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CONCLUSIONS AND RECOMMENDATIONS 

The most important finding of an intensive investigation of the fossil energy utiliza
tion in Dominican Republic agriculture production marketing and handling is that there are 

a number of ways in which fossil energy use can be reduced, curtailed or controlled. While 
the analysis does not contain an attempt to quantify the total savings possible, several ex

amples are given and enough basic data are provided so that users of this report can make 

specific calculations appropriate to their own needs. In the examples cited, the projected 
savings amount to 40.5 x 109 Kcal at the farm level or about 4 percent of the total food 

system energy bill for non-sugarcane products in the target year 2000. Allowance must also 

TABLE S-I 

PROJECTED CHANGES IN ENERGY USE IN THE D.R- FOOD SYSTEM FOR 

SELECTED MAJOR AGRICULTURAL PRODUCTS, 1980-2000 

%A9
 

% 1980-2000 Energy Use x 109 Kcal - Year 2000 
1978-2000 Processing Processing 
Farm and Farm and 
Level Handling Level Handling Total 

Sugar Cane * 32.2 * 2,150.2 
Tobacco 82.5 105.5 24.3 19.9 44.2 
Cocoa 115.8 235.9 1.7 16.9 18.6 
Coffee 78.5 51.7 8.7 147,0 155.7 
Rice 165.5 176.1 357.9 66.7 424.6 
Beans 104.8 - 11.9 - 11.9 
Corn 68.3 44.3 6.1 6.3 12.4 
Plantain 0 0 0 0 0 
Cassava 12.3 - 2.5 - 2.5 
BananL 0 37.1 0 .3 .3 
Sweet Potato 16.1 12.1 .2 - .2 
Potatoes 11.5 -13.0 2.9 .1 3.0 
Tomatoes 20.1 2.0 30.1 4.8 34.9 
Peanuts 116.5 281.7 23.1 162.6 185.7 
Onions 8.5 6.3 1.3 .4 1.7 
Beef 65.5 232.7 54.7 38.9 93.6 
Milk 24.4 370.6 2.3 334.3 336.6 
Poultry 138.9 341.7 3.0 - 3.0 
Pork 102.1 313.1 1.5 58.8 60.3 

Total non-sugar cane 532.2 638.5 1,170.7 
Total projected non-sugar w/o allowance for A processing tehriology 1,098.0 

Estimated difference due to A processing technology 72.9 

*Basic farm level fossil energy utilization data are in dispute. 
Sources: Tables IV-2, IV-3, IV-6. 
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be made for upward trends in processing and handling energy per ton of product. Data for 
such trends as well as for introduction of new energy using devices are quite skimpy, but crude 
calculations suggest that more intensive processing techniques, alone, could add 72.9 x 109 
Kcal to what would otherwise be the projected total food system fossil energy bill in the year
 
2000. Table S-I summarizes projected Dominican Republic food system fossil energy use and
 
percentage changes over the 20-year interval, 1980-2000.
 

In value terms, the key agriculture products are sugar cane, beef, tobacco, rice, cocoa,
 
plantain, chicken, coffee and milk. During 1978 these products accounted for 84 percent of
 
total value (Table S-2). Except for rice and cane, none of these crops are particularly fossil 
energy intensive as measured on a per ton of output basis. Nevertheless, the total amount of 
fossil fuel energy required to produce, handle, process and distribute Dominican Republic 
agricultural output largely is a function of the products mentioned. Therefore, savings on 
the energy bill in DR agriculture have to be found through various adjustments involving the 
nine products mentioned. 

TABLE S-2 

ESTIMATE OF FARM LEVEL ENERGY UTILIZED IN FOOD PRODUCTION 

IN THE DOMINICAN REPUBLIC, 1978 

Total National 
Metric Tons of Farm Level Percent of Percent of
Production in Farm Value ofFood Product Group 1978 106 Kcal Energy Product 

Sugar Canec 11,093,637 671,294 73.30 23.7
Other Export Crops 177,793 19,031 2.08 22.8 
Major Food Staple Crops 1,268,097 147,890 16.15 23.0
Minor Food Crops 343,306 35,491 3.88 2.6
Subtotal 12,864,013 873,706 95.41 72.1 
Selected Crops 390,050 42,042 4.59 24.5 
All Agricultural Production 13,254,063 915,748 100.00 96.6 

Sources: Adapted from Tables 1-4, III-I (cf. 11-14). 

Far and away the greatest energy user in the DR food system is sugar cane production 
and processing. Really substantial cuts in fossil energy intake must involve different production 
systems for this crop. Cane production absorbs roughly 75 percent of all DR fossil fuel energy 
at the farm level, but contributes only 23 percent to total value of agricultural sector pro
duction. At present over 75 percent of all cane production is categorized in the main body 
of the report under medium to high technology conditions at the farm level. This means that 
there may be some fossil fuel energy savings possibilities that can be studied either inside or 
outside the country. However, the cost effectiveness of any other techniques or production 
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options are not analysed in this report because such a dominant crop requires separate treat

ment beyond the scope of the small number of observations contained in the field data and 

surveys basic to the work reported here. 
Of the remaining eight crops mentioned, rice is the most important factor in domestic 

food supplies. A relatively large proportion of rice production also occurs at a relatively 

high level of technology. These factors justify the considerable emphasis this report places 

on rice. 
Other main crops are grown at relatively low technology levels, but may have further 

export potential or possibilities for achieving national nutrition requirements in different, less 

fossil energy demanding ways. 
A considerable amount of Dominican Republic land is not suited to cultivated agri-

Largerculture; its best agricultural use is for low energy intensive livestock production. 


farms tend to concentrate, as might be expected, on animal husbandry and creation of im

proved pastures. Generally speaking, the better lands, or at least the more intensively utilized
 

lands, are found in holdings of 10 hectares or less.
 

In fact, if we exclude garden plots of less than 0.5 Ha., over two-thirds of all farms 

are less than 5 Ha. in size. As a consequence, the field data for the present study largely are 

representative of what may be termed the small and medium farm sitations. One of the im

portant influences this particular data base has on the present study is that most fossil energy 

use at the farm level is measured in applications of fertilizer and a few chemicals. 

Table S-3 provides an impression of how important crops relate to each other in energy 

terms. Each crop is ranked according to the various factors shown in the table: total fossil 

energy utilization, efficiency of utilization at the farm level, as well as the total food chain, 

according to value of the crop, etc. What we are looking for are important crops in value 

terms which might not put too great a strain on the fossil energy bill if production were to 

be expanded and important crops which would absorb less fossil energy if production is 

reduced or altered in some acceptable way. 
Some information for sugar cane is shown, although as already mentioned, cane is so 

dominant a part of the agriculture economy that it must be dealt with on a separate basis. 

For example, it is estimated to be worst of all major products in fossil energy economic 

efficiency at the farm level. (Data are not available for even a rough estimate at the total 

food chain level.) 
Low numerical rankings in Table S-3 indicate the largest benefits in every case. Rank

ings no higher than 7 in the situations where 19 values are shown or 5-6 in the situations 

where there are 14 or 15 rankings. 1 The more often a given crop has low rankings, especially 

if it is among the first 8 or 9 most valuable, the more important it is for energy study in terms 

of expanding production or substitution for less energy efficient output of other crops. 

ISome crops could not be included in all the efficiency calculations. Tobacco is not a food and output energy is 
not comparable on a calorie basis. In semi-processed export form the same is more or less true for coffee and cocoa. 



TABLE S-3 
COMPARISONS OF RANK ORDERINGS ASSOCIATED WITH VARIOUS MEASURES OF ENERGY USAGE BY CROP 

Efficiency of Energy Usage Percent Fossil Energy inTotal at Farm Level Rank Production Utilized atTotal Fossil Energy Rank Value of Output/Input Efficiency of Fossil Energy Food Chain StageProcessing & Cultivation & Over- Product Fossil & Usage in Total Food System Processing & Cultivation &Product Handling Production all Rank Economic Fossil Non-Fossil Economic Output/Input Handling Production 

High Intensity Fossil Energy Requirements/MT at Farm Level 

Beef 
Pork 
Coffee 
Peanuts 

14 
13 
17 
16 

17 
6 

11 
14 

14 
10 
15 
16 

2 
11 
8 

19 

15 
6 
8 

13 

12 
6 

11 
7 

11 
7 

12 
8 

8 
9 

-
-

10 
i2 
-
9 

31.9 
95.1 
93.5 
85.9 

68.1 
4.9 
6.5 

14.1 

Medium Intensity Fossil Energy Requirements (MT at Farm Level) 

Tobacco 
Rice 
Milk 
Potatoes 
Corn 
Beans 
Tomatoes 
Onions 
Cocoa 

10 
15 
18 
1 

11 
3 
9 
2 
6 

15 
18 
13 
9 

10 
12 
16 

7 
6 

13 
18 
17 
2 

11 
5 

12 
2 
5 

3 
4 
9 

21 
13 
12 
22 
18 
5 

12 
18 
9 

16 
13 
11 
16 
10 
4 

-
10 

8 
13 

5 
9 

15 
13 

3 

-
10 
6 

13 
5 
4 

15 
14 

3 

-
12 
13 
10 
14 
4 

11 
7 
-

-
8 

13 
11 

5 
3 

15 
14 
-

51.6 
23.4 
92.0 
28.9 
79.6 
25.3 
37.1 
51.8 
90.0 

49.4 
75.7 
8.0 

71.1 
20.4 
74.7 
62.9 
48.2 
10.0 

Low Intensity Fossil Energy Requirement/MT at Farm Level 

Poultry 
Cassava 
Sweet Potatoes 
Banana 
Plantain 

4 
7 
5 

13 
8 

4 
8 
3 
1 
1 

3 
8 
3 
9 
7 

7 
10 
14 
6 

3 
7 
5 

2 

4 
2 
1 

-
-

1 
2 
9 

-
-

1 
5 
6 
3 
2 

7 
1 
2 
4 
6 

92.6 
79.2 
95.9 

100.0 
99.9 

7.4 
26.8 
4.1 
0 
0.1 

Sugar Cane 

Sugar 19 19 19 1 19 - - 94.8 5.2 

Sources: Tables IHI-1, 111-4, 111-7, 111-8, 111-9. 
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Alternatively, the higher the rankings, rclative to overall value, the more important for possible 

reduction in output, or shift in production technology, etc. 
By these measures banana, plantain, poultry, cocoa and rice are obvious. Possible 

candidates that are not so highly valued, but which are important from a food standpoint, 

are cassava or sweet potato or pork, corn and beans. 
Tobacco, beef and coffee are also somewhat like rice in that they generate substantial 

agricultural value and absorb relatively large amounts of fossil fuel energy. However, there 

appears to be a good domestic market for beef, a produ,-t that utilizes pasture and range 

resources rot suitable for cultivated crops, while tobacco plus coffee, have export potential 

that would be difficult to curtail. Tho actual number of products (outside of sugar cane) 

that hold out potential for meaningful fossil fuel consuinption adjustment is somewhat 

limited. 
The policy options that will reduce fossil energy use in the fcodt system or increase 

efficiency of use within the constraints of necessary sector income or national nutritional 
requirements fall into three categories: A) change the mix of products produced or con
sumed; B) introduce new energy technologies, alter conversion efficiency or introduce new 

end-use devices; C) shift the emphasis on existing methods or techniques that will produce a 

given crop. 

Reliance on ary or all of these options is conditioned by domestic resource availabil

ities of all sorts, trends in agricultural supply and consumer demand and potential gains from 

international trade. In this study we assume that there are good long-run prospects for other 

crops besides sugar. We assume that some shifting in location of crop and livestock production 

could be accommodated and that some shifts in eating habits such as substitution of corn/ 

beans for rice could be tolerated. 

A. CHANGING CROPMIX 

One way to save on imported fossil fuel energy is to earn foreign exchange through 
agricultural exports which embody minimal amounts of fossil fuel energy. Cocoa is a case in 

point. Currently, production of this valuable crop accounts for 8.7 percent of the total value 
of agricultural output. 2 An assumed 40 percent increase in output of cocoa, all things 
equal, would add a 3 to 4 percent increment to that sector's income. This could be obtained 
at an added increment to the agriculture sector's fossil fuel bill of under 0.5 percent. 

Other products, having low fossil fuel energy requirements, which might be converted 
into profitable long term exports are poultry and unprocessed pork. External markets for 
both these products could be assessed at little cost. 

Poultry and hog production may be a way of converting other low energy products, 
such as various fruits and tubers (which represent low quality nutrition, poor demand prospect 
inside the country, and virtually no export markets) into products which have high potential in 

2 By comparison, beef production accounts for 11.4 percent of the income; tobacco, 9.0 percent; rice, 8.9 percent. 
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all three. If chickens are fed much grain or if pork is processed, the favorable farm level
 
energy efficiency coefficients shown in Table S-2 will not be so attractive 
 from a fossil energy
standpoint-this question merits further investigation. Both fresh pork and chicken might

also substitute for some beef in domestic markets, at a savings 
on fossil fuel energy, at little 
or no cost to nutrition quality. 

One of the most obvious possibilities for import substitution would be to increase 
domestic production of oil seeds. But as is well known, any crop, soybean, safflower, peanut 
or whatever, requires considerable processing and handling energy. Over 100,000 MT of raw 
peanuts would be required to offset all DR edible oil imports. A calculation of the energy
impacts of expanding domestic peanut production by only 75,000 MT shows that total food 
chain fossil energy requirements would be increased 9.5 to 10.5 percent. Increased production
would also require a considerable amount of new, good quality land which would have to
 
come at the expense of current crops. 
 On net balance, the best option may be to devote
 
some effort to expansion of export trade in other products and 
use the foreign exchange
 
generated to continue to finance edible oil imports.
 

At present rice production absorbs a lot of farm level energy in tihe DR. !t is several 
times as demanding as corn or beans at the farm level and it is still more than double even
 
when processing and handling of the latter two crops 
are taken into account. In terms of 
calories, all three crops substitute for each other on a 1:1 basis. Corn and beans can be grown
each season in association. At a common planting ratio of 60 percent corn/40 percent beans, 
every ton of rice production switched to corn/beans would generate net fossil energya saving
of 0.295 x 106 Kcal at the farm level and 0.272 x 106 Kcal at the overall food system level. 
This amounts to a farm level saving of about 0.1 percent/1000 MT of rice substituted. But
 
even 20,000 MT substitution would save only 0.8 percent on the overall food system fossil
 
energy bill. To save 4.0 percent on the food system energy bill would require a switch of 
about 100,000 MT, or 20 percent of projected 1980 rice production. As we shall see, greater 
energy conservation in rice production might be achieved in another way. 

B. ALTERATIONS IN CULTIVATION METHODS 

An investigation of many of the factors that influence crop production and manage
ment decisions revealed that for certain products, fossil fuel efficient techniques are already
in place and are responsible for important shares of annual output. By switching "technol
ogies" 
 it appears that reliance on fossil based fuels can be reduced. In some cases the 
alternatives seem to be associated with different DR farming regions. Test calculations, there
fore, 
were made of the effects of shifting locations of production for major shares of two 
important crops. Altering production location does not put consumer tastes and preferences
under pressure, since the overall quantity of the product entering market channels would be 
unchanged.
 

If 25 percent of current rice production were to be shifted from the north to ad
jacent east and west regions, the simpler technologies utilized ii) the latter zones would cut 
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back demand for fossil based fuels. Currently rice utilizes 55 percent of all non-sugar cane 

fossil fuel energy at the farm level. It is estimated that this percentage could be reduced 6 to 

7.5 percent over the next 15-20 years with the size of shift mentioned. 

It appears that shifting zones of production would also have beneficial effects on 

fossil energy consumption in the case of milk/beef production. As shown in Table S-3 

both of these products are relatively energy demanding. But a lot of this energy utilization 

is concentrated in the north and northeast regions. If we imagine that about 40 percent of 

current production in these regions is shifted to other zones, there could be a further saving 
of 1.5 percent of fossil fuel energy use at the farm level due to the reliance on less intensive 

techniques. 

In the case of peanuts, if 60 percent of production were put into the hands of the 
smallest scale farmers, about 1 percent of the total farm level energy bill could be saved. In 

the case of beans, if the current 67 percent of the crop that is planted without multiple 

cropping, or in association with corn, could be made the object of different techniques, 

about 1.1 percent of all farm level fossil energy at the farm level could be saved. This is 

because the "solo" planting practice is almost four times as energy demanding on a Kcal/ton 

basis as the "associated planting" technique. 

In sum, the test calculations made in the main body of the report suggest potential sav

ings of fossil fuel energy at the farm level of about 10-13 percent. Other assumptions and 

calculations would lead to greater or lesser net potential for energy reduction. 

C. TRENDS IN PROCESSING AND HANDLING ENERGY REQUIREMENTS 

In addition to changing the mix of products or reordering emphasis on the techniques 

or methods of production actually employed at the farm level, it may be possible to alter 

food processing and handling tech:ology or to modify reliance on various energy using 

devices throughout the food chain from the farm level to the retail consumer. A profile of 

the current reliance on various devices and various fuel sources is provided in the main body 

of the report. 
Unfortunately, none of the available field data provided information about trends in 

processing, storage, marketing and handling techniques. Some estimates based only on re

ported trends in food processing energy utilization are the only projections provided. These 

far from perfect secondary data suggest that energy trends are not upward in every case. 

This seems to be the case in sugar cane processing. There may be a small upward trend in 

energy use per unit of production in tobacco, bananas and plantains. Moderate increases, of 

up to 30 percent during the next 20 years, were calculated for rice and coffee. Sharp in

creases were calculated for cocoa and all livestock products (77 and 110 percent, respectively). 
As noted, the fossil enIergy trend data are very crude and do not cover storage or 

other marketing and handling trends, or give any hints about what might be accomplished 

by switching energy use devices themselves. But, on balance, the rough result of the net 

effects of these projections would be a 70 to 80 percent increase in non-sugar cane fossil 
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energy utilized to process the expected amounts of production by the year 2000. If sugar 
cane is included, the change would be about 50 percent. 

Thus, while there appear to be some definite possibilities for energy savings in DR 
food system operation (at the farm level), there is a generl offsetting upward trend in 
utilization at other stages in the food chain. Or, to put it differently, the normal expecta
tion for increased use of fossil fuels in processing and handling may be offset by farm level 
adjustments in energy use. Of course, this is not to imply that such adjustments can be made 
easily and without concerted planning and leadership efforts. 

It is obvious that processing energy would be saved by greater reliance on various 
tubers plus maximum emphasis on fruits and fresh vegetables that require little or no further 
processing after farm harvesting cr drying. However, there are limits to how far a low quality 
tuber diet can be pushed as long as more highly regarded alternatives can be obtained. 



PART I 

INTRODUCTION 

A. 	 AIMS OF THE STUDY 

The objective of this study is to examine the role of energy in the food system of 
the Dominican Republic. Energy interactions figure importantly at all stages in the food 
chain from primary production to final marketing and consumption. The study is designed 
to provide quantitative information on energy inputs at all levels in this rather complex sys
tem. Using a broad quantitative data base or model of the food system, the study makes a 
series of simplified projections of energy use into the short and middle term future and 
explores alternatives for product, technology and energy use adjustments which might be 
effected by public policy. 

Certain parts of the study such as farm level production analysis build on relatively 
in-depth data bases. Other components of the total system such as food processing and 
holisehold energy use have acceptable empirical underpinnings. Marketing, storage, sugar pro
duction and transportation have unsatisfactory data support. 

While an aim of the study is to create some links between the data gathered and pub
lic options, the result is illustrative rather than definitive. The result suggests policy alter
natives or directions rather than concrete projects or programs. 

B. 	SALIFIVT FEATURES OF METHODOLOGY 

The basic analytical framework for the study is a three-step process: 
1. 	Elaborate a quantitative description of the food system or food chain showing the 

quantities of food products and their flow patterns through the various stages from 
production through processing-marketing-transportation to final consumption. 
Flow patterns are illustrated in Appendix C. 

2. 	 Quantify the energy inputs into each of the stages of food production, processing 
and distribution. This phase involved measuring energy inputs by energy type 
(kerosene, firewood, etc.) and by production or distribution technology. For ex
ample, rice production is divided into different production technologies depending 
on the levels of fertilizer and mechanization. Processing was divided into small 
scale low technology and large scale modernized plants. The data are used to 
create energy input coefficients estimates. 

3. 	 Based on the food system flow data and the energy input coefficients, a series of 
simple projections is made to examine the energy and food system implications of 
changes in the system. Some of the projected changes will be simple 
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extrapolations of growth trends in production and demand for food. Others will 

explore the energy implications of changing agricultural technology. Shifts in the sys
tem which could be affected by public policy will be explored. The Projections 
Analysis is necessarily limited by time and resources to simple analytical techniques; 
no extensive quantitative modeling methods have been used. 

Based on this nethodological outline, the PCI team conducted a review of available 
data in the DR and designed a data gathering plan to complement the extensive existing sur
vey data on the food system. The PCI field surveys were undertaken by contract with the 
Secretaria de Agricultura. 

The data collection plan was built around three Basic primary data files which already 
exist and three Supplemental field surveys which were undertaken to complement the basic 
sources. Figure 1-1 outlines these six data sources and indicates approximate numbers of ob
servations in each data set. The supplemental surveys were undertaken to fulfill the data 
requirements for the outlined descriptive and analytical methodology. 

FIGURE 1-1 

DATA COLLECTION PLAN 

BASIC PRIMARY DATA SETS SUPPLEMENTAL FIELD SURVEYS 

Agriculture Sector Survey Supplementary Farm Survey 

AID - SEA 1976 and 1977 PCI - SEA 1980 

1,802 Farms 786 farm sub-sample from 
USAID/Secretaria de Agricultura Ag. Sector Sample Frame 

National Survey of Supplementary Small 
Agriculture Processing Industry Scale Industry 

ONE 1977 PCI- SEA 1980 
All factories and plants urban 782 enterprises with 

and rural with over 5 workers 5 workers or less 

Oficina Nacional Estadistica 

National Household Survey Supplementary Household 

Banco Central 1977 Survey 

4,700 urban and rural PCI - SEA 1980 

households 999 urban and 968 

rural households 



3 

C. ENERGY SYSTEM OVERVIEW 

1. Energy Resources and Production 

a. Commercial Energy Resources 

Although oil-bearing formations are known to exist in the southwestern portion of the 
Dominican Republic, no commercially significant deposits have been identified. 

In the absence of any domestic production, the Dominican Republic has had to rely 
on imports to satisfy all of its oil requirements. Since 1973, an oil refinery has been in opera
tion with a capacity of approximately 11 million barrels (16 x 1012 Kcal) per year. It 
processes reconstituted crude oil, consisting of approximately 60 percent crude and 40 per
cent semi-finished products imported from Venezuela. The output of the refinery, in volume, 
is 30 percent fuel oil, 28 percent gas oil, 24 percent gasoline, and 18 percent other products. 

Peat and lignite deposits have been identified in the Bajo Yuna area and on the Samana 
peninsula, but the magnitude and quality of these reserves have not been quantified. 1 It is, 
therefore, impossible to determine whether the deposits will warrant exploitation. With no 
domestic coal production to date, the Dominican Republic has had to import small quantities 
of coal (estimated at less than 200 tons in 1977).2 

The theoretical hydroelectric generation potential in the Dominican Republic has been 
estimated at 50,000 x 106 kWh (43 x 1012 Kcal) per annum, of which between 10 and 40 
percent could technically be developed. In the absence of comprehensive hydrographic 
data, however, such estimates are nec. ssarily very uncertain and it may mean more to consider 
only the hydropotential from sites which have already been evaluated. As of 1978, 120 sites 
had been identified with an electricity generation capability of 5,560 GWh per annum. A 
small number of minihydro (less than 5,000 KWe) sites had also been identified. Total 
electricity generated from hydropower is estimated at 270 x 106 kWh (232 x 109 Kcal) in 
1978. 

The information on the solar resources of the Dominican Republic is limited to radia
tion data from four sites, sunshine hour d ta from seven sites, and cloud cover estimates from 
a total of 24 sites. 3 Acosta,4 basing his calculations on the correlation between cloud cover 
and solar radiation, estimates an annual average radiation of 2,000 joules per cm 2 for the 24 
stations measuring cloud cover. Oil a monthly basis, the average radiation estimate varies 
from 1,800 joules per cm2 for January to 2,300 for July. 

'Roberto Liz et al., "Evaluation de la Situation Energetica Nacional," Banco Central de la Reptulica 

Dominicana, Santo Domingo, 1978. 
2Oficina Nacional de Estadistica. unpublished data. 
3H. Tabor, "Solar Energy in the Dominican Republic," report to the Inter-American Development

Bank, forthcoming. 
4 Discussed in Tabor, ibid. 
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Although the existing estimates show relatively high levels of solar radiations, this 
source is virtually untapped at present. One company, Energia Solare S.A., has been manu
facturing solar water heaters, but has only sold 300 units in the last three years. 

Data on the wind energy rescurces of the Dominican Republic appear to be even more 
limited. However. the information diat does exist is not promising. The average wind speed 
at the meteorological sites that exist has been estimated at about 4 m/s (which is well below 
the optimal wind speed for most commercial windmills). Tabor 5 estimates that there are 
probably 500 or more very small pumpers in remote areas without electricity, but that they 
are being replaced by electricity and gasoline pumps. 

There are a number of indications that the Dominican Republic may have significant 
geothermal resources. Geographically, the country lies in a tectonically active region, a pre
requisite for the existence of high temperature geothermal resources. Past lava emissions and 
volcanic activity have been identified in geological studies and then-mil springs exist along one 
of the island's faults. In addition, a chemical analysis 6 of the two major thermal springs 
(Yayas and Maguella in the Azua Province) showed a similar chemical composition to spring 
waters in currently exploited geothermal sites. It is possible, however, that the geothermal re
sources are limited to low grade head with limited applications. Further exploration (includinj 
drilling) is required to determine the extent and quality of this resource. 

b. Noncomm,r',?ial Energy Resources 

According to a forest inventory for the Dominican Republic 7 published in 1973, there 
are about one million hectares of forest in the Dominican Republic. Of the forested area, on!: 
34 percent was found in its natural state, the remainder having been partially depleted by 
logging (38 percent), charcoal production (17 percent), or forest fires, grazing, and nomadic 
agriculture (11 percent). Currently, sustainable yields of roundwood from accessible forest 
land is estimated at between 4 to 8 x 109 Kcal. 

In addition to the wood resources on fo'.ested areas noted above, wood can be collecte 
from the trees located outside of forests and from tree stumps and branches not included in 
the forest inventory. Reforestation projects and tree farms could also add significantly to the 
wood reserves. However, in the absence of adequate data, we will not attempt to assess these 
resources. 

Approximately 20 percent of the Dominican Republic's land area, which amounts to 
about one million hectares, is under agriciltuiral cultivation. Total agriculture residues pro
duced from major crops in 1977 are estimated at 4.5 million metric tons with an energy 
content of over 10 x 1012 Kcal. Sugar ,ane alone accounts for at least 70 percent of the 
energy content of these agricultural residues and is currently the only one used extensively as 
a fuel. The total energy content of the sugar cane residue, or bagasse, amounted to about 
7.5 x 1012 Kcal in 1978. 

5 H. Tabor, ibid. 
6 Described in Corporacion Dominicana de Electricidad, "Geotermia," 1978. 
7 "Inventario y Fomento de los Recursos Fonertales, Republica Dominicana," Informe technico 3,

FAO, UNDP, Rome, 1973. 
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The use of residues from crops other than sugar as fuels is constrained by the difficulties 
involved in collection. Thus, it is not realistic to assume that these resources could be utilized 
fully for energy conversion. 

2. Energv Consumption8 

a. Trends and Characteristics 

Total energy consumption in the Dominican Republic increased from an estimated 
17,600 x 109 kcal in 1970 to 38,050 x 109 kcal in 1978 (set, Table I-1), with an average annual 
growth rate of about 10 percent. Over the same period, per capita energy consumption rose 
from 4.4 x 106 kcal to 7.4 x 106 kcal. 

Oil-based fuels constituted 55 percent of' all the energy consumed in 1978 and were 
primarily used in public utility electric generation, transportation, manufactutring, and mining. 
In the absence of any domestic production, all the oil is imported. The composition of 
petroleum imports changed significantly with the installation of an oil refinery in the port of 
Haina near Santo Domingo. Since its first full year of operation in 1973, reconstituted crude 
oil has been imported from Venezuela to supply both the refinery and some captive electricity 
generation in the industrial sector. Of the 21,130 x 109 kcal oil consumed in the country in 
1978, fuel oil and crude accounted for 52 percent, gas oil for 20 percent, and gasoline 18 
percent. 

Hydropower resources still accounted for only 2.1 percent of the total energy con
sumed in 1978 in spite of a comparatively high annual growth rate of 16 percent. Wood con
sumption, including that for charcoal, is estimated at 8,870 x 109 kcal, or 23 percent of 
total energy consumption in the country. The previously high rate of deforestation has de
creased significantly due to the fact that most remaining forests are located in more remote 
areas, and because logging for lumber has been under strict government control since 1967. 
However, no restrictions exist on firewood cutting and the present rate of wood consumption 
is still high relative to the existing resource base. The hurricane of 1979 also caused con
siderable damage through the widespread uprooting of trees, which made wood freely available 
in that year to many rural households without the need for cutting, gathering and transport. 
This unusual circumstance, with the accompanying temporary drop in charcoal production, 
added to the difficulties of arriving at estimates of "normal" firewood and charcoal con
sumption. 

Since the Dominican Republic is a large sugar producer, a considerable amount of 
bagasse accrues as a residue from sugarcane processing. This is estimated on the basis of 
sugarcane production figures at 7,250 x 109 kcai and is used as a fuel in the sugar processing 
mills. A small amount is also passed through a furfural extraction process for conversion to 

8 This section is largely based on the results of "Energy Strategies for the Dominican Republic: A 
Report of the National Energy Assessment," Energy Development/International, forthdoming, and "A
Preliminary Assessment of Energy Supply and Consumption in the Dominican Republic," BNL 51202,
November 1979. 
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animal feed. Almost all of the bagasse produced is burnt in the boilers of the sugar mills, but 
it is difficult to determine irmw much of this represents a necessary input to satisfy the mills' 
internal requirements for steam and electricity. This is a point that requires further investiga
tion (see the note in Table I-I). 

In addition to the energy consumption shown in Table 1-1, small amounts of other 
energy sources are used, which however do not make up a significant portion of total energy. 
These include c al, solar and wind energy, and other crop residues. Sugar cane molasses is 
used as animal feed or used to produce potable alcohol, primarily rum, or exported. Even 
though their share in present energy consumption is insignificant, some of these energy sources 
have a good potential for future development. 

b. Sectoral 

As shown in Table I-1, the industrial sector, comprised of mining and manufacturing, 
is the largest energy consumer, accounting for 30 percent of the oil, 47 percent of the biomass 
energy consumption, and 37 percent of the electricity sold by the public utility. The resi. 
dential sector is the next largest total energy consumer, but 87 percent of the residential 
energy is from wood (either directly or in the form of charcoal) which is used inefficiently-
the amount of useful energy consumed by the residential sector ;s comparatively small. Trans
portation, which depends totally on oil-based fuels, accounts for about 28 percent of the oil 
consumption but only 16 percent of total energy use. An additional 15 percent of total re
source consumption is contained in losses in electricity generation and transmission by the 
public utility. 

c. Agriculture 

As Table I-1 shows, direct fuel consumption in agriculture (in the form of gas oil) 
constitutes a negligible portion of total national energy use. Even when the energy embedded 
in fertilizer is added, agriculture still accounts for less than 1 percent of the national total. 
This implies that future energy consumption in agriculture, even though of crucial importance 
to the agricultural sector itself, will have no significant impact on the national energy system 
in the foreseeable future. Details of energy consumption in agriculture are discussed in sub
sequent chapters. 

d. Industrj, 

In 1978 the industrial sector (here defined as mining and manufacturing) consumed 
approximately 14,460 x 109 kcal, of which 44 percent was oil, 52 percent bagasse (this 
number is uncertain as explained earlier), 3 percent purchased electricity and 1 percent wood. 
Most of the bagasse and crude oil, and part of the fuel oil and gas oil, is used for captive 
electricity generation (that is, electricity generated by the industries themselves). 

The bulk of the energy in the manufacturing sector is consumed by food processing, 
including sugar. It is likely, however, that bagasse consumption in the sugar industry has been 
overestimated, which would then shift some of the weight away from sugar processing (s.e 
note to Table I-1). 



TABLE I-1
 

ENERGY CONSUMPTION BY SECTOR AND RESOURCE, 1978
 

(10 9 kcal)
 

Total Direct 

Fuel Energy 

Gas- Oil & TOTAL Purchased 
Gasoline Oil Crude Othere OIL Hydro Electricity Bagassed Wood Charcoal Amount Percent 

Agriculture 50 50 50 --

Industrya 
Transportation 3,720 

630 
1,680 

5,720 
90 

80 
490 

6,430 
5,980 

530 7,250 250 14,460 
5,980 

38 
16 

Commercia, & 
governmentb 

Residential 
450 60 

740 
510 
740 

360 
540 4,640 3,970 

870 
9,890 

2 
26 

Public Utility 
Other 30 

1,420 
80 

4,930 
320C 650 

6,350 
1,080 

800 -1,430 5,720 
1,080 

15 
3 

TOTAL 3,750 4,310 11,060 2,020 21,140 800 0 7,250 4,890 3,970 38,050 100
 

aMining and manufacturing.
 
blncludes the government services of water, sewerage, and garbage disposal, government buildings, and energy consumed
 

at construction sites.
 
Clmported by CDE for electricity generation at Falconbridge, the ferronickel complex. In adcition to satisfying its
 

own needs, Falconbridge sells approximately 224x10 9 kcal annually electricity to the public utility.
 
dpractically all the bagasse is burned at the sugar mills to create steam for electricity generation, sugar cane 

crushing, and the evaporation process. Accordingly, all the bagasse produced is entered in tt~e table as energy con
sumed, representing 19 percent of total national energy consumption. It is very unlikely, however, that the entire
 
amount of bagasse is necessary to provide for the sugar mills' energy requirements although now all is burnt as a 
convenient method of disposal (The same is the practice in other countries.) Further investigation is needed to 
determine the proportion of bagasse necessary for sugar processing -- perhaps also calling for some equipment change 
to improve the energy utilization efficiency. 

eIncludes kerosene, aviation fuel and other petroleum products. 

Sources: "Energy Strategies for the Dominican Republic: A Report of the National Energy Assessment" and PCI-SEA
 
Rural Energy Survey. 
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Within the mining sector, the Falconbridge nickel enterprise is dominant, using all 

the crude oil consumed in this sector. The unstable market for nickel combined with rising

oil prices has led to production cutbacks, and Falconbridge is currently selling some of its
 
excess electricity to the public utility, CDE. Since nickel is one 
of the Dominican Republic's
major exports, its dependence on oil is of particular concern. 

e. Transportation 

Transportation is the third largest user of oil after industry and residential use. As shown 
in Table 1-2, it consumed a total of 5,980 x 109 kcal of petroleum fuel in 1978, of which 63
 
percent was gasoline, 28 percent gasoil, and the remainder jet fuel for aviation and bunker
 
oil for navigation. 
 The largest share of fuels is consumed by interurban mass transport, which 
relied primarily on gasoline and much less on gasoil. It is expected, however, that the relative 
mix of gasoline and gasoil in mass transport will change dramatically in the future as a result
 
of the government's policy of replacing publicos (fixed 
 route taxis) with new minibuses.
 

Approximately 32 percent of all fuel in the transport sector was consumed by inter
urban mass transport; 15 percent by urban mass 
transport; 15 percent by private automobiles;
23 percent by trucks; and the remainder by private buses, aircraft, ships, boats, and others.
 
The division between freight and passenger transport is not clearcut since the trucks carry
 
passengers as well as goods. 
 It appears, however, that at least two-thirds of the fuel was used
 
for passenger transport.
 

The vehicle fleet has been growing at over 10 percent a year since 1972 in spite of
 
the oil price increases and high automobile import taxes. By 1977 there were approximately

37 vehicles for every 1,000 people compared to 26 in 1972. Private automobiles are most
 
numerous in Santo Domingo where about three-quarters of the private cars are registered and
 
the majority of taxis are located.
 

f. Commercial and Government 

The energy consumed in the commercial and government sector amounted to 863 x 
109 kcal, or 2 percent of total national consumption. The breakdown into enduses is as 
follows: 3 1 percent for lighting and other; 24 percent for water supply, sewerage, and 
garbage collection; 20 percent for construction; 13 percent for air conditioning; and 12 per
cent for water heating and cooking. It should be noted that this sector includes commercial 
and public establishments as well as private nonresidential buildings, but not households. 
The energy sources employed for these uses are gas oil and electricity, with an additional small 
amount of LPG. The energy demand for buildings is largely in the form of electricity, while 
the use of petroleum products for cooking and water heating takes place primarily in 
restaurants, hotels, and hospitals. 

g. Residential 

The use of fuels for domestic purposes is dominated by cooking and lighting require
ments. The fuels used are primarily charcoal, LPG, and electricity in urban areas and wood 
and charcoal in rural areas (with small amounts of kerosine used in both areas). 
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TABLE 1-2
 

ENERGY CONSUMPTION IN TRANSPORTATION, 1978
 

(109 kcal)
 

Total 
Gasoline Gasoil Other Amount Percent 

Urban Mass 
Interurban Mass 
Private Automobiles 
Large Trucks 
Camionetas (small trucks) 
Private Autobuses 
Aircraft 
Ships and Boats 
Miscellaneous 

741 
1550 
864 

478 

54 

82 

185 
359 
30 

761 
94 
71 

182 
435 
93 

926 
1909 
894 
761 
572 
71 
489 
275 

82 

15 
32 
15 
13 
10 
1 
a 
5 
1 

Total 3,769 1,682 528 5,979 100 

Source: 	 "Energy Strategies for the Dominican Republic: A Report of the
 
National Energy Assessment."
 

The total fuel consumption of the residential sector is estimated at 9,900 x 109 kcal, 
of which approximately 47 percent is wood, 40 percent is charcoal, 7 percent is LPG and 
kerosine, and 6 percent is electricity. The differences in the fuel shares between urban and 
rural households arc striking. In the rural areas, wood supplies about 84 percent of the re
quirements, charcoal 14 percent, and kerosine and LPG the remainder. In the urban areas 
the situation is reversed, with charcoal being the most important (73 percent) and wood and 
kerosine almost insignificant. 

As far as the type of enduse is concerned, cooking predominates in both rural and 
urban households: it constitutes 98 percent of the energy used in rural and 43 percent in 
urban areas. Other significant uses by urban households are lighting, water heating, and air 
conditioning. 

h. Electricity Generation 

Among the energy demand sectors, electricity generation plays a special role insofar as it 
represents an energy -'sformation activity and not strictly speaking a final demand sector. 
However, in order to be able to show the amount of electricity consumed by the different 
demand sectors and still balance the table (Table I-1), the electricity generating system must 
be added both as a row (Public Utility) and a column (Purchased Electricity). The net con
tribution of the system to energy resources is by definition zero. In 1978 the public utility 
consumed a total of 6,350 x 109 kcal oil in addition to an equivalent of 800 x 109 kcal from 
hydro. At the same time it sold the equivalent of 1,430 billion kcal of electricity (entered as 
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a negative demand, i.e., a supply in Table 1-1), implying an energy loss during generation, 
transmission and distribution of 5,720 x 108 kcal, or 15 percent of the total energy consumed 
in the country. The electricity is purchased by the manufacturing sector, urban households, 
and by the commercial and government sector. 

The Corporacion Domincana de Electricidad (CDE) supplies the country from intean 
grated grid that extends to all major population centers. Due to a number of problems, CDE 
has been unable to supply the connected load in the last few years. These are: insufficient 
capacity and installation delays; poor condition of some of the existing generating equipment; 
inordinate transmission and distribution losses, in part due to theft; and unresolved water 
allocation disputes between irrigation uses and hydroelectric power generation. Since the 
public utility is already the biggest oil consumer and electricity sales are growing at 12 percent 
per year (1970 to 1977), the inefficiencies in electricity generation and delivery are of par
ticular concern. 

