venezuela), respectively. 

Differential movements near these structures, 
give rise to force fíelds and the consequent formation 
of distensive depressions (grabens) with basic 
associated volcanism, frequently alkaline. 

along the Cordillera and also to a migration of the 
volcanic front with time. Nevertheless, the Andean 
countries offer great geothermal possibilities. precisely 
because of the presence of extensive volcanic pheno­ 
mena occuring over many millions of years. 
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In accordance with the foregoing, a subsequent 
pre­Ieasibility study will locate the sites for deep 
drilling. The phase should be broken clown into 
different stages to be accomplished within reasonable 
time periods, since investments are progressively 
larger as the project advances. Thus, it is irnperative 

The experience accumulated thus far has shown 
that the average dimensions of a productive area 
range between 10 and 100 Km2. If the geothermal 
project is located in a region on the arder of . 
10,000­100,000 Km2, the locating of the possible 
productive area will require intermediare investigation 
phases permitting: first, the definition of the atea of 
interest (500-2000 km2) on the basis of .reconnaissance 
and, later, the singling out of one or more promising 
areas no larger than 100 Km2, wherein sites wíll be 
determined far the deep exploratory wells to be 
drilled. 

In general, a typical geothermal project is 
composed of two main parts: the first is high ­ 
rísk, like the exploration of any mineral or form 
of energy: its purpose is to identify the reservoir 
(the geothermal field), including the study of its 
possible utílization. The second is of a mixed type 
(exploratory, technological, and energy risks), related 
to the development and exploitation of the reservoír, 
The first part entails notable levels of economic 
risk and requires progressively larger investments. 
On the other hand, the second part requires lower 
risks and investment of substantial sums. 

different phases of a geotherrnal exploration and 
exploitation methodology was prepared. This 
methodology includes the general guidelines for a 
geothermal project, the exploratory methods to be 
used, the number of personnel and the magnitude 
of the investrnents required, etc., all this flexibly 
adaptable to the conditions and characteristics of 
each project and formulated on the basis of expe­ 
rience acquired in geothermal projects in Mexico, El 
Salvador, Italy, New Zealand, Iceland, and other 
Latin American countries, and in accordance with 
the latest scientific advances. 

Thus, . as the result of 3 seminars between 
1978~80, with broad regional participation, the 

As a consecuenque of the high degree of 
geothermal potential described in Section 1, many 
countries have undertaken geothermal exploration 
programs. Nevertheless, there was no guide 
permitting the execution of the programs with a 
rational use of the resources and yeilding within 
suitable time limits. The wide variety of possible 
local condidtions require substantíal changes in the 
sequence and/or modality of the use of existing 
techniques. Thus, it was considered necessary to 
elaborate a methodology allowing techniques to be 

,"5élected and combined so as to aid in accomplishing 
the particular research objectives for the specific 
geological characteristics of each project. 

2. OLADE METHODOLOGY FOR 
GEOTHERMAL EXPLORA TION 

As a whole, the situation is very positive and 
thís fact not only confirms the great importance of 
geothermal energy in the Latin American countries 
but also provides an incentive for intensifying studies 
to assess thís invaluable energy resource in the region. 

Costa Rica: Drilling program with positive results 
in the vokanic area of Miravalles. 

Venezuela: Reconnaissance study in El Pilar­Casa­ 
nay (completad). 

Argentina: Reconnaissance studíes in the province of 
Jujuy (completed). in the provínce of 
Mendoza (in progresa): first phase of 
pre­feasibility completed in the area of 
the Tuzgle volcano, in the province of 
Jujuy; drilling of one well with positive 
results in the Copahue area, in the 
province of Neuquen. 

Chile: Drilling program completed with posí­ 
tive results in the area of El Tatio and 
other areas of interest already identified. 
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note; The authors would líke to gratefully acknowledge the 
valuable contributions rnade by Prof. Franco Barberi 
from the Uníversíty of Pisa and by Dr. Andrea Merla 
from G. I. through conceptual díscussions held during 
the preparation of this Article. 

Furthermore, by integrating the rural populations 
of Latin America, which account for more than half 
of the total, with transmission lines or conventional 
energy distribution grids, OLADE hopes to foster 
the exploitation of low­ and medium­enthalpy 
geothermal resources in an attempt to increase 
productive and economic development in these areas 
with fewer resources. 

OLADE anticipates geothermics to be integrated 
into the medium­term energy supply of most of the 
Latin American countries. It is thought that with 
the exploration already begun, the first geothermal 
units will be available duríng this decade, thus 
opening up possibilities for the intensive development 
of new areas which, with geothermoelectric gene­ 
ration, will be integrated into national productive 
activities. Wíthin this operational framework, 
OLADE has carried out severa! prograrns, as indi­ 
cated in the first part of this article. 
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Sorne of the topographical characteristics which 
indicate a place with good wind energy potential 
have already been mentioned. The locating of 
these sítes can be done on the basis of topographical 
and dimatological maps, since strong imbalances 
and ísobars close together are indicative of strong 
pressure gradients responsible for winds of a regional 
nature. In the specific site, · the ecological evidence 
is important, since ít is manifested as deformations 
in the trees that have been subject to continuos 
stress occasioned by the dominant winds; and the 
degree of their deformations is indicative of the 
average velocity. 

