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INTRCDUCT 10N

Energy is a basic resource needed to develop the ccono-
mies of countries sueh as the Republic of Panamid success-
fal iy, The availability of energv in different forms is
essential for most of the industrial and service activities,
and the cost of delivered energy can be a critical factor in
determining the economic competitiveness of industries and
services and the ability of the general public to raise its
gtandard of living.

The following are the principal products that are manu-
factured in the Republic of Panamé: matches, candies,
crackers, ceramics, tiles, cement, cigarettes, dairy pro-
gducts, alcoholic beverages, soft drinks, canned fish, canned
food, canned juices, flour, refined sugar, refined oil pro-
ducts, aluminum, and plastic products. The industrial
sector requires energy for mining, manufacturing, transpor-
taticn, air conditioning, agricultural production, and food
Processing and preservation. The agricultural industries
include the raising of pigs, poultry and cattle. Providing
energy for activities such as the above is a major problem
facing all of the developing countries.

Like most developing countries, the Republic of Panamé
s undergoing a rapid transition from an agrarian to an
urban society. The Republic of Panamd consists of nine
provinces which are Bocas del Toro, Cocle, Colén, Chiriqui,

Darien, Herrera, Los Santos, Panami, and Veraguas and a non
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provincial area known as Comarca de San Blis (see Fig. 1)

n the

(=0

About 16 percent of the population is concentrated
urben arecs; almost halfl of this urban pepuliation lives in
Pannsii City.  The population density varies from 40 to 70
persons por o sguare kilometer in Darien and Panamd, respec-
tively. The urben metropolises have very aciivé commerce
and gervice indusiries. Yet the major exports, agricultural
produce, sugar, rice and coffee, are produced mostly in the

interior provinces of the Republiec of Panama: Chirigui,

=

ocas del Tore, Veraguacs, Darien. Therefore, the long term
goal c¢f the energy plan for the Republic of Panamd is to
increzse the couatry's economic growth by improving the
energy consumption patterns and the energy distribution
while diversifying the energy sources.

Because the Republic of Panaméd depends totally on
imported oil to sustain its economic activities, the sharp
increases in o0il prices present a major problem. By 1878
the cost of oil imports was egual to 73 percent of the total
export carnings. For this reason, under finanecing from the
World Bank in 1981, the Instituto de Recursos Hidraulicos v
Electrificaciéon (IRHE), e.g. Electric Power Authority of
Panaméd, assisted by the Center for Energy and Environment
Research (CEER) of the University of Puerto Rico and the
Institute of Energy Conversion of the University of
Delaware, started work on a plan to use alternative energy
sources to replace conventional fuels.

The development of alternative energy technologies,

however, cannot proceed in 1isolation from the existing
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patterns of cnergy use. Plane for aiternotive technoulogies
and encrgy conscervation sheuld be integrated into the exist-
ing patterns of energy use in the various sectors of 1the
Panamanian econowy by taking into consideration the type of
energy being used {(sece Tables 1 and il). Energy plunning
must be integrated with the overall econeomic plan. Future
energy  reguirements must be interconnected with future
cenergy  economic activity such as  industrial cutput and
personal expenditures for energy consuming devices and
Tuel g, Cersequently, the assessment of the poiential use of

solar encr

)

in the Republic of Panami should be viewed as

one part of an integrated energy plan.

1. SOLAR ENERGY ASSESSMENT PROGRAM

In recent years many countries have undertaken energy
assessment studies which have included the use of alterna-
tive energy sources. The objectives of the Panamanian
Energy program were:

- to reduce dependence on imported fossil fuels (oil,
coal, liquid gas, ete.), and thus limit the impact of
world energy prices on the social and economic
development plans of the Republic of Panama;

- to encourage the use of decentralized, renewable

resource technologies; and




to intreduce to the Republic of DPuaiamd energy options
other than fossil fuel or nucleosr DOWCY .

A limited number of different epplications of solar
energy in  the industrial, commercial  and agricul tural
sectars of the Panamanian cconomy were  selected  for
consideration. Site visits to fourtcen plants inciuding
meat  packing, food processing, garment manufacturing,
refreshment bottling, toebacco dryving and coffee drying
plants as well as to a brewery, a hotel/restaurant, a
hospital, a school cefeterin, a sugar miil, a rice mill, and
& salt refinerv were conducted in the four provinces of

Cocle, llerrers, Veraguas and Chiriqui. The selection was
mace {rom the many types of industry and plants in the
Republic of Panami listed in Table 11. Various solar energy
applications such as water heating, hot air generation,
solar assisted cooling, water puniping and other already
demonstrated technologies were considered. The time ang
resources available limited the scope of the asscssment,
which should be viewed as a first step toward subseguent
alternative energyv planning and demonstration activities in
the Republic of Panama, This study, which is limited to
solar thermal and photovoltaic systems, presents the poten-
tial for solar energy use based on only a limited number of
possible applications and on the data collected during two
subsequent visits of the assessment team in March and June
1981.[3,4]

It is enticipated that & detailed economic analysis and

the policy studies which lie outside the limits of this




projcct will be a naturul extension of the present program.
An analysis of advanced solar technologies such as central
tower power units, stand-alone photovoltaic stations, salt-
gradient ponds for electricity generation and high termpera-
ture process heat produciion would require the studv of the
availability of technology, the economics involved, and the
industrial aceeptance of a new energy source 1imn the
Republie. DMorecver, the availability of manpower and mate-
rials for manufacturing, installing, operaling and main-
taining solar =systiems, the budget iimitations, and the
timetable o7 implementation weould have to be determined.

By developing solar energv resources for manufacturing
commodities in the Republic of Panami, the foreign exchange
component of the balance of payments problem could be re-
duced. Important social and economic benefits could also
result from the establishing of an industrial base on solar
energy technologies which could create jobs and products for
internal and external markets. Several solar technologies
have already been developed to the point where the Republic
of Panamd could initiate a solar development plan which
could be implemented in a reasonable period of time with a
modest capital requirement. The factors stated above could
provide the incentive for the Republic of Panami to consider
supporting a program for the widespread use of solar energy
in appropriate applications.