In addition to the electricity sales of the CDE, captive electricity generation within the 
industrial sector is widespread. There is very little documentation on the installed capacity 
and electricity generation within the industrial sector, although generator sales data 9 provide 
evidence that captive generation has been increasing rapidly in recent years, presumably as a 
result of frequent outages by CDE and electricity price increases. 

9 The "emergency" generator sales between 1973 and 1977 (quoted in Roberto Liz et al., "Evaluacionde la situacion Energetica National," July 1978) were for 624 plants with a total capacity of over 100 MWe,equivalent to approximately 20 percent of the effective capacity of the CDE system. 



PART H 

FOOD SYSTEM OVERVIEW 

A. CROP AND LIVESTOCK PRODUCTION 

The agricultural sector in the Dominican Republic accounted for 26 percent of the 
total gross domestic product in 1969, but the share dropped to 19.6 percent during a period 
of high economic growth ending in 1974. Further erosion in the sector's relative position con
tinued into the late 1970's. Table II-I outlines the sectoral composition of the GDP. The 
most dynamic sectors have generally been mining, industry, and construction. 

TABLE I-I 

SECTOR SHARES OF GROSS DOMESTIC PRODUCT AND RATES OF GROWTH 

(1970 prices) 

1969 1974 1977 1969-74 1974-78 

Agriculture 25.9 19.6 17.1 4.5 1.0 
Mining 1.5 5.6 5.6 44.5 9.2 
Industry 15.7 17.3 18.4 12.6 5.3 
Construction 4.6 6.4 7.2 18.8 7.4 
Housing 8.0 7.5 6.7 9.2 7.2 

Commerce 17.0 18.4 16.7 11.9 5.7 
Other Services 27.0 25.2 28.3 - -

Overall 10.0 5.5 

Source: 	 Plan de Desarrollo Agropecurio, SEAPLAN, Table 2.1, and "Boletin Mensual," Banco Central, 
April 1979, pp. 118-183. 

During the same 1969-74 period the agriculture sector was growing at 4.5 percent per year and 

the total economy at 10.4 percent. During the four years from 1974-1978 the growth rate 
for agriculture slowed to 1 percent per year due to a serious drought in 1975 and slow 

recuperation during the later years in that period. The hurricane in 1979 brought devastation 
to the agricultural sector and has certainly caused a serious setback ;n short run growth. 

The food category has increased at a rate more than 3 percent higher than the sector 
as a whole. Export crops have only grown slightly (1.5 percent); non-sugar exports have 
remained almost stable. Even though the growth rate of food is substantially higher than that 
of agricultural exports, the result was insufficient to keep up with population growth during the 
same four-year period, 1974-1978. 
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The agricultural sector of the Dominican Republic is heavily oriented to the production 
of export crops-sugar alone accounts for 23.7 percent of total value of agricultural and live
stock production; if coffee, cocoa and tobacco are added, export oriented crops comprise more 
than 46 percent of total agriculture value. 

1. Food ProductionResources 

The Dominican Republic (DR) is characterized by a tropical climate with annual 
average temperatures ranging from 24-27 degrees centigrade. Rainfall varies widely from loca
tion to location, but in many agriculti.iral areas it is insufficient to support intensive agri
culture among the majority of DR farms. Except for rice, the bulk of basic crops (sweet 
potato, pigeon pea, corn, peanuts, casava) and commercial crops (cacao, coffee, sugar cane,
 
coconut, tobacco) are grown without supplemental irrigation.
 

Of the 4,827,000 hectares in the DR, 67 percent are unsuitable for regular cultivation. 
Perhaps 25 percent of this non-agricultural land is suitable for natural pasture and a considerable 
amount of livestock production. Table 11-2 outlines the land use capacity of the DR. This 
capacity is distributed as shown in Figure II-1. 

TABLE I1-2 

LAND CAPACITY IN THE DOMINICAN REPUBLIC 

Class Area (Ha. 000) Percent Productive Capacity 

I 52.8 1.1 Most intensive cropping 
11 233.5 4.9 Intensive cropping
 

Ill 309.3 6.4 Moderate cropping
 
IV 361.7 7.5 Non-intensive cropping
 
V 603.3 12.6 Cultivated pasture
 

VI 557.6 11.6 Improved pasture
 
VII 2,500.0 52.1 Forest and natural pasture
 

VIII 120. 1 3.7 Other 

rotal 4,797.0 100.0 

3ource: Plataforma para el Desarrollo Econ6mico y Social de la Repblica Dominicana (1965-1985), Oficina Nacional de 
Estadistica, Santo Domingo, 1968, y Estudio de los Recursos Naturales de la Repfiblica Dominicana, Secretarla 
General de la Organizaci6n d': I-stados Americanos, Washington, D.C., 1969. 

The map indicates that the largest agricultural use of land in the DR is in what might
 
be described as mixed cropping and grazing. Sugar cane is concentrated in the coastal plain
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and other crops are dispersed throughout the country, but the Cibao valley contains enough 
crop production to be referred to as the breadbasket of the country. 

Outmigration from the rural areas is causing a gradual decrease in the population 
pressure on cultivated land (Table 11-3). In 1960 there was 1.1 I-Ia. of land in cultivation for 
every rural inhabitant; in 1971 the total had not changed, but estimates for 1980 indicate a 
slight decrease to .99 Ha. and projections to 1985 indicate a decrease to .89 Ha. of culti
vated land per rural inhabitant. 

The eastern region in which the sugar cane plantations are concentrated has by far 
the highest rural population density-more than double the national average. The northwest, 
which contains the lower part of the Cibao valley, is second, and the southwest, which contains 
considerable mountain terrain, has the lowest. 

TABLE 11-3 

CULTIVATED LAND IIER RURAL INHABITANT 

rareas per Person (1 Hectare = 16 Tareas) 

Region 19 6 0 1 19711b 198 0C 1985 C 199 0C 2000c 

Northwest 20.70 19.10 17.49 17.49 15.90 15.90 
North 14.31 14.31 12.72 12.71 11.13 11.13 
Northeast i4.31 17.49 15.90 14.31 14.31 12.72 
Southwest 9.54 12.72 9.54 9.54 9.54 7.95 
South 17.49 17.49 14.31 12.72 12.72 11.13 
Central 17.49 15.90 14.31 12.72 12.72 14.31 
East 33.39 39.75 36.57 34.98 33.39 33.39 
Average 17.49 17.49 15.90 14.31 14.31 14.31 

a 19 6 0 Agriculture Census. 
1971 Agriculture Census. 

CSEAPLAN Projections. 

2. ProductShares in AgriculturalProduction 

Table 11-4 details the relative value of major agricultural products for the year 1978. 
Nearly half (46.5 percent) of total agricultural production value is concentrated in export
oriented crops such as sugar, tobacco, cocoa and coffee. Fifteen major commodities make up 
more than 95 percent of total production value. Livestock products account for 24.5 percent 
of all production value and non-export oriented food crops comprise 27.7 percent of agri
cultural production. 
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TABLE 11-4 

AGRICULTURAL PRODUCTION VALUE FOR 1978 

(103 $RD) 

Crop Production Value Percent of Total 

Sugar 113,758 23.7 
Beef 54,696 11.4 
Tobacco 43,260 9.0 
Rice 42,713 8.9 
Cocoa 41,790 8.7 
Plantain 35,588 7.4 
Chicken 27,869 5.8 
Coffee 24,510 5.1 
Milk 19,530 4.0 
Yucca 16,425 3.4 
Pork 16,100 3.3 
Beans 9,560 1.9 
Corn 6,789 1.4 
Sweet potato 6,463 1.3 
Yautia 5,493 1.1 
Pigeon peas 4,077 0.8 
Yam 2,834 0.5 
Onion 2,508 0.5 
Peanut oil 1,976 0.4 
Squash 1,284 0.2 
Potato 1,200 0.2 
Tomato 1,150 0.2 
Total 479,573 100.0 

Source: SEAPLAN. 

3. TechnologicalPatternsof Production 

Rice appears to be the crop in which the largest proportion of production occurs at 
a relatively high level of technology. Table II-5 outlines the proportions of production and 
percent of farms utilizing different relative technology levels. These levels were defined by 
two technological indicators (selected as proxies for overall technological level): level of 
mechanization and levels of fertilizer use. The data were drawn from the SEA 1977 Sector 
Analy,.is data tapes in which fertilizer and mechanization levels are estimated. The various 
crops require as many as seven cultivation or harvesting tasks and some of these may be 
mechanized in certain cases. Fertilizer use is estimated in actual quantities employed. The 
"high, medium and low" technologies reported in Table II-5 represent the following categories. 1 

lIn the aggregate, the 1976 Sector Analysis Survey indicates that supplemental irrigation has a 
very positive impact on farm incomes. However, irrigation is not included as a technology indicator because,
for the major crops, it has a low correlation with the other indicators. This is shown in Table 11-6 
below. 

http:Analy,.is
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High Technology Crops with some mechanization AND in the highest 3/4 of farms 

ranked according to fertilizer use per Ha. 
Medium Technology Crops with some mechanization OR in the highest 3 of farms 

ranked according to fertilizer use per Ha. 
Low Technology The residual. 

TABLE i1-5 

ESTIMATED DISTRIBUTION OF PRODUCTION AND NUMBER OF FARMS 

BY LEVEL OF TECHNOLOGY AND CROP 

% of Farms %of Production
High Medium Low High Medium Low

Crop Technology Technology Technology Technology Technology Technology 

Sugar 	 13 38 49 32 45 23
Tobacco 17 33 50 43 27 30Rice 37 36 27 80 12 3

Cocoa 
 2 98 - 7 93Plantain 1 10 89 2 16 82
Coffee  5 95 -- 13 87Yucca 	 7 18 75 18 29 53
Beans 	 8 14 78 37 15 48
Corn 5 24 71 22 32 46
Sweet potato 2 21 77 19 25 56 

Source: Part I and Part IV of Energy in the Food System, Dominican Republic: Statistical Profile, Reportto Brookhaven National Laboratory, Practical Concepts Inc,, August, 1980. 

lont'd. 

TABLE 11-6 

CORRELATION OF SUPPLEMENTAL IRRIGATION WITH USE OF 

CHEMICALS, POWER AND FARM SIZE 

Irrigated Non-IrrigatedPrincipal # Percent Approx. 	 Percent Approx.Crops Obs. Chemicals Power Size Obs. Chemicals Power Size 

Rice 189 15 None 33 None 33 Small 95 67 None 75 None 60 SmallSweet potato 27 100 None 100 None 100 Small 132 100 None 90 None 90 SmallCorn 61 87 None 50 None 85 Small 394 67 None 75 None 67 Small Peanut 38 40 None 25 None 50 Small 165 45 None 33 None 45 SmallCassava 54 95 None 90 None 75 Small 258 67 None 45 None 65 SmallCacao 0 	  - 215 95 None 100 None 30 SmallCafe 0 -	 - 490 94 None 100 None 4 SmallSugar Cane 0 	  - 32 50 None 87 None 50 SmallCoconut 7 100 None 100 None 60 Small 64 100 None 100 None 65 SmallPlantain 92 86 None 90 None 70 Small 138 95 None 98 None 58 Small 

Source: 	 Based on observations in first column of irrigated/non-irrigated tables, Part VII and Part VIII, E.F.S. 
D.R., Statistical Profile. 
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Eighty-six percent of rice production takes place under at least partially mechanized 
conditions and at relatively high levels of fertilization. Though rice represents only 8.9 per
cent of the value of agricultural production, it absorbs 17.6 percent of the fertilizer applied 
in the country. 

In some cases the definition used to create Table 11-5 makes comparisons between crops 
difficult. For example, the lack of mechanization in permanent crops implies that few of the 
production units will be classed as "high" technology. Tobacco and sugar are produced at 
relatively high levels of technology, lar. 'v due to high levels of fertilizer use in sugar cane and 
relatively high mechanization and fertilizer in tobacco. Sug-.r cane, which comprises 23.7 
percent of the value of agricultural production, absorbs 64 pc,'cent of the total fertilizer applied 
in the country. 2 

4. Monetary Returns to Land Use Patterns 

Small farms obtain significantly higher monetary returns per utilized hectare of land in 
the DR. Table 11-7 relates land use to the value of production according to farm size. The 
inverse relationship between yield and farm siz, is a well known phenomenon in situations 
where the time structure increases the man/land ratio in small sizes; more intense cultivation, 
based on high applications of human energy, holds yields up. 

TABLE 11-7 

LAND USE AND GROSS PER HECTARE INCOME* 

Percent of Available Land in Farm Used for 
Value of Production Annual Permanent Cultivated Other 
per Hectare Utilized Crops Crops Pasture Uses 

Farm Size (DR$) (%) (%) (%) (%) 

0.5 - 5 Ha. $604 47 31 6 16 
5-31 Ha. 323 26 24 25 25 
31+ Ha. 165 8 15 46 31
 

Source: SEA Sector Analysis, Descriptive Analysis of Income, SEA-AID, 1979, Tables 43 and 44.
*SEA studies do not treat the 0- 0.5 Ha. category as commercial farms. 

Smaller farms are more crop intensive-78 percent of their available land is in annual or 
permanent crops, while the large farms have only 23 percent. Conversely, owners of larger 
farms put greater emphasis on livestock production. In these cases, even though returns per 
Ha. are quite low, the returns to a unit of labor input, especially "management," may be 
quite high. 

2See J. Free and T. Foster, The Dominican Republic Fertilizer Situation, TVA. 1975. 
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There are two ways of measuring land productivity. The first, and most traditional, 
is to use a physical quantity of output per hectare. The disadvantage of this measure is that 
it is only useful for compar:sons inside a particular crop. An alternative is to use a value of 
production per hectare which allows for the summing of all crops and provides 
prehensive view of land productivity such as that found in Table 11-7. 

Table 11-8 presents physical yields per hectare by farm size. 

TABLE 11-8
 

PHYSICAL CROP YIELDS (KGS.) PER HA.
 

Crop Name 

Chili Peppers 

Garlic* 

Rice 

Squash*

Sweet Potato 

Onions 

Spring Onion 

Pigeon Peas 

Red Beans 

Black Beans 

Corn 

Peanuts 

Okra 

Yams 

Potatoes 

Sorghum

Tobacco 

Salad Tomato 

Industrial Tomato 
Yautia 
Casava 
White Beans193.96 
Millet
Sweet Peas 

Coriander 

Tayota* 
Cabbage*

Egg Plant* 

Sesame 

Kidney Beans 

Peas 

Rice Seed
Cacao 
Coffee 
Sugar Cane 
Coconuts* 
Bananas* 
Papaya*
Oranges* 
Pineapple
Plantains*
Pasture 
Avocado* 
Banana (Rulo)*
Grapefruit* 
Hemp 
Mango* 
Annatto Tree 
Lemons 
Palm Tree 

(April 1975-

Small Farms 

.5 - 5 Ha. 


2,734.18 

23,673.09 


1,920.36 

339.93 


1,941.82 

8,802.11 

3,418.18 


784.00 
415.42 
445.02 
870.04 
609.53 


1,616.44 

2,817.09 

2,400.00 

1,272.73 


827.20 

3,255,78


28,546.40 
1,320.15 

1,746.98 


383.27 

1,654.55 

1,454.55 


12,363.64 
163.64 
349.09 
14.55 

7.27 

239.64 

1,714.47 


22,230.40 

2,220.80 


14,774.33 

936.80 


7,763.56 

3,422.11
16.58 


3,069.24 

2,028.65 

1,487.64 


116.36 
101,818.11 

206.04 

5,712.65
 

30.33 

March 1976) 

Med'um Farms 

5 - 31 Hr. 


2,536.65 
78,526.62 

2,018.91 
615.71 

3,002.91 
11,416.87 
10,822.47 

779.93 
468.95 
518.84 
996.29 
553.89 

14,545.45
7 71.35 
1. 00.29 

_ 
917.60 

3,608.00
25,134.18 

1,007.13 
2,021.02 
13.36 

1,316.36 
-

14,545.45 

-

-
-

-

229.45 
1,385.24 

33,597.60 

2,639.78 

6,782.40 

612.00
 

1.727.27 
18,718.55 

727.27
6.84 

6,409.67
3,030.33 

2,902.18 

1,631.27 


29,090.91 

581.82 

a more com-

Large Farms 
31+ Ha. 

107.93 
_ 

1,634.69 
358.25 

1,811.13 
_ 
_ 

582.84 
416.80 
239.64 
983.35 
430.98 

1,289.67
1,429.09 
1 

-
520.29 

31,851.78 
1,321.67 
1,569.31 

287.71 
1,461.89
 
9,841.60
 
1,093.45
 
5,650.76
 

8,322.55 
8 

-
227.27 

_ 
_ 

Source: SECTOR Analysis Survey SEA-AID, 1976.*Crops with yields in units per tarea. 

http:8,322.55
http:5,650.76
http:1,093.45
http:9,841.60
http:1,461.89
http:1,569.31
http:1,321.67
http:31,851.78
http:1,429.09
http:1,289.67
http:1,811.13
http:1,634.69
http:29,090.91
http:1,631.27
http:2,902.18
http:3,030.33
http:6,409.67
http:18,718.55
http:1.727.27
http:6,782.40
http:2,639.78
http:33,597.60
http:1,385.24
http:14,545.45
http:1,316.36
http:2,021.02
http:1,007.13
http:25,134.18
http:3,608.00
http:14,545.45
http:10,822.47
http:11,416.87
http:3,002.91
http:2,018.91
http:78,526.62
http:2,536.65
http:5,712.65
http:101,818.11
http:1,487.64
http:2,028.65
http:3,069.24
http:3,422.11
http:7,763.56
http:14,774.33
http:2,220.80
http:22,230.40
http:1,714.47
http:12,363.64
http:1,454.55
http:1,654.55
http:1,746.98
http:1,320.15
http:28,546.40
http:1,272.73
http:2,400.00
http:2,817.09
http:1,616.44
http:3,418.18
http:8,802.11
http:1,941.82
http:1,920.36
http:23,673.09
http:2,734.18
http:Beans193.96


19 

Table 11-9 presents the value of production per hectare by crop and farm size for April, 
1975 through March, 1976. 

TABLE 11-9
 

VALUE OF PRODUCTION PER HECTARE BY CROP AND 
 FARM SIZE 

(RD$/Ha., April 1975 - March 1976) 

.5- 5 Ha. 5- 31 Ha. 31+ Ha. 
All Farms Small Medium Large 

Not lntercropped 

Rice 633.60 616.00 628.80 646.40Sweet Potatoes 368.00 331.20 414.40 203.20
Pigeon Peas 190.40 200.00 190.40 -Beans 361.60 278.40 419.20 316.80Corn 148.80 150.40 161.60 126.40Peanuts 158.40 180.80 156.80 110.40Tobacco 929.60 785.60 1,145.60 424.00Tomatoes 972.80 1,064.00 992.00 840.00Yucca 382.40 396.80 409.60 300.80Cacao 328.00 216.00 356.80 331.20Coffee 188.80 198.40 171.20 195.20Plantain 484.80 662.40 459.20 185.60 

Intercropped
 

Rice - Othera 294.40 182.40 
 456.00 -Sweet Potatoes - Other 204.80 302.40 96.00 -Pigeon Peas - Other 227.20 241.60 200.00 412.80Red Beans - Corn 459.20 531.20 459.20 139.20Beans - Other 323.20 267.20 328.00 584.00Corn - Red Beans 334.40 593.60 196.8C 121.60Corn - Yucca 168.00 91.20 254.40 198.40Corn -Other 289.60 204.80 321.60 318.40Peanuts - Other 224.00 209.60 232.00 507.20Tobacco - Other 388.80 278.40 612.80 222.40Yucca - Pigeon Peas 624.00 732.80 361.60 793.60Yucca - Corn 353.60 251.20 432.00 400.00Yucca- Other 366.40 368.00 382.40 334.40Cacao - Coffeeb 331.20 572.80 409.60 217.60Cacao -Other 366.40 339.20 360.00 428.80Coffee - Cacaob 270.40 337.60 166.40 273.60Coffee - Other 292.80 326.40 294.40 145.60Plantain - Other 566.40 532.80 700.80 296.00Rice - Corn 400.00 275.20 491.20 558.40Corn - Pigeon Peas 276.80 256.00 233.60 627.20Corn - Sweet Potatoes 454.40 526.40 419.20 38.40Corn - Black Beans 321.60 280.00 308.80 371.20Corn - Plantain 353.60 300.80 537.60 444.80Corn - Peanuts 222.40 252.80 184.00 163.20Yucca - Sweet Potatoes 390.40 368.00 523.20 358.40Yucca - Peanuts 395.20 337.60 502.40 _Coffee - Bananas 363.20 636.80 241.60 292.80Cacao - Coffee 353.60 360.00 363.20 355.20Coffee - Cacaoc 17L20 334.40 201.68 54.40 
aOther - Intercropped with any crop. 

bRefers to coffee and cacao when they are intercropped alone. The name which appears first is the principal crop.CRefers to coffee and cacao when they are the primary, secondary, or tertiary crop and are intcrcropped with other crops.

The name which appears first also appears first in the combination (refer to Appendix A).
Source: Sector Analysis Survey, 1976. Statistical Working Document #2 - Production, PRD-CULT-2. 
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5. Distribution of Land by Size of Farm 

As in most developing counties, the DR has a very unequal distribution of land. 
Seventy seven percent of farms with less than 5 hectares occupy less than 13 percent of the 
land in farms. This smallest group contains a total of 234,943 farmers, as Table 11-10 illus
trates. 

TABLE II-10 

LAND DISTRI'BUTION BY FARM SIZE IN THE DOMINICAN REPUBLIC 

Farm Size Number of Farms Area in Farms (ha) 

TOTAL 304,820 43,508,888 
0 - .49 (Gardens) 49,651 194,112 
.5 - 4.9 Ha. 185,292 5,400,268 
5 - 9.9 Ha. 33,803 3,678,882 
10 - 49.9 Ha. 28,987 9,346,640 
50 - 99.9 Ha. 3,974 4,269,453 
100- 199.9 Ha. 1,791 3,955,923 
200 - 499.9 Ha. 884 4,261,609 
500 - 999.9 Ha. 222 2,349,770 
1.000+ Ha. 216 10,052,231 

Percent of Farms Percent of Area 

TOTAL 100.0% 100.0% 

0 - .49 Ha. (Gardens) 16.2 0.5 
.5 - 4.9 Ha. 60.8 12.4 
.5 - 9.9 Ha. 11.1 8.4 
10 - 49.9 Ha. 9.5 21.5 
50 - 99.9 Ha. 1.3 9.8 
100 - 199.9 Ha. 0.6 9.1 
200 - 499.9 Ha. 0.3 9.8 
500 - 999.9 Ha. 0.1 5.4 
1.000+ Ha. 0.1 23.1 

Source: Republica Dominicana en Cifras, 1980. Oficina Nacional de Estadistica, p. 43. 

Government programs in land reform were particularly active during the high economic growth 

period from 1966-1974. Between 1961 and 1978 a total of 181,000 Ha. was affected by the 
agrarian reform amounting to 6.6 percent of all land in farms.3 In the period 1975-78, a total 

3 See data from the Oficina de Estadistica del I.A.D. as reported by SEAPLAN. 
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of approximately 28,000 Ha. was included in land reform communities. This implies continu
ation of a rate nearly as high as during the previous time period.
 

6. Sources of Farm Revenue 

Farms in the DR obtain about half of their revenue from unprocessed crops, one-third
 
from livestock, and about oue-tenth from sales of processed agricultural products. Table I-11
 
outlines the distribution of farm income by farm size
 

TABLE II-I1 

SOURCES OF GROSS FARM INCOME BY FARM SIZE 

April, 1975 - March, 1976 

Unprocessed Unprocessed Processed
 
Farm Size Totala Cropsb Livestockb Productsb
 

Ha. DR$ 
 Percent RD$ Percent RD$ Percent RD$ Percent 

All Farms 2,185 100 1,164 53 773 35 248 11
 
Small 895 100 
 552 62 288 32 55 6
 
Medium 2,477 100 1,478 60 750 30 250 10
 
Large 8,602 100 3,536 41 3,691 43 1,375 16 

aStatistical Working Document #3, Income, ING-FINC-9.Statistical Working Document #4, Credit, CRD-EMPR-I.
 
Source: Sector Analysis Survey, 1976.
 

Small farms are more dependent on crops, larger farms on livestock and farm level 
processing. Livestock revenues come mostly from pork and. poultry on small farms and from 
milk and beef on large farms as indicated in Table 11-12. 

TABLE 11-12 

LIVESTOCK REVENUE BY FARM SIZE 

April, 1975 - March, 1976 

Beef and
 
All Milk Dual-Purpose


Animals Cattle Cattle Pork Poultry Draft Other
RD$ Percent RD$ Percent RD$ Percent RD$ Percent RD$ Percent RD$ Percent RD$ Percent 

Small Farms 289 100 34 12 51 18 110 38 81 28 7 2 6 2
Medium Farms 744 100 280 38 218 29 110 15 122 16 6 1 8 1Large Farms 3,693 100 1,598 43 1,657 45 216 6 177 5 21 0.6 24 0.6 

Source: SEA-AID Sector Analysis Survey, Table 24A. 
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7 Agricultural Production Trends 

Table 11-13 presents data on the rates of growth of gross domestic product contribu
tions of the agricultural sector to highlight the growth patterns of food products compared 
with export crops. 

TABLE 11-13 

PRODUCTION GROWTH FOR FOOD ANDPATTERNS EXPORT COMPONENTS OF 

AGRICULTURAL PRODUCTION THE DOMINICANIN REPUBLIC, 1973-1978 

1973 = 100 

All 
 Export Crops Coffee,

Agricultural Excluding Sugar, CoffeeFood Cocoa &

Year Production ProductsSugar Cocoa & Tobacco Tobacco 

1973 100.0 100.0 100.0 100.0 100.0 
1974 104.3 103.1 132.2 106.4 104.9 
1975 95.9 95.7 93.294.9 96.2 

1976 100.2 97.2 103.0 
 97.1 84.5
 
1977 103.7 101.3 103.2 104.3 97.1
 
1978 105.1 106.1 108.5 101.5 100.8
 

Source: SEAPLAN. 

The food category has increased at a rate more than 3 percent higher than the sector as 
a whole, the export crops have only grown slightly (1.5 percent), and non-sugar exports have 
remained almost stable. While the growth rate of food is substantially higher than agricultural 
exports, the global rate was insufficient to keep ip with population growth during the same 
five-year period, resulting in a drop in production per capita in 1978 with reference to 1973. 

Table 11-14 presents growth trends for each of the major agricultural and livestock 
products from 1973-1978, and the same patterns described in Table 11-13 be seen incan more 
detail. 

The trends in Table 11-14 are in quantity terms; to complete the trend situation, Table 
11-15 presents the same trends in value of production terms; and Table 11-16 presents trends in 
producer (farm level) prices for the same products. 

B. FOOD PROCESSING AND MARKETING 

1. FoodProcessing 

Food processinlg is undertaken by three major types of establishments in the DR. Table 
11-17 outlines the proportions of food processing value at the farm level, in small scale estab
lishments (4 or less workers), and in medium and large scale plants (5 or more workers). 
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TABLE 11-14
 

PRODUCTION TRENDS IN MAJOR CROP AND LIVESTOCK PRODUCTS, 1973-78
 

(I0 3MT) 

Index (1973 = 100) 
Products 1973 1974 1975 1976 1977 1978 1973 1974 1975 1976 1977 1978 

Rice 195.80 217.45 222.55 232.70 221.75 251.55 100 111 114 119 113 128 
Beans 32.00 44.05 24.85 22.25 37.10 29.20 100 138 78 70 116 91 
Corn 57.05 64.95 48.05 94.65 69.75 66.90 100 114 84 166 122 95 
Sweet Potato 
Yucca 

91.70 
192.40 

82.85 
126.45 

75.70 
167.55 

82.60 
136.60 

65.60 
254.70 

66.95 
163.60 

100 
100 

90 
66 

83 
87 

90 
71 

72 
132 

73 
85 

Potato 23.60 23.70 19.25 24.35 13.50 12.85 100 100 82 103 57 54 
Plantain 

(103 Units) 42.85 42.70 34.25 41.50 32.35 43.40 100 99 79 95 75 101 
Yam 30.05 30.85 31.55 32.15 32.50 26.00 100 103 105 107 108 *87 
Yautiaa 
Pigeon Pea 

41.50 
14.40 

45.30 
14.75 

36.15 
15.55 

40.00 
16.00 

45.00 
17.05 

40.75 
18.25 

100 
100 

103 
102 

82 
108 

91 
111 

102 
118 

93 
127 

Squash 10.20 9.85 10.50 10.75 8.10 9.70 100 97 103 105 79 95 
Sugar Cane 1,256.95 1,356.75 1,245.55 1,375.00 1,295.40 1,281.45 100 108 99 109 111 102 
Onion 7.60 12.20 8.55 10.00 6.60 15.00 100 161 113 132 87 197 
Tomato 19.50 20.05 18.60 18.25 14.60 17.80 100 103 95 99 75 91 
Peanut Oil 22.05 19.85 15.45 11.70 11.20 12.05 100 90 70 53 51 55 
Coffee 51.00 46.20 60.65 23.95 43.90 40.85 100 91 119 47 66 80 
Cocoa 33.95 44.80 36.45 36.30 37.05 29.85 100 132 107 107 109 88 
Tobacco 43.60 33.65 19.75 38.00 39.00 46.55 100 77 45 87 89 107 
Milk

(103 Liter) 
Beef 

12.70 
49.15 

13.70 
49.80 

12.30 
44.95 

12.95 
48.35 

13.40 
44.60 

13.95 
51.60 

100 
100 

104 
101 

93 
91 

98 
98 

102 
101 

106 
105 

Pork 12.20 12.55 12.85 13.25 13.90 17.50 100 103 105 109 114 143 
Poultry 28.50 32.00 40.40 42.55 37.10 44.95 100 112 142 149 130 156 

aNo English equivalent. 
Source: SEAPLAN. 

TABLE 11-15
 
TRENDS IN THE VALUE OF PRODUCTION FOR MAJOR
 

CROP AND LIVESTOCK PRODUCTS, 1973-78
 
(103 RD$ at Constant 1973 Prices)
 

1973 1974 1975 1976 1977 1978
 

Rice 33,247 36,923 37,789 39,512 37,653 42,713
Beans 10,477 14,422 8,136 7,285 12,147 9,560
Corn 7,120 8,106 5,997 11,812 8,705 6,789 
Pigeon Pea 3,217 3,363 3,474 3,574 3,809 4,077 
Sweet Potatoes 8,858 8,003 7,313 7,979 6,337 6,463
Yams 3,275 3,363 3,439 3,504 3,542 2,834 
Potato 2,204 2,213 1,798 2,274 1.251 1,200
Yautla a 5,931 6,106 4,873 5,392 6,066 5,493
Yucca 19,317 12,696 16,822 13,715 25,572 16,425Sugar Cane 111,366 120,208 110,356 121,825 124,018 113,758
Squash 1,350 1,350 1,890 1,432 1,072 1,284
Onion 1,271 2,040 1,430 1,672 1,104 2,508
Tomato 1,250 1,295 1,202 1,244 943 1,150
Plantain 35,547 35,014 28,085 34,030 26,527 35,588
Peanut Oil 3,616 3,255 2,533 1,918 1,837 1,976
Milk 18,480 19,180 17,220 18,130 18,760 19,530
Beef 52,099 52,788 47,647 51,251 52,576 54,696
Pork 11,224 11,546 11,822 12,190 12,788 16,100
Poultry 17,670 19,840 25,048 26,381 23,002 27,869 
Coffee 30,600 27,720 36,390 14,370 26,340 24,510
Cocoa 47,530 62,720 51,030 50,820 51,870 41,790
Tobacco 30,520 23,555 13,825 26,600 27,300 43,260 
TOTAL 456,179 475,638 437,619 456,801 473,229 479,573 

aNo English equivalent. 
Source: SEAPLAN. 
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TABLE 11-16
 
PRODUCER (FARM GATE) PRICE TRENDS
 

(RD$/QQ)b 

Products 1973 1974 
Yeara 
1975 1976 1978 1973 

Index (1973 
1974 1975 

= 100) 
1976 1978 

Rice 
Corn 
Beans 
Pigeon Pea 
Sweet Potatoes 
Yams 
Potato 
Yautia 
Yucca 
Sugar Cane 
Squash 
Onion 
Tomato 
Plantain (Units) 
Peanut Oil 
Milk (Liters) 
Beef (Lbs.) 
Pork (Lbs.) 
Poultry (Lbs.) 
Coffee 
Cocoa 
Tobacco 

8.49 
6.24 
16.37 
11.17 
4.83 
5.45 
4.67 
6.74 
5.02 
4.43 
6.62 
3.36 
3.23 
0.07 
8.20 
0.07 
0.53 
0.46 
0.31 

30.00 
70.00 
35.00 

8.98 
6.61 
17.63 
12.80 
5.10 
5.08 
4.68 
8.98 
6.28 
4.20 
7.20 
6.35 
3.40 
0.04 
9.00 
0.08 
0.59 
0.53 
0.36 

30.00 
75.00 
30.00 

11.36 
7.75 

22.91 
11.06 
6.00 
8.00 
8.50 
9.00 
8.16 
4.50 
8.04 

10.00 
4.32 
0.05 

15.00 
0.10 
0.59 
0.54 
0.39 

42.00 
85.00 
42.00 

15.00 
9.30 

25.75 
14.00 
5.30 
9.50 
5.50 
9.30 
6.90 
4.50 

12.00 
12.00 
4.00 
0.06 

15.00 
0.12 
0.65 
0.55 
0.42 

46.00 
100.00 
39.00 

11.74 
5.74 

28.96 
14.43 
4.73 
7.18 

11.45 
9.08 
5.45 
4.50 
-

19.48 
7.70 
0.05 

15.00 
0.15 
0.60 
-
-

58.25 
113.89 
29.48 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

106 
106 
105 
105 
106 
93 

100 
133 
125 
95 

109 
76 

105 
98 

110 
114 
111 
115 
116 
100 
107 
86 

134 
124 
137 
99 

124 
147 
182 
134 
163 
102 
121 
120 
134 
129 
183 
143 
111 
117 
126 
140 
121 
120 

177 
149 
157 
125 
110 
174 
118 
138 
137 
102 
181 
143 
124 
146 
183 
171 
122 
120 
135 
153 
143 
111 

138 
92 

177 
129 
98 

130 
245 
135 
109 
102 
-
580 
238 
120 
183 
214 
173 
-
-
194 
163 
84 

a 19 77. Data not available. 
b1 Ouintale = 50 kgs. 
Source: SEAPLAN. 

TABLE 11-17 

DISTRIBUTION OF FOOD PROCESSING BY TYPE OF ESTABLISHMENT 

Percent 
103 RD$ All Food Processing 

Medium & Large Scale Plants (5+ Workers) 982,5 17 a 80.3%
Small Scale Establishments (4 or Less Workers) 14 3 ,6 4 4 b 11.7%Farm Level Processing 

9 7 ,7 9 9 c 8.0% 
ll Food Processing $1,223,960 100.0% 

aBased on Oficina Nacional De Estadistica, Estadistica Industrial de La Republica Dominicana, 1976-77, Table 321-01 adjusted for 

binflation to 1978 from 1977. 
cBased on PCI Small Scale Enterprise Survey, 1980 adjusted to 1978.Based on agricultural income from National Accounts in ONE Republica Dominicana en Citras, 1980, Table 342-02 and farm level
processing share from Table 11-11 above. 
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Medium and large scale food processing has been expanding at a relatively slow 
rate since 1973, as indicated in Table 11-18. 

Table 11-19 outlines the product composition of the medium and large scale food 
processing sector. 

Three sub-sectors (milling, sugar and edible oils) constitute 75 percent of the food 
processing sector in medium and large scale plants. Table 11-20 contains the quantities and 
values of processed food products in 1977. 

TABLE 11-18 
GROWTH INDICES FOR THE FOOD PROCESSING INDUSTRY 

(Medium and Large Scale Plants: 5+Workers) 

Year Index (1968 Production = 100) 

1973 152.9 
1974 
 148.5
 
1975 
 165.4
 
1976 187.7 
1977 
 202.9
 

Source: ONE Estructura Industrial Table 321-04, 1980. 

TABLE 11-19 

COMPOSITION OF FOOD, DRINKS. AND TOBACCO PROCESSING, 1977 

1977, 000 RD$ 
Value of Sales
 

Sector & Sub-Sectors 10 3 RD$ 
 Percent 

Food Processing (311-312) 880,086 78.0
Drinks (313) 169,223 15.0
Tobacco (314) 79,932 7.0 

All Agroindustry 1,129,241 100.0 
Detail of Food Processing Sub-sector (% of Food Processing) 

Meat Processing 18,869 2.1

Milk Products 44,938 5.1
 
Fruit & Vegetable Processing 23,395 2.7

Oils & Fats 89,829 10.2

Milling Products 296,578 33.7

Baking Products 67,493 7.7

Sugar Refining 276,919 31.5
 
Cocoa and Candy 16,556 1.9
Other Food Products 25,196 2.9

Animal Feed Concentrates 20,312 2.3
 

Source: ONE, Estadistica Industrial de la Republica Dominicana, 1976-1977, Table 323-03, 1979. 
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TABLE 11-20 

QUANTITY AND VALUE OF PROCESSED FOOD PRODUCTS, 1977 

Value of Value of 
Quantity Sales Quantity Sales 

Sold RD$ Sold RD$ 

Food Products Except Drinks 880,086,435 Milling Products (Total) 296,577,682 
Rice Hulling 186,389 T 90,771,443

Meat Products (Total) 18,869,433 Coffee Hulling 59,365 T 160,285,500 
Ham 919,208 Kg 2,28),006 Corn Flour 4,440 T 1,311,315
Sausages 9,491,425 Kg 14,197,584 Wheat Flour 96,155 T 37,292,385
Smoked Meat 237,748 Kg 596,144 Semola 9,493 T 3,638,189
Mortadela 402,993 Kg 458,467 Alfrecho 34,306 T 3,107,335
Salchica 778,621 Kg 1,149,074 

Baking Products (Total) 67,493,266
Milk Products (Total) 44,938,074 Bread 60,603,015 Kg 37,573,869 

Ice Cream 3,110,764 Kg 3,223,343 Crackers 7,261,552 Kg 5,664,010
Butter 1,073,808 Kg 3,070,717 Pasta 22,123,285 Kg 13,862,659
Cheese 1,445,700 Kg 4,177,456 Sweet Breads 1,901,878 2,043,305
Pasteurized Milk 47,740,767 L 16,454,848 Cookies 6,885,157 8,331,538 
Chocolate Milk 5,763,293 L 2,511,980
Condensed Milk 2,418 T 2,739,664 Sugar Refining (Total) 276,919,187
Evaporated Milk 5,788 T 5,920,282 Crude Sugar 1,162,327 T 245,528,127
Dried Milk 2,425 T 6,839,784 Refined Sugar 92,83 T 15,828,383 

Fruit & Vegetable Processing (Total) 23,394,694 Molasses 282,320 L 15,562,677 
Sweetened Fruit 592,280 Kg 588,359 Chocolate & Candy Products (Total) 16,556,220
Fruit Juice 9,303,779 Kg 5,717,860 Candies 6,025,630 Kg 7,409,802
Tomato Juice 96,502 Kg 55,828 Gums 1,586,798 Kg 3,811,646
GuanduIles 4,751,161 Kg 3,685,272 Chocolate Bars 2,388,605 Kg 4,195,381
Garbanzos 155,400 Kg 103,511 Chocolate Powder 445,616 Kg 867,454
Tomato Paste 573,437 Kg 891,173 Chocolate Candy 103,131 Kg 201,951
Spiced Tomato Paste 49,302 Kg 48,870 Candy 19,719 Kg 69,986
Ketchup 531,228 Kg 504,318
Guisantes 298,746 Kg 261,760
Habas 485,047 Kg 236,184 Other Food Products (Total) 25,195,859 

Ground Coffee 5,763,350 Kg 20,011,238
Edible Oils & Fats (Total) 89,829,379 Ice 45,085 T 1,115,009Cocoa 2,404,244 Kg 3,278,155 Vinegar 2,118,387 L 1,092,221Crude Cocoa 1,821,914 Kg 1,551,947 Baking Powder 390,264 Kg 469,885 

Peanut 28,558,098 Kg 46,778,486 Salt 3,071,007 Kg 502,320Soy 12,792,883 Kg 17,237,352 Prepared I-oods 263,943 Kg 887,523 
Soy1279,83 K 1,27,52Yeast, Dry 88,627 Kg 243,069Hydrogenated Oil 4,199,213 Kg 4,175,955

Margarine 3,394,690 Kg 4,914,810 Yeast 84,076 Kg 105,661 
Vegetable Fat 1,621,709 Kg 2,060,537 Spices 241,178 Kg 320,823 
Cocoa Butter 307,314 Kg 1,763,230 Concentrates 48,392 247,f01 
Soy Cakes 20,078,020 Kg 5,940,473
Cocoa Cake 3,075,332 Kg 320,399 Animal Feed Concentrates 20,312,641
Peanut Cake 10,373,244 Kg 1,479,556 Feed Concentrate 98,549 T 20,312,641 

Source: ONE Estadistica Industrial de la Republica Dominicana, 1976-1977, Table 323-03, 1979. 