In terms of direction, the fact that the dominant 
winds usually prevail indicates the uniforrnity of the 
pressure gradients that give rise to them; constant 
changes of direction are indicatíve of local turbulence 
which is a drawback for energy development. As 
for wind velocity, it is necessary to know the 
statistical distribution of ·the same, for periods of 
one day, one month, or one year. The average 
annual velocity data are indicative of what can be 
expected of the winds at a specific site. 

Then, what are the wind features and the 
topographical influences which make utilization of 
this resource ínteresting for energy purposes7 

To Iocate a good site for taking advantage of 
wind energy is equivalent to locating a vein of sorne 
mineral. A geological structure determines the 
possibilities that given minerals exist, while detailed 
prospecting locates the veins. In this comparison, 
the role of the geologist and of the meterologist are 
similar, as is the role of the specialists in wind 
energy and in mineral prospecting. Places with 
high wind energy potential, just as those with mi­ 
neral deposíts, correspond to quite specífíc site 
characteristics. · 

d) What is the probable duration of the high ­ 
velocity winds or calm periods, and what is 
their frequency during a given time períod? 

a) In which places is there enough wind with 
sufficient intensity so as to be economically 
useful7 

b) How much wind can be expected at a given site 
over the course of a year7 

c) How is the dístributed wíth time, during one 
day, one rnonth, or one year. and even for 
longer periods7 

This is where questions arise as to the feasibility 
of development wind energy resources, e.g.: 

These will vary according to the application 
which it is intended to give the wind energy ­as a 
function of its magnitude and the requirements to 
be satísfied. lt is not the same to Iocate a wind 
pump for an artesian well, where the well determines 
the point of application, as it is to place a 1­MW 
wind generator which will be connected to an electrical 
distribution network. 

At the level of site locating, sight inspections 
of the local topography, ecological evídence, and 
the placement of anemometers in different sites for 
simultaneous measurements will permit determining 
the most suitable sites. 

In addition, it is necessary to develop a 
methodology for map analysis, permitting the locali­ 
zation of areas with .wínds, in arder to determine a 
suitable correlation between the topographical and 
clirnatological factors associated with an area of 
relatively constant prevailing wind or winds of a 
well­defined periodicity. 

For the regionalization of the wínd, a country' s 
meterological network and its historical information 
are unquestionably of vital importance. 

The exploration of the wínd can be done at 
three levels: the regionalization of the wind; the 
prospecting of areas with good wind energy potential; 
and the locating of sites for optimal utilization. 

2. PROSPECTING OF AREAS OF INTEREST 
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Oral references are no more and no less than 
the fact that people comment that "That's a really 
windy place." However, for the staff of the 
governmental institutions or ministries doing work 

An investígation of toponyms (names of sites) 
can serve as a helpful reference in detecting areas 
with strong winds; for when these constitute a 
significant phenomenon, it is usually somehow 
reflected in the name of the sífe, In Mexico, for 
example, the most important area of wind energy 
potential is located near a settlement known as "La 
Ventosa." (Windy Poínt"). 

2.1.3 Toponyms and Oral References 

2.1.2 Climatological Maps 

This analysís is based on the areas of transition 
from one dimate to another. The differences in 
topography, orography, precipitation, humidity, 
etc., determine a thermodynamic response different 
from that of the daily sunshine cycle and would 
give rise to local winds of an advective nature ­si­ 

1 milar to sea/Iand breezes­ as a function of the 
difference in temperature in the lower layers of the 
atmosphere during the day. (Figure 1 illustrates 
this). 

This historical information on the dimatological 
parameters, which the meteorological services of each 
country have compiled over the course of many 
years, should undoubtedly serve as the starting 
point for the evaluation of this resource in each of 
the countries of the region. Nevertheless, experience 
has demonstrated that care must be taken in 
handling this information, first assuring its consistency 
and reliability before proceeding to its analysis. 

The analysis of climatological maps is a prelimí­ 
nary step in direct prospecting, by which it is 
possible to define areas with good possibilities for 
developing wind energy. 

2.1.1 National Meteorological Services 

2.1 Indírect prospect 

Climatological maps 
Toponyms and oral references 
Direct prospect: 
Surveys 
Ecological evídence 
In situ measurements 

Historical information on climatological para­ 
meters, provided by the National Meteorological 
Services. 

Indirect prospecting: 

Broadly speaking, the localization techniques 
used to detect areas of interest, in terms of wind 
energy potential, can be divided into two groups: 
direct and indirect, as explained below. 

Having mentioned the major features of the 
methodology for locatting sites of interest for the 
generation of electricity to be fed into an electric 
system, it · is useful to insist on the fact that, 
depending on the magnitude of the application, it 
will be the quality of the process of site selection. 