Some solar technologies are sufficiently developed so
that their selection for near-term applications could favor-

ably influence the economy in the Republic of Panami. Such




.
applications include water heating snd electrice power gen-
eration for iscisted rurazl areas, The number of economi-
cally attractive long-term options will increasc as the cost
of solar cocling and of process heat generation are reduced
85 a& result of resesrch and development programs in the
Lhiited Bilates, Europe, Australia and Japsn and as larger

scale commercial manulucturing capabilities are introduced.

Z. SOLAR ENERCY RESOURCE BASE

The Republic of Panamé is located in the Western
Hemisphere between the 6° and 10° latitudes and between the
longitudes of 77° ang §3°,

The Pacific Ocean borders on the south and the
Caribbean Ses on the north; consequently, the weather in the
narrow Isthmus of Panami is dependent on oceanic conditions
to a large extent., The climate in the Republic of Panamd is
tropical with almost uniform témperatures all year. In the
coastal areas temperatures range from 23°C to 27°C (73°F to
81°F). Nights are generally cool, and in the highlands the
night temperatures range from 12°C to 19°C (32°F to 65°F).
There are two seasons, rainy and dry. The rainy season
lasts from April to December. The Republic of Panemd aver-
ages 165 cm (65 inches) of rain anmually in the Pacifie
area and 305 em (120 inches) in the Caribbean area. Cloudi-

ness, fog and mist are the main meteorological factors which
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cause the diffusion of direct solar irsolation in the
Republic, |

In order to achieve the greatest benefit-to-cost ratio,
solar energy svstems will have to be designed according to
the solur radiation available and according to other local
ciimatological characteristics. To design and evaluate the
performance of simple solar systems such as sclar water
hesters, solar drvers, and solar stills, the following
information is nceded:

- Globel solar radiation

- Dry-bulb temperature

t

Wet-bulb temperature

- Wind speed and direction.

To size and operate more complex solar systems for indus-
trial process heat, air conditioning and power generation,
the direct component of the global solar radiation measure-
ment is also required in the addition to the above data,

A solar radiation data base which provides accurate
information for decisions about solar designs is needed in
order to implement the cost-effectiive use of solar energy in
the Republie of Panamid. A solar data base network, however,
is not sufficient to develop solar energy applications.
Research and testing facilities for assessment of components
and for systems performance evaluation must also be avail-
able and equipped with the proper instrumentation.

The year-round availability of solar energy in the
tropics is favorable when compared with areas in the north-

ern and southern zones. Insolation measurements at a
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particular location on the esrth's surface, however, are
highly variagble. The variations (at the ssme latitude) from
one location to anothcr are caused primarily by differences
in locel climatic conditions which cause the dispersion or
reflection of the insolation incident on the earth's sur-
rounding atmosphere. Local wvariance in the amount of air
pollution also has an effect on the amount of insolation
that penetrates through the atmosphere to ground level at
any particulsr location.

The solar dsta recorded on a daily basis for the
Reptblic of Panamid have been measured and compiled according
to the covailable global insolziion on s herizontal plane,
Thi¢ is the predominant method of measurement and reporting
worldwide, The availability of diffuse data is rather
sparce since only lately has an interest developed and
corresponding effort been made to measure and record diffuse
solar radiation. In the Republic of Panamia several years of
solar data are available as daily totals for stations at
David, Tocumen, Los Santos and Antdn. Dsata are also avail-
able from the Panamd Canal Commission for several stations
in the Canal Zone. The solar insolation measuring equipment
and instruments at sites such as Tocumen Station and the
Canal Zone undergo conditions of extreme rainfall and humid-
ity almost all year long. The type of instruments used and
the frequency of their calibration greatly affect the reliag-
bility of the data provided, especially at these sites.

Actonometers are being used at most stations. These

solar instruments which are of the mechanical-bimetallic-
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drunr recording type, are commonly used In remote stations
where electirical power is not available. Installed in the

early 1970's, these instrumenls huave not been calibrated

during their l!iieiimes in the field. Actionometers are de-
slgned es class 117 instruments in the World Meteorological

Organization classification system in which class 1 is the
highest quality rating. The recording chart which is driven
mechanically by a spring must be first read and then manu-
ally interpolated 1o obtain the daily total wvalues. The
accuracy of the deta from this instrument can vary widely
depending on  the eerc with which it ie wmaintzined and
calibrated; the gccuracy of even 2z well-maintained instru-
ment could vary {rom + 20 to + 50 percent.

At least five vears of data is required to establish
the solar radiation climate patterns at a given location.
Some of the data required to determine the solar energy
resource base of the Republic of Panama already exist and
are presented in Tables III, and 1V,

Table III shows the daily average values of the 1975
global solar insolation on a horizontal plane. Table IV
shows a compilation of the monthly average of the daily
global insolation, vear by vear, for the following stations:
David (1972 to 1979), Los Santos (1873 to 1978), Antdén (1971
to 1976), and Tocumen (1971 to 1974y, A comprehensive sum-
mary and mapping of the solar energy resource of the
Republic of Panami does not exist and the accuracy of the
existing data is questionable due to many possible sources

of error. The solar data collected so far have to bhe
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letermine  in detail the potential of

solar energy.

3.  SCENANIC OCF SOLAR ENERGY INPLEMENTATION

The most realistic scenario for the near future assumes
that gevernment and irnternctfional institutions promote the
rapld  and widespread implementation of renewnble energy
resourees in developing couniries, such as the Republic of
Panemé. This could he done through a combination of sub-
sidies, low-interest loans end repulations, Such action is
valid in view of the beneficial foreign exchange, industrial
develcpment and employvment market which can be associated
with the impliementation of alternative energy technologies.
The further development of these alternative energy sources
can be governed by private capital investment and market
forces,

The solar cnergy implementation program could be
composed of two phases:

Phase I - Installation and operation of
demonstration/test systems, and

Phase Il- Large scalc manufacture and application
programs.