2. FoodMarketing System 

a. Disposition of AgriculturalProducts at the Farm Level 

Table 11-21 outlines the distribution of agricultural production from the farm level. 
Corn and plantains are the most important autoconsumption items for the farm family. Farm 
families consume 35 percent of the corn produced and 34 percent of the plantains. Beans 
(12.5 percent), sweet potatoes (17.3 percent), yauti;t (12.7 percent), yucca (22.4 percent), 
squash (19 percent) and tomatoes (13 percent) are all important subsistence crops. 
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TABLE 11-21 

DISPOSITION OF AGRICULTURAL PRODUCTION AT THE FARM LEVEL 

(Percent of Total Production Entering Each Distribution Channel) 

Seed or Family Farm Farm Farm Rural Large & 11ural Off Urban
Animal Con- Level Storage Level In Kind Medium Cash Farm CashFeed sumption Process Losses Storage Payment Storage Sales Process Sales 

Rice 1.4 3.7 0.0 0.1 1.9 2.6 5.7 5.6 74.6 4.6Beans 3.9 12.5 0.0 0.1 5.1 3.9 18.6 2.4 0.0 53.5Corn 11.8 6.0 0.0 0.2 1.1 4.9 21.7 3.6 13.9 36.8Pigeon Pea 0.6 35.5 0.0 0.1 1.2 8.1 1.2 6.8 2.8 40.9Sweet Potatoes 2.7 17.3 0.0 1.1 0.6 5.9 0.8 6.8 0.0 64.7Yams 1.1 17.8 0.0 0.0 7.2 4.6 0.0 28.9 0.0 40.6Potato 0.0 1.6 0.0 0.0 0.0 0.0 64.4 0.0 0.0 34.0Yautla 2.1 12.7 0.0 0.0 0.0 3.0 0.0 29.7 0.0 52.5
Yucca 1.9 22.4 0.0 0.7 0.3 8.5 0.1 6.8 0.9 58.3Squash 6.4 19.1 0.0 1.9 0.3 10.6 0.0 6.8 0.0 26.2
Onion 0.0 1.3 0.0 0.0 0.0 1.5 23.4 0.0 0.0 73.9Tomato 0.0 13.1 0.0 14.9 0.0 9.1 6.5 18.8 1.3 36.4Plantain 0.4 34.4 0.0 1.8 0.0 10.2 0.2 4.0 0.0 49.0Peanut Oil 0.0 0.1 0.1 0.0 0.0 2.8 0.4 6.6 89.9 0.1
Coffee 0.0 1.3 63.8 0.0 0.3 1.8 2.6 0.8 7.0 22.4Cocoa 0.0 0.0 99.5 0.3 0.0 0.1 0.0 0.0 0.0 0.0Tobacco 0.0 0.2 8.5 0.1 0.7 3.4 7.2 0.0 16.8 48.8 

Source: Part IV, EFSDR, Statistical Profile. 

Farm level processing is important only in coffee (64 percent) and cocoa where all pro
duction is processed to some degree at the farm level. Sales directly from the farm to processing 
industry buyers accounts for 75 percent of rice production and 90 percent of peanuts for edible 
oils. A small but significant proportion (17 percent) of tobacco is sold directly to the processing 
plant from the farm level, and the balance is channeled through storage buyers and brokers in urban 
areas. 

Farm level storage appears. to be important only in the cases of yams and beans. In-kind 
payments are made with all of the subsistence crops, but the proportions are small. Corn and 
squash are the most important crops held for animal feed-I 2 percent of corn is used for this 
purpose. Sales to medium and large scale storage facilities are important for beans (19 percent), 
corn (22 percent), potatoes (64 percent), and onions (23 percent). Yams and yautia are sold 
directly to rural consumers at the farm level; almost one-third of total production is distributed 
this way. For most crops, 40-60 percent is sold at the farm level to marketing entities or sold 
into commercial channels through rural buyers. Onions and sweet potatoes reach markets 
directly from the farm in the highest proportions-65 percent and 74 percent, respectively. 

Farm level storage losses are reported to be high only in the case of tomatoes, clearly 
the most perishable of the major products. Fifteen percent of tomato production is reported 
to be lost at the farm level awaiting sale. 

b. Wholesale and Retail Trade in Food Products 

After the first marketing step from the farm level, the marketing system networks be
come more complex and interrelate with first and second stage processing. The networks for 
the major food products are outlined in detail in Appendix C. 
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c. Transportation of Food Products 

The chief mode of transportation of food products in the DR is by motorized 
vehicle. Approximately 50-60 percent of farm products are transported to their first market 
destination by truck, about one-third by animal, and 10-15 percent by human labor. Table 
11-22 outlines estimates of transport distance and mode for major crops. The distances and 
modes of transportation of food products after their first move were not available in 

the data identified in the DR. 

TABLE 11-22 

TRANSPORTATION DISTANCE AND MODE FOR FARM PRODUCTION 

Predominant Transport Mode 
Predominant Distance to Percent of Farms 

Primary Sale (Km) Vehicle Animal Human 

Rice 9.416 69 26 5 
Beans 13.5 59 35 6 
Corn 9.4 57 33 10 
Guandul 2.5 51 41 8 
Sweet Potato 2.4 61 31 9 
Yucca 8.0 49 39 12 
Tomato 13.5 60 18 22 
Plantain 6.7 53 36 11 
Peanut Oil 12.7 61 30 9 
Coffee 13.0 49 35 16 
Cocoa 9.9 57 30 13 
Tobacco 11.8 61 32 7 

Source: SEA-AID Sector Analysis Survey, Statistical Working Document, #5, 1977. 

C. FOOD CONSUMPTION AND NUTRITION 

1. Daily Consumption and NutritionalRequirements 

The estimated daily requirements for nutrients and the actual estimates of consumption 

indicate significant gaps in the DR diet. Table [1-23 outlines the current national average con
sumption and estimated daily requirements. 

Caloric deficiency on the average is 20 percent and protein is 16 percent. Averages 
mask the severity of the nutritional problem among the poor in the DR. Table 11-24 outlines 
these estimated deficits by major income strata. 

2. Contributionof Major Food Productsto the Dominican Diet 

Rice is the most important staple, not necessarily because of its nutritional value, but 

mainly because it is the food most preferred by Dominicans, especially those in the rural 
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TABLE 11-23
 

AVERAGE DAILY CONSUMPTION AND ESTIMATED NUTRITIONAL REQUIREMENTS 

National Average Daily Requirements 

Calories 1,862 2,305 
Grams of Protein 41 49 
Mg. of Calcium 33 491 
Mg. of Iron 9 15.1 
Mg. of Vitamin A 691 593 
Mg. of Thiamine 0.66 0.9, 
Mg. of Riboflavin 2.29 1.27 
Mg. of Niacin 10 15.2 

Source: Cited in SEAPLAN. 

TABLE 11-24 

CONSUMPTION AND NUTRITIONAL REQUIREMENTS BY INCOME LEVELS 

($/Capita 1973) 

Consumption 
I II III IV 

Requirements $0-50 $50-100 $101-300 $301+ 

Calories 2,305 1,408 1,988 2,471 3,147 
Grams of Protein 49 27.3 42.5 61 82 
Mg. of Calcium 491 196 389 541 569 
Mg. of Iron 15.1 7.3 8.8 10.7 13.1 
Mg. of Vitamin A 595 572 745 856 902 
Mg. of Thiamine 0.9 0.5 0.7 0.9 1.1 
Mg. of Riboflavin 1.27 1.6 2.4 3.3 2.9 
Mg. of Niacin 15.1 6.3 10.4 15.6 21.4 

Source: Cited in SEAPLAN. 

areas. 4 The importance of rice is even more evident when one looks at the number and value 

of loans made to the rice subsector by the Dominican Development Bank in 1975. 5 From 

4For example, a 1974 sample survey of 2,100 rural households showed that 75 percent of families interviewed for the 
survey had eaten rice and beans during the previous day, while only 33 percent had eaten plantains and 16.2 percent, yucca; see 
Margaret S. Andrews and John R. Moore, "An Integrated Production - Consumption Farm Model for the Dominican Republic," 
Agricultural experiment Station, University of Maryland, August, 1976, p. 6. 

5Glenn C. W.Ames, "Small Farmer Associations and Development Programs: Case of the Dominican Republic," Land 
Tenure Center Newsletter, No. 52, April-June, 1976, p. 18. 
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January to September, 51 loans amounting to RD$543,337 were made for rice projects; this 
represented 23.3 percent of the number and 28.16 percent of the value of all loans made during 
the period. Despite the disastrous drought which affected not only rice but all other crops 
that year,6 output of rice reached almost 290,000 tons in 1977, an increase of I i percent 
from 1974 and almost 33 percent from 1975. 7 This, however, was not sufficient to meet 
domestic demand, and INESPRE was forced to import more than 56,000 tons at a cost of 
RD$17.04 million (FOB). 8 

With respect to intake (grams) of the various foods, plantain leads the field in both 
urban and rural areas. An unpublished 1973 consumption survey by the Secretariat of Agri
culture indicated that daily urban and rural per capita intake of plantains was 192 and 182 
grams, respectively, compared to the figures of 160 (urban) and 174 grams (rural) for rice. An 
earlier survey had also indicated the dominance (intake) of plantains in the Dominican diet. 9 

Nutritionally, beans, especially kidney beans (the most commonly grown variety), are 
of great importance to the rural population. Among the common foods, they rank first as 
the available source for proteins and iron, second for calcium and thiamine, and third for 
riboflavin. 10 Kidney bean production was about 40,264 tons in 1977, a 10.6 percent drop 
from the 1976 figure and an 18.3 percent decline from the bumper year of 1974.11 This re
quired imports totaling 4,872 tons in 1977 in order to satisfy internal demand. Consumption 
in that same year amounted to 43,624 tons. 

As a result of expansion in the livestock industry over recent years, feed corn has 
become increasingly more important. Frequently interplanted with other crops, especially 
beans, it is by far the primary feed 12 utilized in animal production. In 1977, corn production 
was only 54,152 tons-the first time since 1973 that output amounted to less than 56,000 
tons.13 While human consumption of corn since 1973 has remained relatively constant, 
in absolute terms, imports of corn along with animal consumption of the crop have been 
steadily increasing. Human consumption of corn ranged from 7,224 tons in 1973 to 8,344 
tons in 1977, while the corresponding figures for animal consumption were 113,288 and 
129,920 tons; and for imports-66,976 tons in 1973 and 92,400 tons in 1977.14 

6Encyclopedia Britannica, "Book of the Year, 1978," p. 308. 
7"Republica Dominicana en Cifras, 1978," op. cit., p. 43. 

Slbid., p. 72. 
9 Margaret S. Andrew, op. cit., p. 5. It appears, however, that Dominicans do not distinguish between plantains and 

bananas; both, it seems, axe referred to as plantains. 

l0 "Development of Household Food Behavior Models," a report prepared for the Agency for International Develop
ment (December, 1976), Poynor International Incorporated, Silver Spring, Maryland, p. 47. 

11Secretariat of Agriculture (SEA), "Plan Operativo, 1978," Anexo 1. 

12In addition to corn, sweet potato, sorghum, and cassava are used to feed animals; in each year from 1973 to 
1977, no more than 5.8 percent of the, yearly corn supply has ever been consumed by humans; see "Plan Operativo, 1978," 
Anexo 1. 

131bid., Anexo 1. 

141bid., Anexo 1. 

http:RD$17.04
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Cassava (yuca) is the major root crop in the Dominican diet. It is especially important 
in the diet of lower income families. Of the 183,680 tons produced in 1977, almost 172,660 
tons (94 percent) were consumed locally by humans, 7,347 tons (4 percent) by animals, and 
only about 2 percent was exported. 15 

Tomatoes (salad), as well as industrial tomatoes, are grown in the Dominican Republic. 
Production occurs mostly on farms that are less than 3 hectares in size and on which rela
tively high levels of capital-intensive techniques are used. About 134,814 tons1 6 of tomatoes 
were produced in 1977, most of which were industrial tomatoes (some 118,462 tons). 17 

Among oilseeds, the peanut is the most important, not only in terms of its prevalence 
in the Dominican diet, 18 but also because of the income it generates for some small farmers. 
About 48,000 tons of peanut (in shell) were produced in 1977, representing an increase of 
10.2 percent over 1976, but the total was still more than 19 percent from the 1974 figure. 19
 

Peanut oil imports decreased steadily over the period 1973-75, but rose sharply in 1976 and
 
1977.20
 

Measured in calories, cereals contribute 35 percent of actual nutrition, fruits 17 percent, 
edible oils 13 percent, and tubers 12 percent. Table 11-25 outlines caloric and protein contribu
tion to the actual and estimated requirements for diets. Cereals also supply 37 percent of 
protein, while 3 1 percent is obtained from meat. 

The largest differences between the actual and the ideal for the provision of calories in 
the diet lie in a desired increase in milk, pulses, and sugar, and decreases in dependence on 
cereals and edible oils. Protein changes call for an increase in pulses (legumes) and milk, and 
a decrease in cereals and meat. 

The increased quantity implications of the nutritional deficiency in actual diets and 
the proposed consumption patterns are outlined in Table 11-26, where each of the food product 
group consumption levels are given in pounds or other appropriate physical units. 

While the percentage dependence on cereals for calories and protein is to decrease under 
the proposed diet, the total quantities of cereals consumed per day would increase by 8.3 per
cent. The largest percent increase in consumed quantities would be in pulses (legumes). One 
of the central propositions of the DR planners is to obtain the significant nutritional benefits 
of combining cereals and pulses in the diet. Increased eggs, meat, and milk are the other major 
deficit product expansions projected. 

151bid., Anexo 1, Table 14. 

16..Boletin Mensual," April, 1979, op. cit., p. 192. 

17Only about 16,352 tons of salad tomatoes were produced in 1977; see "Plan Operativo, 1978," Anexo 1,Table 14. 
18Annual per capita t'onsumption of peanut oil in the DR is about 20 pounds; see "Diagnostico Y Estrategia DelDesarrollo Agropecuario, 1976-1986," Secretaria Del Estado de Agricultura, p. 197. 
19"Republica Dominicana en Cifras, 1978," p.43. 
20 "Plan Operativo, 1978." op. cit.. Anoxo 1. 



32 

TABLE 11-25 

CONTRIBUTION OF MAJOR CROP AND LIVESTOCK PRODUCT GROUPS 

(Existing and Proposed Diets) 

Calories Grams of Protein 

Required (%) Actual (%) Required (%) Actual (%) 

Cereals 31.2 35.38 29.3 36.71 
Tuber 10.1 11.76 4.9 5.21 
Sugar 10.7 8.61 - -
Pulses 5.3 2.37 12.4 6.58 
Fruits 15.1 16.99 6.8 7.79 
Meat 7.2 6.13 28.5 31.30 
Milk 7.8 4.88 16.2 11.28 
Vegetables 1.7 0.64 0.4 0.46 
Oils 10.5 13.04 - -
Eggs 0.4 0.20 1.5 0.67 

TOTAL 100.0 100.0 100.0 100.0 

Source: SEAPLAN. 

TABLE 11-26 

PER CAPITA CONSUMPTION AND DAILY REQUIREMENTS BY MAJOR FOOD GROUP 

(Quantities in Pounds)a 

Requirements Consumption Deficit (%) 

Cereals 0.435 0.399 ( 8.3)
 
Tuber 0.462 0.394 (14.9)
 
Fruits 0.705 0.621 (12.0)
 
Pulses 0.175 0.068 (61.4)
 
Meat 0.195 0.111 (43.1)
 
Sugar 0.140 0.092 (34.3)
 
Oils 0.060 0.060
 
Milk (Lit.) 2.88 1.40 (51.4)
 
Vegetables 0.220 0.160 (27.3)
 
Eggs (Units) 0.550 0.005 (91.0)
 

aThese pounds are defined as being equivalent to 500 grams. 
Source: SEAPLAN. 
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3. Trends in Consumption of Food Products 

Table 11-27 presents estimates of the change in consumption and nutrition between
 
1973 and 1978.
 

TABLE 11-27 

TRENDS IN CONSUMPTION AND NUTRITION 

1973 1978 Index 

Value of Food Consumed (103 RD$) 459,674.0 464,768.1 101.1 
National Total Calories/Day (106 Cal) 8,252.2 7,388.1 89.5 
National Total Proteins/Day (106 gms) 181.1 156.1 86.3 
Average Calories/Day/Capita 1,86;.9 77.51,441.9 
Average Grams of Protein/Day/Capita 40.9 30.5 74.6 

Source: SEAPLAN. 

While the total value of foods consumed increased slightly, the nutritional value of con
sumption decreased by slightly over 10 percent in caloric content and 14 percent in protein. 
When population growth is added, the nutritional picture worsens by an additional 10 percent. 
The total nutritional drop in the five-year period (1973-78) appears to be about 24 percent. 

The trend from 1973-1978 in the apparent consumption of the major food products 
is outlined in Table 11-28. (Apparent consumption values equal agricultural production less 
allowance for seed, loss, animal feed, net imports/exports, etc.) 

D. FOOD BALANCE: IMPORTS AND EXPORTS 

Based on data from the National Statistical Office, the Sector Analysis survey (SEA) 
(1976) and the PCI surveys (1980), we nave created the 1978 food balance sheet preseuted 
as Table 11-29. The format follows that for the 1968 food balance sheet as compiled by 
the Oficina Nacional de Estpdistica (ONE). The ONE balance sheet is presented as Table 
11-30. During this ten-year period, few major rearrangements in the basic structure of the 
balance sheet have taken place. 

While population increased 34 percent during the decade (1968-78), imports of cereals 
increased by 48 percent, resulting in an increased dependence on imports of staple food grains 
of 14 percent. Total production of tubers increased only slightly (5 percent), indicatih:g a de
creased supply per capita of approximately 28 percent. Except for these differences, the basic 
nutritional pattern remained the same. 
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TABLE 11-28 

TRENDS IN APPARENT CONSUMPTION OF MAJOR CROP 

AND LIVESTOCK PRODUCTS, 1973-78 

(103 MT) 

1973 1974 1975 1976 1977 1978 

Rice 
Beans 
Corn 
Pigeon Pea 
Sweet Potato 
Yams 
Potato 
Yautia 
Casava 
Sugar 
Squash 
Onion 
Tomato 
Plantain (000 Units) 
Peanuts (Oil) 
Milk (Liters) 
Beef 
Pork 
Poultry 
Wheat 

240.28 
45.25 

6.45 
5.70 

66.30 
23.45 
21.80 
23.45 

183.60 
74.40 

7.30 
7.30 

15.35 
41.85 
40.45 

8.65 
41.15 
12.20 
29.20 
97.10 

269.55 
45.00 

6.70 
5.15 

64.70 
24.20 
22.40 
25.05 

118.10 
79.20 

7.50 
9.40 

15.50 
41.50 
35.40 

8.90 
42.45 
12.55 
33.50 

101.95 

287.55 
28.35 

7.40 
5.35 

59.95 
24.60 
18.45 
21.30 

159.60 
68.90 

7.55 
7.70 

15.55 
33.10 
20.35 

7.80 
43.00 
12.85 
39.90 

112.90 

272.85 
23.65 

9.90 
6,65 

63.40 
24.85 
23.20 
19.40 

128.80 
70.95 

6.90 
8.85 

14.10 
39.95 
18.65 
8.25 

47.20 
13.25 
41.05 

112.90 

277.90 
40.10 

8.30 
9.30 

65.60 
24.90 
12.40 
25.15 

242.75 
75.85 

5.40 
6.65 

11.00 
41.70 
24.95 

8.45 
42.30 
13.90 
40.85 

119.20 

255.45 
29.90 

5.15 
8.90 

98.75 
19.80 
11.80 
19.15 

153.J5 
53.00 

6.30 
13.50 
11.00 
43.20 
14.60 
9.05 

50.15 
17.50 
41.75 

125.15 

Growth Indexes 

Rice 
Beans 
Corn 
Pigeon Pea 
Sweet Potato 
Yams 
Potato 
Yautla 
Casava 
Sugar
Squash 
Onion 
Tomate de Mesa 
Plantain (000 Units) 
Peanuts (Oil) 
Milk (Liters) 
Beef 
Pork 
Poultry 
Wheat 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

112 
99 

105 
90 
98 
103 
102 
107 
64 

106 
103 
129 
101 
99 
88 

103 
103 
103 
110 
105 

120 
63 
45 
94 
90 

105 
85 
91 
87 
93 

103 
105 
101 
79 
50 
90 
104 
105 
137 
116 

114 
52 

154 
117 
96 
106 
106 
83 
70 
95 
95 
121 
02 
95 
46 
95 
115 
109 
141 
118 

116 
89 

129 
163 
99 
106 
57 
107 
132 
102 
74 
91 
72 

100 
62 
98 

103 
114 
140 
123 

106 
66 
80 

156 
74 
84 
54 
82 
83 
71 
86 

185 
72 

103 
36 

105 
122 
143 
143 
129 

Source: Subsecretaria Tdcnica de Planificaci6n Sectorial Agropecuaria. 
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TABLE 11-29 

FOOD BALANCE SHEET ESTIMATED FOR 1978 

(MT) 

Total Hot Percent Gross 
Food Group Production Imports Exports Supply Seed Feed Industry Food Usable Supply 

Cereals 405,470 218,500 1,125 622,845 1,860 24,114 192,789 218,763 99.4% 404,082
Tubers 319,864 - 13,900 305,964 4,338 19,364 - 23,702 75.3 282,262
Sugar 1,198,956 1,222 1,000,100 200,078 - - - 99.8 200,078
Pulses 58,163 2,950 7,500 53,613 904 - - 904 100.0 52,709
Oilseeds 74,074 100 - 74,183 - - - 64.7 74,183
Vegetables 202,714 4,496 17,650 189,560 576 31,450 - 32,026 88.4 157,534 
Fruits 1,140,529 2,965 - 1,143,494 - 111,287 - 111,287 61.6 1,032,207 
Meat 114,050 771 1,450 113,371 - - - - 78.2 113,371
Eggs 20,430 606 - 21,036 - - - - 90.8 21,036 
Fish 10,216 15,540 45 25,756 - - - - 84.7 25,756 
Milk 279,000 20,753 - 299,753 - - - - 99.1 299,753
Edible Oils 39,475 41,500 - 80,925 - - - - 99.1 80,975 
Drinks 58,880 1,834 - 60,714 - - - - 100.0 60,714 
Other 36,427 998 34,795 2,630 - - - - 80.1 2,630 

Sources: CEDOPEX and INESPRE as reported in SEAPLAN, Plan de Desarrollo Agropecuario, Table 6.10;"Cifras," Table 
323.01, SEAPLAN Plan Nacional Cuadro 2.4; PCI, 1980 Surveys, AID-SEA 1976 Sector Analysis Survey. 
other sources. 

TABLE 11-30 

FOOD BALANCE SHEET ESTIMATED FOR 1968 

(MT) 

Inventory Total Hot Percent Gross 
Food Group Production Imports Exports Change Supply Seed Feed Industry Food Usable Supply 

Cereals 217,960 147,257 842 - 364,375 1,000 15,400 112,785 129,185 99.4 235,190
Tubers 304,065 - 7,214 - 296,851 4,134 12,400 514 17,048 75.3 279,803 
Sugar 648,575 914 604,863 88,910 133,536 - - - - 99.8 133,536 
Pulses 47,892 4,261 158 - 51,995 744 - - 744 100.0 51,251
Oilseeds 53,192 82 8,454 - 44,820 2 - 20,870 20,872 64.7 .23,948
Vegetables 116,446 3,363 13,602 -4,400 101,807 323 20,160 - 20,483 88.4 81,324 
Fruits 1,042,849 2,128 6,048 - 1,038,929 - 71,338 - 71,338 61.6 967,591 
Meat 72,836 577 5,091 - 68,322 - - 2,480 2,480 78.2 65,842 
Eggs 15,231 453 - - 15,684 - - - - 90.8 15,684 
Fish 7,647 11,623 34 - 19,236 - - - - 84.7 19,236 
Milk 248,425 15,522 - - 263,947 - - 10,212 10,212 99.1 253,735 
Edible Oils 27,059 8,119 - - 35,178 - - - - 99.1 35,178 
Drinks 44,072 1,372 - - 45,444 - - - 100.0 45,444 
Other 27,266 747 26,025 2,048 4,036 - - - 80.1 4,036 

Source: ONE, Hoja de Balanc; de Alimentos para la Republica Dominicana, 1971, Table 4. 
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Table 11-31 outlines the trends in the recent past for exports and imports of food 
products. Coffee exports have fluctuated widely during this period, and tobacco shows similar
 
instability. There was marked recuperation of tobacco and, to a lesser degree, cocoa exports
 
in the last two years of the period. Sugar shows a gradual downward trend. 

Food imports have fluctuated under the partial influence of drought years. In 1974
 
and 1976 there appears to have been a substitution of rice for corn. The estimated imports of
 
rice in 1978 are the lowest in the last 15 years. This is due to steady, heavy emphasis on
 
increased domestic production.
 

TABLE 11-31 

TRENDS IN FOOD IMPORTS AND EXPORTS, 1973-78 

000 qq 

1973 1974 1975 1976 1977 1978
 

Exports 

Sweet Potato 3,800.00 3,950.00 2,600.00 5,300.00 5,950.00 7,450.00
 
Yams 150.00 150.00 300.00 550.00 800.00 750.00
 
Yautia 11,700.00 11,250.00 7,600.00 13,350.00 10,950.00 14,250.00
 
Casava 5,100.00 4,700.00 3,000.00 3,800.00 4,450.00 5,700.00
 
Pigeon Peas 6,950.00 7,850.00 8,350.00 8,300.00 6,650.00 7,500.00 
Squash 2,700.00 2,150.00 2,250.00 3,150.00 2,700.00 3,400.00 
Beef 8,000.00 7,350.00 1,950.00 1,400.00 950.00 1,450.00 
Sugar 1,142,000.00 1,162,850.00 1,065,100.00 1,076,100.00 1,014,300.00 1,000,100.00 
Coffee 38,950.00 33,650.00 27,600.00 44,450.00 48,650.00 29,650.00 
Cocoa 25,400.00 29,150.00 29,550.00 26,950.00 28,350.00 30,350.00 
Tobacco 34,500.00 37,550.00 14,850.00 36,350.00 21,800.00 40,100.00 

Imports 

Rice 32,700.00 77,450.00 54,550.00 35,200.00 71,050.00 11,550.00 
Corn 59,800.00 73,300.00 40,900.00 66,000.00 82,700.00 83,200.00 
Beans (Habas) 12,250.00 2,150.00 6,100.00 6,050.00 4,200.00 2,950.00 
Wheat 98,800.00 122,450.00 101,050.00 149,050.00 114,300.00 123.950.00 
Peanut Oil - - - 18,900.00 14,200.00 6,450.00 
Cottonseed Oil 3,300.00 13,350.00 5,000.00 4,700.00 2,200.00 11,450.00 
Soybean Oil - 11,500.00 18,200.00 15,650.00 10,450.00 23,600.00 
Others 450.00 550.00 450.00 - - -

Source: CEDOPEX and INESPRE as reported in SEAPLAN, Plan de Desarrolo Agropecuario. 
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http:3,800.00
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PART III 

PROFILES OF FOSSIL ENERGY USE IN THE FOOD SYSTEM 

A. INTRODUCTION 

1. Energy Policy Options in the Food System Defined 

Information concerning major energy policy options is generated in this study. These 
options relate to what can be altered in the food system to increase its energy efficiency. In 
general, three possibilities are open: 

- Change the mix of food products produced and/or consumed. 
- Introduce new energy technologies which would either provide energy from 

new sources or would increase the conversion efficiency of existing energy 
sources through alteration of the mix or introduction of new end-use 
devices. 

- Alter the relative emphasis placed on existing methods or techniques to 
produce a given crop. 

The aim of this part is to present the basic information necessary to explore these three 
broad alternatives in any search for policy possibilities. Bota in this part and in Part IV 
which follows, examples of such an exploration are given. These examples are not meant to 
be exhausiive, but they do lead to some specific conclusions and they do suggest how the 
basic fossil energy data can be manipulated to study various energy options that may be of 
further interest. 

In the sections which follow, the first two energy profiles cover the food system from 
the farm level through processing and marketing stages. The third energy profile is confined 
to farm level production onl, because once a given crop has been produced at the primary 
level, the energy expended in the other stages of the total system should remain unchanged. 

Consideration of the implications or interpretations of the fossil energy profiles is 
reserved mainly for Part IV, Energy Use Projections, and the Conclusions and Recommen
dations. 

2. Sample Survey Methods for Estimating Energy Input Coefficients 

To place the data presented in this section in proper perspective, it is useful to point 
out the strengths and weaknesses of a sample survey approach to estimating energy input co
efficients. Two methods have been commonly used to estimate input coefficients for pro
duction processes whether they are for farms, industrial plants, or any other production unit. 
The first might be characterized as a case study or micro-study approach where a technically 
qualified individual studies a single (or in most cases, more than one) plant or farm in depth 
to estimate the inputs and output'; related to that production process. These micro or case 
studies are usually very comprehensive, few energy inputs are missed and care is taken to assure 
that the estimates properly reflect the reality of the production system. The strength of this 
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approach is its completeness and accuracy. The weakness of the micro or case study approach 

is that there is no way to know how well it represents the total population of farms or busi

nesses. Often these case study estimates are expanded to the universe simply by multiplying 

them by the number of farms or plants in the country, ignoring the probable variance in the 

real world. 
The second approach is to draw a sufficiently large number of randomly sampled farms 

or plants to comply with statistical requirements for reliable expansions. Usually the numbers 

of farms or firms required implies that as a practical matter, with limited time and money, 
the level of detail and care taken with each firm in a large sample survey can never approach 

the completeness of a micro study. The weakness of the survey method is that the details 

are much less complete, and the accuracy in concept and measurement at the firm level is 

less. The strength is that the final estimates have a much higher probability of representing 

the universe; the input coefficients measured from a survey should be closer to the true 

average than can be obtained by a case study. 
These latter considerations are particularly important for energy analysis. Where the 

universe of farms is so large, a slight difference in the estimate of an energy coefficient at 

the farm level when expanded to the nation can make a large difference. 
The approach followed in this study is a mix of the survey and case study approach. 

Where possible, estimates are based on the sample survey approach; the study team has had 

at its disposal an impressive set of primary field survey data. Yet many estimates have been 

impossible to obtain from these sources, because even the large surveys failed to provide 

enough observations (farms or businesses sampled) to yield reliable results, or because the 

particular item to be estimated was not sampled in the surveys. While the statistical utility 

of sample surveys is important, it should also be recognized that the strength of even the 
large surveys is in the ratios computed and not in the expansions of total national quantities. 

This point is outlined in the SEA-AID 1976 Survey Documents.1 

Technological processes at the farm level in developing countries such as the DR ex

hibit vast variations. The homogeneity of technology in the IJ.S., for example, is very high; 

almost all farms are mechanized, and processes are consistent from farm to farm. By com
parison, farms in the DR use cultivation methods spanning from the most rudimentary tech

niques used for many centuries to the most modern and mechanized. Their energy use 
patterns are likewise heterogenous. The survey approach is well suited to capture this di

versity, but its results must be given very specific and limited meaning lest they be misunder

stood. For example, the idea of energy inputs can have a very comprehensive meaning when 
micro-studies are used which contain very complete data. In the survey situation where the 

completeness of the data is limited, the definition of energy inputs must be likewise limited. 
In the case of pork, for example, a micro-study could perhaps estimate the quantities and 

energy content of family food wastes fed to the pig. In a survey this would be very difficult. 
A survey can measure the quantities of crops harvested and held in storage for feed, the 
quantities and values of purchased feed, and the costs of production (including energy) to 

ISEA-AID Methodological Working Document No. 4, p. xxii, 1976. 
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produce forage crops. At high levels of technology the more formal sources of feed (pur
chased, harvested and stored for feed, etc.) will be a higher proportion of the total feed input; 
for small farms with only a few pigs, it is possible that almost all of the feed will come in ways 
not measurable in surveys. In some ways this apparent disadvantage is not really serious, 
since the principal interest of this particular study is not to estimate total energy, but rather 
to focus on fossil-based energy types which tend to be more measurable in the survey format. 
It should be borne in mind that the energy input estimates include only fuels and chemicals 
and are not "total" energy coefficients (except where clearly specified). 

There are three important products for which the surveys fail to provide acceptable es
timates because of insufficient numbers of usable observations. Two of these products, 
mangos and avocado, simply have been excluded from discussion because they are not large 
enough in value of production terms to be critical to the overall estimates, and they are not 
likely to use significant amounts of fossil energy. The earlier SEA-AID survey is likewise very 
weak with reference to sugar cane-only 32 total farms with sugar cane were included in the 
crop file. The SEA-All) survey systematically excluded sugar cane producers. None of 
PCI's supplemental surveys made any attempt to deal with sugar cane in any systematic 
fashion. Yet sugar cane cannot be left out of the estimates of this document in the same 
fashion as mangos and avocado; sugar probably utilizes much more energy than all other crops 
put together, and its inclusion in overall estimates is critical. 

What we have chosen to do is to include some sugar estimates in this study, drawn 

mostly from secondary sources, but in some cases relying on the farm level technological 
estimates from the SEA-AID and PCI-SEA farm surveys. Wherever these surveys are used, the 
reliability of the sugar cane estimates is very low and are included only to round out tables 

and provide rough comparisons. 

B. 	 DIFFERENCES IN FOSSIL ENERGY INPUTS FOR MAJOR AGRICULTURAL 
PRODUCTS 

1. 	Changing the Mix of Agricultural Products Produced 

Different agricultural products require different amounts and types of energy in their 
production, processing, and marketing processes. It is possible to obtain the same level of value 
or nutrition with a wide variety of different products. One policy approach for increasing 
energy efficiency would be to shift the mix of products produced in the direction of more 
"efficient" (less fossil energy absorbing) products. In the DR there are wide differences in 
the 	total quantities and types of energy required to produce certain crops. For example, 
sweet potatoes, utilizing current DR agricultural technology, require almost no fossil fuels per 
ton, but require large quantities of human labor. These energy relationships are developed in 
the following sections. 
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2. 	 Farm Level Fossil Energy Input/Output Patterns
 

a 
 Fossil Energy Inputs Into Major Agriculture Products 

Table III-I outlines estimates of fossil energy consumption at the farm level for each 
of 19 major food products. Except for sugar cane, these have been arbitrarily selected based 
on relative tonnage values or fossil energy requirements. The 19 products provide a good
composite of the overall crop and livestock situation in the Dominican Republic. 

TABLE II-1
 

ESTIMATES OF FARM LEVEL FOSSIL ENERGY INPUTS INTO
 

MAJOR AGRICULTURE PRODUCTS, 1978
 

(Metric Tons X 106 Kcal)
 

Share of 
Products Value of

Production Total 
Energy Production 

Quantity Kcal % 	 % 

Sugar Cane 11,093,637 671,294 73.30 23.7Tobacco (Rama) 54,203 13,367 1.45 9.0Cocoa (Grano) 36,960 790 0.09 	 8.7Coffee (Cereza) 86,810 4,874 0.53 	 5.1Rice 	 339,438 1'A,841 14.73 8.9Beans 41,610 7,175 0.78 1.9
Corn 66,032 3,640 0.40 
 1.4Plantain 	 260,000 0 0 	 7.4Cassava (Yuca) 185,261 2,234 0.24

Banana 375,756 0 0 

3.4
 
NAaSweet Potato 	 99,365 220 0.02 1.3Potatoes 	 11,655 2,656 0.29

Tomatoes 125,607 20,448 	
0.5 

2.23 	 NAaPeanuts (Oil) 	 74,074 10,695 1.17 	 0.2Onions 	 13,605 1,472 0.16 1.7 
Total Major Crops 12,864,013 873,706 95.41 
Beef (Meat) 51,600 33,033 3.60 11.4Milk 	 279,000 7,938 0.86 4.0Poultry (Meat) 41,950 306 0.03 	 5.8Pork (Meat) 	 17,500 765 0.08 3.3 
Total Livestock 390,050 42,042 4.59 

Total Major
Products 13,254,063 915,748 100.00 97.7 est. 

Source: 	 ONE, Republica Dominicana en Cifras, 1980, pp. 52 and 172; EFSDR: Statistical Profile, Part V. 

Three products, rice (14.7 percent), beef (4.6 percent), and tomatoes2 (2.2 percent)
consumed 21 percent of all farm fossil energy and 77 percent of the non-sugar farm level 

2Tomatoes in the DR are divided in most data sources between tomatoes marketed fresh, which are known assalad or table tomatoes, and industrial tomatoes. The quantities and values of these products are often confused in officialdata sources. For the purposes of this study, the data for fresh marketed tomatoes were used. 
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energy. There are only five other crops with important energy input shares. These are tobacco 

(1.5 percent), peanuts (1.2 percent), milk (0.9 percent), beans (0.8 percent), and coffee (0.5 

percent). 
Sugar cane obviously dominates energy consumption at the production level. If the 

used (as in Table 111-2), the 73 percent share is larger than would be estimatedBNL data are 

from survey data alone (44 percent share of farm level energy fossil energy consumption).
 

The sugar cane energy share (73 percent) is more than three times higher than its share of 

the value of farm production (24 percent). The largest part of farm level energy in the 

DR comes from fertilizers; the secondary studies available lend support to a sugar cane 
A TVA study ofenergy consumption share of between 44-73 percent of all farm energy. 

fertilizer in the DR 3 indicates that 64 percent of all fertilizer in 1974 utilized in the DR was 

The TVA study also appears to support the estimates of energy use inused on sugar cane. 

major food staple crops found in Table 111-2 (16 percent); it indicates that in 1974 approx

imately 17 percent of fertilizers were used on these major food staple crops.
 

Crops consume 95.4 percent of farm level fossil energy going into major products 

(probably at least 92-93 percent of all farm level fossil energy), yet produce only 72 percent 

of the value of food production. Livestock accounts for only 4.6 percent of major product 

fossil energy consumption, yet accounts for 24.5 percent of the value of food production. This 

imbalance relates partly to the energy efficiency of milk production, but more importantly to 

the non-fossil based energy source of most of meat production (unfertilized natural grass) 

and of the informal (and under measured fossil energy) in much pork and poultry production. 