This last stage is aimed at simulating the 
behavior of the WECS and the amount of electricity 
produced monthly, seasonally, and yearly. On this 
basis, it is possible to determine the total cost, per 
unit of energy produced with a WECS; and also, 
considering its integration with an electric system, 
it is possible to evaluate the savings which it would 
represent in terms of the fuel consumed by a 
thermoelectric plant or the water used in a hydro 
power station. This analysis will be what finally 
determines the techno­economíc feasibility of 
developing the wind energy at thís site. 

Stage 6: Investigation on the Behavoir and 
Efficiency of WECS 

behavior parameters which affet the operation, cost, 
life, etc., of a large WECS. 
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sand in small mounds, due to the effect of the wind 
in desert zones; these are dístributed as large rows 
perpendicular to the direction of the wind. See 
Figure 2. 

The effects caused on vegetation due to its 
exposure to the wind are as follows: . 

Brushing 
Deformation 
Flatteníng 

Within the effects occasioned in the terrain due 
to its exposure to the wind, we can mention erosion 
and the formation of sand, dunes, in desert­líke 
settings. 

Erosion consists of the wear caused · by the 
abrasion of the wind .on the terrain, although the 
latter is not necessarily the only physical · agent 
which causes erosion .. ·· 

The Iormatíon · of <lunes is the accumulation of 

· Figure 2 ­ Formatíon of Sand Dunes 

. ¡ ~­ 

WIND DIRECTION 
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The second way is to cakulate the deformation 
ratio on the basis of a photograph of a tree taken 
perpendicularly to the direction of the prevailíng 
wind, according to Figure 4; from this value, the 
velocity range in Table 2 can be obtained. 

Finally, it is necessary to clarify that these 
techniques are of a generally qualitative nature, but 
not quantitative; since adaption to each specific 
habitat can give rise to different mechanical properties 
in the wood of one same variety of tree. 

2.2.2.3 Velocity evaluation methods based on 
vegetation effects. 

There are methods for carrying out velocity 
evaluations in a given place, on the basis of ve­ 
getation effects such as: 

­ Observations of tree deformations 
Cakulations of the deforrnation ratio 

The first method is simply the observation of 
the shape of the tree and its comparison with the 
schemes appearing in Figure 3, yielding the range 
of average annual velocities specified in Table l. 

sample to locate the heart and cakulate the 
eccentricity. 

One case which could be pointed out as an 
example is the low growth rate of vegetation on 
hills in Great Britain where the average annual 
wind velocity is 10.3 mis (23 mph). 

An interesting methodology for inspectíng the 
ecological evidence consists of measuring the 
ecentricity of the rings of a tree trunk cross­sectíon 
as wells the circular to elliptical deformations. 
This methodology can be applied without cutting 
clown the trunk, by measuring the externa! di­ 
mensions of two octhogonal axes and taking a drill 

The first effect consists of the simple brushing 
of the wind against the vegetation ­wínds with an 
average annual velocity of 2.7 and 4.5 mis {6 and 
10 mph). The second consists of deformation caused 
by prevailing winds between 3.6 and 8.5 mis (8 and 
10 mph). Finally, "Flatteníng" is basically an extre­ 
me deforrnation clase to the surface, at a speed of 
9.83 mis {22 mph). 
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These are. different kinds of wind energy
conversion systems, but all of these must operate
under the theoretical and practical restrictions on

3. WIND GENERA TION 

Once the anemometer is fonctioning, it is. useful
to compare this information · with that from the
nearest meteorological observatory and to establish
sorne forrn of comparison in order to verify any
existing correlation. If ít is possible to derive a
correlation factor from month to month it will be
feasible to establish annual behavior . rápidly.
Otherwíse, it will be necessary to prolong the
observations long enough to permit the evaluation 
of seasonal variations. 

The first energy evaluations can rely on con­
tinuous logging of · the velocity in order to obtain
velocity distribution graphs, the use of electronic
recorders to obtain a histogram the velocities and
energy during the period, or the use of summing
anemometers (anernometer­odometer) to obtain the
average velocity Ior the period. 

2.2.3.3 Measurements 

A simple method for detecting turbulence in the
area of interest is first to place one or two 1.5­meter
listers in the point of the mast of the anemometer. 
With a good breeze, if the listers float straight and
steady, the wind flow is uniform: but if they move
a great deal, there is turbulence and the measurements
will · have to be taken in another place or at a
greater height. 

wind generation, and if there are trees and other
small obstacles, requiring a greater height for the
wind generator, then the measurements may be taken 
at more than 10 meters. The turbulence produced 
by small obstacles not only reduces the availibility 
of wind energy but is also damaging for wind
energy conversion systerns, because it gives rise to

· dífferences in pressure and stress not uniformly
distributed .among the blades of the rotor. 