The Phase 1 would consist of a limited number of

installations which would be used to:




= Fumiliarize Punomanian technical and energy

ot
ot

lanning personnel with the technology options
availabice;

Pl petentiel applications and install
sfe:l size svstems to gain operating cxperience
uitder rFaundmenian conditions;

- Indicate which systems are the best choice for

manufaeturing and use in the Republic of

- Fdentify institutionsl and sociul issues which
couid significantly infliuernce the choice of
applications; and

- fet up an institutional network to direct the
technical and administrative aspects of the
various components of the program,

For advznced technologies such as pPhotovoltaic power
mits, the demonstration systems should be installed at =
limited number of carefully selected test sites whieh are
under the direct control of trazined personnel. The purpose
of setting up emall demonstration/test projects is to
familiarize persons in various industries, in government and
in the gencral public with the use of renewable energy tech-
nology. This type of demonstration also facilitates the
transfer of technology from industrialized countries to the
Republic of Panaméa. The demonstration projects for the
Phase 1 should satisfy the following criteria:

- Technolegy must be rclevant;
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- In general projects should not be site-
specifice;

- Projects should have wide applicability;

- Tezhnelegy should be feusible, available and

4+ PO
LT s

[3%

Do 11y cconomicaly

- Demonstrotion muat-increase the knowledge of
technology and provide response to a sei of
specific questions;

- Investment in the project should be in a budget
range which will not financially preclude other
cenensiration: of simiiar applications;

vy locally evailable manpower

shculd be technically feasible.

This phase of the program rcguires little or no manufac-

turing capability in the Republic of Panami.

During the Phase 11 of the program the following
activities should be done:

- Set up local training and manufacturing centers
at an early stage of implementation: vocational
schools should be invoived in this stage.

Other human resources can be used; e.g. car
mechanics can be trained to maintain wind
machines.

- DMake large-scale applications in various sec-
tors of the Panamanian economy possible by
arranging international loans and appropriate

government incentives;
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- Introduce educuaticn programs f{or persons in
industry, agriculture, business, and for the
general publie;

=  lniroduee siandards, regulations and guidelines

for ithe thermal performance, irnstallation and
operaticn of systems.

Because the process of setting up standards, regula-
tions and guidelines is long and tedious, an institutional
siructure responsible for handling these activites should be
cstablished at &n carly stage. The Comisidn Panamednia de
Normaes Irdustriaies v Técnicas (COPAMIT) is an advisory body
for standards to the Ministry of Commerce and Industry.
There are no siandards at present in the Republic of Panami
for sclar energy conversion and for conventional refrigera-
tion. Regarding solar standards COPANIT is mainly concerned
about capabilities to do testing, about availability of man-
power, and about insufficient capabilities for developing
standards for new industries. A competent institution such
as the Instituto de Recursos Hidriulicos ¥ Electrificaciédn
(IRHE) or a professional engineering organization could work
with COPANIT to develop solar standards in the Republice of
Panamd. These activities should be an integral part of the
process of devcloping alternative energy sources in the
Republic. Legislative action to create tax incentives for
the use of alternative energy sources should accompany the
development of solar standards.

Possible sources of international funds for programs in

Panamd are the World Bank, Organization of American States,
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United States Agency for International Development, Overseas
Private Investment Corporation, Canadian Development Funds,
and  European Conmon Market Development Yunds. Such re-
sources could be used to develop local manufacturing capa-
Lilites for alternutive energy svstems/equipment, and to use
the available human rescurces and know-how through training
and technology transfer.

An education program for managerial, professional and
nonprofessional persons should be developed and implemented
to make diiferent groups awarc of the energy situation. The
newsmedia (newspapers, radic, TV), pamphlets, educational
films, interviews, seminars, conferences and workshops could
be used to direct the attention of the general public toward
uncerstanding the importance of energy issues. The work-
shops for the general public should make people aware of the
status of solar technology, the role it ean play in the
Republic of Panamé and the benefits it can bring to the
people and the country. Persons in industry should be in-
formed about the demonstration systems which exist in other
countries, the technological readiness of such systems, the
government incentives which are available, and the other
economical aspects which are pertinent to the use of solar
energy in a developing country. The workshops for govern-
ment officials should cover issues such as the status of
solar technology, the feasibility of renewable resources,
the integration of such resources into Pansmi's economy, the

financial support required, and the investment strategies




20

which can bhe used, hese netivities should be a part of the

overall politicsl and economic process.

Although & more complete study which would fully ana-
lvze the faclors mentioned above would be required to define
an implementation plan in detail, the solar application
scenario outlined above is suitable for the Republic of
Panamid when one considers the prospects for solar tech-
rologies, the Panzmanian resources, and the cnergy demands

proicctions.

4. SOLAR TECHNOLOGY OPTIONS

Solar energy could be used for heating water for
commercial, domestie, agricultural and industrial purposes,
for producing process heat for commercial, agricultural and
industrial applications, for assisting air conditioning
systems, and for generating electricity by using photo-
voltaic cells, It is difficult to estimate the economic
obstacles that still exist concerning the wuse of solar
process heat systems, solar assisted air conditioning and
photovoltaic cells. Because of technological readiness and
the economics of solar water heating, this tvpe of applica-
tion has more potential to be used in the Republic of Panama
in the near future and, therefore, it should be treated in

more detail.




There are manv options available for utiltizing solar
tnergy resources in the Kepublije of Panama. A combination
of photovoltaic and solar thermgl units could be uced for
indusirial  anc sgricultural processes, wind turbines and
phieteveltaic svsiems couid be used for pumping irrigation
water; the former are alrcady cost competitive as replace-
ments for stand-alone diesel units and the latter may become
cost effective by the end of the 1980's. Photovoltaic cells
are economically advantagecus at Prescent whenever there is a

neec fer eleciric power which cannot be supplied with con-

ventional sysiems or enly at high cost. in this category
are such applications as: traffic signs, buoys, beacons,
telecommunications, cathodiec protection, emergency power
supplies, etc. Future <decisions regarding which system

option is most appropriate will depend on the improvements
made during the next five to ten years and on the technical
and economical performance of these systems. Various tech-
nology options are in different states of development. The
implementation programs call for using those technologies
which have been proven to be effective and which show the
greatest economic benefits. These technologies would in-
clude solar water heating and wind turbines. The widespread
implementation of the more advanced technologies such as
photovoltaic cells, solar aided air conditioning, and solar
industrial process heat would be contingent upon a success-
ful demonstration program and on further progress in

improving the performance and lowering costs as a result of




on  going research  and development programs in  other
countries,

In general, the feasibility of any technology or
resource depends on the following factors:

- Energy conversion technology must be appropriaie to

the need;

- Technology should be simple and cost effective;

- Technology should be environmentally acceptable;

- Technology should be compatible with the existing

sociel customs and siruciure;

- Maintenance demandes must be iow;

- Private and public institutions should be able to

premote and maintain the resource;

- Capital requirements must be within the means of the

country’s financial resources.