(There is probably more under-estimation bias in the energy input data in poultry and pork 

than in any other food products.) 
Non-sugar export crops (tobacco, coffee and cocoa) consume only 2.1 percent of 

major product farm level fossil energy, yet account for 23 percent of the value of farm production 

Cultivation of these crops depends upon considerable human energy. Fossil energy is repre

sented by some chemicals and very low levels of fertilization; none of these crops utilize any 

significant mechanization. 

b. Energy Productivity Ratios 

There are many different ways of viewing "efficiency" of energy use. The discussion 

which follows presents three separate approaches. All of these approaches use a variant on the 

standard "productivity" ratio in which the numerator contains a measure of food output and 

the denominator contains the energy consumed to produce the food output. In the first 

efficiency measure (i) the food output (numerator) is measured in physical quantity terms in 

tons of food product. The weakness of this first meitsure is that since the energy and economic 

value of foods is not constant per ton of product, this measure is useful only for comparisons in

side a particular product but has little meaning in comparisons between products. The second and 

third measures are comparable between products, the second deals with economic efficiency 

3J. Free and T. Foster, The Dominican Republic Fertilizer Situation, Tennessee Valley Authority, 1975. 
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of energy use by measuring food in value terms, the third deals with energy efficiency and 

measures food in terms of its energy content. 
i. Physical Input/OutputRatios for Energy Use at the Farm Level. Table 111-2 pre

sents both the physical output productivity ratio (MT/10 6 Kcal) and its reciprocal, the energy 
input coefficient (106 Kcal/MT). These ratios are readily calculated utilizing the first two 
columns of Table IlI-L. 

The range in differences is dramatic; from the least efficient (beef) to the most 
efficient (sweet potatoes) there is a difference of almost 300 times. Beef would be even less 
efficient per physical ton were it not for the fact that most of its feed comes from natural 
pasture. Sweet potatoes are the most efficient, not because of some inherent technological 
characteristic of this tuber, but because it is traditionally cultivated as a subsistence crop 
with the use of family labor without mechanization or fertilizer. This is also the case with 

TABLE 111-2 

PHYSICAL OUTPUT PRODUCTIVITY RATIO AND ENERGY INPUT 

COEFFICIENTS FOR MAJOR AGRICULTURE PRODUCTS, 1978 

Fossil Energy per Ton 
103 Kcal Tons of Output per 106 Kcal of Energy 

Sugar Cane 60.5 16.5 
Tobacco (Rama) 246.6 4.1 
Cocoa (Grano) 21.4 46.8 
Coffee (Cereza) 56.2 17.8 
Other Export Crops 106.9 9.4 
Rice 397.2 2.5 
Beans 172.4 5.8 
Corn 55.1 18.1 
Plantain 0 0 
Cassava (Yuca) 12.1 82.9 
Banana 0 00 
Major Staples 116.6 8.6 
Sweet Potato 2.2 451.7 
Potatoes 227.9 4.4 
Tomatoes 162.8 6.1 
Peanuts (Oil) 144.4 7.2 
Onions 108.2 8.9 
Minor Crops 103.4 9.7 
Total Crops 67.9 14.7 
Beef (Meat) 640.2 1.6 
Milk 28.5 35.1 
Poultry (Meat) 6.8 137.1 
Pork 43.7 22.9 
Livestock 107.8 9.3 

Total Agricultural
Production 69.1 14.47 

Source: EFSDR: Statistical Profile, Part I and Part V. Table 111-1. 
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in fact the most efficient since their physical productivityplantains and bananas, which are 

ratios are infinite; they consumed no significant quantities of fossil-based energy. Poultry is 
comes fromextremely high due to the fact that in the sample the large majority of their feed 

informal foraging around the farm yard and in feed from crops which themselves are grown 

without fuels or fertilizer. Pork is also unusually high, mostly due to the fact that the pre

dominant feed is informal or from crops which themselves consume almost no energy in pro

stored on farms to be used as animal feed. Almost 50 percent ofduction. Seven crops were 
the weight of this feed was in four products which were grown by these farms without any 

fossil based energy (plantain, copra, avocado and oranges), an additional 16 percent in pro

ducts grown with very minimal energy (sweet potatoes and cassava), and the remaining third 

in corn, which is only an average energy consuming crop. The result is that whether the feed 

source of the livestock is natural grass, informal foraging, household waste, or even feed 

products stored explicitly for animal feed, the fossil-based energy input is minimal. 

The four major sub-groups (excluding sugar cane) are surprisingly equal in physical 

output per Kcal of energy-non-sugar export crops 9.5, major staples 8.6, minor crops 9.7, 

Rice has the highest energy inputs per ton of product at 397,000 Kcal/ton.and livestock 9.3. 

Lower by almost half are tobacco (246 Kcal/t), potatoes (228 Kcal/t) and beans (172 Kcal/
 

ton). Given the differences in the physical measures of these products, differences in eco

nomic value and energy content per ton, the physical energy ratios in Table 111-2 are not really
 

useful for policy or analytical purposes.
 
ii. Economic Efficiency of Energy Use inMajor Products. There could be at least 

three ways of looking at the economic efficiency of energy use and for making comparisons 

These three could be characterized as "average gross economic productivity"betweenofery(Valuecrops. of Output/Unit ¢ v amrPoi and 
of enrgy, lEnergy net private profitability of energy" (Av.input/Unit), "average Farmer Protn 

[UI Energy Input/UniEnrgIp t 
Pr fit/U nit  
"marginal economic productivity of energy" (A o The "average gross" measure 

-7ne-r-iy/Unit 
would be based on the assumption that the gross market value of a product at market equili

brium is the measure of its true economic value. By dividing the value of the product by its 

energy input we would therefore have a rough measure of the energy cost of creating one 

unit of economic value and hence have a measure of utility which would allow for comparisons 

between food products. The "average net" measure would measure the energy consumed per 

unit of economic profit to the farmer. This measure would indicate the private financial 

efficiency on the average of energy use. The "marginal" measure would tell us how productive 

the "last" energy input was in creating additional profits, and would tell us therefore which of 

the food products could "afford" more energy at any assumed or given energy price. 

Given the interest of this study in overall economic benefits and not simply on private 

profits, the measure chosen for discussion is the "average gross economic productivity" of 

energy utilization. Table 111-3 contains this ratio. Data for the numerator can be found in 

Table 11-16 (1978). Column one of Table 111-2 forms the denominator. 

The underestimation bias (fossil fuel energy) has already been noted for poultry and 

pork meat. Nevertheless, poultry is one of the most efficient of the 19 major products based 

on the economic standard or index of efficiency. 4 Poultry is equaled or followed by cocoa 

4 There are serious limitations on drawing conclusions from simple comparisons of the two ratios. For example, since 
very little of the poultry in the DR is actually fed, the energy in the food that is consumed by poultry is hard to measure. There
fore only the energy that can be calculated, that contained in grains that were used to feed poultry, is contained in the ratio. 
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TABLE 111-3 

RD$ OF OUTPUT PER 103 Kcal OF FOSSIL-BASED ENERGY INPUT 

FOR MAJOR PRODUCTS AT THE FARM LEVEL 

Sweet Potato 43.0 Sugar Cane 0.4
Potatoes 1.0 Tobacco (Rama) 2.4
Tomatoes 1.0 Cocoa (Grano) 106.4
Peanuts (Oil) 2.1 Coffee ereza 5.4 
Onions 3.6 

Rice 0.6 
Beef (Meat) 1.9 Beans 3.4
Milk 5.3 Corn 2.1 
Poultry (Meat) 132.4 Plantain +
Pork 25.6 Cassava (Yuca) 9.0 

Banana +
 

Source: EFSDR: Statistical Profile, Part VI. 

(an export crop) and by sweet potatoes, a subsistence staple. Beef requires (even at DR low 
levels of energy input into pasture) 70 times as much fossil energy to create a dollar of output 
as poultry. It should be remembered that these ratios apply to what currently exists on the 
average in the DR rural sector and not what could be replicated on a commercial scale. Yet 
these findings have important possible policy implications for planning in the DR. Certainly 
the production of additional poultry up to the limits of consumption demand, and to the 
limits of the availability of informal forage food waste and low energy feeds could force 
poultry prices down and perhaps cause shifts in consumption out of beef. For every dollar 
of shift in production and consumption from beef to enough poultry to obtain equal nutrition, 
there would be a savings of more than 1000 Kcal of fossil energy input. The feasibility of 
such policy choices is not the direct subject of this study; our objective is to create the ana
lytical information necessary to envision what the energy impacts of such shifts would be. The 
projections analysis will explore the implications of some of these possible product substitu
tions (Part IV). 

Inside the grains there are significant differences-rice produces by far the least value 
of product per Kcal of fossil energy. As would be expected, the subsistence crops have high 
value of output per energy unit. These crops, however, have low income elasticities of 
demand, which indicates that as income continues to grow there will be relatively less of these 
products consumed. The potential for substituting these subsistence crops for less efficient 
food staples therefore is small. 

iii. Efficiency of Energy Output in Major Agriculture Products. The third method of 
examining energy use efficiency for food production is to create a ratio with energy values of 
the product in the numerator and energy inputs in the denominator. Two types of these 
ratios are presented in Table 111-4. The first ratio, called the fossil energy ratio, contains only 
fossil based energy inputs in the denominator. The second, called the total energy ratio, 
includes an energy measure of the human labor and animal power expended in the production 
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process. The human and animal labor input have been converted to Kcal of energy by 

computing the fuels required to mechanically replace the human and animal work. 

TABLE 111-4
 

EFFICIENCY OF ENERGY OUTPUT/INPUT FOR MAJOR AGRICULTURE
 

PRODUCTS AT THE FARM LEVEL
 

Cocoa Fossil Energy Output/Input Ratio Total Energy Output/Input Ratio 

Cocoa (Grano) 141.1 22.2 
Coffee (Cerezo) 6.0 3-3 
Rice 9.3 8.3 
Beans 19.9 19.8 
Corn 63.9 19.1 
Cassava (Yuca) 273.7 33.3 
Sweet Potato 452.3 9.8 
Potatoes 3.4 2.5 
Tomatoes 1.4 0.5 
Peanuts (Oil) 38.1 13.5 
Onions 3.4 2.0 
Beef (Meat) 4.6 4.2 
Milk 20.4 18.3 
Poultry (Meat) 124.3 42.5 
Pork 52.2 16.4 

Source: EFSDR: Statistical Profile, Part VI. 

In addition, plantains and bananas are not included in Table 111-4 because available 

survey data do not show fossil fuel energy inputs and there is no way !o calculate a ratio. 
Presumably "true" ratios would be quite high and may be higher than t,.e highest shown in 

the table (especially in the case of plantains). 
Three food crops have relatively high fossil energy efficiency ratios-sweet potatoes, 

cassava, and poultry. The reason for this is obvious-at average DR production technology 
for these products, labor is almost the only energy input. Two of these products have limited 
consumption expansion potential due to a low income elasticity of demand. Both cassava 
and sweet potato are traditional subsistence crops; as incomes expand, families prefer to 
purchase a smaller proportion of their diets in these crops. Poultry, however, is a high quality 
nutrition source with a reasonably high income elasticity and a favorable demand future. The 
possible difficulty with poultry is that even though the average technology is et. rgy 
efficient, it is possible that modem poultry feed technologies may be able to compete eco
nomically and prevent expanded demand from being satisfied via traditional and energy 
efficient rudimentary technology. 

Major food grains show a wide variation on fossil energy efficiency, but much less 
difference in total efficiency, indicating a simple labor and animal substitution process. Rice, 
by far the most " technified" of the grains, has the lowest fossil fuel energy efficiency, half 
that of beans, and one-seventh that of corn. When labor and animal power are added to the 
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energy use, the three grains come much closer in energy efficiency, corn and beans are almost 
the same (19.1 and 19.8), and rice is only slightly different than for fossil energy efficiency 
at 8.3. 

Of the other major food staples, plantains and bananas are clearly the most efficient 
since they use no measurable fossils. Behind them come cassava and sweet potatoes (274 and 
452). Potatoes, tomatoes, and onions are significantly lower in both fossil and total energy 
efficiency than the other minor crops, but also less than one-third as efficient as the basic 
food grains. Peanuts for oil lie in an efficiency position similar to the basic food grains. 

Behind poultry, two other livestock products have very favorable positions. Pork
 
production has much in common with poultry in an energy sense. Its feed inputs are either
 
informal or they require little energy to produce (corn, tubers, and fruit), its consumer demand 
and even export potential are both good, and it absorbs labor resources which are probably 
not drawn away from otter productive employment. All of that which was said earlier about 
poultry could be repeated for pork, with lower magnitudes of potential energy benefits, 
since pork is two and one-half times less energy efficient. But pork is four times (total) and 
ten times (fossil) as energy efficient as beef and is only slightly less efficient in total energy 
than milk.
 

The energy efficiency of milk changes very little from the fossil ratio to the total,
 
indicating that the inherent efficiency of the process lies in its physical conversion ratio and 
not in the substitution of labor and animal power for fossil energy. For milk, the total energy 
ratio is 90 percent of the fossil energy ratio, compared with pork where the total energy ratio
 
is only 3 1 percent of the fossil ratio. The fact that beef drops very little between these two
 
ratios is due to the low incidence of labor as a factor in beef' production. What this implies 
about milk is that it is a very attractive energy saving source of nutrition and income, but 
the attractiveness is not significantly increased by having a large supply of available labor; 
i.e., there is no comparative energy advantage which would allow the DR to consider exports 
as a way of tapping the milk energy potential; the capital costs of milk production are sub
stantial and the DR is relatively capital scarce. While it needs to conserve on energy, it is 
also short on investment capital, and milk, while attractive from the energy perspective, is 
relatively capital intensive vis-a'-vis poultry, for example. 

3. Energy Use Patternsin Food Processing,Marketing, Storage and Transportation 

a. Data and Definitions 

The data for energy estimates for processing, marketing and transportation come from 
three basic primary data sources. The first source is data from the PCI-SEA Rural Energy 
Survey, 1980. These data provide energy input and end use device infornation for small scale 
processing and marketing. Farm level processing information comes from the SEA-AID Agri
culture Sector Analysis Survey, 1976. Large scale processing information comes from ONE's 
Industrial Survey, 1977. Large scale marketing estimates onare not based any large primary 
data source and are consequently weak compared to the other estimates. Considerable 
secondary data (some of it based in turn on small field surveys) on marketing were drawn 
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from SEA's Diagnostico del Sistema de Mercadeo Agricola en Republica Dominicana (1977). 
Transport information is based on data from the SEA-AID Agriculture Sector Analysis Survey, 
1976, for the transportation from the farm to the first marketing or processing destination. 
Transport after the first marketing point is assumed to be a part of the marketing function 
and not broken out as a separate transport activity. 

b. 	 Total Energy Use in Processing,Marketing and Transportationfor Major Food 
Products 

Table III-5 presents the energy use by major food product for processing, primary trans
port, and marketing-2nd transport-storage. 

TABLE 111-5
 

SUMMARY OF FOSSIL ENERGY USE IN FOOD PROCESSING, MARKETING,
 

STORAGE AND TRANSPORTATION BY PRODUCT, 1978
 

(106 Kcal)
 

Total 
Processing 

Primary
Transport 

Med. and 
Large 

Processing 

Small On Farm Total 

Marketing Storage and 
2nd Transport

Small Large Total 

Market 
and 

Transport
Energy 

SugarCane 
Tobacco (Rama)
Cocoa (Grano)
Coffee (Cereza) 

81,623 
236 

0 
147 

1,206,190 
7,695 

13,445 
11,359 

322,982 
2,499 

965 
3,176 

55,973 
0 
0 

48,715 

1,585,145 
10,194 
4,410 

63,250 

210,974 
58 
31 

1,055 

1,669,026 
3,044 
2,634 
5,541 

1,880,000 
3,102 
2,665 
6,596 

3,546,768 
13,532 
7,075 

69,993 
(Export Crops) 82,006 1,228,689 329,622 104,688 1,662,999 212,118 1,680,245 1,892,363 3,637,368 

Rice 
Beans 
Corn 
Plantain 
Cassava (Yuca) 
Banana 

1,535 
198 
213 
377 
358 
570 

15,076 
0 

3,876 
0 
0 

161 

4,208 
0 

361 
0 
0 
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0 
0 
0 
0 
0 

19,284 
0 

4,237 
0 
0 

209 

8,071 
799 

3,497 
3,416 
2,934 
5,317 

14,384 
1,420 
6,214 
6,069 
5,214 
8,962 

22,455 
2,219 
9,711 
9,485 
8,148 

14,279 

143,274 
2,417 

14,161 
9,862 
8,506 

15,058 
(Major Staples) 3,251 19,113 4,617 0 23,730 24,034 42,263 66,297 93,278 

Sweet Potato 
Potatoes 
Tomatoes 
Peanuts(OWI) 
Onions 

224 
41 

499 
431 

57 

0 
71 

3,516 
47,551 

420 

0 
24 

985 
15,040 

132 

0 
0 
0 
0 
0 

0 
95 

4,501 
62,591 

552 

1,956 
306 

2,000 
1,968 
1,341 

3,098 
544 

3,555 
3,178 

604 

4,854 
850 

5,555 
5,138 

945 

5,078 
986 

10,555 
68,160 

1,554 
(Minor Crops) 1,252 51,558 16,181 0 67,739 4,403 9,761 14,164 83,155 

Beef (Meat)
Milk 
Poultry (Meat) 
Pork 

0 
1,505 

0 
0 

8,172 
49,244 

0 
10,142 

2,590 
15,586 

0 
3,202 

0 
0 
0 
0 

10,762 
64,830 

0 
13,344 

1,917 
10,015 

1,559 
630 

2,785 
14,552 
2,263 

915 

4,702 
24,567 

3,822 
1,545 

15,464 
70,902 
3,822 

14,889 
(Livestock) 1,505 67,558 21,378 0 88,936 14,121 20,515 34,636 125,077 

Source: Appendix D. 
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i. Processing. For all food products (including sugar), the proportion of energy which
 

is consumed at the processing level is 42.1 percent.
 
For the major food staples, processing consumes about 20 percent of the total energy


required to produce, process, 
market and distribute these food products to the consumer.
 
This is in sharp contrast 
 to the export crops, which consumed more than half of the total
 
energy in processing. Minor crops on 
 the average consumed 58.5 percent of their total energy
in processing principally due to the high energy consumption of peanut oil processing and the loA 
use of energy at the farm level in many of these crops. Livestock products utilized 53 percent
of their total energy in processing largely due to the high levels of processing in milk and pork.

The distribution of processing between th,, thr, on-farm, small scale, and
 
medium-large scale, is outlined in Table 1I1-5. 
 For all products (including a provisional
estimate for sugar cane), 74 percent of the processing energy was utilized in the medium and
large scale food processing plants. Small scale processing enterprises (with less than 5 workers)
utilized 20 percent and on-farm processing only 6 percent of the processing energy. On-farm 
processing was only important in the cases of sugar cane (where single, small "mills" were
used to produce crude sugar "cake") and coffee (where farm level drying and hulling are
 
common).
 

Given 
 the tact that many coffee farms are in fact large plantations, the coffee processing

which takes place on the farm often employs more than five workers and 
would therefore be
 
considered medium or large scale.
 

Medium and large scale processing energy (excluding sugar) is utilized 
 14 percent by
the other export crops, 12 percent by major food staples, 32 percent by minor food crops,
and 42 percent by livestock products. The largest energy consuming products for the medium 
and large scale processing sector are milk products (30.6 percent), peanut oil processing (29.6

percent) and rice milling (9.4 percent). These three products alone consume 70 percent of all
 
non-sugar medium and large scale processing energy. Other important energy consumption for 
processing occurred in pork (ham, sausage, etc.) and beef products, and in die non-sugar 
export crops, coffee and tobacco. 

The PCI-SEA rural energy survey (1980) provided energy input ratios for small scale
processing, but did not contain enough observations of small scale processing firms for each
of the 18 products to allow for accurate expansions at this level of detail. For this reason, the
overall small scale processing share has been included in the summary table at the same pro
portion of large scale for all sectors. 

ii. Marketing, Transportand Storage. The marketing, transport, and storage stages of
food production and distribution consumed approximately 47 percent of the total fossil 
energy in the major crop system. Estimates for this sector are weaker statistically than for
either production or processing. The PCI-SEA small scale enterprise surveys provide reasonably
reliable data for energy input coefficients into the small scale marketing activities, but the
expansions of these data to the national level are substantially less reliable. The difficulty is 
in obtaining control totals to use for medium and large scale marketing. As in most sample 
survey situations, if the control totals are known from a census or other comprehensive listing,
the detailed ratios obtained in the sample can be expanded with considerable confidence; but 
where such totals are themselves unavailable, the expansions must be treated with reserve. 
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The marketing, transport and storage functions have been divided into four sub-sectors 

for this study. Farm level storage is one of these sectors, but is not included in Table 111-5 

because the energy used (if any) was not reported in the surveys used for the study. Primary 

transport is that transportation to the first marketing or processing point from the farm. 

Primary transport consumed 4.5 percent of the marketing transport and storage energy 

for the major staples, about 9 percent for the minor crops, and about 5 percent for livestock. 

The higher proportion of the minor crops is due to the fact that in the low energy non

processed crops (like potatoes and sweet potatoes), transport represents a larger proportional 
cost. Primary transport energy was utilized 6 percent in non-sugar export crops, 5 1 percent 

in major staples, 19.5 percent in minor food crops, and 23.6 percent in livestock. The total 

energy consumed in primary transportation represented between I and 2 percent of the total 

non-sugar energy consumed in the food system. 
Large scale marketing energy was consumed mostly in major food staples (49.7 per

cent), livestock consumed 24.3 percent, minor crops 12.8 percent, and non-sugar export crops 

13.2 percent. Milk was the largest energy consumer for large scale marketing, 17.2 percent, 

followed by rice, 16.9 percent. It should be remembered that marketing is taken to include a!1 
secondarv transportation and storage as well as marketing functions. 

Small scale marketing energy was consumed predominantly in the major food staples 

category (53 percent) and livestock products (3 1 percent). Small meat stores and "tiendas" 

handled important proportions of sales and quasi-processing functions (like slaughter and 
baking) for many of the basic food products. Only 2.5 percent of the small scale energy is 

consumed in non-sugar export crops, and there the marketing is not for export but for local 

distribution of these commodities for domestic consumption. 

4. Total FossilEnergy Use in the Food System 

a. Summary of Fossil Energy Use in the Food System by Major Agriculture Product 

Table 111-6 outlines total fossil energy use in the food system for each of the major 

food products except sugar. 

b. Pattern of Total FossilEnergy Use by Major Agriculture Product 

Tables 111-7 and 111-8 illustrate the pattern of fossil energy utilization by the selected 

major agricultural products. This is accomplished by presenting Tables III-I and 111-2 in 

percentage terms. Table 111-7 distributes the total food system fossil energy utilized by each 

crop according to various stages in which it is expended. For example, the total fossil fuel 

energy utilized by beans, 9,557 x 106 Kcal (Table 111-6) is distributed 2.1 percent to primary 

transport, 43.2 percent processing, 49.2 percent to marketing and storage, and 5.5 percent to 
produce the basic crop at the farm level (Table 111-7). 

Table 111-8 shows in its vertical columns the way fossil eliergy absorbed at each stage 

of the agricultural system is distributed. For example, all of the selected major crops, 

excluding sugar cane, utilize about 76 percent of the fossil energy expended in major product 

primary transport; they require over 50 percent of all the fossil energy required for secondary 

transport, marketing and storage of the major crops selected for study, etc. 
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TABLE 111-6
 

SUMMARY OF TOTAL ENERGY USE IN THE FOOD SYSTEM
 

(Sugar Excluded)
 

Total Food System Energy Use 
106 Kcal, 1978 

Total Total Total Food 

Prinuuy
Transport 

Food 
Processing 

Marketing, 
2nd Transport 
&Storage 

Processing 
Market & 
Transport 
Energy 

Production 
Energy 
Farm 
Level 

Total 
Energy 

System 
Fossil Fuel 
Energy 
103 Kcal/MT 

236 10,194 3,102 13,532 13,367 26,899 493.6
Tobacco 

4,410 2,665 7,075 790 7,865 212.8Cocoa (Grano) 0 
6.596 69,993 4,873 74,866 862.4Coffee (Cereza) 147 63,250 

(Export Crops) (383) (77,854) (12,363) (90,600) (19,030 (128,660 -

Rice 1,535 19,284 22,455 43,274 134,808 178,082 525.6 
Beans 198 0 2,219 2,417 7,140 9,557 229.7 

4,237 9,711 14,161 3,635 17,796 269.5Com 213 
Plantain 377 0 9,485 9,862 6 9,868 38.0 

8,506 2,231 10,737 58.0Cassava (Yuca) 358 0 8,148 
Banana 570 209 14,279 15,058 0 15,058 40.1 

(Main Staples) (3,251) (23,730) (66,297) (93,278) (147,820) (241,098) 

0 4,854 5,078 219 5,297 53.3Sweet Potatoes 224 
986 2,421 3,407 292.3Potatoes 41 95 850 

Tomatoes 499 4,501 5,555 10,555 17,895 28,450 226.5 
Peanuts (Oil) 431 62,591 1,960 64,982 10,640 75,622 1,020.9 

57 552 945 1,554 1,444 2,998 220.4Onions 
(Minor Crops) (1,252) (67,739) (14,164) (83,155) ( 32,619) (115,774) -

Beef (Meat) 0 10,762 4,702 15,464 33,034 48,498 939.9 
Milk 1,505 64,830 24,567 90,902 7,938 98,840 354.3 

4,128Poultry (Meat) 0 0 3,822 3,822 306 98.4 

Pork 0 13,344 1,545 14,889 775 15,664 895.1 
(1,505) ( 88,936 ) (34,636) (125,077) (42,053) (167,130) (Livestock) 

TOTAL AG. 6,391 258,259 127,460 392,110 244,375 636,985 

Source: Table 111-5 and Table 1II-1. 

c. Energ, Efficiency for Major Food Products in the Total Food System 

The ability of crop and livestock activities to use energy may be viewed in at least two 

ways. First is their efficiency in creating additional human nutrition. Since the same quantity 

of calories may be purchased in two goods, one costing far less than the other, tastes and 

preferences must enter to modify the simple valuation of food at its nutritional content. One 
way of valuing food is to use its market price as an indication of the interaction of consumer 

preferences and supply possibilities. Consumers may be irrational in their valuation of foods; 

they may pass by cheaper nutrition and purchase higher cost foods. It would be unwise, 

however, to ignore their exhibited valuation of the food in assessing efficiency, since the con

sumer is likely to continue to purchase in more or less the same fashion as currently exists. 

Two measures to assess energy efficiency have already been described and estimated for fossil 

energy expended at the farm level. In the following tables we estimate the same ratios for 

fossil energy expended on the selected 19 major crop and livestock products after they have 



TABLE 111-7
 

DISTRIBUTION OF FOSSIL ENERGY USE IN THE TOTAL FOOD SYSTEM
 

(Percentage Share of Kcal Utilized at Each Stage of the Agriculture System t- Major Agriculture Product) 

Processing 
Market 

Primary 
Transport Med. & Large 

Processing 
Small On Farm Total 

Marketing, Storage 
and 2nd Transport 

Small Large Total 

and 
Transport 
Energy 

Farm Level 
Production 

Energy 
Total 

Energy 

Sugar Cane 2.2% 32.3% 8.6% 1.5% 42.4% 5.6% 44.6% 50.2% 94.8% 5.2% 100.0% 
Tobacco (Rama) 0.9 28.8 9.3 0 38.1 .2 11.4 11.6 50.6 49.4 100.0 
Cocoa (Grano) 0 43.8 12.3 0 56.1 .4 33.5 33.9 90.0 10.0 100.0 
Coffee (Cereza) 0.2 15.2 4.2 65.1 84.5 1.4 7.4 8.8 93.5 6.5 100.0 

(Export Crops) 2.1 31.9 8.6 2.7 43.2 5.5 43.7 49.2 94.5 5.5 100.0 

Rice .9 8.4 2.4 0 10.8 4.5 8.1 12.6 24.3 75.7 100.0 
Beans 2.1 0 0 0 0 0 8.4 14.8 25.3 74.7 100.0 
Corn 1.2 21.8 2.0 0 23.8 19.7 34.9 54.6 79.6 20.4 100.0 
Plantain 3.8 0 0 0 0 34.6 61.5 96.1 99.9 .1 100.0 
Cassava (Yuca) 3.3 0 0 0 0 27.3 48.6 75.9 79.2 20.8 100.0 
Banana 3.8 1.1 0.3 0 1.4 35.3 59.5 94.8 100.0 0 100.0 

(Major Staples) 1.3 7.9 1.9 0 9.8 10.0 17.5 27.5 38.7 61.3 100.0 

Sweet Potato 4.2 0 0 0 0 33.2 58.5 91.6 95.9 4.1 100.0 
Potatoes 1.2 2.1 .7 0 2.8 8.9 16.0 24.9 28.9 71.1 100.0 
Tomatoes 1.8 12.3 3.5 0 15.8 7.0 12.5 19.5 37.1 62.9 100.0 
Peanuts (Oil) 0.5 60.3 19.1 0 79.4 2.5 4.0 6.5 86.5 13.5 100.0 
Onions 1.9 14.0 4.4 0 18.4 11.4 20.1 31.5 51.8 48.2 100.0 

(Minor Crops) 1.1 43.3 13.6 0 56.9 5.4 9.2 14.6 72.6 27.4 100.0 

(TOTAL CROPS) 2.1 30.9 8.3 2.5 41.7 5.7 41.2 46.9 90.6 9.4 100.0 

Beef (Meat) 0 16.9 5.3 0 22.2 4.0 5.7 9.7 31.9 68.1 100.0 
Milk 1.5 49.8 15.8 0 65.6 10.2 14.7 24.9 92.0 8.0 100.0 
Poultry (Meat) 0 0 0 0 0 37.8 54.8 92.6 92.6 7.4 100.0 
Pork 0 64.8 20.4 0 85.2 4.1 5.8 9.9 95.1 4.9 100.0 

(Livestock) 0.9 40.4 12.8 0 53.2 8.4 12.3 20.7 74.8 25.2 100.0 

TOTAL 2.0 31.2 8.5 2.4 42.1 5.9 40.1 46.0 90.1 9.9 100.0 

Source: Table 111-5 and Table HI-1. 



TABLE 111-8 

PATTERN OF MAJOR AGRICULTURE PRODUCT FOSSIL FUEL LERGY USE WITHIN EACH 

STAGE OF THE TOTAL AGRICULTURE SUPPLY SYSTEM 

(Percentage Share of Kcal Utilized by Each Major Product) 

(Excludi. _ ,ugar Cane)a 

Processing 
Market 

Primary 
Transport Med. & Large 

Processing 
Small On Farm Total 

Marketing, Storage 
and 2nd Transport 

Small Large Total 

and 
Transport 

Energy 

Total 
Production 

Energy 
Total 

Energy 

Tobacco (Rama) 
Cocoa (Grano) 
Coffee (Cereza) 

3.7% 
0 
2.3 

4.8% 
2.1 
7.1 

5.1% 
2.0 
6.5 

0% 
0 

100.0 

3.9% 
1.7 

24.6 

0.1% 
0.1 
2.3 

3.6% 
3.1 
6.5 

2.4% 
2.0 
5.0 

3,4% 
1.8 

17.7 

5.5% 
0.3 
2.0 

4.2% 
1.2 

11.8 
(Export Crops) 6.0 14.0 13.6 100.0 30.2 2.5 13.2 9.4 22.9 7.8 17.2 

Rice 24.1 9.4 8.6 0 7.5 17.8 16.9 17.2 10.9 55.9 28.0 
Beans 3.1 0 0 0 0 1.7 1.7 1.7 0.6 3.0 1.5 
Corn 
Plantain 

3.3 
5.9 

2.4 
0 

0.7 
0 

0 
0 

1.6 
0 

7.7 
7.5 

7.3 
7.1 

7.4 
7.3 

3.6 
2.5 

1.5 
0 

2.8 
1.5 

Cassava (Yuca) 5.6 0 0 0 0 6.4 6.1 6.2 2.2 0.9 1.7 
Banana 8.9 0.1 0.1 0 0.1 11.6 10.6 10.9 3.8 0 2.4 

(Major Staples) 50.9 11.9 9.4 0 9.2 52.7 49.7 50.7 23.6 61.3 37.9 
Sweet Potatoes 3.5 0 0 0 0 3.8 3.6 3.7 1.3 0.1 0.8 
Potatoes 0.6 0 0 0 0 0.7 0.6 0.7 0.2 1.0 0.5 
Tomatoes 
Peanuts (Oil) 
Onions 

7.8 
6.7 
0.9 

2.2 
29.6 

0.3 

2.0 
30.9 

0.3 

0 
1 
0 

1.7 
24.2 

0.2 

4.4 
4.3 
0.7 

4.2 
3.7 
0.7 

4.3 
3.9 
0.7 

2.7 
17.2 
0.4 

7.4 
4.4 
0.6 

4.5 
12.4 
0.5 

(Minor Crops) 19.5 32.1 33.2 0 26.1 13.9 12.8 13.3 21.8 13.5 18.7 
(TOTAL CROPS) 76.4 58.0 56.2 100.0 65.5 69.1 75.7 73.4 68.3 82.6 73.8 

Beef (Meat) 0 5.1 5.3 0 4.2 4.2 3.3 3.6 3.9 13.7 7.6 
Milk 
Poultry (Meat) 

23.6 
0 

30.6 
0 

31.9 
0 

0 
0 

25.1 
0 

21.9 
3.4 

17.2 
2.7 

18.9 
2.9 

23.0 
1.0 

3.3 
0.1 

15.5 
0.6 

Pork 0 6.3 6.6 0 5.2 1.4 1.1 1.2 3.8 0.3 2.5 
(Livestock) 23.6 42.0 43.8 0 34.5 30.9 24.3 26.6 31.7 17.4 26.2 
TOTAL 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

aSugar cane is excluded from this table because the relatively large amounts of energy used in the agricultural system for sugar cane production would overwhelm the 
amounts used by other crops and make it difficult to see the use patterns. 

Source: Tables 111-5 and III-1. 
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moved through the entire production processing and handling system. One measure is Kcal 
of energy output per Kcal of fossil energy input. The second is a measure of the value in 
money terms paid for the food divided by the Kcal of energy required to produce and market 
it. 5 

Table 111-9 contains calculations of these ratios for major food products, and ranks 
results by "efficiency level." 

OVERALL FOSSIL ENERGY USE 

Efficiency of Energy Input/Output 

Product 

Highest Efficiency Foods 
Cassava 
Sweet Potatoes 

High Efficiency Foods 
Beans 

Banana 

Corn 

Plantain 

Poultry 


Mid Efficiency Foods 
Rice 
Peanuts (Oil) 

Low Efficiency Foods 
Beef 
Potatoes 
Pork 

Lowest Efficiency Foods 
Milk 
Onions 
Tomatoes 

Kcal Output/Kcal of 
Fossil Energy Input 

56.8 
49.7 

14.9 
14.3 
13.0 
10.5 
8.6 

6.9 
6.5 

3.2 
2.6 
2.5 

1.7 
1.7 
0.9 

TABLE 111-9 

EFFICIENCY OF MAJOR FOOD PRODUCTS 

Economic Efficiency of Energy Innut 
$ of Output per

Produce 103 Kcal of Input 

Highest Efficiency Foods 
Poultry 9.78 

High Efficiency Foods 
Plantain 3.50 
Banana 3.33
 
Beans 2.52 

Mid Efficiency Foods 
Cassava 1.88 
Sweet Potatoes 1.78
Onions 1.77 
Beef 1.28 
Pork 1.23 

Low Efficiency Foods 
Potatoes 0.78 
Tomatoes 0.68 

Lowest Efficiency Foods 
Rice 0.44 
Milk 0.42 
Corn 0.42 

Note: If we were to add protein efficiency to the table above, the highest priority products from all three 
perspectives would likely be poultry and beans, since they would be the only items to rank in the 
higher groups on all criteria. 

Source: Numerator from Appendix E and Table 11-4; demominator from Appendix D. 

5The examples shown in Table 111-9 naturally require that retail or "city" prices be substituted for farm gate prices
given in Table 111-3. 
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Table 111-9 does not include the exact same mix of crops as similar calculations, at 
the farm level, shown in Tables 111-3 and III4. This is because the fossil energy in bananas 
and plantains is unknown (but low) at the farm level; nevertheless, they show up in the overall 
efficiency ratios because they absorb measurable amounts of fossil energy in later stages of the 
agricultural processing and marketing system. Tobacco (to a major degree) and the other 
export crops do not really have domestic retail prices. 

Nevertheless it is interesting to note that some products which are quite efficient by 
one or the other measures at the farm level are still classified in the high categories when 
total energy inputs are considered. For example, by the input/output measure, sweet potatoes 
and cassava were also the top two at the farm level. Bananas fell somewhat, and beans im
proved position, poultry was about unchanged. The products judged above average at the 
farm level remained above average in the total energy ratios. The same result occurred in the 
economic efficiency measure: those products above average at the farm level were above aver
age in the total energy ratios. Plantains, bananas and poultry were all within the top three 
in both sets of ratios. 

C. ENERGY TECHNOLOGY IN THE FOOD SYSTEMf 

1. Introducing New Energy Technologies 

The term "energy technology" as used in this section refers to the types of energy
 
utilized and the end use devices which convert fuels into heat or mechanical power. In
 
section B we examined the differences in the quantities of energy used by different food
 
products. But that discussion did not take into account the types of fuels or other energy
 
which comprise total energy use, nor of the types of end use devices which are used for fuel
 
conversion.
 

2. Energy Use b.y Energy Type 

In this subsection we examine the types of energy used at various stages in the food
 
system, including households.
 

a. Farm Level Energy Use by Type of Energy 

The largest part of energy used at the farm level is energy in the form of chemical 
fertilizers. The other common fossil energy type is deisel fuel used for mechanical power. 
These two energy types constitute the basis of the energy analysis at the farm level. The rural 
energy survey (PCI, 1980) indicated that there were insignificant amounts of other types of 
energy used at the farm level outside of household uses, which will be dealt with later. 
Table 111-10 outlines the percentages of fossil energy by type used in each crop. 

Three of the crops used energy predominantly as fuel for mechanization. Sweet po
tatoes used all of its fossil energy in fuels, cassava 71 percent, and peanuts 67 percent. Inside 

'basic grains, rice energy input is predominantly fertilizer energy (90 percent), while beans and 
corn are more diversified with 44 percent and 31 percent, respectively, in diesel. 
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TABLE IlI-10
 

ENERGY USE AT THE FARM LEVEL BY ENERGY TYPE AND MAJOR CROP
 

%of 
Energy 
Used as 
Diesel 

%of
Energy
Used as 
Nitrogen 
Fertilizer 

%of
Energy
Used as 
Phosphate 
Fertilizer 

% of
Energy
Used as 
Potassium 
Fertili7er 

Total 
Farm 
Level 
Energv 

Total National Energy
Use at Farmevel 
by Type (106 Keal) 

Fertilizer Diesel 

Tobacco (Rama)
Cocoa (Grano)
Coffee (Cereza) 
Rice 
Beans 
Corn 
Cassava (Yuca)
Sweet Potato 
Potatoes 
Tomatoes 
Peanuts (Oil)
Onions 

19.2 
0.0 
0.0 
9.9 

31.4 
44.4 
70.9 

100.0 
7.9 
8.1 

67.0 
0.2 

68.1 
79.1 
81.1 
79.0 
51.1 
46.1 
20.0 

0.0 
75.2 
69.1 
23.9 
80.3 

11,8 
13.4 
10.4 
8.2 

12.7 
5.8 
7.1 
0.0 

11.3 
17.7 
6.9 

12.9 

0.9 
7.5 
8.5 
3.0 
4.8 
3.7 
1.9 
0.0 
5.6 
5.2 
2.1 
6.6 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

10,801 
790 

4,874 
121,492 

4,922 
2,024 

650 
-

2,446 
18,792
3,529
1,469 

2,566 
-
-

13,349 
2,252 
1,616 
1,584

220 
210 

1,656 
7,166

3 

Total 
Percent 

171,789 
84.9% 

30,622 
15.1% 

Source: EFSDR: Statistical Profile, Part 11. 