0)40· 

After the measuring site has been decided, it 
will be necessary to establish the mínimum measuring 
height. Conventionaly, this altitude will be 10 
meters; however, if the areas of interest are for the 

2.2.3.2 Measuring height 

The anemometer should be installed in . a site 
free of interferences in order to obtain representative 
area measurernents, i.e., ali obstacles (houses, trees, 
etc.) should be at a certain distance from the base 
of the instrument, at more than ten times the height 
of the obstade. 

lndependently from the prevailing wind factor, 
care should be taken to see that the site selected has 
a mínimum number of obstructions, thus allowing 
for the free flow of the wind. Large obstacles such 
as hills are propitious for creating a "wínd screen" 
which reduces the total wind availibilíty. Small 
obstructions such as houses, trees, small hills or 
those with abrupt elevation behind the area of . 
interest, can cause interference or turbulence, thereby 
wasting the flow of utilizable wind. 

lt is clearly more difficult to select the best site 
in areas where the local winds predorninate or · whei:e 
they are at least strong enough to modify the effect 
of the prevailing winds. Before making the final site 
selectíon, it may well be advisable to do frequent 
testing at severa! seemingly appropriate points. 

The land/sea breezes, for ínstance, which blow 
from the sea to the land during the day and from 
the land to the ·sea at night, are simply due to the 

'fact that the land temperatures are more susceptible 
to change than are those over the ocean. Valley 
and mountain breezes are caused by the same local · 
effects and on a warm, sunny day, the winds can 
sharply displace themselves from the botton of the 
valley along the slopes of the adjacent hills. 

On the other hand, local winds are caused by 
the temperature differences created by local topo­ 
graphical conditions. · 
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The electricity in the variable frequency should
be converted at constant frequency far its utilization 
in conventional electrical devices and equipment. 

A system variable velocity and an optimal
maximum power . coefficient is more· complicated than
a constant velocity scheme. 

The rotor' s efficiency in converting wind energy 
into mechanical energy (the Cp ­ power coefficient) 
is optimum at only one value for the angular speed 
of the rotor/wind velocity ratio. This ratio is 
usually expressed as the tip speed/wind velocity 
(A o). Thus, it is possible in a system of this kind 
to permit the rotor to revolve at a speed proportional 
to he wind velocity r with . the electric charge for the 
generator programmed according to the former. 
This would lead to an optima! solution to the 
problem of total conversion efficiency in the trans­ 
formation of wind energy into mechanical energy. 

These are the generating systems where there is 
no control for the angle of attack of the rotor blades, 
which are left to rotate freely with the wind. The 
rotor's angular speed, however, is determined by the 
load­velocity characteristics of both the rotor and 
the generator. 

3.1.2 Systems with Variable Velocity and 
Constant Frequency 

In refering to the characteristics of the coupling, 
another of the possible applications for this scheme 
should be analyzed in detail: the direct utilization of 
electricity in an universal engine for the purpose of 
pumping water, where the energy conditioning is 
kept to a mínimum so that the cost of this applíca­ 
tion will be economically competitive. 

electricity generation for heating purposes, where 
the current generated circulates by means of heat ­ 
producing resistance. In this application, the 
amount of utilized energy is the important factor, 
rather than the quality of the electric current, in 
terms of the stabílíty of the voltage and frequency. 

This kind of system is used to charge batteries 
and it is the most commonly used small­capacity 
WECS (less than 10 kW). In this system, an AC 
generator with DC excitation is. attached to an aero­ 
dynamic rotor with a variable velocity; and the 
generator outlet with variable frequency is rectífied 
to obtain DC. The energy is later store in Batteries. 

Another of the applications of this systern is 

3.1.l Systems with Variable Velocity and 
Variable Frequency 

III) Constant Velocity, Constant Frequency 
a. Synchronous generator 
b. Induction generator 

II) Variable Velocity, Constant Frequency 
a. AC generator with commutator 
b. Generator with regulated Held 
c. Double­outlet induction generator 
d. AC generator ­ rectifier ­ battery bank ­ 

convertor ­ charge 
e. AC generator ­ rectifier ­ synchronous 

converter ­ electric grid 

I) Variable Velocity, Variable Frequency 
a. AC generator ­ rectification 
b. AC generator ­ resistive heating charge 

These three schemes for electricity generation 
can take the following forras: 

Desired cost per kWh 
Cost per kW installed 
Range ( or goal) for nominal k W with the WECS 
AC or DC generation 
Utílization of the WECS by itself or coupled to 
another autonomous source of electricity or 
electrical distribution network. 
Use or not of sorne kind of energy/storage system. 
Type of applications for energy produced. 

variety of technological solutions, considering among 
other things: · 
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V WIND VELOCITY 

Figure 7 ­ Ideal Operating Conditions Ior VVCF Systems 

I 

~·~ 
/l 

/ 
/ 

./ 
./. 