The early installation of demonstration systems will
involve purchasing most of the coimmponents outside of the
Repubic of Panami. But a significant advantage of solar
technology for developing countries which have an existing
industry and infrastructure base is that later on a large
scale demonstration program can use fabrication and manpower
resources available in the country. Solar systems could be
installed on a large scale in residential, institutional and
commercial buildings and in industrial plants which would
result in reductions in the use of conventional fuels.

The operation of small scale (1 to 150 kW) solar

thermal power units has been demonstrated. A number of
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units ure operating in the United States, Mexico, Africa and
Asia. These systems wusually operate in a temperature range
from 82°C {0 148°C (180°F to 300°F) and convert heal gener-
etec by flet-plate or parabolic trough collectors into power
by mewsns of organic Rankine cvele engines. The most common
application for these power units has been for pumping
water,

Photovoltaic power units, which convert solar energy to
electricity with no moving parts, are used throughout the
world to supply small amounts of power to users located in
remoie areas which are not service¢ by a utility grid. The
effective performance of these svstems has been demonsirated
and efforts are now directed primarily toward lowering their
cost, toward the improvement of the power conditioning sub-
system, and toward the improvement of efficiency to make
the cells competitive with conventional power svstems.

The use of air c-nditioning in the Republic of Panama
is concentrated main! in urban centers. As living stan-
dards improve and the clectricity grid reaches more areas,
the use of air conditioning is expected to spread to the
rural regions of the country. Solar energy can be used to
operate air conditioning systems, including those using
absorption cycles which require heat, and conventional vapor
compression cycles which use electrical or mechanical en-
ergy. The technical feasibility of solar air conditioning
has been sufficiently demonstrated so that the near term

introduction of solar air conditioning is judged to be a

workable option for applications in the period of 1985-1990




if the economical aspects of these applicetions could be
improved.

Solar refrigersation can often use the same basic tech-
noleries required for solar air conditioning. Solar
refrigeration cun advance the commercial activities reiated
to ugricultural produce and food. From the energy
storage point of view the economiecs of solar refrigeration
are more favorable since the storage can be in the form of
cold or frozen produce.

A variety of sysiems with different requirements for
manpower., finances and materizls could be used to introduce
each sclar technology option. Sclar related energy sveiems
are fabricated primarily from basic construction materials
such =a steel, copper, wood, plastiec, fiberglass, cement,
glass and aluminum. The amount of these materials needed
will depend on the projected use of solar energy as an
alternative energy source in the Republic of Panama.

In some cases the combination of materials required,
could be modified to take advantage of resources in the
Republie of Panami. For example, aluminum could be sub-
stituted for steel, plastic pipes for steel pipes, and
fiberglass and wood for metal. Creation of new employment
markets will be indirectly associated with solar applica-
tions in the Republie because some of the basic materials
used in the fabrication of subsystems will be manufactured
within the country. It can generally be assumed that com-

ponents which do not require specialized technology and
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manufacturing capsbilities will be made in the country where
the systems are installed. In the case of the Republic of
Panamd such componcnts would include towers for wind turbine
units, collector array support structures, flat-plate solar
collectors and some fiberglass shell paraboliec trough col-
lectors. Entire systems for solar ponds, both shallow and
salt-gradient, could be made in the Republic, Al though
photovoltaic modules can be manufactured in the Republic of

Panamé, sophisticated components for subsystems such as

[

TIRT

rters, photovoltaic cells and blades for large wind

[6]

turbines will have to be purchased abrosd. Before making
decisions about manufacturing or importing materials and
subsvstems, an analvsis of the industrial capabilities of
the Nepublic of Paznamié in relation to the program of solar
development needs to be made. Table V presents the cost of
some materials in the Republic which would be used in solar
applications.

4.1 Solar Thermal Power Systems

A number of solar thermal power systems are in various
stages of development. It is expected that by the 1990's
the ongoing development and demonstration program in various
countries will lead to the conmercial availability on the
world market of solar thermal systems having a wide power
range. A wide variety of solar thermal power systems for
pumping irrigation water are already available. These SYys-—
tems consist of thermal collectors, reflectors, heat ex-
changers and prime movers coupled to water pumps. Conven-

tional manufacturing techniques are used in assembling them,
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and they arc made of the common cohstruction materials men-
tioned proeviously. For the most part these systems couuld be
manufactured in the Republic of Panami, thus proviciing an

additonal incerntive for their widespread use.

bty

ihe economics of solar i1hermsi power systems is influ-
enced by thelir cost and the thermal performance of the solar
collector and the prime mover subsystems, Most of the
concentrating collectors considered for solar thermal power
generetion and several of the photovoltaic concentrator sys-
tems  require highly concentrated direet solar rad-ation,

Th

[
]

eiore, & high rate of difiusion aof the glebal radiation
available in the Lepublic of Panamd will reduce ‘he effec-
tiveness of these types of solar power systems.

Most solar applications which are appropriate for solar
thermal power systems can be served by photoveoltaic power
units. In the future these two technology options could be
used for applications including water pumping, air condi-
tioning and refrigeration, village electrification, and
eventually for large scale, grid-connected electric power
generation. The kinds of systems implemented will depend,
of course, on the progress made in lowering the ceost and on
the reliability and durability of the different systems in
field operations.

Alr conditioning and refrigeration can be provided by
solar energy by means of mechanical power, electricity
generation or the direct generation of thermal energy. Some

cooling applications have an advantage over more generalized

electric power applications since the storage requirements




can be in the form of chilled weter ruther thuan batteries.
If solar povered cooling proves to be reliable and ¢oono-
mical, its acdoption could resull in substantial fuel and
opcroting cost savings for a wide range of public and pri-
vate users in the Republie of Panami.