The total energy at the farm level is 84.9 percent in fertilizers, and 15.1 percent in 
fuels. This illustrates the predominant position of rice, tomatoes, and tobacco and their in
fluence on the total fossil energy utilization at the farm level. 

b. Energy Use by Energy Type in Processing, Transport, Marketing and Storage 

Table IIl- 1I outlines energy use by energy type in the processing, primary transport, 
marketing and storage sectors. Since the data on sugar processing were presented directly in 
the ONE industrial data file, sugar processing is included. Large scale marketing data on 
energy use by type were not available. Information on small scale marketing and small scale 
processing is drawn from the PCI-SEA Rural Energy Survey. 

Fossil fuels comprise 60 percent of the total energy use in the Processing, Marketing, 
Transport (PMT) sectors. Diesel (35.9 percent), bagasse (20.2 percent, used in sugar processing) 
and charcoal (13.7 percent) are the most important energy types. Electrical energy pre
dominates in small scale marketing (79 percent), which is mostly for refrigeration and lighting. 
Propane and gasoline are both important (27.8 percent and 25.8 percent, respectively) in the 
small scale processing industry for mechanical power. Fuel oils are used heavily in the edible 
oils industry and in the drinks subsector. 

c. Household Energy Use by Energy Type 

The PCI-SEA Rural Energy Survey 1980 obtained data on the energy use patterns of 
households in rural areas. Since the survey also included food processing and marketing 



TABLE III-11 

ENERGY USE BY ENERGY TYPE IN THE PROCESSING, MARKETING AND TRANSPORT STAGES, 1978 

(106 Kcal; Includes Sugar Processing) 

Industrial Categories 
Electrical 
Energy Kerosine Gasoline Diesel 

Fuel 
Oil Propane Charcoal Wood 

Lubricat-
ing Oil Grease 

Crude 
Oil 

Total 
Fossils Begasse Total 

Medium & Large Scale Processing 

Meat & Milk (3111,
3112) 

Fruit, Vegetable & 
Oils (3113, 3115) 

Milling (3116) 
Baking (3117) 

Sugar (3118) 

Other Food Products 
(3119, 3121, 3122) 

Drinks (313) 

Tobacco (314) 

Totals Medium &Large
Scale Processing 
% of Category 

Small Scale Processing 

% of Category 

Small Scale Marketing 
% of Category 

Primary Transport 

% of Category 

11,355 

11,166 

11,138 
11,165 

72,194 

11,342 
13,358 

1,882 

143,600 
6.3 

13,880 

28.4 

34,525 
79.0 

-

-
-
-

-

-
2,401 

-

2,401 
0.1 

-

-

743 
1.7 

-

-

-
5,576 

37,388 

-
-

-

42,964 
1.9 

12,542 

25.7 

2,185 
5.0 

13,947 25,969 

9,961 141,195 

25,600 574 
41,977 -

712,441 -

12,556 15,787 
13,253 119,445 

2,322 2,964 

832,057 305,934 
37.01 13.6 

- -

- -

3,365 -
7.7 

6,391 

1,406 

-

-
6,363 

-

4,134 
-

-

11,903 
0.5 

13,581 

27.8 

2,447 
5.6 

2,868 

-

-
-

601 

-

-

-

3,469 
0.1 

-

-

87 
0.2 

5,268 

-

31,193 
263,188 

16,700 

-

-

-

316,349 
14.0 

8,162 

16.7 

-
-

-

401 
228 

11,601 

-

571 

-

12,801 
.5 

6;? 

1.3 

306 
0.7 

-

-
178 

3,714 

-

-

-

3,892 
0.2 

88 

0.2 

22 
0.05 

- 41,322 

192,478 

- 26,575 
- 54,322 

98,152 863,296 

- 32,477 
- 135,670 

- 5,286 

98,152 1,351,426 
4.3 60.1 

26,823 

54.9 

9,076 
20.7 

6,391 

-

-
-
-

474,519 

-
-

-

474,519 
21.1 

2,248,013 
100% 

48,866 

100% 

43,712 
100% 

6,391 

100% 
Total Small Scale Processing 

Marketing & Primary
Transport 192,005 
%of Category 8.2 

3,144 
0.1 

57,691 
2.5 

841,893 305,934 
35.9 13.1 

27,931 
1.2 

3,556 
0.2 

321,512 
13.7 

13,719 
0.6 

4,002 
0.2 

98,152 1,393,716 
4.2 59.5 

474,519 
20.2 

2,344,058 
100% 

Source: ONE Industrial Statistics, 1977, PCI-SEA Rural Energy Survey, 1980. 

t0O7N 
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activities in urban areas, it was decided to utilize the same urban sample segments to obtain 
information on urban household energy use. 

Unfortunately, the year of the survey followed closely on the heels of the 1979 hurri
cane which changed at least part of the energy consumption patterns. As mentioned earlier, 
forest and other trees were blown down by the hurricane and large quantities of wood became 
available for fuel both as wood and to be converted to charcoal. Survey estimates of the wood
based fuel use coefficients are very likely overestimates for a normal year. The degree of 
overestimation is impossible to determine because wood and charcoal can be stored for long 
periods-in other words, a great opportunity for gathering wood may lead partially to in
creased consumption as a substitute for other fuel sources and partly to storage. 

4 Rural Households. Table 111-12 outlines the consumption of energy by type in 
rural households by income level. Firewood constituted 87.4 percent of all energy consumed 
by rural households, with charcoal second at 7.4 percent. Wood based fuels represent 95 
percent of total energy. Kerosine is the only other significant fuel, but counts for only 2.3 per
cent of the total. 

The higher the income the lower the dependence on firewood; the highest income group 
received 82 percent of its energy from firewood, the poorest 90 percent. Much of this is 
simply substituted for charcoal; the highest income consumes 11 percent of its energy in 
charcoal, the lowest only 5.6 percent. We assume, except for firewood and charcoal, that the 
1980 survey data are representative of an average year. 

TABLE 111-12 

RURAL ENERGY CONSUMPTION PER FAMILY PER YEAR BY ,,.'T' tMGROUP 

Firewood a Kerosine Charcoal a Gasoline Elec. Ener. Propane
(kg) (Liters) (kg) (liters) (Kw-Hr) (kg) 

Low Income 
Quantity 5,212 81.6 203 6.63 126 11.0 
106 Kcal 21.67 .725 1.35 0.055 0.109 0.132 

Row % of Kcal 90.3% 3.0% 5.6% 0.2% 0.4% 0.5% 
Column % of Kcal 34.6% 43.1% 24.8% 7.9% 24.3% 19.9% 

Medium Income 
Quantity 5,152 52.2 220 22.0 127 13.0 
10 ( Kcal 21.21 .464 1.46 .182 .109 .156

Row %of Kcal 89.8% 2.0% 6.2% 0.8% 0.5% 0.7%
Column % 33.9% 27.6% 26.8% 26.3% 24.3% 23.5% 

High Income 
Quantity 4,754 55.5 395 54.8 267 30.4 
106 Kcal 19.66 .493 2.63 .454 .230 .376 

Row %of Kcal 82.3% 2.1% 10.9% 1.9% 1.2% 1.6% 
Column'/o of Kcal 31.5 29.3 48.4% 65.8% 51.4% 56.6% 

All Income Levels 
Quantity 5,042 63.4 271 27.6 173 18.0 
106 Kcal 20.80 .563 1.80 .229 .149 .215 
%of Kcal 87.4% 2.3% 7.4% 1.2% 0.8% 0.9% 

aFirewood and charcoal consumption probably are overestimated, since the energy survey immediately
followed the 1979 hurricane in which many trees were knocked down (see text).

Sour,!e: PCI-SEA Rural Energy Survey. 



58 

ii. 	 Urban Households. The dramatic difference between the urban and rural household 

Even with the impact of the hurricane, the totalis its dependence on wood and charcoal. 

dependence of urban households on firewood is 8.4 percent and on charcoal 27.3 percent for 

Propane is the principal household fuel a total wood-based fuel dependence of 38 percent. 


in urban areas, and gasoline principally for transportation in the higher income strate. Table
 

111-13 outlines these findings.
 

TABLE 111-13 

FAMILY PER YEAR BY INCOME GROUPURBAN ENERGY CONSUMPTION PER 

Elec. Ener. PropaneFirewood Kerosine Charcoal Gasoline 
(kg) (liters) (kg) (liters) (Kw-Hr) (kg) 

Low Income 
Qu~antity 542 4.49 614 80.4 982 104 
10) Kcal 2.255 0.040 4.08 0.66 0.84 2.42 

23.5%Row %of Kcal 21.9% 0.4% 39.7% 6.4% 8.1% 

Column % of Kcal 73.7% 33.7% 41.9% 11.7% 21.5% 18.3%
 

Medium Income 
Quoantity 141 4.51 459 181 1,366 197 
10 Kcal 0.587 0.040 3.05 1.50 1.17 4.58 
Row %of Kcal 5.4% 0.4% 27.9% 13.7% 10.7% 41.9% 
Column %of Kcal 18.9% 33.8% 28.7% 26.5% 29.9% 34.7% 

High Income 
54.3 4.37 392 423 2,223 267Quantity

106 Kcal 0.226 	 0.039 2.60 3.50 1.90 6.21 
0.3% 18.0% 24.2% 13.1% 42.8%Row %of Kcal 1.6% 

61.8% 48.6% 47.0%Column %of Kcal 7.4% 32.5% 26.7% 

All Incomes 
228 1,525 189Quantity 241 4.46 488 

106 Kcal 1.00 0.040 3.24 1.89 1.30 4.40 
Row %of Kcal 8.4% 0.3% 27.3% 15.9% 11.0% 37.1% 

Average urban family size = 5.9.
 

Source: PCI-SEA Urban Frfrgy Survey.
 

iii. Total Households. Table 111-14 combines household energy use for both urban 

and rural households, and outlines the total quantities of the major fuels consumed by house

hold groups in Kcal of energy value. The averages of Tables 111-12 and 111-13 have been 

expanded to an estimate for all households. 

3. Energy End Use Devices 

a. Farm Level Energy End Use Devices 

Table 111-15 outlines the distribution frequency of energy end use devices at the farm 
of it operating offlevel. Farm level processing equipment, some of it powered and some 
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TABLE 111-14
 

ESTIMATED TOTAL HOUSEHOLD ENERGY CONSUMPTION, 1978
 

Urban Rural Total 

Firewood 
Quantity (Kg) x 106 111.51 5.2% 2,016.37 94.8% 2,127.88° Kcal x l0 463,674. 8,384,077. 8,847,751.
Columns Kcal % 10.3% 87.4% 62.7% 

Kerosine (liter) 6 
Quantity iters) x 10 2.06 7.,% 25,493 92.6% 27.55 
Kcal x 100 18,331. 226,485. 244,816
Colums Kcal % 0.4% 2.4% 1.7% 

Charcoal 
Quantity (Kg) x 106 225.95 67.2% 110.51 32.8% 336.46 

l0 ° Kcal x 1,502,596 734,877 2,237,473
Column Kcal % 33.2% 7.7% 15.9% 

Gasoline 
Quantity (liters) x l06 105.87 90.2% 11.47 9.8% 117.34 
Kcal x 100 875,122 94,798 969,920.
Column Kcal % 19.4% 1.0% 6.9% 

Electrical Energy 6 
Quantity Kw-Hr) x 10 706.63 91.0% 69.82 9.0% 776.45 
Kcal x 100 607,699 60,041 667,740
Column Kcal % 13.4% 0.6% 4.7% 

Propane 
Quantity (Kg) x 106 87.63 92.2% 7.40 7.8% 95.03 
Kcal x 10 1,052,870 88,749 1,141,619
Column Kcal % 23.3% 0.9% 8.1% 

Source: Tables 111-12 and 111-13. 

TABLE 111-15 

ENERGY END USE DEVICES AT THE FARM LEVEL 

Transport Processing Generators 
Tractors Pumps Vehicles Equipment Motors 

Farm Size 
0-1 Ha. 0 3.2 6.5 1.2 0
 
1-3 Ha. 0 9.5 7.4 11.6 0
 
3-10 Ha. 0 39.7 32.4 41.5 11.0
 
10+ Ha. 100% 47.6 53.7 45.7 89.0
 

Farm Enterprise Type 
Tree Crop Farms 23.8 26.2 14.8 2.4 0 
Annual Crop Farm 14.3 44.4 41.7 62.8 32.8 
Livestock Farms 61.9 29.4 39.8 34.8 67.2 
Mixed Enterprise Farms 0 0 3.7 0 0 
All Farms 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Devices by Type 3.9% 23.6% 20.2% 30.7% 1 "7% 

Source: SEA-AID Agriculture Sector Analysis Survey. 1976. and the PCI-SEA Rural Energy Survey, 1980. 

http:2,127.88
http:2,016.37
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motors, generators or tractors, is the most common end use device, constituting 30.7 percent 
of all such devices. Pumps constitute the second most frequent device and appear to be con
centrated in the larger 3+ hectare annual crop farms where irrigation is prevalent. More than 
half of the transport vehicles are owned by farmers with more than 10 Ha. Electrical genera
tion and the use of central power sources in unattached motors is very rare; only 1.7 percent 
of devices, and less than 1 percent of clearly powered devices, are in this category. 

b. Energy End Use Devices in Small Scale Processingand Marketing 

The PCI-SEA Rural Energy Survey (1980) included samples of small scale processing 
and marketing enterprises in both rural and urban areas. Information was gathered on energy 
use by type and by energy end use device. No comparable data set was found for medium 
and large scale processing and marketing. Table 111-16 outlines energy end use device in
formation for these two sectors from the 1980 survey. 

Small scale industries had only electrical generation and transportation equipment
which used gasoline. In small scale marketing enterprises there was a wide variety of gasoline 
equipment ranging from 63 percent in transport equipment for products to 14.8 in gasoline 
driven equipment. Diesel was used predominantly by small scale marketing for transport 
equipment. 

Electrical equipment was predominantly lighting in both small scale industry and small 
scale marketing. 

TABLE 111-16 

ENERGY END USE DEVICES IN SMALL SCALE INDUSTRY AND MARKETING 

Type of Fuel or Energy Small Scale Industry Small Scale Marketing
Gasoline % in Category 

Device 
1. Pump 0 3.72. Generator 25 11.13. Transport Products 25 63.04. Transport People 0 7.45. Equipment 0 14.8 

1. Lighting 61.7 65.12. Freezers, Refrigerators 4.6 21.4
3. Manf. Machinery 19.4 1.5
4. Other 14.3 12.0 

Source: PCI-SEA Rural Energy Survey. 
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c. 	 Energy End Use Devices in Households 

Table 111-17 outlines the energy use in households both urban and rural, by the class 
of end use device. 

In 	the rural areas a larger percent of energy is used in lighting and food storage than 
in urban areas. This reflects in part the efficiency of electric lighting as an energy source for 
lighting. Rural households have to expend higher relative quantities of energy to cover their 
simple lighting needs. 

There is a much higher number of end use devices in the urban household; lighting is 
the 	most important in numbers, but cooking and transportation are the most important, as 
would be expected for energy use. 

TABLE 111-17 

ENERGY BY END USE DEVICE CATEGORY FOR HOUSEHOLDS 

No. of 	 Total %of 
Devices Energy Energy 

02) %of Consumed Consumed 
Devices 106 Kcal by Device 

Rural 

Cooking Apparatus 5,267.1 38.2 9,346,241 97.6
Food Preparation 10.5 0.1 87 0.0 
Lighting 5,203.7 37.7 116,142 1.3
Food Storage 447.7 3.2 32,341 0.3 
Temperature Control (Non-fuel) 77.8 0.6 0 0.0
Household Equipment 2,691.8 19.6 83,337 0.8
Transport 88.9 0.6 0 0.0 

Urban 

Cooking Apparatus 6,809.7 16.5 3,727,569 43.2
Food Preparation 238.7 .6 2,121 0.0 
Lighting 19,430.7 47.1 48,577 0.6
Food Storage 3,614.6 8.8 289,403 3.3 
Temperature Control 1,330.0 3.2 38,557 0.4
Household Equipment 9,173.9 22.2 321,518 3.7
Transportation 653.7 1.6 4,225,390 48.8 

Source: PCI-SEA Rural & Urban Energy Survey, 1980. 

D. 	 TECHNOLOGY FACTORS AND ENERGY USAGE !N FARM LEVEL AGRICULTURAL 
PRODUCTION OF MAJOR FOOD PRODUCTS 

1. 	Shifting the Level of Reliance Among Existing DR Agricultural Technologies 

The same product, rice for example, is currently produced in the DR at widely vary
ing levels of technology. The most mechanized and fertilized method requires 430 X 103 

Kcal of fossil fuel to produce one ton of rice; the next techno'ogy type requires only 242, 
and the lowest level only 43 Kcal. At the present time, 86 percent of rice is produced at 
the highest fossil energy use level, 12 percent at the second and 2 percent at the lowest. One 
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policy alternative is to change these proportions, growing more rice at the lower fossil energy 
requirements level. There are, of course, many implications of such a change besides its 
energ, saving aspect. Non-fossil energy may be difficult to substitute. Farmers may lose 
money, production may decrease, farmers may be unable (due to large capital investments 
already made) to roll back the technological calendar, etc. The role of this document is not 
to trace out all of these possible impacts. What is attempted is to lay out some of the basic 
arithmetic of the potentials of shifting these proportions and examine the implications of at 
least a few of the impact chains. 

Seven different factors which could define different techniques of production were used 
to analyze the two farm survey data sets (SEA-AID, 1976, and PCI-SEA, 1980) and to group 
farms and products. These seven factors are: 

I. Variety of plant or stock (i.e., improved seeds, hybrids, native, etc.) 
2. Cropping system (i.e., single, multiple, or intercropped) 
3. Level of chemical use (i.e., quantity of fertilizer applied 
4. Irrigation (i.e., irrigated or not) 
5. Level of mechanization (number of cultivation and harvest processes mechanized) 
6. Farm size 
7. Region (the country was divided into seven geographic regions). 
As we shall see, all of these factors may have some effect upon production techniqucs 

actually employed. As the factors interact with each other they create combinations of tech
niques that are numerous and complex. In what follows it is necessary to simplify by treat
ing the factors one at a time when considering their influence on a given agricultural product. 
As mentioned in Part II (page 16), part of the simplification process involves creation of three 
technology subdivisions by concentrating on two key factors: levels of chemical use and 
mechanization (power). These are the factors which most directly influence the amount of 
fossil energy absorbed in the production process at the farm level. 

In what follows the relation of fossil energy input to the various factors as well as the 
"composite technology" classifications are illustrated for important crops and livestock pro
ducts. This information lays the foundation for possible policy options in energy usage that might 
be opened through control of a certain factor(s) which apparently exhibits a lot of "energy 
influence." 

2. Rice 

Tables 111-18 and 111-19 indicate the energy inputs and energy efficiency in rice pro
duction at the farm level by technology (factor) groupings. 

a. Composite Technology Groups 

The composite technology levels combine mechanization and chemical input intensity. 
Rice has the highest percentage of any crop produced at the high composite technological 

level. Thirty-seven percent of all rice farms (Table 11-5) and 85.5 percent of all rice production 
are in this highest technology level. This indicates both a concentration of production in a 
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TABLE 111-18
 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL 

PRODUCTION TECHNOLOGIES IN RICE 

Share of Energy Input Share of 
Energy Input Output Per Ton Output 

per Ton Physical Influenced Produced Physical Influenced 
Produced Yields/Ha. by Factor Kilo Yields/Ha. by Factor 
(Kcal/Ton) MT/Ha. (%) Calories/Ton MT/Ha. M 

Area Cultivated 	 Cropping b 
0-1 Ha. 303,436 2.04 3.2 	 Mult./Asso. 27,037 1.08 0.9
1-3 Ha. 347.023 2.55 8.8 Solo 400,671 2.94 99.1
3-10 Ha. 330,199 2.60 17.0 
10+ Ha. 423,776 3.09 71.0 Chemicals100.0 

Region 	 None 17,461 1.06 2.2
 
1 Quart. 112,269 2.27 8.5
 

North 682,415 2.48 25.5 2 Quart. 295,603 2.83 33.9 
Northeast 282,794 2.91 24.6 3 Quart. 430,205 3.18 22.9
Northwest 285,524 3.66 35.8 4 Quart. 580,631 3.40 32.5 
Central 220,447 1.67 3.7 
Southwest 440,459 3.39 8.8 Irrigation 
South 81181 1.12 0.7 	 Yes 417,901 3.09 92.9
East 428,562 1.41 0.8 	 No 127,309 1.57 7.1 

100.0 	 100.0 
Composite Technology Power a
 

High 430,461 3.10 85.5 None 305,976 2.00 6.8
 
Medium 242,062 2.42 11.6 1-2 327,811 2.51 11.8
 
Low 43,137 1.33 2.9 3-5 414,059 3.08 79.3
 

100.0 	 6-7 446,093 2.71 2.1 
100.0
Total 397,248 2.89 100.0 

aPower (mechanization level) is weighted farm operations performed with machinery (see Appendix D),
Cropping patterns are: multiple or in association with other crops (usually corn and beans) or "alone" (sit n).

Source: Appendix D; EFSDR: Statistical Profile, Part I and Part IV. 

relatively few larger and more technologically advanced 	 farms. Only 14.5 percent of pro
duction took place at the lower two technology levels. The difference in energy input is
 
substantial. The high level farms utilized 430 x 103 Kcal per ton produced, which was 1.7
 
times higher than the medium group and almost exactly 10 times higher than the low tech
nology group. Yield increases appear to substantially justify this marginal energy input.
 

The highest technology group is obviously the least efficient in total and fossil energy 
efficiency, as outlined in Table 111-19, though the differences in the total ratio are small be
tween the high and medium groups. Twenty-seven percent of farms are in the low category 
and their energy use is only one-tenth that of the medium and high groups on a per ton basis. 
For fossil fuel efficiency there is a dramatic difference betwern the technology levels. The 
lowest group produces at an efficiency level 13 times higher than the highest technology farms 
and their yield levels per hectare are only 2.3 times lower. Questions of the scarcity of land 
would probably enter any final judgment about the overall economic and resource efficiency 
of these alternative techniques. 



64 

TABLE 111-19 

ENERGY USE EFFICIENCY RATIOS FOR RICE 

Economic Energy 	 Economic Energy
Efficiency Output/Input Efficiency Output/Input
of Energy Efficiency of Energy Efficiency

Use Fossil Total Use Fossil Total
RD$ Energy Energy RD$ Energy Energy 

Output/ Input Input Output/ Input Input 
106 Kcal Kcal Kcal 106 Kcal Kcal Kcal 

Cultivated Cropping 
0-1 Ha. 0.774 12.2 6.6 Mult./Asso. 8.684 136.6 19.11-3 Ha. 0.677 10.7 7.8 	 Sold 0.586 9.2 8.3 
3-10 Ha. 0.711 11.2 9.2
 
10+ Ha. 
 0.554 	 8.7 8.2 Chemicals 

None 13.447 211.9 16.0Region 1 Quart. 2.091 33.0 21.4
North 0.344 5.4 5.3 2 Quart. 0.794 12.5 10.9
Northeast 0.830 13.1 11.9 3 Quart. 0.546 8.6 7.8 
Northwest 0.822 13.0 11.6 4 Quart. n.'104 6.4 5.9 
Central 1.065 16.8 13.4
 
Southwest 0.533 8.4 5.5 
 Irrigation
South 2.892 45.6 12.4 Yes 0.562 8.9 8.0
East 0548 8.6 7.5 No 1.844 29.1 17.5 

Technology Power
 
High 0.545 6.6 8.0 
 None 0.767 12.1 6.9
Medium 0.970 15.3 10.1 1-2 0.716 113 8.
Low 5.443 85.8 16.0 3-5 0.567 8.9 8.5 

Total 0.591 9.3 8.3 	 6-7 0.526 8.3 6.7 

Source: EFSDR: Statistical Profile, Part VI. 

b. Farm Size and Energy Use 

Seventy-one percent of rice production takes place on farms over 10 Ha. In the 
country as a whole, only 13 percent of farms are over 10 Ha. This implies that rice is basic
ally a large farm crop, grown at predominantly high chemical and mechanization levels. 

There appears to be little difference in economic efficiency of energy use by farm 
size, though there is a slight downward trend as farm size increases. In fossil energy efficiency 
the same pattern exists, and when allowance is made for total energy (including labor and 
animal power), the small farms are actually less energy efficient than the larger, higher 
fertilizing farm size classes (Table 111-19). 

c. Regional Production Technologies 

Rice is grown predominantly in the Northern regions of the country, and the energy 
input appears to vary more by region than any other single explanation. The North region, 
where 25.5 percent of the rice is produced, has a production technology which requires ex
tremely high levels of energy. An examination of yields by region indicates that yields in the 
high energy North region are in fact lower than in the other low energy regions, Northeast and 
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Northwest. As can be seen, the energy input level in the North region is 682 x 103 Kcal/ton, 
and only about 284 x 103 Kcal in the other two major producing areas. This indicates that 
the North uses 2.4 times as much energy per ton as the other major producing areas, and 
obtains only 65 percent of the yield per hectare. It would appear from this information that 
the North region is an energy expensive technology for rice production with no yield increase 
at all to justify the system. If the 25.5 percent of rice grown in the North could be ab
sorbed in the other two regions which already produce 60.4 percent of the rice in the DR, 
the energy savings would be 34,405 x 106 Kcal or 25.5 percent of the total rice energy bill. 
The savings would be more than the energy utilized by any other crop or livestock activity 
except sugar cane. A sample survey like the SEA-AID 1976 survey was not designed to pro
vide highly reliable expansions of quantities produced; it is very possible that the proportions 
of product produced in these regions are not exactly correct, but the energy ratios and the 

yield ratios should be reasonably reliable. 
The contrast between the North and the Northeast-Northwest regions is further illus

trated by the energy efficiency ratios. The largest difference in efficiency appears in the eco
nomic efficiency ratio where the North region is 2.4 times less efficient than the other major 
producing regions. This regional relationship is borne out with little modification by the 
fossil energy efficiency ratio, but shows us somewhat less clarity in the total energy ratio 
where the difference is a factor of 2.2. This would indicate that there is probably more labor 
utilized in the Northeast and Northwest regions; it is possible that the additional labor is one 
of the reasons for their higher yields. In any case, there is a substitution between these 
regions of labor for fossil energy and it appears from a superficial look to be an inappropriate 
substitutiotl which decreases the energy efficiency of production without any compensating 
response in yields. 

d. Chemical Intensity 

Only 2.2 percent of rice production occurs without chemical fertilizers. Rice is the 
second largest consumer of chemical fertilizers among DR crops. Sugar cane utilizes 67 per
cent of the total fertilizer and rice 14.7 percent. Tobacco is the next largest fertilizer ccn
sumer after rice, and it consumes only 2.9 percent of the total. Corn, beans, and pigeon peas, 
the balance of the basic food grains, utilize only 0.4 percent of the total fertilizer. If 
chemical energy is to be conserved in the DR, the major lines of that effort must be sugar 
cane and rice. For this study, the focus is on rice. A review of energy increases with increas
ing chemical intensity indicates that energy is traded at more and more unfavorable terms for 
rice as the intensity of application rises. From the first quartile to the second, the level of 
energy input rises by 2.6 times and the yield per hectare rises only 25 percent. From the 
second to the third quartile, energy per ton rises by 45 percent and yields per hectare rise 
only 12 percent. The least favorable transition from the point of view of the tradeoff between 
energy input and increased output per Ila. is the transition from the technology employed 

by farms in the second quartile, which produced 8.5 percent of all rice, to the third quartile. 
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Every ton of production shifted to the lower energy consuming of these two technologies 
would conserve 183 x 103 Kcal of fossil energy. 

e. Mechanizationand Energy Use 

Only 6.8 percent of rice is cultivated without mechanization, 12 percent of the pro
duction is grown with up to two of the basic cultivation tasks mechanized, and 83 percent 
with more than three functions mechanized. This places rice at the top of the mechanization 
scale for crops in the DR, yet the level of mechanization has considerably less impact on total 
energy use than regional differences in technology and farm size influences. It would appear 
that mechanization in rice (among the predominant producers) is clustered around four 
functions mechanized and at about 400,000 x 103 Kcal per ton of output. From a review of 
yields per hectare it would appear that the farms in the 3-5 functions mechanized category 
have reached the highest yields. Greater mechanization does not seem to be associated with 
higher yields. 

3. Beans 

Table 111-20 relates fossil energy to production technique for bean production, and 
Table 111-21 contains energy efficiency ratios. 

TABLE 111-20 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL 

PRODUCTION TECHNOLOGIES FOR BEANS 

Energy Share of Energy Share ofInput Output Input Outputper Ton Physical Influenced per Ton Physical Influenced
Produced Yields/Ha. by Produced Yields/Ha. by

(Kcal/Ton) MT/Ha. Factor (Kcal/Ton) MT/Ha. Factor 

Area Cu!tivated Crop h. 

0-1 Ha. 43,928 .48 24.7 . ,ssn. 57,713 .55 32.11-3 Ha. 43,151 .56 31.7 226,702 .59 67.9
3-10 Ha. 236,298 .50 i8.4 
10+ Ha. 413,486 .84 25.3 

15,504 .51 51.7Reion I Quai. 105,012 .43 5.8
North 52,409 .47 20.1 2 Quart. 102,411 .57 5.9

Northeast 12,338 .57 9.4 3 Quart. 87,013 .91 11.6Northwest 12,256 .69 3.6 4 Quart. 569,957 .70 24.9
Central 523,121 .66 17.4 
Southwest 156,828 .81 26.1 Irrigation
South 39,131 .40 6.7East 155,300 .48 16.7 YesNo 318,501 .86 38.879,779 .47 61.2 

Composite Technology 
High 402,146 .71 36.8 Power 
Medium 159,625 .57 15.4 None 19,591 .52 53.6

Low 0 .50 47.8 1-2 257,421 .48 24.5
 

3-5 451,009 1.06 21.9
Total 172,442 .57 100.0 6-7 0 0 0.0 

Source: Appendix D andEFSDR: Statistical Profile, Part I and Part IV. 
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TABLE 111-2 1 

ENERGY USE EFFICIENCY RATIOS FOR BEANS 

Econowic Energy Economic Energy
Efficiency Output/Input Efficiency Output/Input
of Energy Efficiency of Energy Efficiency

Use Use
RD$ Fossil Total RD$ 	 Fossil Total 

Output/ 	 Energy Energy Output/ Energy Energy 
106 Kca 	 Input Input 6 Input Input

Kcal Kcal 10 Kca Kcal 

Cultivated 	 Cropping 
0-1 Ha. 13,185 78.1 4.5 	 Mult./Asso. 10,036 59.4 7.3 
1-3 Ha. 13,423 79.6 7.4 Solo 2,555 15.1 5.7 
3-10 Ha. 2,451 14.5 7.5 
10+ Ha. 1,401 6.08.3 	 Chemicals 

None 37,357 221.2 5.7Rgin 1 Quart. 5,516 32.7 11.5
 
North 11,051 65.4 7.0 2 Quart. 5,656 33.5 11.0

Northeast 46,943 278.0 11.7 	 3 Quart. 6,657 39.4 15.2
Northwest 47,260 279.9 11.6 	 4 Quart. 1,016 6.0 4.5
Central 1,107 6.6 5.0

Southwest 3,693 21.9 4.4 Irrigation

South .4,802 87.7 5.1

East 3,730 22.1 9.4 	 Yes 1,819 10.8 5.2 

No 7,260 43.0 6.8 
Technology
 
High 1,440 8.5 6.0 Power

Medium 3,629 21.5 8.7 None 29,565 175.1 5.8

Low 0 5.6 	 1-2 2,250 13.3 7.4 

3-5 1,284 7.6 5.7
Total 3,359 19.9 6.1 	 6-7 0 

Source: EFSDR: Statistical Profile, Part Vi. 

a. Comp6 ite Technology Levels 

Beans are produced in large quantities in all three of the technology levels, unlike rice, 
where very little was produced in the 	"low" category. Forty-seven percent of all beans and 
78 percent of farms with beans are in the lowest technology group. The distribution is bi
modal; another large share of production (37 percent) was produced by only 8 percent of the 
farms in the high technology category. The largest proportion of beans is produced without 
any measurable fossil energy at all, relying on hand labor. The yields on these farms in the 
lowest ener ,y group are 42 percent below the highest group, but only 14 percent below the 
mid group which uses 159 x 103 Kcal of energy for every ton of product. It would appear 
that to move from low to medium is a less than optimal tradeoff of energy for added pro
duction per land unit. 

b. FarmSize and Energy Use 

Energy use in beans appears to be closely related to the size of the farm. There is a 
dramatic jump in energy input levels per hectare between the 1-3 and the 3-10 hectare level; 
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this division often marks the difference between what might be termed "minifundia" and 

economically viable sized farm units. However, per hectare yields make no corresponding 

jump. This supports the position that viable production technologies exist along a wide energy 

continuum in beans. Production quantities are distributed almost evenly between the arbitrary 

farm size groupings chosen for these tables, with 56 percent of the total produced on farms 

less than 3 Ha. in size. 
The 56 percent of productXon on farms under 3 Ha. is about 7 times as efficient from 

the point of view of output value per unit of fossil energy as the 44 percent on farms over 
3 Ha. (Table 111-2 1). A review of the energy efficiency ratios, both fossil and total, for the 

farm size grouping supports what was said earlier in the discussion of regional technologies, 

that the major differences in fossil energy use efficiency appear to be due to labor substitution 
for energy. This conclusion flows from the fact that while the "fossil" efficiency ratio for 

the 1-3 Ha. group is 5.5 times as high as the 3-10 Ha. group, the "total" efficiency ratios 

are only 10 percent different and the superiority is actually in favor of the fossil inefficient 
3-10 Ha. technology. This implies that what is gained in fossil efficiency is lost in additional 
human energy expenditure. Beans exhibit this tradeoff relationship more clearly than any other 

product. 

c. Regional Production Technologies 

Four regions produce 80 percent of the beans in the DR at widely varying levels of 

energy input. The second largest producing region, the North region, which had such an 
unfavorable production technology for rice, appears to have a very energy efficient bean 

production technology. The North region achieves a yield of .47 tons/Ha. at an energy input 
leve' of 52 x 103 Kcal per ton of output, contrasted to the Southwest which utilizes more 
than 10 times as much energy per ton (523) and achieves only 40 percent better yields per 

hectare. An even better technology exists in the other two North regions (Northeast and 
Northwest) where energy inputs are down to 12 x ]03 Kcal per ton, yet yields per hectare. 

are at .57 and .69 MT/Ha. On the average this is 5 percent below the Central region yield 
which requires 44 times as much energy per ton. It would appear from the data in this table 

that there exists a wide variety of alternative technologies for growing beans which lie along 
a wide energy scale but which do not imply correspondingly large differences in yields per Ha. 

The three Northern regions have relatively high economic efficiency ratios which 

range from 11-47 times as high as the energy inefficient Central region. The fossil energy 
efficiency ratios range from 65 in the North to 278 in the Norhteast and Northwest. The 

differences between the North and Central technologies appear to be in large part a substitu
tion of labor (human and animal) for fossil energy since the total energy efficiency ratios in 
the North are only 1.4-2.3 times as high. The possibility of substituting labor inputs for 
fossil energy inputs is one of the major policy options open to the DR, and beans appear to 
be one crop in which such a substitution may be possible. The potential in rice for such sub

stitution is much less. 
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d. Cropping System 

Interplanting accounts for 32 percent of bean production and is the lowest energy technique, requiring only 25 percent as much energy as beans planted alone. The yields aresurprisingly similar; the lower energy interplanting technique yields only 6.8 percent less than
the single planting with one-fourth the fossil energy. Without a careful analysis of yields ofthe companion crop, it is difficult to determine the complete energy picture, yet interplanting
would appear from these data to be a very attractive energy conserving alternative. 

Managing interplanting requirements appears to require additional labor, and thisadditional labor almost eliminates in a total energy sense the advantage in fossil fuel efficiency
which is gained by sharing fertilizer and land preparation (plowing) energy costs between two crops. The fossil efficiency ratio for interplanting is eight times as high as "solo" cultivation,
yet this advantage is reduced to 1.3 if the energy expended by farm workers and animal
 
power is added.
 

e. Irrigation 
Irrigated beans account for 38.8 percent of production and the yield figures indicate a
rather impressive increase of 83 percent. 
 The energy utilization increases by an even higher

factor of 4 times. '1;,e additional 390 kilos of beans produced on a hectare of irrigated land cost 
an additional 93 x 103 K-!al or 23.8 Kcal per 100 grains of beans which have an energy value of 83Kcal per 100 grams. The shift fru 1it the dry land technology to the irrigated technology would

have an increemental fossil energy efficiency ratio of 3.5, which is far less than any of the fossil
 energy efficiency ratios for beans. It is interesting to note that the dryland beans apparently

utilize considerably more labor per ton, not because there is less work to be done on irrigated

beans but because most irrigated beans are also mechanized.
 

Total energy efficiency is not significantly changed by irrigation in the computations we
have presented. 
 If the total energy input into the delivery of the water to the farm were included, this difference would widen. 
 While pumping of irrigation water is not common in the
DR, the energy costs of construction of gravity flow systems would not be insignificant if it were
 
to be included.
 

f. Chemical Intensityand Mechanization 
The number of farm observations in the groupings for these characteristics is probably

too small to provide reliable statistical results at the level of each of the sub-groups in Tables
VI-C-3 & 4. For the purpose of analyzing the impact of additional chemicals on energy useefficiency, it is possible to group all nonfertilizing farms into one group and all other farms intoanother, and this way maintain significant sample sizes. From this analysis it appears that thefossil efficiency is about 6 times higher for the nonfertilizing farms, but total energy efficiency
superiority lies with the fertilizing farms which are about twice as total energy efficient. Thissupports and extend the conclusions stated above that beans present a clear tradeoff between 



70 

labor and fossil energy. If the technology is shifted to utilize less fossil energy, labor can 

effectively substitute without loss of yields per hectare, but the trade results in more labor 

energy expended than fossil energy saved. Given the relative scarcity in the DR of human 

and fossil energy, the tradeoff is probably a wise one. 

4. Corn 

Corn technology and energy use are outlined in Tables 111-22 and 111-23. 

TABLE 111-22 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL 

PRODUCTION TECHNOLOGIES FOR CORN 

Share of Share of 
Energy Output Energy Output 
Input Influenced Input Influenced 

per Ton Physical by per Ton Physical by 
Produced Yields/Ha. Factor Produced Yields/Ha. Factor 

(Kcal/Ton) MT/Ha. (Kcal/Ton) MT/Ha. 0 

Farm Size (Cultivated) Cropping 

0-1 Ha. 
1-3 Ha. 
3-10 Ha. 
10+ Ha. 

10,980
17,409
40,289 

264,007 

1.11 
1.28 
1.32 
2.12 

25.8 
37.8 
22.5 
13.9 

Mult./Asso.
Solo 

Chemicals 

19,667
68,553 

1.01 
1.47 

27.5 
72.5 

Region 

North 
Northeast 
Northwest 
Central 
Southwest 
South 
East 
TechnologyPoe 

82,405 
11,422
69,011 
89,351 

116,221 
0 

21,629 

1.661 
1.63 
.62 
.95 

1.12 
.67 

1.22 

30,1 
24.7 

3.5 
1.9 

16.2 
2.4 

21.2 

None 
1Quart 
2 Quart
3 Quart
4 Quart 

Irrigation 

Yes 
No 

17,698 
20,958 
36,404
8,176

192,649 

167,174
42,501 

1.11 
1.62 
1.15 
2.09 
2.17 

1.04 
1.35 

62.2 
9.4 
3.7 
3.7 

21.0 

10.1 
89.9 

Power 
High 
Medium 
Low 

TOTAL ALL 

180,749 
50,030 

0 

55,132 

2.12 
1.31 
1.11 

1.51 

21.7 
31.9 
46.4 

100.0 

None 
1-2 
3-5 
6-7 

5,590 
47,392

236,706 
0 

1.15 
1,35
2.21 

0 

53.2 
31.0 
15.8 

0.0 

Source: Appendix D and EFSDR: Statistical Profile, Part I and Part IV. 

a. Composite Technology Levels 

Almost one half of corn production takes place at the lowest technology level without 

fertilization and without mechanization. Sixty-two percent is without fertilizers. Yields are 

generally affected by these technological differences-the highest technology groups have 

doubled the yields per hectare as do the low technology farms. This is in contrast to rice 

where there is only a 50 percent rise in yields from low-high technology. The 21 percent of 

production in the high group requires 181 x 103 Kcal per ton of production. The energy efficiency 
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TABLE 111-23 

ENERGY USE EFFICIENCY RATIOS FOR CORN 

Econonic EconomicEfficiency Efficiency of Efficiency Efficiency of 
of Energy Output/Input of Energy Output/Input

Use Energy Use Encrgy
RD$ Fossil Total RD$ Fossil Total

Output/ Energy Energy Output/ Energy Energy
106 Kcal Input Input 106 Kcal Input Input 

Farm Size (Cultivated) Cropping 

0-1 Ha. 
1-3 Ha. 