TORQUE 

. ANGULAR SPEED OF 
­ THE TURBINE 

W «v 

CONSTANT Cp 
I 
I 

' J 
I 

MECHANICAL POWER AT THE AXIS <, / 
WTd.V3 'V 

/ 
I 

1 
Tc(V2 / 

/ 
/ 

CONSTANT 

Á 
1 

Organización Latinoamericana de Energía



o 

(9NI133.HM­3.3.}I:I) A.LD013.i\ J.OO­ rro 

- - - - - - - - - - - - - - - - - - - - - - -L 
A.LD013i\ NI­ .LO:> 1 

A.J.D013.i\ ONIM 39W3A V ' 
,\J.D013i\ ONIM 3.i\lJ.:)3d:I3 ­ ­ ­ ­ ­ ­ :­ ­ 

1 
1 
1 
1 
1 
1 

oooz ooov 
(JeaÁ I) 09lS 

. ~ºººª 0009 S}IflOH ~~-i-~~~~~~~~___,.----.,-~--.---.--+ 

1 
. 1 

1 
1 

'l 
1 

· .. • 

l.flO­ J.fD 0.1 E![19 SSOl A'.'llTIIN3 -j · . "H3MOd ONIM 

(W3.LSAS :DM) srxv 3HJ. J. V "H3M0d 1V::>INVH:>3W 

(w;usAs !:Di\i\) SIXV .3H.L .LV }13.MOd 1V:::>INVH:)3W 

(d:::>M) . .11).0­.LO:> .LV N!IMOd :mI.1::>313 

(W3.LSAS :{:)¡\¡\ rno­ .L[l:::> .LV H3.MOd :::>I~LL:::>3.1H' 

(W3.LS.AS d3A)) NO.L:)Vd OV011VflNNV 

A.LD013.i\ ONIM WOWIXVW 

sawatp5 ::DA::> pul? J.:)11./\. ~o uospt?dwoj ­ s am8!J. 

Organización Latinoamericana de Energía



46 

Figure 9 ­ Schemes for VVCF and CVCF Electridty Generation 
Systems and Theír Operating Characteristics. 
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From the perspective of the technological 
sophistication of the design and manufacturing 
processes for the small units in use, only the North 
American wind pump represents the development of 
engineering involving manufacturing processes such 
as molding, melting, casting, and galvanization by 

d. Pneumatic pump 
Compressed air 

­ Hydraulic piston. 

c. High­speed rotary 
Vertical pump with cups 
Submerged electríc 
Rotary, with positive displacement 

­ Peristaltic pump, hand­made 

Rotary cylinder, hand­rnade 
Helicoidal rotor, industrial 
Rolled tube, hand­made. 

Figure 10 ­ North American Type of Wind pump 

Organización Latinoamericana de Energía



F. Most of the countries accruing large benefits 
with the use of windpumps are found in tropical 
latitudes with moderate winds. This means that 
the largest of these windpurnps do not deliver 
suffícient water even far the very applícatíons 
far which they were designed in their countries 
of origin, all of which have sígnífícantly greater 
wind regimens. 

E. Local manufacturing of these aeropumps under 
licenses has the limitation of large investments 
in the tools and equipment necessary to carry 
out the processes involved in their manufacture. 

D. Due to the fact that the windpurnps rnodels 
existing on the market were mostly designed 
severa! decades ago, they preve to be too ma- 
terial-intensive and, therefore, too expansive for 
the present-day markets. Nevertheless, the 
manufacturers of this equípment have been 
reluctant to invest in the creation of new 
designs or the re-equipping of plants in order 
to produce more econornical equiprnent, since the 
disadvantage rnentioned under ítem B is only 
manifested bacause of the reduced export 
market. 

C. The lack of technical information on this kind 
of equipment gives rise to problerns for the 
user, ranging frorn an incorrect selection of the 
size of the rotor and pump, to a lack of spare 
parts. This lack of inf ormation creates a vicious 
circle whose result is a lower volurne of sales, 
where the distributor seeks a hígher rnargin of 
profit than that earned on products which 
"rnove" more quickly. 

costs and are almost always greater than those 
for a purnp driven by an interna! cornbustion 
engine. 
The international transportation cost of one of 

these windpumps comes to represent up to 100% 
of the factory price. 

0)49 

B. The large volume and weight of these windpumps, 
designed in an era in which sturdiness meant 
reliability, considerably increase transportation 

A. The imported windpumps represent a latge capital 
investment when compared to a diesel - pump of 
similar capacity. Due to its longer life and low 
operating costs, the former's cost per unit of 
pumped volume is more inexpensive in: the long 
run. However, lack of capital or financing can 
mean that the smaller original investrnent 
required by the diesel plant will prove more 
attractive. 

In general, for the inter-tropical countries that 
do not produce such equipment, the following 
problems have been presented for its broad diffusion: 

This pump is being manufactured in the United 
States, Europe, Australia, Argentina, Brazil, Chile, 
and Mexico, among others, under licences or with 
modifications, given the expiration of its patents. 
Nevertheless, its utilization in the developing countries 
has not been as extensive as it might have been, 
due to a lack of adequate dissemination and the 
fact that many of its economic advantages are lost 
because it is manufactured abroad and must 
consequently be imported. 