Although the technical feasibility of solar thermal
power production is well established, the Jong-term relia-
bility, low cost and technical performance required to
justify a widespread implementation of solar thermal/elec-
trical pewer conversion have not been demonstrated. More
demonsiration and development programs are required to
identify the biest system optiors for various applications in
the Republic ¢f Parnaméi. The high humidity and the corrosive
environment of the oceans will also influence the kinds of
systems selected for demonstrations.

The cost of power from a solar thermal power unit is a
function of variables such as the initial cost, the annusl
power output, the operation and maintenance costs, the
interest on loans and the depreciation raies. The cost of
power wusually decreases with an increase in a system's
capacity. The cost of solar generated power is still sig-
nificantly higher than power generated by large central
utilities., Small diesel units, however, are often used for
pumping water and power generation in remote areas with a
cost of $0.14-30.18/kWh for diesel wunits of 10 kW power
capacity. This cost can be much higher in areas where the

maintenance of systems is poor and the diesel fuel supply is




expoensive, Diesel engines are used in the Republie of
Panama for water pumping, at the La Vicioris sugar mill in
Santiasgo for example, and for power generation in remotely

located plants, at the Setton coffice drying plant in

J

¢

Chirigui, for exampie. 1t 1 cifficult to estimate the

i

capacity of the diescl pumps and generators installed in the
Republic of Panamid und, therefore, it is also difficult to
judge the extent to which stand alone solar energy svstems
can be used to displace diesel fuel there.

4.2 Thotovoliaic Svstiems

An important aspect of the Panamanian government's
policy is to improve living standards in rural aress and to
develop sparsely pepulated areas, In many cases this
process requires providing electric power for residential,
agricultural and commercial aplications. At present, about
46 percent of Panamgnian families are without electricity.
In 1879, IRHE provided electrical service to a total of
220,000 customers, The distribution of residential,
commercial and industrial users was 90.1, 9.5 and 0.4
percent respectively. The number of residential users were
greatest in Panami, Los Santos, Colén, and Herrera provinces
and represented 76, 55, 53 and 49 percent of the total
number of families within these provinces. Table VI shows
the electrical power use in the Republic of Panama.[6]
Photovoltaic power units are well suited for providing power
in remote arecas where extending the utility grid or operat-

ing diesel engines/generators is particularly costly or
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impractical. The implementation of thie option will depend
on the cost of photovoltaic-generated electricity compared
16 the cost of operating diesel generators. The cost of a
phoiovoltaic system depends mainly on how much energy
storage and power conditioning is required and on the cost
of the solar cell panels.

Photovoltaic systems will be the most attractive if no
grid is available. It is highly probable that in power
units under 100 KWh/day batteries will be used, in larger
units a diesel generator will back-up the photovoltaic
svstem. Due to a large component of the ciffuse solar
radiation a flat-panc! type photovoltaic cells will be re-
commended for the Republic of Panami. Today's advances in
photovoltaic cells, however, have been considerably easier
to foresee and achieve than those that will be reguired to
make photovoltaic systems competitive with utilities in the
future. At present a 20-Watt (no energy storage) module
costs about $150-200 depending on quantity and the type of
cells and would save approximately $4 per vear 1in electric-
ity in the Republic of Panamé. It is expected, however,
that high efficiency photovoltaic cells will be made from
relatively low-cost materials within a decade.

Several applications of photovoltaic demonstration
units which use small systems, however, could be used lo-
cally to drive irrigation pumps and refrigeration units or
to provide small amounts of power for use in villages.

These systems would have to be located necar the loads being

served. For these applications land use requirements could
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be an important facior sinee such applications ternd to be
centered in areas of high population or extensive agricul-
tural activities,=* For larger wpplications of village
¢lectrification ond residential use {(assuming 2-1 kWh/day
per dwelling) the lund s&nd grid interfacing requirements
would heve to be evalusted in more detail during the Phase
Il of the program.

Most regions of the Republic of Panami are sparsely

populated. Therefore, sufficient land areas are available

3

for larger suile photovaltuic or solar thermal units that
would tie iu with the utility grid which is relatively
eXtensively developed in urban areas.

4.2.1 U113 Interface

A large demonstration program of solar energy use
should include the option of utility interfaced photovoltaic
power. The displacement of a significant amount of electric
generation capacity by photovoltaic power units will affect
utility operations because the output of the sclar power
units will be highly variable and will depend on sunshine
availability. The widespread use of photovoltaics will
therefore require a study of the utility interface and of
the impact of the use of photovoltaics on the optimum mix of
conventional power systems, on the need for energy storage,

and on the utility rate structure,

*About 10 m2 of collector panel area is required per peak kW
of output capacity. The resultant land use required for a
10 hp pumping system would be about 240 m of collector
panel; spacing requirements to avoid shading are taken into
account.




The optimization of the overatll power generation and
distribution svstem is an important part of the solar power
and utility interface and should be analyzed during the
demonstration phese. This optimization depends on factors
suchh  as elecirie power demand characteristics, cost of
storage aliernstives, mix of conventional generating faeili-
ties, and solar/wind resource dependebility. If no storage
is built into either the solar power units themselves
(batteries, thermal storage, compressed air) or into the
overall utility system (pumped hvdro), the solar elec:ricity
generaticn syvstems function primarily as fuel savers und the
requirements for conventional generator capacity eare not
significantly modified. From the technical and econiomical
points of view, a few hours of energy storage to smocth out
the clouds impact on electrity generation by solar energy
may be recommended in the case of large, utility integrated
solar power stations.