10,456 
6,594 

321.0 
202.5 

15.2 
25.5 

Mult./Asso. 
Solo 

5,837 
1,675 

179.2 
51.4 

17.9 
20.6 

3-10 Ha. 2,849 87.5 31.4 
10+ Ha. 0,435 13.4 12.1 Chemicals 

Region None 6,48'! 199.2 19.5 
North 
Northeast 
Northwest 
Central 
Southwest 
South 

1,393 
10,051 

1,664 
1,285 
0,988 

0 

42.8 
308.6 

51.1 
39.5 
30.3 
0 

20.7 
35.3 
11.4 
11.4 
10.9 
10.6 

1 Quart
2Quart 
3 Quart 
4 Quart 

Irrigation 

5,478
3,154 

14,042 
0,596 

168.2 
96.8 

431.2 
18.3 

48.3 
18.8 
32.1 
15.5 

East 5,308 163.0 29.6 Yes 0,687 21.1 11.2 
No 2,701 82.9 21.6 

Technology 

High 
Medium 
Low 

0,635 
2,295 

0 

19.5 
70.5 

0 

16.3 
22.9 
19.9 

Power 

None 
1-2 

20,535 
2,422 

630.5 
74.4 

19.9 
25.4 

TOTAL ALL 2,082 63.9 19.8 
3-5 
6-7 

0,485 
0 

14.9 
0 

13.6 
0 

S ource: EFSDR: Statistical Profile, Part 'V. 

of these different technology levels is correspondingly large, the low technology having an 
almost infinite efficiency due to its extremely low fossil energy use. Total efficiency, however, 
is almost the same for the high and low groups, indicating a similar labor for fossil fuel 
substitution processes similar to that found in beans. 

b. Farm Size and Energy Use 

The large energy increase takes place on farms over 10 Ha. where yields also increase 
significantly. I, the case of beans the rise in energy use took place on farms over 3 Ha. and 
was not associated with a significant increase in physical yields per Ha. Sixty-seven percent of 
corn producers are in the 0-1 Ha. category and they account for only 25.8 percent of total 
production; in contrast, 0.7 percent of corn producers are in the 10+ Ha. group, but they 
produce 14 percent of the output. It is this 14 percent which takes place at high fossil 
energy levels of 264 x 103 Kcal per ton. 
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c. Regional Production Technologies 

From a review of yields and energy use levels, it would appear that the high energy
 
corn production is not regionally concentrated. Low level energy production would appear to
 
be interspaced with high energy production throughout all regions.
 

d. Cropping System 

Approximately 27.5 percent of corn is interplanted with an associated crop; the yields 
are 47 percent less in association than in "solo" cultivation. Fossil energy consumption is 
triple on the "solo" planted corn; it is obvious that all of the large farm heavily fertilized corn 
is in this category. The interplanted corn apparently utilizes enough additional human labor and 
animal power that the total energy efficiency ratio is only 12 percent different. The yields are 
so much lower on the interplanted corn that it would appear that the increase in fossil energy 
efficiency is at a very heavy cost in human energy terms. The technology option of more 
interplanting to save fossil energy would be much more advisable in beans than in corn where 
its cost in human energy substituted and physical yield losses is considerably higher. 

e. ChemicalIntensity and Mechanization 

Surprisingly, there is mechanization in corn where there is no fertilization, and while 
yields are lower for this group than any other, there is no large increase in yields until chem
ical application reaches the third quartile. 

Mechanization follows very consistently the increasing trend in total fossil energy 
input, and physical yields also increase in a consistent fashion with increased mechanical power. 

5. Cassava (Yuca) 

Energy and technology comparisons are presented for cassava in Tables 111-24 and 
111-25. 

More than half of cassava is produced at the low technology level, and the nigh and 
medium technology levels have low total energy inputs relative to other crops. The average 
of these two upper level group, is only 25 x 103 Kcal compared with the high/low average 
per ton for rice and corn at 370 and 250 x 103 Kcal, respectively. What this implies is that 
cassava is a low energy crop at all existing DR technologies. 

There is very little production of yucca in large farms, but under 10 Ha. the distribu
tion of production does not appear to be concentrated in the minifundia class. Yields are 
significantly affected by farm size, yet energy inputs only increase correspondingly. This is 
consistent with the figures under the ':hemicals grouping which indicate no dramatic yield 
responses to increased fertilization. ).venty-one percent of cassava is cultivated without fer
tilizers though mechanization of certain operations occurs in almost half of the farms. 
Regional energy use is not clearly patterned, nor are there important differences between the 
half of production which is interplanted and the half which is not. Both have similar yields, 
and the energy 3avings of interplanting which was apparent in corn and beans is slightly 
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TABLE 111-24
 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL
 

PRODUCTION TECHNOLOGIES FOR CASSAVA 

Energy Share of Share of
Input Output Energy Output

perTon Influenced per Ton Influenced 
pro Physical by Pron Physical byroduced Yields/Ila. Factor Produced Yields/Ha. Factor(Kcal/Ton) MT/Ha. % (Kcal/Ton) MT/Ha. % 

Farm Size (Cultivated) Cropping 

0-1 Ha. 5,448 2.0 37.2 Mult./Asso. 14,873 2.34 49.2
 
1-3 Ha. 13,692 2.61 34.0 Solo 9,334 2.70 50.8

3-10 Ha. 18,647 2.99 28.9
 
10+ Ha. 0 0 0.0 Chemicals
 

Region None 6,354 2.35 71.8 
1Quart 19,790 2.80 6.9North 5,280 2.0 19.2 2Quart 6,977 5.0 9.2

Northeast 5,482 2.61 19.9 3 Quart 45.503 4.12.17 
Northwest 16,101 2.99 24.8 4 Quart 44,858 2.60 8.1
 
Central 19,645 1.87 12.1
 
Southwest 17,862 3.47 19.4 Irrigation

South 0 3.44 2.8 
East 6,790 1.27 1.9 Yes 19,676 3.47 28.9 

No 8,959 2.25 71.1 
Technology 

Power
High 27,793 3.54 18.3 
Medium 24,078 2.92 29.0 None 1,882 2.17 55.8 
Low 0 2.19 52.7 1-2 18,418 3.49 31.8 

3-5 41,610 2.45 12.4 
TOTAL ALL 12,057 2.51 100.0 6-7 0 0 0 

Source: Appendix D and EFSDR: Statistical Profile, Parts I and IV. 

reversed in the case of cassava. A surprisingly large quantity of cassava, 29 percent, is irrigated, 
and yields increase about 55 percent with a slightly more than doubling of fossil energy per 
ton of product. 

Cassava appears to be less technologically segmented than the basic grains crops. Chem
ical energy levels are low relative to other major food staples, and there does not appear to be 
a large fossil energy efficiency drop (see fossil energy efficiency ratios in Table 111.25) with 
added fertilization. While it may be difficult to identify discrete cassava technologies which 
could be turned to save fossil energy, it should be remembered that both the "fossil" and 
"total" energy efficiency ratios for cassava are two to three times as high as the basic con
sumption grain crops (rice, beans, and corn). 

6. Peanutsfor Oil 

Energy use patterns at the farm level by technology for peanuts are outlined in Tables 
111-26 and 111-27. 
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TABLE 111-25 

ENERGY USE EFFICIENCY RATIOS FOR CASSAVA 

Economic EconomicEfficiency Efficiency of Efficiency Efficiency of 
of Energy Output/Input of Energy Output/input

Use Energy Use Energy 

RD$ Fossil Total RD$ Fossil Total 
Output/ Energy Energy Output/ Energy Energy 
106 Kcal Input Input 106 Kcal Input Input 

Farm Size (Cultivated) Cropping 

0-1 Ha. 20.007 605.7 22.4 Mult./Asso. 7.329 221.9 30.3 
1-3 Ha. 7.961 241.0 35.8 Solo 11.678 353.6 34.6 
3-10 Ha. 5.845 177.0 59.4 
10+ Ha. 0 Chemicals 

Region None 17.155 519.4 30.6 

North 20.643 625.0 26.7 
1 Quart 
2 Quart 

5.508 
15.624 

166.7 
473.0 

38.2 
66.0 

Northeast 19.884 602.0 44.5 3 Quart 2.395 72.5 22.9 
Northwest 6.770 205.0 37.3 4 Quart 2.430 73.6 32.5 
Central 5.548 168.0 27.6 
Southwest 6.102 184.8 26.9 Irrigation 
South 0 62.1 
East 16.053 436.0 33.6 Yes 5.540 167.7 37.5 

No 12.166 368.3 30.6 
Technology Power 
High 
Medium 

3.922 
4.527 

118.7 
137.1 

39.9 
44.3 None 57.908 1,753.2 26.7 

Low 0 26.7 1-2 5.918 179.2 43.4 
3-5 2.620 79.3 45.4 

TOTAL ALL 9.040 273.7 32.3 6-7 0 

Source: EFSDR: Statistical Profile, Part VI. 

Peanut production is evenly distributed across the smaller farm sizes-half of it occur
ring in the 1-3 Ha. size. The technology of the smallest farn size appears to be a very 
attractive energy saving alternative, since its yield per hectare is the highest, and yet its 
fossil energy input is only 36 percent of the avera-e. Edible oils are products with a favorable 
internal demand picture and even significant export potential. Finding a viable small farm 
oil crop which can be grown at low energy input levels and at acceptable yields is a discovery 
of considerable importance. A comparison of the fossil energy and total energy efficiency 
ratios indicates that the energy savings are all substituted for by human labor and animal 
power, yet this transfer would appear to be highly advisable given the substantial fossil 
savings, no compromise in yields per hectare. The small farm peanut technology has a fossil 
energy efficiency ratio of 105, while the other farm size ratios are 41 and 26, and the average 
for all peanuts is 38. 

Strong internal demand for edible oils, the fact that the technology is shared by almost 
half of all current peanut growers, that it could probably easily be transferred to large numbers 



75 

TABLE 111-26
 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL 

PRODUCTION TECHNOLOGIES FOR PEANUTS 

Energy Share of Energy Share of 
Output Output

Input Input influenced 
per Tonflunced per Ton Phsical byProduced Physical by Produced PhyYields/Ila. Factor Yields/Ha. Factor 

(Kcal/Ton) MT/Ha. (Kcal/Ton) MT/Ha. % 

Farm Size (Cultivated) Cropping 

0-1 Ha. 
1-3 Ha. 
3-10 Ha. 

52,456 
133,525 
212,515 

.68 

.68 

.62 

20.3 
49.5 
29.0 

Mult./Asso. 
Solo 

179,462 
127,302 

.62 

.64 
32.8 
67.2 

10+ Ha. 507,016 .12 1.2 Chemicals 
Region None 81,538 .64 33.8 

North 
Northeast 
Northwest 

29,258 
70,209 

369,405 

.58 

.86 

.49 

3.8 
5.9 

12.4 

1 Quart 
2Quart 
3 Quart 
4 Quart 

162,082 
427,693 

0 
0 

.68 

.27 
1.09 

0 

62.6 
3.6 
0.1 
0.0 

Central 
Southwest 
South 
East 

277,858 
73,927 
75,998

207,943 

.44 
.79 
.99 
.47 

3.2 
50.8 

2.1 
21.8 

Irrigation 

Yes 85,195 .73 25.3 
No 164,386 .60 74.7 

Technology 
Power 

High
Medium 
Low 

298,893 
162,611 
23,314 

.72 

.61 

.72 

2.4 
82.1 
15.4 

None 
1-2 

70,837 
152,863 

.53 

.66 
16.7 
59.1 

TOTAL ALL 144,388 .. 3 100.0 
3-5 
6-7 

174,486 
0 

.66 
0 

24.2 
0 

Source: Appendix D and EFSDR: Statistical Profile, Parts I and IV. 

of other small farmers, and that there are even good possibilities of export, all support an 
energy saving shift in peanuts to the smallest farm technology. 

Fertilization and mechanization are relatively common in peanuts, even on the smallest 
farms, which may explain why yields are so constant, yet th- energy savings by growing at 
the smallest farm technology would be approximately two-thirds. 

7. Tomatoes, Onions and Potatoes 

Tomatoes, onions and potatoes are the only vegetable crops utilizing significant 
quantities of energy. The survey data available through the SEA-AID Sector Analysis Survey 
and the PCI-SEA Rural Energy Survey had an insufficient number of crop observations for 
these crops to allow for reliable results when divided into the numerous technological groups. 
It is likely that both of these products, when grown for the market as opposed to household 
consumption, are grown in reasonably limited areas and at relatively homogenous technology. 
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TABLE 111-27
 

ENERGY USE EFFICIENCY RATIOS FOR PEANUTS
 

Economic 	 Economic 
Efficiency Efficiency of 	 Efficiency Efficiency of 
of Energy Output/Input of Energy Output/Input 

Use Energy Use Energy 
RD$ Fossil Total RD$ Fossil Total 

Output/ Energy Energy Output/ Energy Energy 
106 Kcal Input Input 106 Kcal Input Input 

Farm Size (Cultivated) 	 Cropping 

0-1 Ha. 5.719 104.8 11.0 	 Mult./Asso. 1.672 30.6 11.2 
1-3 Ha. 2.247 41.2 15.5 Solo 2.357 43.2 15.1 
3-10 Ha. 1.412 25.9 14.5 
10+ Ha. 0.592 10.8 3.3 Chemicals 

Region 	 None 3.679 67.5 13.9 
1Quart 1.851 33.9 14.6 

North 10.253 188.0 13.9 2Quart 0.701 12.9 5.4 
Northeast 4.273 78.3 21.6 3Quart 0 4.7 
Northwest 0.812 14.9 7.6 4 Quart 0 
Central 1.080 19.8 9.7 
Southwest 4.058 74.4 16.8 Irrigation
South 3.947 72.4 20.0 
Fast 1.443 26.4 12.4 Yes 3.521 64.6 15.3 

No 1.825 33.5 13.0 
Technology 

Power 
High 1.004 18.4 9.1 
Medium 1.845 33.8 13.8 None 4.235 77.6 10.5 
Low 12.868 235.9 13.2 1-2 1.963 36.0 14.3 

3-5 1.719 31.5 14.5 
TOTAL ALL 2.078 38.1 13.5 6-7 0 

Source: EFSDR: Statistical Profile, Part VI. 

Potatoes, more than either of the other two, are likely to be more widely grown and with more 
variety in the technology. 

8. Other Food Staple Crops 

In addition to the food staple crops analyzed above, the list of 19 major products 
includes three important products. These crops (plantains, bananas, and sweet potatoes) are 
grown essentially without fossil energy. It would not, therefore, be useful to examine energy 
use by technological level. 

9. Tobacco 

Energy use patterns in tobacco by technology level are presented in Tables 111-28 and 

111-29. 
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TABLE 111-28 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL 

PRODUCTION TECHNOLOGIES FOR TOBACCO 
Energy Share of Sharm of 

Output Energy Output 
Input Input Influenced 

per Ton InfluencedIputTon proe Physical by Pron Physical by
Produced Yiclds/Ila. Factor Produced Yields/Ha. Factor 

(Kcal/Ton) MT/Ha. % (Kcal/Ton) MT/Ha. % 

Farm Size (Cultivated) Cropping 

0-1 Ha. 161,879 .89 24.2 Mult./Asso. 198,569 .43 20.7
 
1-3 Ha. 351,527 .75 35.1 Solo 259,165 1.17 79.5
 
3-10 Ha. 189,779 1.73 33.4
 
10+ Ha. 283,105 .33 7.2 Chemicals
 

Region None 58,708 .60 38.5
 
1Quart 67,162 .55 6.3


North 329,580 1.00 47.6 2Quart 208,807 1.10 9.0

Northeast 323,484 .77 6.2 3Quart 749,740 .77 7.9
 
Northwest 209,934 .69 31.8 4 Quart 369,252 1.79 38.4
 
Central 0 0 0.0
 
Southwest 43,281 .81 7.3
 
South 0 1.01 3.4
 
East 0 3.4 3.8 Yes 155,479 1.26 29.7
 

No 285,044 0.77 70.3
 
Technology
 

Power

High 420,463 1.53 42.9
 
Medium 246,410 .59 27.0 None 93,019 .80 42.6
 
Low 0 .73 30.2 1-2 269,890 .75 35.2
 

3-5 504,811 1.45 22.2

TOTAL ALL 246,608 0.87 100.0 6-7 0 0 0.0 

Source: Appendix D and EFSDR: Statistical Prorile, Parts I and IV. 

Tobacco is grown almost exclusively in two regions of the DR-the North and the 
Northwest. Energy input levels are very similar in these two regions and the differences that 
do exist in energy level appear to be correspondingly reflected in yields. The major produc
tion area is in the North region at n energy level of 330 x 103 Kcal per ton and a yield level 
of 1.0 tons/Ha. In the Northwest the energy level is 36 percent lower at 200 x 103 Kcal 
and yields are correspondingly 31 percent lower. There appears to be a fairly homogenous 
optimal energy use level which cannot be departed from without corresponding losses in 
yields per hectare. 

Tobacco is a predominantly small farm crop, probably due to its high labor require
ments. Fifty-nine percent of the crop is grown on farms under 3 hectares in size. Small 
farms appear to have achieved only about half of the physical yield levels when compared 
with the 3-10 Ha. farms which, while still relatively small, should not be considered "mini
fundia" in the agricultural context of the DR. There is insufficient energy difference, either 
in the "fossil" ratio or the "total" ratio to justify an energy saving policy of shifting to the 
lower energy or smaller farm technology with its attendant yield decrease. 
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TABLE 111-29 

ENERGY USE EFFICIENCY RATIOS FOR TOBACCO 

Economic Economic 
Efficiency Efficiency of Efficiency Efficiency of 
of Energy Output/Input of Energy Output/Input 

Use Energy Use Energy 
RD$ Fossil Total RD$ Fossil Total 

Output/ Energy Energy Output/ Energy Energy 
106 Kcal Input Input 106 Kcal Input Input 

F arm Size (Cultivated) Cropping 

0-1 Ha. 3.642 21.0 5.2 Mult./Asso. 2.969 17.1 4.3
 
1-3 Ha. 1.677 9.7 4.8 Solo 2.275 13.1 6.6
 
3-10 Ha. 3.107 17.9 10.1
 
10+ Ha. 2.083 12.0 5.4 Chemicals
 

Region None 10.043 57.9 6.5 
1Quart 8.779 50.6 7.8 

North 1.789 10.3 5.4 2 Quart 2.824 16.3 5.0 
Northeast 1.823 10.5 6.7 3 Quart 0.786 4.5 3.3 
Northwest 2.809 16.2 6.1 4 Quart 1.597 9.2 6.6 
Central 0 
Southwest 13.623 78.6 8.0 Irrigation
South 0 6.7 
East 0 14.6 Yes 3.792 21.9 7.5 

No 2.068 11.9 5.5 
Technology 

Power 
High 1.402 8.1 5.9 
Medium 2.393 13.8 5.3 None 6.338 36.6 6.0 
Low 0 6.9 1-2 2.185 12.6 7.0 

3-5 1.168 6.7 4.8 
TOTAL ALL 2.391 13.8 6.0 6-7 0 

Source: EFSDR: Statistical Profile. Part VI. 

Irrigated tobacco accounts for 30 percent of all production; irrigated yields are 63 per
cent higher than dryland tobacco and the energy input is actually lower. Irrigated fossil 
energy utilization is 156 x 103 Kcal, while dryland tobacco utilized 1.8 times more at 285 x 103 

Kcal. It would appear that fertilizer is used as a substitute for irrigation, but the trade is very 
energy inefficient. To save energy in tobacco, a possible alternativ is to expand irrigation to 
dryland tobacco or move existing tobacco culture in larger proportions to irrigated land. Few 
situations exist where irrigation is more energy efficient; tobacco appears to be such a case, 
and the potential of a shift should be further investigated. The fossil energy efficiency ratio 
for irrigation in tobacco is 21.9, almost double the dryland ratio at 11.9. 

10. Coffee 

Coffee cultivation, as in most countries in the Caribbean and Central America, is pro
duced competitively by both small and large farms. From Tables 111-30 and 111-3 1, it would 
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TABLE 111-30
 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL 

PRODUCTION TECHNOLOGIES FOR COFFEE 

Energy Share of 
Input Output Energy Share of 

Input OutputPe InfluencedProd Pper on Influenced 
nsiHa Yro bao Pr oced Physical by 

ca Factor roduced Yields/Ha. Factor(Kcal/Ton) MT/lla. % (Kcal/Tonj MT/Ha. 

F arm Size (Cultivated) Cropping 

0.1 Ha. 0 1.61 4.9 Mult./Asso. 60,730 1.17 22.6 
1-3 Ha. 36,290 1.48 15.1 Solo 54,815 1.89 77.4
 
3-10 Ha. 53,400 1.28 26.8
 
10+ Ha. 68,406 2.04 53.1 Chemicals
 

Region None 0 1.58 77.2
 
1Quart 110,562 2.30 9.5
 

North 10,103 1.59 29.5 2 Quart 535,741 .73 1.9

Northeast 52,495 1.74 19.7 3 Quart 317,730 2.65 7.4
 
Northwest 163,927 .81 0.7 4 Quart 305,241 2.03 4.n
 
Central 11,991 2.04 22.2
 
Southwest 81,245 1.35 1.5 Irrigation
 
South 145,552 1.52 26.0
 
East 0 .71 0.4 Yes 0 
 0 0
 

No 56,150 1.66 100.0
 
Technology
 

Power 
High 0 0 0.0
 
Medium 344,606 1.82 13.2 None 56,150 1.66 100.0
 
Low 12,159 1.64 86.8 1-2 
 0 0 0.0 

3-5 0 0 0.0TOTAL ALL 56,150 1.66 100.0 6-7 0 0 0.0 

Source: Appendix D and EFSDR: Statistical Profile, Parts I and IV. 

appear that yield levels on the smallest two farm groups have not suffered proportionately 
from lack of fertilizer use. 

There appear to be regional technologies which would allow for high relative yields 
and energy input levels of about 20 percent of the average. The best of these technologies is 
found in the North region where a 1.5 ton yield per Ha. is obtained with 10 x 103 Kcal per 
ton of fossil energy and in the Central region where 11 x 103 Kcal per ton of energy is used 
to obtain 2.04 tons/Ha. 

While these appear to be opportunities for energy saving expansion of efficient tech
nologies, it is useful to keep in mind some of the particular characteristics of coffee culture 
which limit the transfer of technologies from one region to another. Perhaps more than any 
other crop on our list, coffee is an ecologically sensitive crop. The technology for coffee is 
much determined by the micro-climatic conditions under which it is grown. This phenomenon 
probably explains a large part of the sizable regional differences in energy use. Fertilizer 
appears to have little impact on yields, but this may well be due to differences in yield 
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TABLE 111-31 

ENERGY USE EFFICIENCY RATIOS FOR COFFEE 

Economic EconomicEfficiency Efficiency of Efficiency Efficiency ofof Energy Output/Ilput of Energy Output/InputUse Energy Use Energy
RD$ Fossil Total RD$ Fussil TotalOutput/ Energy Energy Output/ Energy Energy106 Kcal Input Input 106 Kcal Input Input 

Farm Size (Cultivated) Cropping 

0-1 Ha. 0 3.2 Mult./Asso. 0,138 5.5 2.41-3 Ha. 0,231 9.2 2.9 Solo 0,153 6.1 3.7

3-10 Ha. 0.157 6.3 2.9
 
10+ Ha. 0.123 4.9 3.7 
 Chemicals 

Region None 0 7.2
 
North 1 Quart 0,076 3.0
0,Ots 33.2 5.3 2.32 Quart 0,016 0.6 0.6Northeast 0.160 6.4 3.3 3 Quart 0,026 1.1 0.9Northwest 0,051 2.0 1.2 4 Quart 0,028 1.1 1.0

Central 0,701 27.9 
 9.0
Southwest 0,103 4.1 3.2 Irrigation
South 0,058 2.3 1.7

East 0 5.0 Yes 0
 

No 0,150 5.0 3.3Technology 

Power
 
Medium 0,024 1.0 0.8 

High 0 

None 0,150 6.0 3.3Low 0,691 27.6 5.9 1-2 0 
3-5 0Total 0,150 6.0 3.3 6-7 0 

Source: EFSDR: Statistical Profile, Table VI. 

responses of different areas, rather than genuine differences in production technology. The 
energy efficiency ratios are not really relevant for coffee, since it s not a food crop.

The potential of shifting technology in coffee to obtain energy efficiency is too com
plicated a matter for even cursory examination in this study, for it depends on climatic 
variables not included. 

11. Cocoa 

Tables 111-32 and 111-33 contain the energy patterns by technology for cocoa.
 
Cocoa is almost exclusively grown at the lowest level of technology in the sense 
of 

use of fossil energy either in chemical form or mechanical form. None of the cocoa is mech
anized and only 7 percent was fertilized. Interplanting is the commonest form of cultivation: 
and appears to have a much lower energy input than "solo" cultivation. This is not likely to 
be due to the interplanting technology, but rather because the "solo" cultivation is more often 
the manner of cultivation in more technical vlantation stvle farms. 
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TABLE 111-32 

ENERGY USE PATTERNS ASSOCIATED WITH DIFFERENT AGRICULTURAL 

PRODUCTION TECHNOLOGIES FOR COCOA 

Energy Share of Share of 
Entput Enput IuenceOutput 

Input Influenced ner t influenced 
per Ton Physical by perTon Physical by

Produced Yields/Ha. Factor Yields/Ha. Factor 
(Kcal/Ton) MT/lla. % (Kcal/Ton) MT/Ila. % 

Farm Size (Cultivated) Cropping 

0-1 Ha. 0 .28 3.6 Mult./Asso. 4,933 .24 65.5 
1-3 Ha. 0 .26 9.8 Solo 367,723 .27 34.4 
3-10 Ha. 323,578 .31 35.6 
10+ Ha. 28,474 .22 50.9 Irrigation 

Region Yes 0 0 0.0 
No 129,751 .25 100.0 

North 25,06U .22 12.9 
Northeast 213,138 .22 59.4 Power 
Central 0 .43 21.1 

None 129,751 .25 100.0 
Technology 1-2 0 0 0.0 

3-5 0 0 0.0 
High 0 0 0.0 6-7 0 0 0.0 
Medium 1,874,095 .37 6.9 
Low 0 .25 93.1 

TOTAL ALL 129,751 .25 100.0 

Source: Appendix D and EFSDR: Statistical Profile, Parts I and IV. 

While a very small proportion of the cocoa is grown with any substantial fossil energy 
input, it appears that it is very inefficient to do so. Yields show very little response to the 
energy intensive technologies; in fact, the Central Region, with no fossil energy, has by far the 
highest yields. 

There appear to be viable no-energy cocoa technologies; the policy to save energy would 
be to shift to them. The total ene,-gy savings would not be great, since most production 
currently uses very little fossil energy. 

12. Livestock Products 

The data available from the two surveys utilized in this study provided information on 
energy use in livestock, principally through the feed and forage used in livestock production. 
The major feeds for pork and poultry were corn, cassava, plantain, and other very low energy 
fruits and tubers. The energy patterns by technological group for these crops are presented 
above. 
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TABLE 111-33 

ENERGY USE EFFICIENCY RATIOS FOR COCOA 

Economic 
Efficiency 
of Energy 

Use 

Efficiency of 
Output/Input 

Energy 

Economic 
Efficiency 
of Energy 

Use 

Efficiency of 
Output/Input 

Energy 
RD$ 

Output/ 
106 Kcal 

Fossil 
Energy 
Input 

Total 
Energy 
Input 

RD$ 
Output/ 
106 Kcal 

Fossil 
Energy 
Input 

Total 
Energy 
Input 

Cultivated Cropping 

0-1 Ha. 
1-3 Ha. 

0 
0 

0 
0 

9.3 
10.5 

Mult./Asso.
Solo 

461,718 
41,634 

612.2 
55.2 

29.' 
AAJl 

3-10 Ha. 118,382 157.0 21.6 
10+ Ha. 79,995 106.1 33.4 Chemicals 

Region None 0 0 26.9 

North 
Northeast 
Northwest 

90,894 
73,675 

0 

120.5 
97.7 
0 

16.3 
21.3 
5.0 

1 Quart 
2 Quart 
3 Quart 
4 Quart 

0 
12,825 
4,008 

0 

0 
17.0 

5.3 
0 

15.4 
5.6 
5.1 

0 
Central 0 0 44.5 
Southwest 
South 

0 
0 

0 
0 

0 
0 

Irrigation 

East 0 15.4 Yes 0 0 0 
No 106,443 141.1 22.2 

Technology 
Power 

High 
Medium 

0 
5,368 

6 
7.1 

0 
5.3 None 106,443 141.1 22.2 

Low 0 0 26.8 1-2 0 0 0 
3-5 0 0 0 

Total 106,443 141.1 2..2 6-7 0 0 0 

Source: EFSDR: Statistical Profile, Part VI. 

For milk and beef the principal source of energy was natural and cultivated pasture, with 
corn and some other minor feeds providi ig a small portion of their energy input. A discussion 
of technological level for natural pasture and its energy implications would be redundant since 
therm 'sjc,measurable energy utilized in range grazing in the DR. The ( 'y area in which the 
data provide insight into energy use and technology in livestock is in the production of 
cultivated pasture and forage crops. 

Only 6 percent of farms with cultivated pasture utilized measurable amounts of fer
tilizer, only 6 percent of farms with cultivated pasture irrigated theii forage crops. Seventy
five percent of all cultivated pasture farms were in the low composite technology group. 

There was a wide range in energy level of production by region-the North and North
east utilized more than three times as much fossil energy per ton of meat or milk produced 
than the other two energy-using regions, the Northwest and Central regions. The Southeast, 
South, and East produced meat and milk on cultivated pasture without fertilizers. The clear 
segmentation of the cultivated pasture technologies by region carries to the type of fossil 
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energy used. The two high energy regions (the North and Northeast) utilized an average of 

206 x 103 Kcal per ton of meat and milk, about half of which was in the form of fossil 

fuels, with the other half in fertilizers. The Northwest and Central regions had energy input 

103 Kcal per ton of meat and milk, which is about 35 percent of thelevels averaging 72 x 
none in fertilizer.high energy regions and all of the energy is in the form of fossil fuels and 

The last three regions (Southeast, South, and East) used unmeasurable quantities of both types 

of energy. 
Such clear regional segmentation in both the levels of energy use and clear differences 

in fossil fuels and fertilizers is unusual, to say the least. The sample sizes are large enough 
to make it highly improbable that these differences are due to errors in the surveys. What it 
probably implies is that ecological characteristics in these regions have given rise to clearly 
differentiated technologies. The energy differences are so large that it raises a possibility 
that some shifts may be possible, with considerable energy-saving implications. Cultivated 
pasture is probably a small part of the total energy input into beef production, but it is the 
major energy-using feed source for one of the largest agricultural activities in the DR. It may 
be worth examining with further study the possibility that the technologies for cultivated 
pasture in the low energy regions could le transferred to the other regions with consequent 
energy savings. 



PART IV 

ENERGY USE PROJECTIONS 

This part deals with projecting energy use patterns into the future to estimate rough 
energy needs to the year 2000. The projections are of four types. The first is a simple 
attempt to project the demand for energy based on existing trends in production and con
sumption of food products. In these first projections no allowance is made for alteration in 
energy input patterns which now exist. The second projections involve alterations in the mix 
of food products produced to save energy and to generate low energy exports to help pay the 
increasing petroleum import bill. The third set of projections is based on energy policy options 
which alter the management technology of agricultural production to create energy savings. 
The last projections involve changes in energy technology itself; that is, an alteration of the 

basic energy use coefficients currently in use in the DR. (Given the importance of energy in 
the food processing sector, and a good time series of data on changing energy coefficients in 
this sector, food processing has been chosen for the last set of projections.) 

The various projections are made at five-year intervals, beginning with 1980 and end

ing at the year 2000. 

4. 	 ENERGY USE PROJECTIONS BASED ON PRODUCTION AND CONSUMPTION 
TRENDS FOR FOOD PRODUCTS 

For almost a decade from 1966-1974 it appeared that the DR economy was about to 
make a major leap into sustained high growth. This created widespread expectations 

among planners, and to some extent within the broader society, which the energy crises, a 
ieries of natural disasters, and other less obvious factors shattered in the mid and late 70's. 
Whether the post 1974 trends will continue or whether the economy will reassert itself with 
igh growth rates require predictions tar beyond the capacity of the simple projections models 

mounted here. The best that can be accomplished is to adopt, a priori, a basic position and 
then explore the quantitative implications of that choice in energy terms. 

f. Production Trends for Major AgriculturalProducts 

The reasoning behind the production trend model is that it would be useful to know 

Ahat the energy situation will be like by the year 2000 if the production trend directions 
-stablished by the economy in the recent past (1971-1978) were to be extrapolated (with 
;ome small modifications) to the end of the century. To be sure, this is a less than optomistic 
)icture; the economic path traced in the base period chosen started in dramatic growth and 
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ended in a partial economic slump. Yet the projection is not unrealistically dour; the data 
do rot include the devastating hurricane of 1979, which may make even these projections
 
optomistic, at least through the middle of the 1980's.
 

For the purposes of this projection we have excluded sugar cane for two reasons. The 
first is that the subject deserves separate analysis, and s2cond, the quantities are so large that 
they would mask the influences we have data on and wish to observe. A slight change in 
the sugar cane trend or coefficients could obscure in the total all of the changes which are
 
observed in energy use in the rest of the food sector. Having said that, it is useful to note
 
that it implies that sugar cane is preeminently important; it should be given the considerable 
attention it is receiving, and perhaps even more. 

a. HistoricalTrends in Farm Level Agricult-.ralProduction and Proje,tions of Fossil 
Energy Requirements 

Table IV-l contains the data on production trends in the decade of the 1970's for the 
principal food products in tile DR. The energy input coefficient in the first column is the 
Kcal 6 /ton input measured for the base year 1978. These projections assume that this co
efficient will remain constant during the period of the projections. 

The -,able (IV-l) also outlines the values taken by each projection equation and the 
form of that equation. The coefficient of determination (R2 ) indicates how well the observa
tions match the fitted equations. The forms of the simple regression equai-ons (linear, semi
log, or exponential) were selected simply on the basis of the R2 values obtained from testing 
different forms. The projections models are simple, perhaps even crude, but the aim of this 
section is not to refine the projections methodology, it is to illustrate some aim of general 
quantitative implications of the findings of the study projected into the future. 

If production trends were to continue, the overall aresult would imply non-sugar de
mand for farm level fossil energy of 336.7 x 106 Kcal in 1985, 403.9 .x 106 Kcal in 1990, 
and 540.4 x 106 Kcal in 2000. This is 1.5 'and 2.17 times the 1978 estimated use in 1985 and 
2000, respectively. Table IV-2 contains the estimates for the a19 major products plus few 
extra to show that some fruit and specialty crops are not large fossil energy consumers. Re
member that inclusion of sugar cane would increase the total requirement for fossil fuel by 
approximately 1,000. x: 106 Kcal by the year 2000. 

Rice is the product with the mosi dynamic growth trend; it would increase by 2.65 
times in the 20-year period. Since it has a high energy input coefficient, it has a very heavy 
influence on the total trend. Beef, tobacco and tomatoes together require only 40% of that 
required by rice. Potatoes show a downward trend which would eliminate them from the diet 
luring this period. We chose to ignore this trend and allow potatoes to drop only to the 
13,000 MT production level. Cassava production is assumed to increase at a constant rate of 
1,000 MT/year. Milk had a very slow extrapolated growth trend, increasing only 24.4 percent 
luring the period. 