This type of wind pump -whose rotor diameter 
varíes between 6 and 16 nominal feet (1.8 m to 
5.0 m)- is suitable for small applications such as 
supplying water for a family (household), their 
garden and livestock, and for waterholes in pastures. 

The North American windmill illustrated in 
Figure 10 was the only model to survive the advent 
of the steam engine, the interna! combustion engine, 
and the rural electrification. 

4.1 Technical and Economic Considerations 1 
for Wind pumps 

immersion (cold-forming) and thus requiring 
appropriate industrial facilities. 
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Latín American Seminar­Course on the Prospects/\ 
Evaluation, and Characterization of Wind Energy. 
Cuernavaca, Mexico, May 26­30, 1980. . 

To this end, OLADE has organized the following 
events: 

50 

This component of the Program is of funda­ 
mental importance and seeks to disseminate comple­ 
mentary technical training among the regional 
experts in charge of the projects utílizing wind 
energy. 

Ill. Courses­Serninars 

The inventory will reflect the advantages and 
disadvantages of each technology and, as a result, 
the most suitable solutions using the possible 
combinations of conventional and non­conventional 
technologies. 

The storehouse of experience already acquired 
• by the region in the fields of research. development, 
and demostration for systems geared to exploiting 
the wind energy potential will serve as a starting 
point for establishing optima! prejects to attend the 
specífíc needs of each area. 

OLADE is attempting to díscen and inventory 
the technology available in Latin America and the 
Caribbean in the area of wínd energy, both in 
terms of the research undertaken by the various 
specialized regional organízations as well as in 
terms of the equipment production capacity available 
to satisfy the potential demand of the areas chosen 
for the Program. 

11. lnventory of the Technology Available in 
the Region 

The areas chosen by the program will be the 
object of a more exhaustive study of the wind 
resource and the development of pilot projects for 
the purposes of demostration and additional evaluation 
of the wind in díverse areas. 

On the basis of the meteorological information 
available in the different countries of the region, 
OLADE is elaborating a Wind Atlas for Latin 
America and the Caribbean, which will provide a 
good ­ídea of the región' s wind energy potential. 

With this, an important analytical instrument 
will be made available to define the most prornising 
areas for the implementation of programs using 
wind energy conversion systems, 

l. Evaluation of the Regional Wind Energy 
Resource 

Base Actions 

Recognizing the importance of wind energy as 
an alternative source to those currently in use, 
OLADE is proposing a methodology for the de­ 
velopment of this resource in Latin América and the 
Caribbean, with the structure indicated in the 
following diagram: 

5. THE REGIONAL WIND ENERGY 
PROGRAM OF OLADE 

Figure 11 indicates the cost per kW equivalent 
for water pumpíng, as a functíen ·of rotor diameter 
and the average annual wind velocity for a specific 
site. 

High capital cost. 
Long lifetime, typically 30 years, although it is 
common to find units which have been working 
longer. 
Low maintenance. 
Pumping depths of up to 300 m. 
Manufacturing requmng mature industrial 
processes in steel technology. 
Very evolved design engineering. 
Availability on international export market. 

The general features of the North American type 
of windpump are as follows: 
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Figure 11 ­ Costs for Pumping Water Using the North American 
Type of Windpump (Data for the United States, 
1978) 

Cost of Pumped Water 
(In US $ kWh equivalent) 
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To accomplish the proposed objectives, a direct 
mechanisrn was established. the construction of 60 

2.2.3 To promete. coordinate and direct the 
development of biogas in the OLADE member 
countríes. 

Fue! production (biogas) 
Organic nutrient production (bio­fertilizer) 
Improvement of the ecological and sanitary 
conditions of the rural area, 

2.2.2 To demonstrate the viability of biogas 
on a small scale in the rural area. 

The basic objectives are detailed below: 
2.2.1 To transfer biogas technology through 

the training of local technical support. 

2.2 Objectives 

The definition of "Development of Technical 
Projects and Transfer of Technology" that OLADE 
follows, with the governmental support of the 
member countries, allowed a group of the principal 
Latín American biogas experts to meet in Quito, 
Ecuador in February, 1980, to discuss the document ­ 
proposal that OLADE presented at that time. The 
result of the meeting was the approval of the 
docurnent, and this became the basis of the Pilot 
Project. 

2 .1 Background 

2. Pilot Project for Training and for the 
Construction and Demonstration of Biogas 
Plants in Rural Areas of Six Latin American 
Countries 

Within this context, the OLADE Regional Biogas 
Program developed a Pilot Project for Training and 
for the Construction, and Demonstration of Biogas 
Plants in Rural Areas of Six Latin American Countries 
whose relevant aspects are detailed herein. 

(V 56 

Within this same veín, it should be considered 
that the prevailing technologies form the character 
of the economic systerns, since they are not neutral 
elernents in the determination of what resource is 
utílized, who works and where, how much they 
earn and what leve! of academic preparatíon is 
needed. 