The solar pgenerated electricity could be integrated
into the country's distribution grid if the soclar-electrie
pPlants capacity will not exceed up to 15 percent of existing
capacity of electric plants in the Republic of Panami. The
IRHE expressed a willingness to buy solar-electric power at
the rate of $0.065/kWh.* In the case of solar electricity
generation at an isolated site, this rate could be increased
to $0.085/kWh* according to IRHE. In addition, IRHE agreed

that the present electric rate structure should be studied

*An industrial customer pays approximately $0.08-$0.12/kWh
(1880 prices)




to encourage energy conservation through firnaneial
incentives and through the use of alternative energy systems
for electricity generastion,

The IRHE uszes five different electricity rates: one

for the residential cector, one for public lighting, and

three  for commercial/industrisl users. Customers are
divided into small electricity users - below 5 kW, medium
users - 6 to 29 kW, and large users - over 30 kW. Smell and

medium users are charged only for the electricity use in
ikhrs. The large users pay according to the load factor and
to the pesk power energy use; Load Factor = KWhrs/8760 hrs =
A This electricity rate structure was establisted in
19T Persons interviewed in the Panamanian cormerce/
industry sector voice the opinion that the IRHE rate struc-
ture does not encourage energy conservation and hinders
Panamanian national interest since a commercial/industrial
customer using a lower number of electricity hours at the
same capacity will have to pay higher rates.

4.3 Solar Water Heating Systems

The use of solar energy for hot water in the Republic
of Panamd wiil depend largely on government policy and
international loans. The government's desire to reduce
imported o0il, to alleviate the balance of payment problem,
to improve the living standards in rural areas and to
integrate the remote villages into the national life may
positively affect the development of solar water heating

industry and applications.




The gpovernment’'s commitment to improve life in the
rural areas c¢ould suggest a commitment to support the
irstallation of solar water heaters in rural areas. In
eddition to heating water for houscholds and schools, water
heating will be pessible for institutional and commercial
buildings such as hospitals and hotels and for industrial
processes needed in textile and food processing industries,
the refreshment making industry, and the coffee and tobacco
industries, No seolar systems supply process hot water or
pre-heating boiler feed water in the Republic of Panamé.
The pattern of markei penetration by solar energyv in other
countries geems to indicate that institutional and commer-
cial applications may increase the use of solar water heat-
ers, in terms of area of collectors and energy savings, by
roughly 20 percent over that used for residential
applications.

Figure 2 shows the potential energy saving calculated
on the base of the information received by the assessment
ieam if solar heated and preheated water were used in
various sectors of the Panamanian economy a& shown in Table
IT.[3] Assuming 40 percent as the conversion efficiency of
a solar system and the solar resource data of Table IV, this
will result in an energy saving of 2.44 x IOQJ/mZ-yr (2.15 x

5 10 2 6

10° Btu/ft?- yr) or 4.9 x 100 3/m? (4.32 x 10 Btu/ft2-yr)

in 20 years of a svstem's lifetime. For a twvpical solar

water heating system which has a collector area of 3.6 m2

(38.7 ft2), the energy saving will be 1.76 x 1011 dJoules

(1.67 x 108 Btu). This corresponds to the saving of 4561
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liters (1205 gallons) of diesel fuel or fuel oil Nr. 2 for =a
single solar domestic water heating system during its twenty
yvear lifetime.

For the applicetions listed in Table 11, the overall

g ; . . - 5
energy =oving in water heating will wvary from 2.2 x 10

Gd/yr(2.0 x 1011 Btu/yr) for 10 percent of solar energy
contribution to 1.7 x 100 Gd/yr(l1.6 x e Btu/yr) for 590
percent of seclar energy contribution which corresponds to
the savings of 1.1 x 108 gailons) of diesel fuel during 20
vears of the solar systems' use respectively.

The rate at which solar water heaters are installed and
consequently the potential energy saving which will result
depends on the action taken by the Panamanian government and
the assistance of international lending institutions. The
effective and widespread implementation of solar water heat-
ing in the Republie of Panami will depend on the develop-
ment of solar hot water systems which are economical and
appropriate. It is expected that the following kinds of
solar hot water systems may be suitable for different appli-
cations in the Republie:

- Active svstems

- Thermosyphon systems

- Refillable systems.

Active systems will be most appropriate in commercial
buildings such as hospitals, hotels, restaurants, laundries,
schools and appartment buildings where electricity, running

water and a storage place are available.




Thermosyphon sysiems are suituble for the rural areas
with non-freezing climates and where eleciricity is not
gvailable. These systiems do not use pumps and controls.
They are also very popular in the urban centers oi many
couniries,

The refilleble svstems in whieh the collector and the
storage are combined is a simple, low cost application of
solar energy. Although they may not be used in situations
where the refilling is considered an unacceptable 1incon-
venience, the low cost of these systems make them a reason-
able option for low income families in rural areas.

Ne significant technical constraints or human resources
limitation exists concerning the production of solar water
heating units in the Republic of Panami. Most of the com-
ponents of solar domestiec water heating systems can be
manufactured in the Republic of Panama. This kind of pro-
duction can be incorporated into the present industrial
infrastructure and can enhance industrial development. The
requirements for labor, particularly technical labor for the
assembling and installation, are within the Panamanian
capabilities. Although the benefits of solar water heating
are significant, it is evident that only with the govern-
ment's commitment to overcome the existing capital cost
barrier can solar energy provide a major contribution to the
energy economics in the Republic. In a country where capi-
tal is in short supply and institutional barriers discourage

capital investment in new energy systems, only the




39

government and internsticnal aid o develop such systemns can
overcome the capital cost cobstacles.

The foreign exchange losses and the desire to improve
the standard of living of the Panamanian people =should
create a favorable politicual climate for solar water heat-
ing. bSolar water heaters will primarily reduce the amount
of energyv required to heat water for bathing and laundering.

In view of the above factors, a demonstration of solar
hot water heating by using f{lat-plate collectors was the
technology selected by the IRHE for Phase 1 since it is
suitable fer all geographical areas of the Republie of
Panamd and since it could be integrated into the present
manufacturing infrastructure. A photovoltaie power unit
demonstration/test projeci was also a selected technology
because of its long term potential and the good perspectives
for module manufacturing in the Republic.

4.3.1 Economics of Solar Water Heating

The economics of solar water heaters will be a primary
determinant of their market acceptability. System economics
will be influenced by the initial installed cost, operating
and maintenance costs, financing cosis (interest rates),
system life (depreciation), cost of conventional energy,
system performance (efficiency), and insolation levels. The
initial installed cost depends mainly on the material cost
and the labor cost. The principal components of an active
solar hot water system are a solar collector panel, a

structure for collector mounting, a storage tank, piping,

and pumps and controllers.
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The labor cost related to the ecornomics of solar water

—

heating systems if they werc manufactured in the Republic of
Panamii is shown in Table VIiI.