TABLE IV-l
 

PRODUCTION TRENDS FOR MAJOR AGRICULTURE PRODUCTS AND
 

ESTIMATED EXTRAPOLATION PARAMETERS
 

Fossil
 
Energy
Input Production 
per Ton Projection Model 
1978 Production in 1000 MT Parameters Type of 

KcaI/ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ - _ -___ 

R2
Product (XI00 ) 1971 1972 1973 1974 1975 1976 1977 1978 a b Model
 

Beef .6402 1,711.7 49.1 49.8 44.9 48.3 44.6 51.6 .405 43225 1620 Linear 
41.0 

Tobacco .2466 32.7 33.6 34.6 45.3 34.9 54.: .474 26828 2403.6 Linear 
Rice .3972 117.1 195.8 259.4 218.6 312.2 308.0 339.4 .891 132271 256.28 Linear 
Cocoa .0214 35.0 38.3 30.9 33.1 34.4 36.9 .989 28979 1952.7 Linear 
Plantain 0 1,070.2 497.6 202.0 244.8 247.8 260.0 .773 196470 16490.5 Linear 
Chicken .0285 2 . 32.0 40.4 42.5 37.1 44.9 .707 27613 2848.6 Linear 
Coffee 
Milk 

.0562 

.0068 
44.4 

254.0 
108.6 
274.0 

103.7 
246.0 

113.9 
259.0 

120.4 
268.0 

86.8 
279.0 

.685 
.261 

51957 
251.3 

30344.9 Semi Log 
3.429 Linear 

Cassava .0121 191.6 190.6 170.7 184.8 185.2 1,000/year growth assumed 

Pork .0437 876.2 12.2 12.5 12.8 13.2 13.9 17.5 .721 10613 884.28 Linear 
Beans .1724 23.0 32.0 43.7 35.7 36.7 35.8 41.6 .497 25943 1974.4 Linear 
Corn .0551 54.0 51.0 48.8 46.1 66.6 65.4 66.0 .401 47036 2135.7 Linear 
Sweet Pot. .0022 120.1 92.5 79.7 83.7 78.0 99.3 .044 83093 1196.2 Linear 
Onion .1082 9.1 12.0 9.6 9.0 5.9 13.6 .012 9398 101.8 Linear 
Peanut 
Banana 

.1444 
0 

44.1 
489.1 

59.0 
359.4 

51.2 
363.6 

43.1 
377.9 

51.6 
373.5 

74.0 
375.7 

.31 

.681 
42046 
357442 

0.45 
1860 

Exponential 
Linear 

Potato .2279 16.5 29.6 27.3 22.0 12.2 11.6 .127 18688 -553.9 Linear 
Tomato .1628 73.6 121.7 132.7 123.0 134.8 125.6 .068 124699 966.4 Linear 

Other 
Coconut .002 1,441.7 284.3 291.2 298.3 305.3 312.3 1.00 277298 7010.5 Linear 

438.9 
Oranges .005 47.7 44.9 49.5 50.4 51.3 0.61 45038 1255.0 Linear 
Avocado .005 187.6 190.0 192.4 194.8 199.7 0.971 184261 2892.2 Linear 
Mango .003 178.7 180.8 182.9 185.0 187.1 1.00 176637 2109.0 Linear 
Peppers 
Green 

.0969 
.10 

11.2 
6.9 

11.8 
7.1 

12.3 
7.4 

13.8 
7.6 

13.9 
7.8 

0.941 
1.000 

10,16 
6137 

745.3 
223.8 

Linear 
Linear 

Sources: 	 Fossil Fuel Input Coeficients, Table 111-2; Production Estimates, ONE, Republica Dominicana en Cifras, Seccion 3.2,
Vols. VIII & IX. 

b. Total Fossil Energy in the Food System Projection 

Table IV-3 contains estimates of the total fossil energy requirements in the food 
system projected to the year 2000 based on trends in the production 1971-1978 in major food 
products. Added to the farm leve!s requirements is the necessary energy for processing, trans

port, storage and marketing. 
The projection in total food system energy is driven by the same projections in food 

production as shown in Table IV-2. The only difference lies in the energy input coefficients 
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TABLE IV-2
 

PROJECTIONS OF FOSSIL ENERGY USE AT THE FARM LEVEL FOR
 

MAJOR AGRICULTURE PRODUCTS, 1980-2000 

Productiot 'rojections Energy Us Projections %Energy
" 10 AT 10) Kcal Change

Product 1980 1985 1990 1995 2000 1980 1985 1990 1995 2000 1978-2000 

Beef 53.0 61.1 69.2 77.3 85.4 33.9 39.1 44.3 49.5 54.7 65.5% 
Tobacco 50.8 62.8 74.9 86.9 98.9 12.5 15.6 18.4 21.4 24.3 82.5% 
Rice 388.5 516.6 644.8 772.9 901.1 154.3 205.2 256.1 307.0 357.9 165.5% 
Cocoa 40.6 50.5 60.2 69.9 79.7 .8 1.0 1.2 1.4 1.7 115.8% 
Plantain 295.4 377.8 460.3 542.7 625.2 0 0 0 0 0 
Chicken 50.4 64.6 28.8 93.1 107.3 1.8 2.2 2.61.4 3.0 138.9% 
Coffee 121.6 133.9 142.6 149.4 154.9 6.8 7.5 8.0 8.3 8.7 78.5% 
Milk 279.0 296.0 313.0 339.0 347.0 1.8 2.0 2.1 2.3 2.3 24.4% 
Yucca 188.0 193.0 198.0 203.0 208.0 2.2 2.3 2.3 2.4 2.5 12.3% 
Pork 17.6 22.1 26.5 30.9 35.3 .7 .9 1.1 1.3 1.5 102.1% 
Beans 45.6 55.5 65.4 75.3 85.1 6.3 7.7 9.1 10.5 11.9 104.8% 
Corn 68.4 79.0 89.7 100.4 111.1 3.7 4.3 4.9 5.5 6.1 68.3%
Sweet Pot. 91.4 97.4 103.4 109.4 :15.3 .2 .2 .2 .2 .2 16.1% 
Onion 10.4 10.9 11.4 11.9 12.4 1.1 1.1 1.2 1.2 1.3 -8.5% 
Peanut 65.6 82.1 10.2 12.3 160.3 9.4 11.8 14.8 18.5 23.1 116.5% 
Banana 171.8 181.1 190.4 199.7 209.0 0 0 0 0 0 0 %
Potato 13.1 13.0 13.0 13.0 13.0 2.9 2.9 2.9 2.9 2.9 11.5% 
Tomato 131.4 136.2 141.1 145.9 150.7 26.2 27.2 28.2 29.1 30.1 20.1% 
Other Crops 
Coconut 326.3 361.4 396.4 430.5 466.5 .6 .7 .7 .8 .9 49.4% 
Oranges 53.8 60.0 66.3 72.6 78.9 .2 .3 .3 .3 .3 53.8% 
Avocado 204.5 218.9 233.4 247.8 262.3 1.0 1.0 1.1 1.2 1.3 31.4% 
Mango 191.4 201.9 212.4 223.0 233.5 .5 .6 .6 .6 .7 24.8% 
Peppers 15.6 19.3 23.0 2.6 26.8 1.5 1.8 2.2 2.5 2.9 91.6% 
Green 8.3 9.4 10.5 11.6 12.7 .8 .9 1.0 1.1 1.2 65.6% 

Total Energy at Farm Level 270.1 336.7 403.9 471.8 540.4 117.0% 

Source: Calculated from data in Tables 111-1 and IV-1. 

utilized. In Table IV-3 these include processing, transport, marketing, and storage fossil fuel 
requirements for each crop. 

The percentage increase in energy use in the food system as a whole is slightly less 
than the growth rate at the farm level. For the overall food system, energy use would grow 
97 percent during the next 20 years. The total energy required by the year 2000 in the food 
system would be 1,183,025.1 x 106 Kcal. By 1985 use would be up 1.29 times and by 1995 
1.72 times (over the 1978 base year. It may be noted that fossil energy requirements in the 
non-farm stages of the overall focd system are not projected to increase as fast as at the farm 
level. This result is partially the consequence of assuming that future proportions of 
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TABLE IV-3 

PROJECTIONS OF TOTAT ENERGY USED IN TIlE FOOD SYSTEM 

FOR MAJOR AGRICULTURAL PRODUCTS 

1980 - 2000
 

Energy Input 
in Food 
System/Ton
Prodced Energy Use in 106 Kcal 
106 Kcal 1980 1985 1990 1995 2000 

Tobacco (Rama) 
Cocoa (Grano) 
Coffee (Cereza) 

(Export Crops) 

Rice 
Beans 
Corn 
Plantain 
Cassava (Yuca) 
Banar-a 

(Major Staples) 

Sweet Potato 
Potatoes 
Tomatoes 
Peanuts (Oil) 
Onions 

(Minor Crops) 

.4936 

.2128 

.8624 

.5246 

.2277 

.2700 

.038o 
.058o 
.0401 

.0533 

.2923 

.2265 
1.0638 
.2204 

25,074.9 
8,639.7 

105,062.4 

(138,777.0) 

203,831.8 
10,402.9 
18,471.2 
11,225.7 
10,904.0 
17,231.3 

(272,066.9) 

4,875.1 
3,843.5 

29,776.6 
69,888.5 

2,295.7 

(110,683.4) 

30,998.1 
10,767.7 

115,475.4 

(157,241.2) 

271,053.5 
12,650,8 
21,354.6 
14,358.9 
11,194.0 
18,163.6 

(348,775.4) 

5,193.9 
3,799.9 

30,871.0 
87,361.4 

2,407.9 

(129,634.1) 

36,970.6 
12,810.6 

122,978.2 

(172,759.4) 

338,274.7 
14,898.3 
24,237.9 
17,492.1 
11,484.0 
19,095.9 

(425,482.9) 

5,512.7 
3,799.9 

31,965.5 
109,201.2 

2,520.1 

(152,999.4) 

42,893.8 
14,874.7 

128,842.6 

(186,611.1) 

405,495.9 
17,146.5 
28,741.0 
20,625.3 
11,774.0 
20,028.2 

(503,810.9) 

5,831.5 
3,799.9 

33,059.4 
136,501.5 

2,632.2 

(181,824.5) 

48,817.0 
17,002.7 

133,585.8 

(199,405.5) 

472,717.1 
18,471.2 
30,004.3 
23,758.5 
12,064.0 
20,960.6 

(577,975.6) 

6,150.3 
3,799.9 

34,195.2 
170,627.1 

2,744.6 

(217,517.1) 

Beef (Meat) 
Milk 
Poultry (Meat) 
Pork(Meat) 

(Livestock Products) 

.9359 
.3543 
.0918 
.1326 

49,857.0 
98,849.7 

4,626.9 
15,832.5 

(169,166.1) 

57,470.1 
104,872.8 

5,934.4 
19,789.8 

(188,067.1) 

65,083.4 
110,895.9 

7,241.9 
23,747.0 

(206,968.2) 

72,696.6 
116,919.0 

8,549.3 
27,705.1 

(225,870.0) 

80,309.8 
122,942. i 

9,893.5 
31,662.4 

(244,807.8) 
Total Energy in Food System 587,104.3 706,950.4 832,480.0 963,960.8 1,098,0 18.2 

Source: Calculated from data in Table IV-2 and Table 111-6. 

production increases that enter into processing and other market activities will be the same in 
the future as at present. 

2. Food Consumption Demand Projections 

In order to project food demand as contrasted to food production projections which 
are described above, we elaborated a simple model of populat on growth, per capita income
growth, and income elasticities of demand for food. This projection provides a rough inica
tion of how both food, and the consequent energy use 1978for food, would change between 
and 2000. 
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a ProjectionModel 

The projection model is of the form: 

Ct = cc (Yo )TI Pt
 
Yo
 

Where: 	 Ct = total consumption in the future year (t = 1980, 1985, 1990, 1995, 2000) 
co = per capita consumption in the base year (0 = 1978)
yt
 
Y= expected change in per capita disposable income (or family income)
 

rl= income elasticity of demand for the particular food product 
Pt = expected total population in future years. 

The actual projections of the population and income factors are found in Appendix G. 
The computation of the income elasticities of demand for the food products was based on 
household consumption data of the Banco Central and the calculations are shown in Appendix 
G. Since the potential of expansion of food products depends on demand, which in turn 
depends on the income elasticity, it may be useful to report the results of the income elasticity 
computations. Banco Central data do not provide coverage of all the 19 major crops selected 
for the present study. It is necessary to assume that calculated coefficients are approximately 
correct for additional, similar, products. 

Income 	Elasticity of Demand 

Rice 0.1607
 
Bread 0.3345
 
Sweet Potatoes -0.3178
 
Potatoes 0.3348
 
Cassava -0.2859
 
Sugar (Refined) 0.5056
 
Beans 0.0969
 
Onions 0.3989
 
Tomatoes -0.0071
 
Banana 0.2782
 
Plantain 0.1002
 
Poultry 0.8508
 
Pork 0.8519
 
Milk 0.4784
 
Edible Oils 0.3276
 

The meat (pork and poultry) elasticities are high, as expected, yet there are no food 
products with elasticities over 1.0. The coarse food staples (cassava and sweet potato) have 
the expected negative elasticities, but bananas, plantains, and potatoes all have reasonably 
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positive coefficients. The sugar coefficient appears to be high. However, the most suspicious
 
value is that for tomatoes, which seem 
 to be low. In general, the calculated values are probably 
not very accurate, given the arrangement of the available basic data and the number of ob
servations (income classifications). For present purposes (and in most cases) the degree of 
error isn't too important for elasticity values in the general range of 0-1.0 because the key 
variable in estimating future demand is expected change in absolute population size. 

b. Results of the Demand Projection 

Table IV-4 contains the projections based on the above described demand model. By 
comparing the percentage increases in production and consumption from the demand model 
with the same product in the production trends model (Table IV-2), we can see the apparent
 
divergence between supply and denand trends. 
 The demands are understated by the amount
 
of ar..,nal feed, seed and waste that might be involved. According to the data in Part 
IV of
 
EFSDR: Statistical Profile, the non-human consumption shares 
are generally under 5 percent
 
at the farm level. Tomatoes and corn are exceptions at about 12 percent.
 

TABLE IV-4 

PROJECTION OF ENERGY USE BASED ON TRENDS IN CONSUMPTION 

FOR SELECTED FOOD PRODUCTS 

% Increase 
Energ Demand 1 Kcal Dn yProduct Demand 103MT MT EergyDemad 10KcalDemand 

1980 1985 1990 1995 2000 1980 1985 1990 1995 2000
 

Rice 303.60 365.26 440.34 530.86 640.06 159.29 191.62 231.00 278.49 335.78 88.6%Beans 56.54 66.98 79.52 94.40 112.07 12.98 15.38 18.26 21.68 25.74 169.4%Corn (Flour) 6.84 6.58 6.35 61.3 5.91 1.84 1.77 1.71 1.65 1.59 - %
Plantain 
 353.41 419.26 498.11 591.80 703.16 13.43 15.93 18.92 22.48 26.72 170.0%Yiicca 212.95 229.87 248.80 269.29 291.40 12.35 13.33 14.43 15.61 16.90 57.3%Banana 52.27 64.71 80.26 99.54 123.49 2.09 2.59 3.21 3.99 4.95 67.1%Sweet Potato 76.45 81.89 87.95 94.47 101.44 4.07 4.36 4.68 5.03 5.40 2.1%Potato 24.54 35.81 45.03 56.62 71.21 7.17 10.46 13.16 16.55 20.81 510.0%Tomato 20.57 26.62 34.50 44.72 57.98 4.66 6.03 7.81 10.12 13.13 53.8%Peanut 63.33 79.34 99.59 125.00 156.92 67.37 84.40 105.94 132.97 166.94 111.9%Onions 9.27 11.26 13.72 16.70 20.34 2.04 2.48 3.02 3.68 4.48 49.6%Milk 226.01 293.71 382.33 497.66 648.01 80.07 104.06 135.46 176.32 229.59 132.2%Poultry 38.52 54.79 78.03 111.13 158.36 35.3 5.03 7.16 10.20 14.53 252.3%Pork 9.34 13.29 18.93 26.96 38.43 8.36 11.89 16.94 24.13 34.40 119.7% 

Total 

Source: Data and tables in Appendix G. 

900.96 
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The products included are the principal "food" consumption products; the main agri

culture export products have been excluded from the projections. 

L Rice. Projecting the last decade (1971-1978) production trends to the year 2000 

resulted in an estimated output in 2000 of 901,000 MT, a rise of 165 percent. The demand 

model projects a year 2000 demand of only 640,068 MT, an increase of only 88 percent. It 

would appear that rice cannot likely continue to expand at the historical rate without 

exceeding the capacity of the domestic market to absorb it. Both of these estimates are 

rough, but the large differences point to a marked divergence in the two trends. Since rice 

is such an important energy consuming product, it would appear that the projected energy 

requirements in the production trends model are likely to be overstated. 

ii. Beans. Beans are an important possible nutrition source; the government in the 

DR considers production emphasis a possible major direction for increasing the quality of the 

diet. Beans unfortunately have a relatively low income elasticity of demand (.0969). None

theless, the demand growth is estimated at 169 percent, which exceeds the projected production 

growth by 65 percent. The rationale for estimates which are made later (substituting beans 

for rice) would appear to be supported by the opposite production and consumption trends 

for these two products. 
iii. Subsistence Staples. The crops which might be loosely termed subsistence staples 

(cassava, plantains, bananas and sweet potatoes) appear to have reacted about as would be 

expected in both of the projections. In the production projection cassava increased by only 

12 percent, sweet potatoes by 16 percent, bananas actually decreased, but plantain increased 

by a large 140 percent. In the demand projections, these production trends are supported; 

bananas decrease by a large margin (67 percent), cassava and sweet potatoes increase by 

moderate or small amounts (57 percent and 2 percent), and plantain increases by a large 

margin of 170 percent. The exception to the general trend in slow growth or actual decreases 

in subsistence staples is the case of plantain, for which no useful explanation is at hand. 

iv. Meat. Beef was omitted from the projections due to the way in which the income elas

ticity data were available based on the Banco Central survey. We were unable to convert the 

detailed consumption estimates back to carcass weight equivalents. Pork and poultry probably 

represent the basic trends for beef as well. For pork and poultry, the year zero production 

estimates show a 102 percent and 138 percent increase, respectively; the demand projections 

indicate approximately the same for pork (120 percent), but for poultry the total demanded 

is almot double that projected for supply. This would appear to justify our considerable 

emphasis on poultry as one of the major commodity mix options to reduce energy requirements. 

c. OverallImplications of the FoodDemand ProjectionforEnergy Use 

When the energy differences for each of the products are summed for the demand pro

jection, the total energy used in the year 2000 is 900,970 x 106 Kcal for the food consumption 

products included in the demand model. This figure is not comparable with the totals shown 

in other tables for the food system, since export crops and beef are excluded. When the same 

products are included for comparison, based on projections in Table IV-3, the energy use in 
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the year 2000 based on demand trends is 1,180,700 x 106 Kcal. The result implies energy 
requirements from the demand side that are 10 to 15 percent higher than estimated from the 

production trends. 
Since both of the models are very crude it may be unwise to place too much emphasis 

on a l percent differential. Nevertheless, the evidence supports the notion of what might 
be expected: current trends in domestic food demand patterns will increase reliance on fossil 
fuel energy forms. 

The largest energy user in the non-sugar food system is rice; the projections indicate 
that its production trend exceeds its probable demand by a large margin. At the same time, 
beans, an energy and nutrition efficient alternative, have a production trend which is sub
stantially short of its demand trend. The policy conclusion would be to undertake credit and 
technical assistance actions to increase bean production and to gradually decrease rice. 

The second conclusion is to extend credit and technical assistance to the production 
of poultry, at least as far as the current low energy technology can be expanded. Poultry 
production trends would not appear to be sufficient to handle projected demand, and even 
excess production which would drive down absolute poultry prices and decrease the poultry 
price relative to the beef, thus encouraging an energy saving product substitution. Energy 
efficient demand trends also exceed supply for milk and potatoes. Potato substitutes might 
be found, but milk substitutes seem less likely-satisfying demand will keep pressure on fossil 
fuel supplies. 

B. 	 ENERGY USE PROJECTIONS BASED ON POSSIBLE ENERGY SAVING CHANGES 
IN THE PRODUCT MIX 

In section Ill-B we laid the foundation for consideration of lowering DR dependence 
on fossil fuel imports by altering the mix of products produced. As noted there are major 
differences in the quantities and types of energy required to produce major crops. A different 
overall mix might not lower agricultural sector incomes or endanger nutrition levels, yet still 
save on fossil fuel energy. 

Nevertheless, there are important limits on the potential of product mix changes to 
reduce fossil fuel dependence. The first limit is consumption demand. The current mix of 
products is in large part a response to food tastes, preferences and effective demand found 
within the DR population. There may be some possibility to substitute an energy efficient 
product such as chicken for an inefficient one like beef, yet there are serious limits to how far 
consumption patterns can be tilted. The second limit on crop mix change is the degree of 
substitutability of the production resources themselves. Some resources are not easily shifted 
from production of one crop or product to another. For example, the natural pasture range 
which supports beef grazing cannot be eas ly turned over to poultry production. 

While both of the limits on crop mix flexibility place restrictions on the range of 
viable policies in this regard, there is still considerable room at the margin for change. There 

is probably more flexibility in achieving resource substitutions than in altering consumption 
patterns, at least in the short run. This leads us to examine alternatives for shifting production 

without altering consumption patterns. 
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Allowing for carry-over stocks, production and consumption must equal only in an 
economy isolated from international commerce. The central role of trade has been to allow 

countries to take advantage of production opportunities far beyond the capacity of their own 

consumption markets to absorb. Where there is a basis for trade founded in differences in 

factor endowments, trade can be looked to as a way of escaping tl binding nature of a 

country's consumption patterns. While the role of this study is not to explore export po

tentials, it will explore crop mix changes on the grounds that there is reason to believe that 

there exists sufficient differences in energy factor endowments between the DR and its 

potential trading partners to form the basis for increased trade. For example, there is clearly 
a difference in fossil energy endowment between the DR and neighboring countries like 
Venezuela and Mexico, and there is a clear difference in human energy (labor) endowment 

between the DR and the USA. 
In this section we show examples of the reductiodjs the i)R agricultural production 

-nergy bill might experience by altered output mixes. The aim is to create some indication 
:r impression of the magnitude of what might be achieved and provide some indicative values 

of the associated economic, energy, or other impacts. The tests cover expansion of cocoa 
output/export, import substitution of peanuts for edible oils, and consumption of corn/beans 
in place of rice. 

1. Export Expansion of Energy Efficient Products (Cocoa) 

The DR imports large quantities of petroleum, and it exports agricultural products 
among others. The agricultural products it exports embody some of the petroleum it imports. 
To pay for the petroleum imports, it would be wise to try to export products which require 
[he least imported energy. Cocoa is an export product for which there should be good long

term export potential and which is also a product requiring relatively little fossil energy in 

[he production process. There are other products, not now traditional exports, which fit 

this description of energy efficiency and with good external demand prospects. Among them 

ire poultry and pork (unprocessed). 
Table IV-5 shows that a 20 or 40 percent expansion of cocoa output (1980) would 

raise the amount of energy required to produce the crop by 18 to 36 percent. However, 

the overall upward impact on farm production level use of' foss I energy would be no more 
than a maximum of about 0.1 percent. The percent increase in all energy going to the non
;ugar food system would be somewhat greater, 0.2 percent io about 0.5 percent. 

These estimates utilize the 1980 quantity projections of Table IV-2 as a basis for the 
20 percent and 40 percent increases. The difference between these results and the production 
-nergy reported in the 1978 base year (Table 111-1) is taken to be the needed additional net 
nergy as of 1980. The overall energy impacts on the agricultural sector in 1985, 1990, and 

;o on would be obtained by allowing about 0. 1 percent increase in total farm level energy 

projections (Table IV-2) and 0.25 to 0.5 percent increase in the whole food system pro

ections (Table I,-3). 
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TABLE IV-5 

ENERGY USE PROJECTIONS FOR PRODUCT MIX CHANGES 

Production (Tons) Energ, Increases (Decreases) Ag Sector 
Assumes Food System 

1978 1980+ A Qty A Req. % A Crop % A Farm A Req. % A 

Cocoa (20%) 36,960 44,352 7,402 158 18.14 0.039 1,573 0.231 

Cocoa (40%) 36,960 51,744 14,784 316 36.28 0.119 3,146 0.462 

Peanut 75,000 Tons 
Ave. Fossil Energy 74,074 140,697 66,623 9,680 101.405 3.627 70,873 10.411 
Small Scale Energy "1 P 3,531 37,219 1.331 64,784 9.316 

Bean/Corn Units of-1,000 Tons (295) 0.1911 .1112 (272) 0.040 
Substitution -20,000 Tons 2.0 4.0 8.0 

Generally speaking, these results imply a considerable foreign exchange gain for little 

additional chemical and fossil fuel energy expansion. 

2. Import Substitution Utilizing an Energy Efficient Product (Peanuts) 

In 1978 the DR imported about 27.5 thousand metric tons of edible oil equivalent. 2 6 

Assuming an extraction rate for peanuts of 20 percent, it would require over 100,000 MT of 

domestically grown peanuts to cover current inputs. For our example calculation, we assume 
an increase of 75,000 MT in peanut production. At yields of 2.5 MT/H., the land require

ments would be 30,000 Ha. (Table IV-5). 

Imagining an increase in the projected 1980 total quantity of peanuts by 75,000 MT 

results in a total of 140,697 MT. This is an increase of 66,623 MT over 1978. Proceeding 

in the same manner as for the cocoa examples, the table shows an estimated energy increase 

in farm level production of 8,620 x 106'Kcal. This would represent a 101 percent increase 

for the crop, and a 3.6 percent increase at the production level. However, domestic food 

system processing beyond the farm level requires an additional amount of energy (a total of 

70,873 x 106 Kcal, an amount that would add 10.5 percent to the total food system energy 

26 Source: DR en Cifras, Vol. IX, Table 311-16. 
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bill. All other energy projections for 1985, 1990 and so on (Tables IV-2 and IV-3) would rise 

by the same percentages (decreasing slightly through time). 
It should be noted that this fossil energy "cost" for an oil import substitution pro

gram (1980 terms) is not as low as can be achieved at the farm level. All of the basic calcu

lations assume that current average energy farm level energy Kcal/ton inputs are continued. 
H1owever, if, as part of the program, the 75,000 ton increase is obtained by producing at the 

smallest farm level technology, the energy bill will fall to the values shown on the second line 

of the example (Table IV-5). At the farm level the savings would be about 63 percent and 
they would be about 9 percent for the food system overall. 

It is unfortunate that processing requirements are such a large portion of the total; 

however, expanded production of any other oilseed crop su,fi as soya would only make the 
situation worse. 

When the peanuts example is contrasted with that for cocoa, the well known issue of 

"how far to push import substitut on?" is highlighted again. Sometimes it is setter to keep 

importing if there are better ways to earn the necessary foreign exchange. 

3. Corn/Bean Substitutionfor Rice 

Rice production absorbs a lot of farm level energy in the DR. On a Kcal/ton basis, 

rice is about 7.2 times as demanding as corn and about 2.3 times a3 demanding as for beans 

at the farm stage of the food system. 
Taking into account the additional energy requirements for processing and handling in 

other stages of the food system, the rice/beans ratio would be 2.3 and the rice/corn ratio 

would be 1.94. We know that corn/beans planted in association are an attractive subsistence 

crop in many areas having ecological characteristics similar to the DR. If corn and beans 

replaced rice in areas technically suited for such a switch, quite a bit of energy could be 

saved at the farm stage. 
According to Appendix E, the calories/MT content for the three crops is: 

104 Kcal 
Rice Corn Beans 

3,624 3,525 3,431 

On a simple caloric test, all three crops substitute fcr each other on a 1:1 basis. Thus, 

we may say that, no matter what the exact proportions, the bean/corn association might take 
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on 	an energy content per ton of 3,500 x 104 Kcal. For convenience, suppose the harvesting 
ratio is 60 percent corn/40 percent beans. Then the farm level fossil energy requirement 
would be about .102 x 106 Kcal/MT. At the end of the entire food system chain, the factor 
would be about .253 x 106 Kcal/MT. 

For every ton of rice production switched to corn/beans, we have a net energy savings: 

Farm Level Overall Food System Level 

.397 - .102 .525 - .253 
.295 + .272 + 

This result suggests that the basic gain in fossil energy savings is accomplished at the farm level. 
A small amount of this gain is lost on net balance, as part of the processing and handling process 

Every 1,000 tons of rice substituted will save 0.2 percent on the rice crop fossil 
energy bi!l and about 0. 1 percent of foss I energy at the fain production level. Twenty 
thousand tons would equal savings of 4 percent and 2 percent at the crop and farm stage 
or 0.8 percent for the overall food system fossil energy bill. 

Note that the calculations shown are based on the net interchange of rice for beans/ 
corn on a 1:I basis. Twenty thousand tons is only about 5 percent of the projected 1980 pro
duction amount. A 20 percent rice shift in the direction discussed would save about 3.2 
percent on the food system fossil energy bill. As we shall see, greater energy conservation 
might be achieved by shifting rice technology. 

C. 	 PROJECTIONS OF CHANGES IN ENERGY USE IN FOOD PROCESSING TECH-

NOLOGY 

In addition to changing the mix of products, or reordering emphasis on the production 
technology they already utilize, another possibility is modification of fossil energy technology 
itself. Modifications can be made in the array of energy using machines and devices and the 
quantities of fossil fuel utilized per output unit. In other words, existing known management 
techniques can be modified. 

In Part III-C above we briefly discussed introduction of new technology. In that 
section we provided some appreciation for the current depth of energy technology in the 
Dominican Republic based on survey information covering types of energy in use at various 
stages of the food system and according to energy end use devices in households and at the 
farm level and intermediate processing and handling activities. The aim of this section is to 
move from that fairly detailed profile to some impressions about the future. In this process 
we would prefer to move directly from the data in the profiles to some appropriate projections. 
Unfortunately, the field data available do not contain any trend information that would make 
that 	approach workable. We are forced therefore to rely upon a substitute and partial method. 

The method is to assume that trends in energy utilization reported in secondary 
sources reflect underlying alterations in technologj,. The case chosen for projecton is the 
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energy use patterns in food processing and handling activities. Since the 1974 oil crisis, 
prices for fossil fuels have risen dramatically. Many fuel consuming industries have attempted 
to adjust their production technology to reduce their fuel costs. The data below indicate 
that in the DR there have been a number of shifts in fuel use technology in food processing. 
The projections extrapolate the changes in domestic processing and handling patterns for each 
of several agriculture processing activities to the year 2000, based on the trends in energy use 
change expressed in the 1973-77 data. A full outline of these projections and the underlying 
model utilized are contained in Appendix F. 

The basic data *:Dvering trends in food processing energy is reported by industry type 
and may or may not in.-lude transport and storage. We assume that the trends in reported 
industrial use will approximate trends in transport and storage as well. Thirteen food proces
sing categories are reported, but they do not exactly match the 19 major food products that 
are the object of the present study. Baking, brewing, animal feed, and soft drink processing 
coefficients could not be used. Meat processing energy trends are utilized for more than one 
product; all vegetables are assigned a common set of coefficients calculated for the canning and 
storage of fruits and vegetables. As a result, in the case of vegetables, the coefficient set 
(processing sector code 3) is utilized six times. This means that the projections of energy 
use in major vegetables are all based on common correction factors: the only reason why there 
is any difference in outcomes is because of the underlying differences in the reported amounts 
of base year (1978) processing, storage, marketing and transport energy involved in each case. 

The correction factors change from target year to target year and are shown in 
Table IV-6. 

Table IV-6 contains a summary of the projections for each of the five-year periods 
from 1980 to 2000. From the table it can be seen that the internal changes in energy con
sumption are moving in a variety of ways depending on the particular food processing activity. 

Base year Kcal/ton energy requirements for processing are calculated from Tables 111-5 
and III-1. The processing sector code matches those defined in Appendix F,Table 1. In 
that same table, the trends of energy used in processing commodity groups form the basis 
of a time series of ratios of Kcal energy used in various food processing categories to create 
reported industrial outputs. Some ratios appear to be falling over time. The trend in the time 
series is projected forward to predict future values of energy needed to produce each ton of 
output in the various industrial food processes for each of the five target years (see Appendix F). 
In some cases, 1978 base year data do not show any processing energy going into a product 
(beans, plantain, etc.). In such cases we have estimated what might be a possible value for 
processing and handling if such products were processed in future years. Each projected 
Kcal/ton value is next converted to a percent change over the original 1978 base. These per
centages are brought to Table IV-6 as correction factors and are multiplied against the base 
year energy figures as appropriate. In this way the base year energy input data are altered 
to fit past technological trends in energy use. The projected production of each crop or 

product in each target year is multiplied by a changing energy factor through time, 1985, 1990, 
etc., as shown first in Table IV-2. The results reflect only estimates for processing and handling. 
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TABLE IV-6
 

FOSSIL ENERGY USE PROJECTIONS FOR FOOD PROCESSING AND HANDLING
 

BASED ON TRENDS IN PROCESSING TECHNOLOGY, 1973-1977 

1978 1980
Processing/Handling Processing Energy 
Energy/Ton Sector Correction Production Use 
106 Kcal Code Factor MT 106 Kcal 

Sugar Cane .0642 7 0 11,332,906 1,619,333.6
Tobacco (Rama) .1881 13 .0143 50,866 9,703.2
Cocoa (Grano) .1193 8 .0371 40,695 5,035.8
Coffee (Cereza) .7286 5 .0938 121,629 96,931.7

Rice .0568 5 .0938 388,597 24,144.5

Beans 0 3 0 45,687 0
 
Corn .0642 3 0 68,412 4,389.7

Plantain 0 9 0 295,413 0 
Cassava (Yuca) 0 5 0 188,000 0 
Banana .0006 9 .0143 429,707 242.4 
Sweet Potatoes 0 3 0 91,466 0
Potatoes .0082 3 0 13,149 107.18 
Tomatoes .0358 3 0 131,464 4,710.9
Peanuts (Oil) .8450 4 .04 65,697 57,733.1 
Onions .0406 3 0 10,416 422.6
Beef (Meat) .2086 1 .0563 53,045 11,686.2

Milk .2324 2 .0958 279,000 71,040.7

Poultry (Meat) 0 1 0 50,402 0 
Pork .7625 1 .0563 17,688 14,246.7 

1985 1990 
Correction Production Energy Correction Production Energy
Factor MT Use j 0 6 Kcal Factor MT Use 106 Kcal 

Sugar Cane 0 12,261,746 1,752,053.5 0 13,190,585 1,884,773.2 
Tobacco (Rama) .0286 62,884 12,164.9 .0429 74,902 14,691.2 
Cocoa (Grano) .2725 50,459 7,375.3 .4080 60,222 10,117.3
Coffee (Cereza) .1458 133,392 111,360.0 .1979 142,662 124,514.4
Rice .1458 516,686 33,633.5 .1979 644,824 43,883.2
.Beans 0 55,559 0 0 65,431 0 
Corn -.0278 79,091 4,933.8 -.0556 89,770 5,439.9
Plantain 0 377,816 0 0 460,318 0 
Cassava (Yuca) 0 193,01.0 0 0 198,000 0 
Banana .0357 452,757 260.9 .0714 476,207 283.8 
Sweet Potatoes 0 97,447 0 0 103,428 0
Potatoes -.0278 13,000 103.0 -.0556 13,000 100.0 
Tomatoes -,0278 136,296 4,748.2 -.0556 141,128 4,776.0
Peanuts(Oil) .08 82,172 7,942.7 .12 102,652 97,147.5 
Onions -.0278 10,925 430.5 -.0556 11,434 438.1
Beef (Meat) .5759 11,145 20,097.0 .618 69,245 23,367.4
Milk .4793 296,000 101,746.6 .8625 313,000 135,482.2
Poultry (Meat) 0 64,645 0 0 78,808 0 
Pork .5759 22,109 26,567.2 .618 26,530 32,731.3 
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TABLE IV-6 (Continued) 

1995 
 2000 
Energy Energy % Change inCorrection Production Use Correction Production Use Energy Use

Factor MT 106 Kcal Factor MT 106 Kcal 1990-2000 

Sugar Caae 0 14,119,425 2,017,493.0 0 15,048,265 2,150,213.6 32.2Tobacco (Rama) .1571 86,920 17,280.5 .0714 98,938 19,935.9 105.5
Cocoa (Grano) .5927 69,986 13,300.0 .7775 79,749 16,913.8 235.9
Coffee (Cereza) .2 00 149,433 136,096.6 .3021 154,966 147,018.3 51.7
Fce .2500 772,962 54,891.5 .3021 901,100 66,658.3 176.1

Beans 0 75,303 0 0 85,175 1) -
Corn -.0833 106,448 6,261.4 -.1111 111,127 6.338.3 44.3
Plantain 0 542,770 0 0 625,273 0 -Cassava (Yuca) 0 203,000 0 0 208,000 0Banana .1076 499,457 307.6 .1429 522,707 332.3 37.1Sweet Potatoes 0 109,409 0 0 115,390 0 -Potatoes -.0833 13,000 97.1 -. 1111 13,000 94.19 -13.0Tomatoes -.0833 145,960 4,794.6 -. 1111 150,972 4,808.9 2.0Peanuts (Oil) .1683 128,315 125,171.3 .2000 160,394 162,635.5 281.7Onions -.0833 11,943 444.2 -.1111 12,453 449.1 6.3Beef (Meat) .8989 77,345 30,632.2 1.1820 85,445 38,885.2 232.7Milk 1.2463 330,000 172,247.7 1.6299 547,000 334,314.0 370.6Poultry (Meat) 0 93,130 0 0 107,773 0 -Pork .8959 30,952 44,816.6 1.1820 35,373 58,853.2 313.1 

*Estimated possible values had there actually been any processing in 1978 base year. 
Sources: 1978 Base storage, processing and marketing energy/MT from Tables 111-5, 111-1; target year
production from Table IV-2; correction factors from Appendix F.
 

In the important sugar sector, it would appear that processing energy use technology
has 1' i surprisingly static since the oil crisis of 1974. The model projects an increase in 
output quantity of 32.8 percent and an energy increase of 33.2 percent. In beef, by con
trast, there is a projected 60 percent increase in output and a 233 percent increase in energy. 
The meat processi:ig as a whole (which includes pork) has been changing substantially during 
the 1974-80 period, and the direction of the change has been a decrease in the output 
efficiency of fossil energy. Energy use in milk processing increased ever faster during the 
1973-77 period. 

D. ENERGY USE PROJECTIONS BASED ON CHANGES IN LOCATION AND OTHER 
FACTORS THAT INFLUENCE PRODUCTION TECHNOL GY 

Changing the type of fuel conversion system in a 50 HP tractor does not change the basic 
management pattern of the farm where it is used. The farmer's cultivation of rice of corn can pro
ceed exactly as before, yet if the new or altered end use device is more efficient in fuel conversion 
the energy input will be reduced. This is the type of change which we are referring to as a change
in "energy technology," even though the cross-sectional data available for analysis in this study 
do not provide an adequate base or give any information on trends related to introduction of new 
or different end-use devices. The best that can be done under the circumstances is to test effects 
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of different techniques as they are embodied in "agricultural methods"-any of which may 

or may not include reliance on "special" end-use devices. 
In Part II1-D the fossil energy consumption aspects of various factors influencing farm 

management or technique were examined. For certain products there appear to be fossil 

fuel efficient technologies already in place that account for large shares of the production. 

And, as we have already seen, different methods are often linked to different geographic 

regions. Based on the well-known T. W. Schultz argument, we can make the assumption that 

current techniques are quite efficient for time and place. This suggests analysis of a policy 

involving actual physical shifts in location of production or agricultural method. 

In this short section we illustrate some of the potential impacts on the DR farm level 

food production fossil energy bill if alternative location and other factors that seem to in

fluence production methods are taken into account. The crops selected are rice, peanuts, 

beans and beef/milk. These examples will suggest a range of possibilities for other crops. 

The method used in the test is to calculate the net energy "gains" from switching 

technologies one way or another. The result is applied to the percent of production to be 

switched in each of the target years. lI practice no higher share of production can be shifted 

than is dictated Ly the availability of land, taking into account the interaction of quantity 

desired and yields Also, uur overriding constraint would be that total nutrition availability 

would not be threatened unless export sales growth will finance off-setting food replace

ment. 
The calculations represent the total energy savings and are subtracted from both the 

energy forecast to be going into the crop in question and the agriculture sector total. The 

percent savings this represents in individual total crop energy and that forecast to flow into 

all agri*cultural production is shown in Table IV-7. 

1. Rice 

We assume that about 25 percent of current production is shifted from the north to 

the adjacent regions east and west. Rice is an important crop, having a high income elasticity 

of demand (relative to other common food crops in the DR), so the opportunity to save 

energy in a big input use, while not putting pressure on consumer tastes and desires, is an 

attractive option. In this example, the assumption is that the necessary amounts of land in 

the "new" areas are available and that compensating use will be made of the land "freed-up" 

as production is moved. Results are shown in Table 111-7 (based on data from Table 111-18). 

2. Peanuts 

We assume that aproximately 60 percent of current peanut production is placed 

totally in the hands of the operators of the smallest size farms. This is a general shift that 

occurs anywhere in the country, because no single region seems to be especially n,,rked by 

energy savings technology in this crop. Land availability would not present a technical 

constraint. However, in practice, the cash earning potential of peanuts would have to be 
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TABLE IV-7
 

CALCULATIONS OF ENERGY SAVINGS BY SHIFTING CROP
 

PRODUCTION LOCATIONS AND TECHNOLOGY 

(Selected Crops in Five Target Years) 

106 Kcal % 
Shift Parameters 	 New Savings

X 106Enprgy Req. 	 Kcal % Total Total 
100 Kcal/MT % Quantity X 106 New Req. Saving Farm Farm 

New Prod. Production Energy Crop Crop Level Level 
Year Current Loc. Net Shifted Shifted Saved Energy Energy Energy Energy 

Rice 	 1980 .6824 .2840 -.3984 35.0 97,136.8 -38,699.3 165,132.5 19.0 642,b70.0 6.0 

1985 129,171.5 -51,461.9 219,591.6 18.9 772,042.6 6.2 

1990 161,206.0 -64,224.5 274,050.2 19.0 894,272.8 6.7 

1995 193,240.5 -76,987.0 328,508.9 19.0 1,021,425.2 7.0 

2000 225,275.0 -89,749.6 382,967.5 19.0 1,150,247.1 7.2 

Peanuts 1980 .17250 .0525 -.1200 79.0 51,900.6 -6,228.1 63,660.4 9.0 674,541.4 1.0 

1985 64,876.4 -7,785.2 79,576.2 9.0 815,719.3 1.0 

1990 81,095.0 -9,731.4 99,469.8 9.0 948,765.9 1.1 

1995 101,368.9 -12,164.3 124,337.2 9.0 1,086,247.9 1.1 

2000 126,711.3 -15,205.4 155,421.7 9.0 1,224,791.3 1.2 

Beans 2980 .2614 .0123 -.2491 60.4 27,594.9 -6,873.9 3,529.0 66.1 673,895.6 1.1 

1985 33,557.6 -8,359.2 4,291.6 66.1 815,145.3 1.1 

1990 39,520.3 -9,844.5 5,053.8 66.1 948,652.8 1.1 

1995 45,483.0 -11,329.8 5,816.7 66.6 1,087,082.4 1.1 

2000 51,445.7 -12,815.1 5,656.1 69.4 1,227,181.6 1.0 

Beef-Milk 1980 .260 .036-.2240 12.1 40,174.8 -8,999.2 137,707.5 6.14 671,770.3 1.4 

1985 43,211.7 -9,679.4 152,663.5 6.0 813,825.1 1.2 

1990 46,248.6 -10,359.7 165,619.6 5.9 948,137.6 1.1 

1995 49,285.5 -11,040.0 178,575.6 5.9 1,087,372.2 1.0 

2000 52,322.4 -11,720.2 191,531.7 5.8 112,279.4 0.95 

Sources: Appropriate crop tables in Section III-D. Possibilities for shift percentages inferred from interaction of various pro

duction factors in relation to location alternatives; ie., an asi",.cd movement from high to low "composite" 
technology. Shifts to more than one "new" location are contemplated. Beef-milk data from relevant portion ofSection 111-D. 

http:asi",.cd
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great enough and secure enough to enable small operators to give up use of some land that 
may now be devoted strictly to family subsistence crops. Results are shown in Table IV-7 
(based on data from Table 111-26). 