Thus. the energy alternatives (in this case biogas) 
do not only base their future on the use of equípment 
or tools but also on the generation of new ways of 
thinking to organize the action or actions that are 
attempted. 

Is summary, it can be saíd biogas deserves to 
belong to the group of "alternative agro­organíc 
technologies in the agricultural world", that is to 
say, it aidsn the natural processes of energy and 
food production and health, but in a decentralized 
way. 

More important still, biogas is not only a 
technology; it also implies the introduction of new 
and different concepts in the rural area that are 
traditionally resístant to change. As with any change 
it implies introducing risk, disorder, new custorns, 
to. seeing things in another way and this causes man y 
crea te negatively, and crea te barriers or mental 
blocks to protect themselves. 

Also, according to studies by UNDP­OLADE, 
the optimistic estimates for possible biogas production 
volumes, expressed in tons of oíl equivalent (TOE) 
and considering ideal conditions forecasted for 1985, 
the contribution of biogas would be 45.50 TOE and 
for 1995 69.85 TOE, which corresponds to US$ 10.682 
million and US$ 16.404 million respectively for the 
years cited, (using a price of US$ 32.00 per barre! 
or US$ 235.00 per metric ton). In addition, in this 
superficial analysís, the value of the organic fertilizer 
produced is not considered. The volume of this 
would be between 12 and 16 metric tons per year, 
per plant. 

cost per kilowatt hour is US$ 0.40 which is competí­ 
tive with other energy sources. 
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d) The joint utilization of other energy sources has 
been encouraged. 

e) The generation of local technology for constructíon 
has been motivated as ­difficulties in handling the 
ferrocement technique have been overcome, and 
the Iack of availability of construction materials 
has prometed the search for alternatives. 

b) The concept has been introduced that biogas 
technology not only constitutes an _ energy source 
but that it could also contribute to the improve­ 
ment of soil quality, through the bio­fertilizer 
produced. 

a) The technical feasibility of biogas as an alternative 
energy source is being studied. In Bolivia, especial­ 
ly, it is planned to install 40 .more digesters 

_ and in [amalea funds _ have been requested from 
the European Development Fund to construct 
2,500 digesters in five years. 

No doubt it is hard to observe or confirm if 
the imrnediate benefits were total or partial ­ when 
the project has just recently been completed: this 
couJd only be _ appreciated · with time and wíll depend 
on the way in which the countries utilize the 
obtained resource. However, the rnost outstanding 
benefits are described below: 

2.5 Beneflts attained 

objective technical support; and it should be stressed 
that without this basic information, OLADE will 
not be able to generate strategies and policies which 
are technically and economically feasible. 

e) It permits ­ the governments to be aware · of, to 
evaluate, and to demonstrate a locally known 
technology, which could improve their capacity 
for self­sufficiency; · ­ 

f) Biogas has been strengthened as an integrating 
element in the countríes' energy policy. 

• One plant is nót in operation due to soil collapse and 10 more 
plants were constructed at the same time that practica! courses 
were carríed out. · 

5. OLADE will need complete statistics on the 
operation, maintenance and Follow­up of the plants, 
with the purpose of · offering a more useful and 

4. · The experience attained should permit the go­ 
vernments in question to plan their · own biogas 
prograrns. 

3. The objectives related fo the transfer of techno­ 
­ logy · were achíeved. (Ferrocement _ technique, 
small­scale operational procedures and construction 
aspects). 

l. A prudential time period should be granted in 
order to determine the operational efficiency of 
ALL the plants. ­ 

2. The majority of the plants show costs which 
surpass the budgeted ones, but this is due to the 
form in which labor was hired. Nevertheless, it 
is considered feasible to reduce the costs by even 
even 50% if more appropriate rnechanisms are 
establíshed. 

The conclusions consídered rnost relevant by 
OLADE are presented herein with: 

2.4 Conclusions 

SUMMARY TABLE 
Type of Plant In Ready to Not In TOTAL 

Operatlon Operate Operatlon* 
Ch in ese 16 2 18 

Xochicalli 3 s 1 9 
IIE­Mexico 8 8 
OLADE ­ 
Guatemala 4 11 15 
TOTAL 23 26 50 
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The Chinese-type digester functions on a semi - 
continuous basis. lt is initially loaded with pre - 
composted material at a concentration level •. of 
7-15- of the total of solids in suspension and, then 
it is reloaded periodically (daily; every other day, 
or weekly) with raw materials, preferably precom- 
posted, in a quantity equivalent to the gas produced, 
It is recommended that the liquid effluent be·. re- 
circulated frequently. 