Readily available financing programs, tux crediis or
cther financial means must be crcated to deal with the
problem of the high first cosgt of solar systems. Stimu-
lating the use of heated water, even if solar energy is
used, involves a substantial initial commitment to import
the equipment or at least some of the materials which will
be required. The government and the business sectors should
be mude aware of the lifetime cost as ocppesed to the first
cost of waier heating systems in this situation.

Figure 3 shows the monthly savings of a solar hot water
system assuming various electricity rates and the sgolar
system costs. In the case of the Republic of Panami, which
has an electricity rate of $0.08-%0.12/kWhr, a solar system

“ (38.7 £t®) having a 40

with a collector size of 3.6 m
percent conversion efficiency would produce a monthly saving
between $17 to $26. The solar produced heat cost will be $8
to $13 per 109 Joules (9.48 x 105 Btu) for the installed
cost of solar domestic water heating systems in the range of
$150/m” to $200/m” (14/£t% to $18 ft2). This solar heat
cost  includes the manufacturing of the systems in the
Republic of Panama, a twenty-vear life of the solar system,
an operating and maintenance charge of 2 percent of initial
costs, and a government or international loan to subsidize

the systems' introduction on the Panamanian market, and an 8§

percent interest rate on the loan funds. It is clear that
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the system cost per square metcer has a significant infiuence
on the cost of the solar generated heat und its recuction
could accelerate the market penetration by solar water
hesters.

It can be assumed that reductions in costs for solar
water heating over the next few decades will be considerably
less than those for solar photovoltaie or solar thermal
power plants because the technical and engineering status of
the 1latter systems are expected to improve greatly. Cost
reductions on more developed technologies are brought about
primarily by savings from volume production of the reguired
equipment and engineering savings in equipment manufuzcture,
installation, operation snd maintenance activities, Cost
reductions, however, will be limited because a large part of
the cost 1is associated with conventional generators and
coniraols.

4.3.2 Mgzket Penetration

If the government does not strongly support solar water
heating in the Republic of Panami, the market penetration
will depend on the economics of solar water heaters as
established by the free market. Yet the foreign exchange
and the industrial and social benefits of solar water
heaters may induce the government to encourage their wide-
spread implementation. In the latter case a broad range of
actions is possible ranging from establishing standards to
creating finanecial incentives (low-interest loans, tax

eredits, grants) to eéncourage the installation of solar
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water hesdters. Such a solar program would create rural
development, ce¢nergy savings, favorable foreign ex change
rates, the availebility of capital, resource utilization and
industrial deveicpment.,

blarket penetration will aleo depend on a number of
ariables such as fuel cost and supply, solar sysiems cost,
market response, capital avallability and the income levels
of the consumers. the difference between the urban and
rural areas is likely to have less of an effect on the
market penetration of solar water heaters than on the tvpe
¢f soler systems which are installed. Nevertheless, the
merket resistance, the capital availebility problems and the
lack of government and international loan commitments would
inhibit significantly the market penetration of solar water
heaters.

The benefit to the foreign exchange and to the creation
of jobs in relation to solar water heating would justify an
additional 30 percent subsidy for water heaters. This would
result in s decrease in the payback period and an increase
in the market penetration. Without such an initiative, the
present "wait and see" attitude of the market will continue
since the transition to new fuels or systems usually takes
from 30 to 90 years in the absence of any strong
incentives,

The nature and the extent to which the manufacturing/
marketing/installation/maintenance infrastructure develops

to support the solar industry will be an important factor in
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achieving market sacceptance. If the systems are appropri-
ate, reliable &and economical, are marketed and financed
effectively, and are installed and maintasincd properly, the
incdustry end the market penetration can be expected to
develop repidly and overcome the constraints that exist. In
the case of solar water heaters, the rate of implementation
can be estimated using the pavback period versus the market
penetration. It may be assumed that a six year pavback
period would result in a 1 percent penetration of new
construction. Solar water heater market penetration will
also depend on the rzte of increase 1in the standard of
living. In rural areas where hot water is a iuxury and not
a4 necessity, potential purchasers of solar water heaters may
prefer other consumer items such as radios and television
sets. Because no data exist on the hot water use in the
various sectors of the Panamanian economy, the exact amount
of the market which can be supplied by solar water heating
is hard to determine. Nevertheless, a poliecy to encourage
market penetration by solar water heaters should also be
Supported because of environmental considerations. Tech-
nology assessment studies prepared for other countries
indicate that solar water heating has a net positive envi-
ronmental impact in developing countries because it reduces
the depletion of forests and other biomass resources.

4.3.3 Manpower Training

Educational institutions such as universities, high

schools and voecational schools should introduce energy
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subject-matter into their curriculums and use their tech-
nical capabilities to initiate manufacturing of alternate
energy devices (see Figures 4 and 5). In vocational schools
solar collectore and solar water heaters could be produced
and plunbers and contractors could be trained.

The training required for most of the fabrication,
installation, and operation of solar systems is far less
than that required for most conventional energy conversion
facilities, It should not be difficult to train people to
take advantage of the employvment opportunities resulting
from & solar implementation program. Solar water heating
anc certain other solar applications offer signifieant
foreign exchange advantages, Over 50 percent of the
installed system costs are labor-related and the Panarnanian
labor could readily be trained to perform these labor
requirements., In addition, many of the basic materials and
much of the equipment required could be manufactured in the

Republic of Panami.

The widespread implementation of the solar applications
program will require the training of manpower skilled in
management, science and engineering, manufacturing and pro-
duction, installation and maintenance, and systems opera-
tions. One goal of Phase 1 is to provide a group of expe-
rienced personnel who can assist in initiating manpower
training centers as part of the Phase Il activities.