DIGESTER OPERATION 

.f. Obtaining of more homogenous and accessible 
effluents and sludge. Moreover, it is very 
important to add different types of inoculares in 
the initial load, up to a volume of 10% of the 
total volume of liquid, 

e. Partial degrading of the initial raw material which 
accelerates the production of Biogas fuel. 

d. Heat that raises the temperature of the initial 
solution of the loads. 

c. Heat that is responsible for destroying the ma­ 
jority of parasites which are initially present. 

b. Generation of heat (60-70°C) that removes.-the 
waxy coating of the straw and pennits partíal 
cellulose and lignine brakdown until their ho- 
mogeneous disintegration in the digesting liquid, 
avoiding the formation of foamy scum. 

a. Adequate temperature for the multiplication of 
aerobic and anaerobic bacteria. 

described in a subsequent diagram, lt is ímportant 
to emphasize that a large degree of the success of 
the Chinese biogas technology depends on pre - 
compost, and the following advantage are to be 
derived: 

The Chinese-type digester uses ali types of 
agricultura! waste, including human excretion, 
while it is always recommended · that a mixture of 
rnaterials be used. The Chinese operation techniques 
permit the digestion of cellulose material, e.g., graín 
residues, grass, leaves, etc., as long as the digester 
is .loaded with material that has been aerobically 
pre-composted. The techniques of pre-compost is 

RAW MATERIAL$ FOR DIGESTERS 

B. SEMI-CONTINUOUS CHINESE 
DIGESTER WITH A DOME 

The gas outlet valve on this digester should be 
dosed, and the water seal should be emptied. After 
this, the digester should be uncovered and the drain 
-pipe opened to allow the liquid bio-fertilizer to 
scape, leaving ít to drain completely; this process 
takes approximately 48 hours. At the end of this 
process the .solid fertilizer is extracted and the 
digester is cleaned, so as to be ready to be loaded 
once again. 

On observing a decrease in gas productíon 
(when this reaches levels whích are not very useful), 
it is time to begin the discharge process. 

Under favorable environmental conditions, the 
production of gas fuel is noted between 4-1 days 
af ter the sealing of the digester. 

The period of digestion, given adequate mixtures 
and suitable climatic conditions, can take approxí- 
mately 35-45 days, with useful outputs of gas. 

After this, the digester is closed and herntetically 
sealed, with water added to the respective seal. The 
digestion process now begins. 

It is also important to mention that before 
sealing the digester, one should wait for the water 
to seep into the material, in order to avoid · unexpected 
drops in the leve! of water situation which is quite 
undesirable. 
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This ought to be done in such a way that the 
leve! <loes not fall below 50 cm. frorn the bottorn, 
so as not to stop the process. The unloading can 
be done daily, every two weeks, monthy, etc. Two ­ 
thirds of the daily load can be · unloaded as Iiquid, 
and a quarter as sludge. · 

The water that is collected can be . recírculated 
for the sake of economy. 

It is necessary to ensure that there is no leakage, 
particularly through 'the screws of the scum removal 
outlet. 

Unloadlng the Digester 

The digester should be loaded until the liquid 
covers the mouth of the inlet. pipe. The skimrning 
process takes place 2 or 3 .: times a year, keeping in 
mind that the first scum forms. 15 days after the 
initial loading, so that H becomes necessary to drain 
liquid as far as the lower leve! of the scum removal 
outlet and to extract the scum with a device designed 
for that purpose, by dragging. 

It is similar to that described for the Chinese 
system; in other words, its load is semi­continuous 
or continuous; the initial load is preferably made 
with .pre­cornposted material. The addition of the 
initial liquid is preferably a mixture, with 10% of 
the residual liquid from another digester or from a 
septic tank. 

OPERATION OF THE DIGESTER 

For this type of digesters, organic waste, sewage, 
manure, organic industrial wastes, crop . residues, 
etc., may be used as raw material. To the mixture 
of solids íntroduced into the digester liquid (water 
and/or innoculators) must be added until there is 
an approximately 90% dilution. 

RAW MATERIAL FOR DIGESTER 

C. SEMI­CONTINUOUS 
XOCHICALLI­DIGESTER 
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The overflowing device. besides being an 
unloading alternative, is also a water seal that 
works as a relief valve in case the interna! pressure 
will surpass the maximurn perrnissible pressure. 

The digester is loaded every day with a mixture 
volurne determined previously and the same volurne 
is extracted by communicating receptacles towards 
the unloading sink, avoiding utilization of pumps. 

During the first load it is necessary to introduce 
the inoculous material, with the purpose of ac­ 
celerating de­composítion of the organic material, 
and therefore the gas production. 

Loading is done in a continuous or semi­con­ 
tinuous' form, through an entry charnber, feeding it 
the first load with pre­cornpound material preferably. 

OPERATION OF THE DIGESTER 

This digester utilized a technology of high 
dilution, and due to this the raw material fed, has 
around 8 % of total ·so lid rnaterials in dilu tion 
(water and /or inoculous material). It is fed with 
manure from 8 to 10 serní­stable cows or the 
equivalent in other anirnals; this could be mixed 
with wastes frorn harvests and a compound can be 
prepared in such a way that it will disgregare the 
organic material. 

D. SEMI ­ CONTINUOUS 
IIE ­ MEXICO DJGESTER 

RAW MATERIAL FOR DIGESTERS 
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