Many of the solar energy subsystems use components such

as support structures, towers, piping/plumbing, and storage
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tanks which are similar in construction to conventiional
equipment. These subsystems require workers skilled in
shcet metal {forming, molding, plumbing, welding, mechanical
assembly, carpentry, glass hanéling, site preparatiori, and
concrete pouring as do conventional! power svstems.,

A significant pari of the manpower requirements involve
basiec skills similar to those already being provided by the
existing manpower training/education infrastructure. Spe-
clal training wiil be required, however, for many aspects of
the solar related eguipment design, manufacture and instal-
lation. For example, engineers will need to be trained in
design and size solar water units, industrial process heat
and photovoltsic power systems, and personnel will need to
be trained to maintain wind turbine plants. The proper
training of such personnel should take place at an early
stage of the program to provide qualified manpower for the
implementation of Phase I1I. Such training should include
solar theory, design and layout instructions, system sizing
methods, construction techniques and materials, building
collectors and systems, and testing, maintaining, repairing
and operating solar units.

4.3.4 Institutional and Social ConsideratiogE

In addition to the financial considerations and to
governmental participation in the program, institutional
factors influence the use of solar energy in a country. New
products or systems must be introduced in the context of the

established customs, social issues, political environment,

existing industries and infrastructures. Solar energy in
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the Republic of Panamd may reguire some changes in living
habite which call for a government or manufaciurer sponsored
education program. For example, the use of solar hot water
gvstems may rTepresent a significant departure {rom estab-

lished habits in water collection, distribution and use.

9. EXPECTED IMPACT OF SOLAR TECHNOLOGIES

To determine accurately 1the extent to which solar
ecnergy technologics caen be emploved, & detailed market
survey of issues such as technology availability, cconomics,
consumer acceptance, and manufacturing capability needs to
be done. In all cases, the widespread implementation of
solar water heating, process heat generation, cooling and
power systems will require positive action on the part of
the government. It can be assumed, however, that government
incentives can not be provided unless the basic economics of
the sclar coption appear atiractive when compared to more
conventional options. In contrast to the individual deci-
sions involved in the purchase and use of water heaters in
the industrialized countries, most of the solar power sys-
tems in developing countries are purchased and installed by
government agencies. The large grid-connected systems which
would have a significant impact on the nationwide energy

source will have to be purchased by a government backed-up

loan in the Republic of Panamai.




The implementation rate for solar energy use would
depend on the market development for soluar systems if the
economics of such systems proved favorable in Phase 11. In
general, the implementstion rate for solar cnergy applica-
tions will be limited by matleriais, financing and available
tabor. The economics of internal resources such as labor
and materials which would be used in the construction of
solar power units would be compared to those of converitional
power plents. The assumption is that the initial installa-
tions weould be non-grid connccted so that the relatively
high cost of solar energy could be used to supplement or
replace the energy produced conventionally by the diesel
generatoers and diesel driven pumps which are costly to
operate. Later applications would include installations
which could be grid connected when improvements in the
economics of solar energy systems would make such svstems
competitive with larger scale utility generators.

An accelerated solar implementation for power genera-
tors implies government action in the form of subsidies,
standards and regulations to provide the base for the rapid
build-up of the manufacturing capability during Phase 11 and
in the future. It is anticipated that by the mid-1990's
solar technology demonstrations will be used to indicate
the type of technology, engineering, manufacturing and
installation measures which will assure that solar energy
systems are economically competitive when reasonable initial

subsidies are provided. It can be projected that solar
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energy in its various forms can supply up to 15 percent of
the electric energy needs in {he Republic of Panaméa. Such
&n increase in electric capacity could be absorbed by the
pregent bt ildity prad wirheut causing any network disruption.
Further increasses in sclar electric generating  cuapacity
could significantly 1in{luence utility operations amd may
require substantial additional energy storage capability in
pumped storage or when integrated with the solar power
systems, 1i.e. batteries which would adversely affect a
system’'s economics. These factors do not limii the raole of
solar energy in the Republic of Panami to the 15 percent
range, but they do indicate the issues which need to be
analvzed in the planning of a lerge scale solar applica-

tions program.

6. CONCLUSIONS

A general conclusion is that each of the plants visited
in the Republic of Panamid could use solar energy in its
direct form, or in the form of wind power, or in its biomass
form. In some cases a company's interest may be strong
enough to provide matching funds for a solar system pilot
project. Various systems need to be evaluated and the
demonstration of selected ones carried out. A technology
demonstration program should be started to field-test some

of the different concepts. Systems that could be tested




include solar energy usc for hot water generation and air
conditioning (coliecior area ¢f up to 1600 mz), photovoltaic
power units (0.5 to 5 kW), small (0 to 25 kW) and Targe (100
to 200 kW), wind machines and sanserobic digester systems
similar to the 20 m3 flexible, horizontal, plug-flow, semi-
continuous anaerobic fermenter which wes installed at a
farming cooperative in the town of Santiago.

Almest all the plants visited could reduce their fossil
fuel consumption by introducing energy conservation mea-
sures. An energy audit shouid indicate the areas which need
improvement. Energv conservation measures should be imple-
mented before the application of alternative energy sources
is considered.

Future studies should be made to determine the direct,
diffuse, and total solar components of solar availability in
the Republic and how the ratio of direet to diffuse radia-
tion varies at different locations throughout the country.

The development of an industrial base for solar water
heating systems is important becsuse of the current avail-
ability of proven technology and the wide range of possible
solar applications in the Republic of Panama. Organiza-
tional structures to manage the development of a solar water
heating industry need to be established and government sub-
sidies and a regulation policy determined. A financing
mechanism with affordable interest rates must also be estab-
lished to make possible the development of manufacturing and

widespread applications of solar energy. In acddition, the




Republic of Panami should undertake a more systematic pro-
gram 1o usge solar encrgy by rclating it to long-term inte-
grated energy planning, economic sector planning, recsource
data and analviical methods development, and near-term .
infrastructure requirements,

The Panamaniaon government should support indigenous
research on low cost solar technology development, provide
consumers applications, make capital more accessible to
those wishing to install solar systems, and identify and
remove institutional barriers to the use of solar
technologies.

Solar water heating in the residential, commercial, and
industrial sectors has a good potential in a short term
(Phase 1 and Phase I1I) and photovoltaic powered stand-alone
electricity svstems, industrial process heat generation and
solar powered air conditioning in the commercial sector have
some potential as solar energy applications in the Republic
of Panamad in the long term, and they should be considered as
potential candidates for the Phase II demenstrations.
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