3. Beans 

An important, common practice in bean production in Central America is to rely on
 
planting in association with another crop. This is usually corn because the bean climbs the
 
corn stalks, especially after the corn is harvested. 
 In the DR, however, over 67 percent of all
 
corn production is "solo," 
 a practice that is nearly four times more energy demanding on a
 
Kcal/ton basis (Table 111-21). 
 In this test we assume shifts into associated pianting and some 
shifts among regions (Table 111-20). All 17.4 percent of central region production is assumed 
to shift to the northwest and northeast regions. All of the production in the southeast and 
east is also assumed to shift to the same location. This total is roughly equivalent to the 
share of crops planted solo, although it should not be inferred that we believe there is an" 
thing like a full overlap between the two designations. All we assume is that the shifted 
and non-shifted bean production will adopt the associated system where possible. 

The results are shown in Table IV-7. 
Since the average Kcal/ton factor given up in the land switched out of beans is some

what higher than the value shown for solo planting in Table 111-20, whereas the values in the 
receiving regioi, are lower (.0123 vs. .5771), we assume that the results of a test of switching
 
to all associated planting would fall "inside" 
 the results shown in Table IV-7. Therefore, no 
examples are necessary. 

4. Meat-Milk 

In 1978 approximately 330,000 tons of meat and milk were produced in the DR. Of 
this total, approximately 105,000 MT originated in the north and northeast regions (Figure 
IV-). As already mentioned, these areas are significantly greater energy consumers on a per 
kilo basis of meat and milk produced. 

In this test we assume that region 1 and 2 meat/milk production is lowered by 40,000 
metric tons (1978) and that 10,000 are shifted into each of the four alternate areas: south, 
east/south, north-west and central-east. The Kcal/ton factors for the regions in question are 
260 x 106 Kcal, for regions I and 2, .072 x 106 Kcal, for 3 and 4, and 0 for all others 
(p. 13, above). There is no technical limitation that would preclude such a shift. The com
posite energy factor for the receiv.ng zones would be about .036 x 106 Kcal, and the share of 
national production is about 12 percent. If we assume the 12 percent is constant into the 
future, the results are as shown in Table IV-7. 

http:receiv.ng
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5. Summary of Technology Tests 

These simple tests of switching technology show that definite energy impacts can be 
achieved-at least from a technological standpoint. However, just how much can be achieved 
relative to other broad policy options is clearly limited. For example, for locational/ 
technological switches to have a major impact on the total agricultural energy bill of the 
Dominican Republic, it is necessary to emphasize really important crops (as measured by 
tonnage, value, and cropped area) such as rice. In that particular case a 25 percent switch 
of output to available lower fossil fuel and chemical requirements would lead to meaningful, 
significantly lower energy consumption in crop and livestock production. 

It is possible that simultaneous pursuit of technique changes among the less important 
crops (where actions are not mutually contradicting) could lead to savings on the agriculture 
sector energy bill of around 5 percent. 

In order to really cut DR energy requirements by means of technical change at the 
farm level, it would be necessary to introduce ar propriate and available information into the 
sugar cane subcomponent of all crop and livestock roduction. Such technology exists in 
other countries and probably can be found in the Dominican Republic too. 
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PART V 

APPENDICES 

A. 	 Socio-Economic Profile 

B. 	 Public Sector Institutions 

C. 	 Methodology and Data Sources 

D. 	 Tabulations of Basic Input/Output Data for Major Dominican Republic 
Agricultural Products Studied 

E. 	 Miscellaneous Data and Conversion Factors 

F. 	 Data for Estimating Rates of Change in Energy Utilization in Food 
Processing Industries 

G. 	 Data for Projecting Domestic Human Demand for Selected Agricultural 
Products in the Dominican Republic 
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APPENDIX A 

SOCIO-ECONOMIC PROFILE 

A. INTRODUCTION 

With close to 5 million inhabitants, the Dominican Republic is one of the largest of the 
Caribbean and Central American countries. Since 1966 it has been governed by a constitutional 
republic. During the decade from 1966-1976 the country made remarkable economic and social 
progress. The GNP grew at an annual rate of over 10% (one of the highest in the world) and 
per capita incomes more than doubled. During this period social programs were focused at 
the creation of massive employment through large public works projects oriented at improving 
the country's physical infrastructure. The investment was generated largely through increased 
public savings made possible by the rapid growth rate in the economy. Rural families were 
benefited by a wide variety of public investments in roads, schools, .iealth, land distribution and 
water projects. 

As that first decade came to a close, strong negative economic forces have already 
weakened the growth trends and foreshadowed a period of much slower economic progress. The 
major factors in this general weakening were the increase in petroleum prices, the decrease in 
sugar prices and two years of serious drought. The persistence of population growth rates of 
about 3% rer year, high rural underutilization of labor which may be as high as 60%, a weaken
ing growth rate in the economy, and the final blow of the 1979 hurricane, have all combined to 
place the economy in a much less favorable growth position than it enjoyed 10 years ago. 

B. GENERAL DESCRIPTION OF THE DOMINICAN REPUBLIC 

The Dominican Republic, with a land area of 48,734 square kilometers, is the second 
largest Caribbean country (about the size of Maryland and New Hampshire combined). It occupies 
the eastern two-thirds of the island of Hispaniola. 

With an estimated population of 4.98 million in 1977,1 the Dominican Republic (DR) 
is the fourth most populous country in Central America and the Caribbean. 2 The average annual 
population growth rate is relatively high at about 2.9 percent from 1970-76. 3 The rural-urban 
split is fairly even with about 46 percent 4 of the population living in urban areas mostly in 
and around the big cities of Santo Domingo in the central region and Santiago in the north. 
Between 1960 and 1975 the populations of these two cities grew at an average annual rate of 

'lnternational Monetary Fund, "International Financial Statistics" (English Edition), VoL XXXII, No. 5, May, 1979. 
2World Bank Atlas, 1978, p. 20. 
3The World Bank estimate for the average annual population growth rate between 1970 and 1976 is 2.9 percent (see

World Bank Atlas, 1978); and the IMF figure for the same period isalso about 2.9 percent (calculated from "International 
Financial Statistics," Vol. XXX, No. 5, December, 1977, and VoL XXXII, No. 5, May, :979). 

4World Bank, "World Economic and Social Indicators," Report No. 700/78/02, April, 1978, p. 42. 
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more than 6 percent. 5 The rate of population increase for other urban areas over the same 
period ranged from 3.8 percent in Mao to 7 percent in San Pedro de Marcoris. 6 

The Cordillera Central and three other parallel mountain ranges (Cordillera Septen
trional, Sierra de Neiba, Sierra de Baoruco), all running in a northwesterly direction, dominate 

the highland topography 7 in the western part of the country, while the Cordillera Oriental, a 
narrow band of hills and somewhat less imposing, is the principal mountain system in the east. 
Running some 200 kilometers across the republic with its rugged slopes, convoluted ridges, and 
extensive pine forests, the Cordillera Central virtually divides the country into two parts. Its 
highest peak, Pico Duarte, is the tallest in the West Indies rising to some 3,175 meters above 
sea level. (See map on page 13.) 

Like the highlands which define them, the country's lowlands (the Cibao Valley, the 

San Juan Valley and the Neiba Valley) stretch in a p4.i, 'lel northwesterly direction from origins 
close to the Caribbean to adjoining valleys in Haiti. The most falous of the lowland areas, 
the Cibao Valley, is the breadbasket of the country. Situated be,.veen the Cordillera Septen
trional and the Cordillera Central, the Cibao covers some 5,180 square kilometers (about 10 
percent of the national territory) from Samana Bay in the cast to the Haitian border in the 
west. This is where population density is greatest. The Eastern Cibao Valley (known as the Veg 
Real or the Royal Plain), for example, especially the region between the cities of Santiago and 
San Pedro de Marcoris, is estimated to have densities exceeding 240 persons per square kilometer. 

The San Juan Valley which is located between the Cordillera Central and the Sierra de 
Neiba covers an area of some 1,820 s(uare kilometers. Most of the people in this region are 
engaged in cattle raising and in rice, bean, and coffee production. 

The other parallel valley, the Neiba (known also as the Enriquillo Basin), lies north of 
the Sierra de Baoruco. This is a low-lying piain occupying some 1,950 square kilometers of 
semi-arid land mostly in the area known as the Cul de Sac of Haiti. Its most distinctive land
mark is the large salt lake, Lago Enriquillo, which is 44 meters below sea level and is considered 
the lowest lake in the West Indies. 

The other major lowland area, the Caribbean Coastal Plain, is located in the eastern 
part of the country near the foothills of the Cordillera Oriental. The primary activities in this 
region which covers more than 2,860 square kilometers are cattle raising and sugar production. 

C. STRUCTURE OF THE ECONOMY 

The International Monetary Fund (IMF) estimates the Dominican Republic's (DR) GNP 
at $4.34 billion and GNP per capita at $872 in 1977. In the same year GDP was estimated 

5 USAID Mission/Dominican Republic, Statistical Data Book, June, 1977, p. 76. 

6 The National Statistical Office (Dominican Republic) defines an urban area as one in which there are more than 
20,000 inhabitants. 

7For this brief description of the highlands/lowlands topography we drew heavily on Thomas Weil et al., "Area 
Handbook for the Dominican Republic" (1973), U.S. Government Printing Office, Washington, D.C. 
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at RD $4.46 billion at current prices 8 and RD $2.54 billion 9 at 1970 constant market prices.
The sectoral composition of the GDP and the 1973-77 growth rates of the individual sectors 
are shown in Table I-I. 

TABLE A-1 

DOMINICAN REPUBLIC 

PERCENTAGE DISTRIBUTION OF 1977 P GDP AT CONSTANT 
1970 PRICES AND SECTORAL GROWTH RATES 

Percent Average Annual Growth RateSector (%) 1973-1977 (%) 

Agriculture 11.3 0.7 
Livestock 5.4 3.5 
Forestry/Fishing 0.4 -4.2 
Mining 5.6 9.2 
Manufacturing 18.4 5.3 
Construction 7.2 7.4 
Commerce 16.7 5.7 
Transport 7.3 7.0 
Communications 1.0 12.4 
Electricity 1.5 10.6 
Money and Banking 2.3 15.2 
Ownership of Dwellings 6.7 7.2 
Government Services 7.4 4.5 
Other Services 8.8 5.4
 

Gross Domestic Product 
 100.0 5.5 
GDP per Capita 2.4 

P = Preliminary figures.
 
Source: "Boletin Mensual," April, 1979, pp. 181-183.
 

8 International Monetary Fund, "International Financial Statistics" (English Edition), Vol. XXXII, No. 5, May, 1979. 
9 Banco Central de la Republica Dominicana, "Boletin Mensual," VoL XXXII, No. 4, April, 1979, p. 181. 
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D. INDUSTRIAL PRODUCTION 

The manufacturing sector contributes the largest share of any sector in the GNP; in 
1977 it contributed more than 18% compared with agriculture and livestock at 15%. 

1. Industrial Structure 

The industrial structure of the Dominican Republic is outlined in Table 1-2. 

TABLE A-2 

DOMINICAN REPUBLIC 

STRUCTURE OF INDUSTRIAL PRODUCTION IN 1977 

Percent of All Number Growth 
Manufacturing of Index

Subsector 	 Production Employees (1968 = 100) 

Food & Drinks 59.7% 84,944 211 
(Sugar Refining) (15.8%) (65,400) 191
 

Tobacco 
 4.6% 	 826 163
 
Textiles 
 2.0% 3,563 193
 
Clothing & Shoes 
 2.6% 4,622 336
 
Wood & Furniture Products 0.8% 
 1,213 284
 
Paper Products & Printing 3.7% 2,895 320
 
Chemicals 
 6.9% 3,550 294
 
Petroleum 
 8.0% 	 102 NA
 
Rubber, Plastics & Glass
 

Products 
 2.7% 2,632 300
 
Non-Metallic Mineral Products 
 3.5% 3,977 284
 
Basic Metals 
 1.8% 1,027 200
 
Metal Products 
 2.4% 2,230 981
 
Machinery, Equipment & Other 1.4% 
 949 	 404 

Source: 	 Computation based on data from Oficina Nacional de Estadistica, Republica Dominicana en Cifras, 1980 Tables 
321-03 and 321-04. 

The predominance of food products in the DR industrial sector illustrates the general 
economic dependency on the primary agricultural sector. The employment share is much 
higher-three out of every four industrial workers are employed in a food products plant, and 
three out of every four of these food product workers are employed in a sugar processing plant. 
The food products sector will be examined in more detail in Part II below. 
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Chemicals and petroleum plants constitute the next largest industries. Their capital
 
intensity can be illustrated by the fact that while they constitute 15% of the value of industrial
 
production, they employ only 3% of industrial workers.
 

2. IndustrialGrowth Trends 

While the growth indices indicated in Table 1-2 are generally high (most industries more 
than doubled production in the period 1968-77), most of this growth took place in the first 
half of that decade, and growth rates have slowed considerably since 1974. 

The manufacturing sector grew at an average annual rate of 5.3 percent from 1973 to 
1977; this compares favorably with the growth rates of the agriculture, forestry/fishing, and 
livestock sectors, but less so with the mining, construction, electric, and transportation sectors. 10 

The 1977 production estimates for the chemical industry indicate that of the industry's five 
main products only two fell below their 1976 output figures. Furfural declined from 34,226 
tons in 1976 to 30,249 tons in 1977, and output of paints dropped from 6,806 liters to 5,904 
liters; on the other hand, chemical fertilizers increased from 176,539 tons to 183,057 tons, 
urethane foam from 11.60 x 106 ft 2 to 13.24 x 106 ft 2 , and soap from 25,841 tons to 28,378 
tons. 11 The two-plant cement industry produced some 862,126 tons of cement in 1977, 
representing an increase of almost 32 percent from 1976,12 and the value of textiles produced 
increased from RD $27.9 million to RD $29.5 million (1970 pricus) during the same period. 13 

Table 1-3 shows output of selected manufactured products from 1973 to 1977. 

E. MINERAL PRODUCTION 

Of the wide variety of mineral resources in the DR, nickel is by far the most important; 
exported as ferronickel since 1974, only sugar, coffee, and cocoa surpassed it as earner of 
foreign exchange in 1977. Prior to 1972 when the RD $200 million Falconbridge nickel 

project 14 was initiated, about 80 percent of all mining activities were confined to the extraction 
of bauxite and about 20 percent to limestone, gypsum, salt, and building stones. Since the 
completion of the extracting and processing facility near the town of Banao, however, nickel 
has replaced bauxite as the primary mining industry. Table 1-4 shows production of some se
lected minerals from 1973 to 1977. 

10The average annual growth rates for these sectors during 1973-77 were as follows: agriculture (0.7%), livestock 

(3.5%), forestry/fishing (-4.2%), electricity (10.6%), mining (9.2%), construction (7.4%), and transportation (7%). 

ll"Republica Dominicana en Cifras, 1978," p. 50. 

12/bid., p. 51. 

13"Boletin Mensual," April, 1979, p. 194. 

14The Falconbridge Dominicana Company, which is jointly owned by the government and two foreign firms 
(Canadian, U.S.), was responsible for the RD $200 million initial financing. To date, this has been the largest single investment 
project in the DR's history. 
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TABLE A-3
 

DOMINICAN REPUBLIC
 

PRODUCTION OF SELECTED MANUFACTURED PRODUCTS, 1973-1977
 

Urethane 
Furfural Paint Fertilizer Foam Soap Cement 

Year (Tons) (Liters) (Tons) (ft 2 ) (Tons) (Tons) 

1973 26,970 4,964 184,084 4,632 22,810 581,925 

1974 24,021 4,640 164,365 5,445 21,848 642,518 

1975 35,660 5,165 143,929 6,666 22,862 554,931 

1976 34,226 6,806 176,539 11,604 25,841 653,877 

1977 P 30,249 5,904 183,057 13,246 28,378 862,126 

P = Preliminary figures.
 

Source: "Republica Dominicana en Cifras, 1978," Vol. II, pp. 50-51.
 

TABLE A-4 

DOMINICAN REPUBLIC 

MINERAL PRODUCTION, 1973-1977 

1975 1976 1977 P
 Mineral 1973 1974 

Bauxite (Tons) 1,085,645 1,195,607 785,094 621,247 574,966 

Ferronickel (Tons) 28,298 30,942 26,922 24,399 24,899 

Gold (Tons) - - 6 13 11 

Silver (Tons) - - 3 28 42 

Gypsum (Tons) 266,641 383,892 193,553 207,562 221,572 

Sand (m3 ) 70,930 94,040 136,548 211,856 200,984 

Gravel (m 3 ) 31,740 37,260 53,824 104,219 151,127 

Limestone (Tons) 105,970 280,247 252,097 247,642 285,523 

Salt (Tons) 39,129 39,830 37,424 35,431 48,592 

P = Preliminary figures. 
Source: "Republica Dominicana en Cifras, 1978," Vol. 111, p. 47. 
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F. FOREIGN TRADE 

1. General Export, Import and Trade Balance Trends 

Among Caribbean countries, the Dominican Republic is one of the most active in inter
national trade. In 1977, about 66 percent of all its exports (market value) went to the United 
States, 7 percent to both Portugal and Puerto Rico, 2 percent to both Spain and Morocco, 
1.6 percent to both Venezuela and Belgium-Luxembourg, and anywhere from .2 to 5 percent 
each to Italy, Haiti, and Japan. 15 With the exception of Morocco, all these countries, especially 
the United States, Venezuela, and Puerto Rico, provided the bulk of the DR's imports for that 

16 same year. In 1975, the DR ranked first as supplier to the United States for sugar, fourth 
for cocoa, and fifth for bauxite. 17 Sugar accounted for 28 percent of the value of exports in 
1977 (down 7.5 percent from the previous year), followed by coffee with 20.4 percent (down 
8 percent from 1976), cocoa with 12 percent (down almost 6 percent), ferronickel with 11.6 
percent (a decline of about 3 percent), and gold and silver alloys with 7 percent (up .6 percent 
during the same period). 18 The balance of payments figures, however, provide a better view 
of the performance of the economy as a whole. Table I-5 provides an outline of recent 
balance of trade. 

TABLE A-5 

DOMINICAN REPUBLIC 

IMPORTS, EXPORTS, AND TRADE BALANCE 

(RDS 000,000) 

Period Exports (FOB) Imports (FOB) Balance 

1974 636.8 673.0 -36.2 
1975 893.8 772.7 121.1 
1976 716.4 763.6 -47.2 
1977 780.5 847.8 -67.3 
1978 675.5 859.7 -184.2 

15 "Boletin Mensual," April, 1979, op. cit., pp. 117-118. 

161bid., pp. 120-121. 

17 United Nations, "Yearbook of International Trade Statistics, 1976," Volume IL 
18 "Boletin Mensual," April, 1979, op. cit., p. 115. 
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For five of the eight years between 1969 and 1977 the DR ran a trade deficit. After 
the trade deficit had increased from RD $64 million in 1970 to RD $69 million in 1971, the 
following two years (1972 and 1973) saw surplhses of RD $9.98 million and RD $20.26 million, 
respectively; by 1974, the country again experienced a negative trade balance (RD $36.19 
million) but recovered in 1975 with a surplus of RD $121.16 million. Since then the country 
has been running a deficit each year, reaching some RD $66.98 million in 1977 and RD $184.2 
million in 1978.19 The overall balance of payments was in surplus from 1970 to 1975;20 

since then, it has been in deficit as shown in Table 1-5. 
The primary reason for these substanti.,l deficits in the balance of trade since 1975 has 

been the collapse of the world market price for sugar, the country's main export, together with 
the increased cost of petroleum. For example, the world market (FOB Caribbean ports) price 
of sugar dropped from U.S. $0.132 per pound in December 1975 to U.S. $0.0709 per pound 
in October 1977,21 while the Saudi Arabian (FOB Ras Tanura) posted price for crude petroleum 
jumped from U.S. $11.53 per barrel in 1975 to U.S. $13.00 per barrel in June of 1977;22 so 
that, whereas the DR's sugar sales in 1975 brought in about RD $522 million and its oil 
purchases cost about RD $169 million that same year, in 1977, sugar sales brought RD $218 
million and oil purchases cost RD $189 million. 2 3 The 1979 figures are even more revealing
"sugar sales brought $225 million and oil purchases cost $325 million"--according to the DR's 
Minister of Finance, Bolivar Baez Ortiz. 2 4 As of March 1979, international reserves stood at 
U.S. $128.2 million, 2 5 which was equivalent to about one and three qlarter months imports 
if the January import bill is used as a guide. 2 6 

2. PrincipalExport Products 

Table 1-6 outlines the principal DR export products. Of all Dominican products, sugar 
is and has been the most important, not only in terms of its contribution to employment and 
to GDP 27 but also in terms of export income. It led all other commodities in volume of 

19 For 1970-77 figures, see "Balance of Payments Yearbook," Vol. 29, December, 1978, IMF; for preliminary 1978 

data, see "Boletin Mensual," April, 1979, op. cit., p. 127. 

2 0 "lBalance of Payments Yearbook," Vol. 29, op. cit. 

2 1"Boletin Mensual," April, 1979, p. 167. 

2 2 World Bank, "Commodity Trade and Price Trends" (1977 Edition), Report No. EC-166/77, August, 1977, p. 92. 

2 3 Figures for 1975 and 1977 sugar sales are from "Boletin Mensual," April, 1979; and figures for 1975 and 1977 oil 
purchases are from Thomas V. Long et al., "The Rational Use of Energy in the Dominican Republic," A Report to the Inter-
American Development Bank, Exhibit 1-1, note. 

24Jo Thomas, "After a Year, Dominican Democracy Still Feeling its Way," The New York Times, Saturday, August 

25, 1979, p. 2. 
2 5 "International Financial Statistics," May, 1979, op. cit., p. 125. 

2 6 1n January, 1979 the import bill was RD $72.1 million; see "Boletin Mensual," April, 1979, op. cit., p. 103. 

2 7 1n 1975, for exv-nple, the sugar companies reported more than 81,000 workers (about 7 percent of the labor force) 
employed in sugar cane production and refining; see "Estadistica Industrial de la Republica Dominicana, 1975," Oficina Nacional 
de Estadistica, Boletin No. 23, p. 89, and in 1976, sugar's contribution (in current prices) to GDP was 14 percent; see 
"Dominican Republic: Its Main Economic Development Problems," World Bank (December, 1978), p. 403. 
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exports in 1977 and was by far the top earner of foreign exchange in tht same year. More
 
than 1.1 million tons of sugar valued at $218.3 million 2 8 
 were exported representing an average
annual growth rate of 11.1 percent from 1970. Over the same period, which saw very high 
world market prices in 1974-75 and extremely low ones in 1976 and 1977, the volume of 
exports grew at an average annual rate of 5.3 percent. 

TABLE A-6 

DOMINICAN REPUBLIC 

EXPORT VALUE OF SELECTED COMMODITIES, 1974-1977 

(MILLIONS OF $) 

Commodities 1974 1975 1976 1977 

Sugar 324. 12 552.13 247.09 218.32
 
Coffee 39.29 
 34.70 83.30 169.54
 
Cocoa 44.23 
 24.77 44.37 93.06
 
Tobacco 39.00 
 34.40 38.26 27.12 
Ferronickel 93.09 102. 14 110.33 91.92
 
Bauxite 17.75 16.72 15.52 
 21.98 

Source: Data (market value) for 1974 from "Boletin Mensual," Volume XXXII, No. 4, April, 1979, pp. 109-112; data(FOB value) for 1975-1977 from "Estadistica Dominicana, 1978" (Seccion 331 Comereio), pp. 17-19. 

Since its introduction into the DR in the early part of the eighteenth century, coffee 
has become one of the more important crops. Of the 120,416 tons 2 9 produced in 1977, mostly 
on small farms in Barahona, the Cibao Valley and the Ocoa River region, more than 79,000 
tons valued at $169.5 million were exported which is more than twice the 1976 export volume 
and almost a three-fold increase since 1970.30 

Although the volume of cocoa exports increased by only 4 percent from 1976 to 1977, 
the value of exports increased more than 209 percent during the same period. Export volume 
amounted to 24,612 tons in 1976 and only 25,615 in 1977, while the value of exports jumped 

28 Oficina Nacional de Estadistica, "Est,.istjca Dominicana, 1978" (Seccion 331 Comercio), VoL XXXVI, p. 17;
all export figures are quoted at FOB value unless statk5 otherwise. 

29Secretariado Tecnieo de a Presidencia (Oficina i'aciunal de Estadistica), "Republica Dominican en Cifras, 1978," 
VoL VIII, p. 43. 

30"Estadistica Dominicana, 1978" (Seccion 331 Comercio), op. cit., p. 18. 
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from RD $43.37 million to RD $93.06 million. 3 1 This no doubt was a reflection of the 
dramatic increase in cocoa prices; for example, the price of cocoa went from U.S. $65.75 (FOB) 

per 100 pounds on the New York market in January 1976 to U.S. $209.3 in July 1977.32 

The DR is not a signatory to the International Cocoa Agreement of 1975, although it is one 

of the major producing countries;3 3 and as such is not restricted by price and quota regulations 

under the agreement. 

Of all the main export crops, tobacco has been the one most seriously affected by 

fluctuations in foreign demand. In addition, the outmoded techniques used in its prodttction 

and the marked inequalities surrounding the distribution of its profits have, at least in some 

sections of the country, contributed greatly to the steady decline of the crop. 34 In 1960, 
15,193 tons of tobacco valued at $6.73 million were exported. By the end of the next decade 

export volume had reached only 19,535 tons. Although export volume increased sharr.', in 

1975 (37,137 tons) and 1976 (32,798 tons), most of the 1970's saw relatively low levels of 

exports. In 1977, for example, only 18,686 tons reached foreign markets, mostly Spain (62 

percent), the United States (9 percent), Belgium-Luxembourg (6 percent), and Holland (5 per
cent). 3 5 Table 1-7 shows the main export commodities for 1974-77, their value, volume, and 

country of destination. 
Because the DR is a deficit-producer of basic foodstuffs it needs, the authorities must 

import in order to meet internal demand. 3 6 The Price Stabilization Institute of Instituto de 
Establizacion de Precios (INESPRE) is responsible for most of the government's import 

activities, and as of March 1976, supported the prices of eight crops-rice, red and black beans, 

corn, sorghum, coconut, copra, garlic, and onion. The reduction of imports via domestically 

produced substitutes is therefore an understandable policy goal of the government 3 7 and a 

clear indication of the importance of those crops that are produced primarily for local 

consumption. 3 8 

3 1"Estadistica Doininicana, 1978" (Seccion 331 Comercio), op. cit., p. 18. 

3 2 Banco Central de la Republica Do ,.inicana, "Boletin Mensual," Vol. XXXII, No. 4, April, 1979, p. 18. 

3 3 K. R. Khan, "International Cocoa Agreement, 1975," l'bod ,7olicY, Vol. 4, No. 1, February, 1979, p. 15, 
footnote 1. 

3 4 Gustavo A. Antonini. "Peasant Agriculture in Northwestern Dominican Republic," Journal of Tropical Geography, 
Vol. 32, 1971. 

3 5 "Estadistica Dominicana, 1978," )p. cit., p. 19. 

3 6 Arthur J. Mann, "Price Stabilization Policy in a Developing Economy: The Case of the Dominican Republic," 
Social and Economic Studies, Vol. 26, No. 2, pp. 192-193, 1977. 

3 7 Glenn C. W. Ames and Jackie W. Hartley, "Sources of Agricultural Credit and Development in the Dominican 

Republic," College of Agriculture, University of Georgia, 1977, p. 1. 

38The number of ways in which food crops are consumed locally include: home consumption, as sales in the mar

ketplace, as seeds, as payment in kind, and to a small extent, animal consumption. 
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TABLE A-7 

DOMINICAN REPUBLIC 

EXPORT VOLUME OF SELECTED COMMODITIES AND COUNTRIES OF DESTINATION 

197 4C 1975 1976 1977
 

Volume Volume Volume Volume

Commodity and (Metric (Metric
(Metric (Metric

Country Tons) % Tons) % Tons) % Tons) % 

Sugara 1,015,744 100.0 938,785 100.0 963,270 100.0 1,101,040 100.0 

United States 718,281 70.7 684,648 72.9 895,083 92.9 881,331 80.0 
Italy - - 54,975 5.8 - - -
Romania - - 31,992 2.4 8,205 0.8 - -
Kenya - - - - 14,980 1.5 - -

Morocco - - 29,965 3.1 - - 63,236 5.7
 

Coffeea 31,137 100.0 100.0
25,642 35,248 100.0 79,751 100.0
 

United States 25,563 82.0 21,980 ,5.7 31,851 90.3 76,281 95.6 
1,148 3.6 1,337 5.2 796 2.2 458 0.5 

-
 - 967 2.7 2,113 2.6 

Cocoaa 26,560 100.0 21,668 
100.0 24j612 100.0 25,615 100.0
 

United States 26,126 98.3 21,507 99.2 24,612 100.0 25,201 98.3 

Ferronickela 79,839 100.0 63,066 100.0 68,139 100.0 59,947 100.0 

Holland 36,907 46.2 36,585 58.0 28,847 42.3 27,084 45.1 
United States 38,236 47.8 17,062 27.0 26,050 38.2 27,453 45.7 
Canada - 7.1 16.64,524 11,346 -

Bauxite 1,473,588 100.0 909906 100.0 627,152 100.0 774,098 100.0 
(metric tons)b 

United States 1,473,588 100.0 909,906 100.0 627,152 100.0 774,U98 100.0 

Tobaccoa 42,326 100.0 37,137 100.0 32,798 100.0 18,686 100.0 

Spain 22,398 52.9 15,855 42.6 19,421 59.2 11,731 62.7 
United States 4,347 10.2 4,315 11.6 3,351 10.2 1,689 9.0 

aData from "Estadistica Dominieana, 1978" (Secc.on 331 Comercio), pp. 17-19.
 
bData from "Boletin Mensual," April, 1979, p. 115.
 
eData (1974) from "Boletin Mensual," August, 1978, p. 113.
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APPENDIX B
 

PUBLIC SECTOR INSTITUTIONS
 

A. 	 KEY INSTITUTIONS AND ACTIVITIES GERMANE TO ENERGY IMPROVEMENT 
ACTIVITIES FOR THE FOOD SYSTEM 

1. 	 7he National Commission for Energy Policy (CAPE) 

The Energy Commission is a new organization created to coordim te policy regarding the 
supply and delivery of energy and to get all sectors to make efficient use of the energy avail
able. Its strategy includes both (1) energy saving and conservation, and (2) development and 
exploitation of natural energy resources. In 1980 the Commission expects to get a regular 
budget of 1.2 million pesos plus funds from All) for Energy Conservation and Resource De
velopment ($5 million for FY81-82) and Energy Policy Development ($634,000 for FY80-82). 
Staff is expected to increase from 5 in 1979 to 30 in June, 1980 (18 technicians and 12 
support). CNPE plans to move out of INDOTEC to its own quarters in April, 1980. Other 
agencies look for guidance from CNPE regarding the deviations they should make from their 
normal practices to improve the energy situation. 

The 	activities of CNPE germane to the food/agriculture sector include the following: 
a. 	 committees for interinstitutional coordination regarding development of hydro

electric power, improved use of bagasse, and production of burnable alcohol from 
sugar cane. 

b. 	 evaluation of the concept of tree-farming ,or fueling a substantial electricity 
generator; pilot project if justified. 

c. 	 studying and developing technology for solar drying of bagasse, use of agricultural 
wastes, and other uses for solar energy. 

d. 	 coordination of and support for any programs that promise significant contributions 
to the energy situation. 

2. 	 The Secretariatof State for Agriculture (SEA) 

Most of the public sector agencies involved in agriculture are being restructured into a 
greatly expanded Secretariat of Agriculture. The legislation provided for SL secretariats of 
agricultural planning, administration, natural resources and environmental protection, agrarian 
reform, agricultural production, and rural development. Seven regional directors would admin
ister programs. Decentralized organizations would include INCOAGRO (Institute for Agricul
tural Commercialization--formerly INESPRE), the Agricultural Development Bank, INDRHI 
(water resources), lAD (Agrarian Reform settlements), IDECOOP (Cooperatives), and ODC 
(Community Development). The legislation for reorganization has been resubmitted to th.e 
Congress (March, 1980) to preserve the semi-autonomous status of the Dominican Agrarian 
Institute (lAD), Forestry, INDA. tcotton), and National Parks. 
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The policies and programs of SEA germane to 	energy include the following:
a. 	 Production of appropriate technology devices for using renewable energy (e.g., 

windmills, water pumps, etc.) near La Vega. 
b. SEA views agriculture as a supplier of eneigy to the economy rather than a place

to 	conserve energy SEA's own(beyond vehicles). Their orientation is toward ln
increasing production and income, in situations where generally the cost of encrgy
creates opportunities for biomass production on land that cannot be used for food
production and where prices of other crops may be unattractive. The possibilities
of producing alcohol as a substitute for imported petroleum is being studied. 

c. 	 Firewood production and exploitation is very important to the rural economy
(80% rural domestic energy use in 1978 and 11% of all energy use in 1978); how
ever, forest products are outside SEA, under the control of the Dominican military,
and are likely to remain outside SEA after the reorganization.

d. SEA operates stores selling inputs of fertilizer, pesticides, small equipment, etc., in
rural areas all over the country. The CENSERI program is establishing a network 
of integrated service centers that could become an effective distribution system fer 
improved energy devices in rural areas. Seventeen CENSERIs were established in 
1979, 50 are planned for 1980, and more later with regional centers to follow. 

e. 	 The crisis atmosphere that surrounds the costly dependence on imported petroleum
leads to a focus on the oil replacement activities. However, there is also reason for 
concern about erosion of soils, deforestation, desertification, and other long-range 
phenomena affecting agriculture. 

f. 	 Hurricane damage in 1979 was estimated at 300 million pesos (farm level prices) or
450 million pesos (using retail prices). Rehabilitation of the damaged areas diverts 
money and energy from long run development projects. 

3. 	 NationalInstitute of flydraulic Resources (INDRHI) 
INDHRI has broad legal responsibilities for development of hydraulic resources includ

ing irrigation works and hydroelectric power. 
 Law 6 from 1965 includes among INDRHI's

functions: planning, construction, and management 
of national waters with the cooperation of

CDE regarding energy generation. INDRHI has focused overwhelmingly on irrigation needs

until recently when the need for hydroelectric power was given higher priority. 
 The Tavera/
Bao dams have contributed very little electricity (and particularly little for peakload periods)
due to design and operations procedures oriented to providing a uniform flow of water forirrigation. INDRHI is widely regarded as a weak institution, hard-pressed already in carrying
out past projects and participating in development of hydroelectric power as quickly as possible.The international lending agencies have insisted that CDE operate hydroelectric projects; legislation regarding the allocation of responsibilities is under consideration. CNPE has created acommittee to coordinate the hydroelectric power efforts of INDRHI, CDE, and others. ONAPLAN
anticipates INDRHI hydroelectric projects cosing RD $473.7 million, of which RD $37.5 million 
are 	expected to 	be invested in 1980-82. 
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The activities of INDRIII germane to the food/agriculture sector include the following: 

a. 	 Continued development of irrigation wvorks and complementary activities in the 

Yaque del Norte area (from the Tavera/Bao complex), the Valdesia darn area, the 

Sabaneta dam area, and a series of canals for regulation and distribution. 

b. 	 Planning and design for hydroelectric development at major sites including Yaque 

del Norte expansions, figuey/Aguacate, Alto Yuna, and Yaque del Sur. 

c. 	 Identification and planning of mini-hydroelectric projects. The national priority 

given to substitution of hydroelectric energy for imported petroleum is basically a 

fuel substitution program to support an electric system that is overwhelmingly or

iented to Santo )omingo and the urban economy. The food/agriculture sector 

may suffer from diversion of resources away from irrigation and development of 

agricultural land in order to meet urban energy needs. 

4. 	 Dominican Electricity Corporation(CDE) 

CDE supplies electricity to Santo Domingo, the secondary cities of the Dominican Re

public, and to smaller conununities through 2090 km of transmission lines and approximately 

3,000 km of distributioll lines. In 1979, bel'ore the hurricanes, CDE had installed generating 

capacity of 546 megawatts net with only 401 megawatts normally available. This included 

four hydroelectric generators with installed capacity of 137 Mw, but contributing only 52 Mw to 

peak load capacity because of the low level of water storage and the competing demands ol 

water for irrigation. CDE also faced serious problems from poor maintenance, overloading, 

frequent interruption of'service, losses up to 25/" i transmission and distribution, delays in 

payments, irregular use of service, and inefficient procedures for billing and collections. Pro

duction increased rapidly in the 1970s, from 1,001 million Kwh in 1971 to 2,059 million Kwh 

in 1977. Bosts rose rapidly. CDE has been unprofitable since 1976. The expansion plan of 

1973 was not carried out as planned in 1975-79 with delays that cost millions of pesos, intensive 

use of existing units, neglected maintenance, defaulting on debts, and borrowing extensively to 

pay current expenses. There have been recent rate increases of'2 per Kwh in all but residential 

areas (1980). The international lending agencies are encouraging (;OI)R to allow rates that will 

make CDE economically viable. 

The electric system was seriously dlamaged during Hurricane David in August 1979 and 

Storm Frederick in September 1979, especially in the provinces of Peravia, San Cristobal and 

the National District. The damage to generating plants in Haina (222 Mw capacity before the 

storm), Santo Domingo (77 Mw) and elsewhere reduced installed capacity to two-thirds of the 

previous level. The damage forced large investments to restore electric service to the affected 

areas, diverting resources and energy away from the other problems of CDE. 

A master plan for expansion of the CDE electric system from 1979-1992 has been pre

pared by CDE with assistance from the French im, SOFRI-LEC: the plan has been circulated 

in draft and is being revised (in March, 1980). Based on the draft, the objective will be to 

remedy existing deficiencies in three and one-half years and then provide service good enough 

to not constrain development. Plans for generation included an 84.5 Mw thermal unit in 

Haina, and a 125 Mw unit plus hydroelectric power adding 37 Mw to peak load capacity. 
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Transmission and distribution will be extended substantially with attention to cutting the high 

losses in the existing system (perhaps with Japanese involvement). Institutional and admin

istrative reforms are planned to improve internal efficiency. The economic situation will be 

improved through refinancing of costly loans, a more realistic rate structure, and investments to 

improve internal efficiency. However, CI)E's continued dependence on imported oil makes it 

vulnerable to inflation in the cost of oil. The completed expansion plan will be ready in June, 

1980, including an analysis of the market for electricity and the feasibility of hydroelectric 

development at various sites ill the Valley of the Yaque dlei Norte. Total electrical consump

tion was projected in the draft to increase to 7,614 Gwh in 1992 from 1,666 Gwh in 1979. 

These projects take into consideration assumptions regarding substitutions for fossil fuels, one 

of nonconventional energy sources, mechanization of agriculture installations, energy for 

irrigation and tourism complexes. The draft plan took the hurricane damage into account by 

estimating a lag of one to two years in the previously projected demand; i.e., between a high 

of 9,204 Gwh and a low of 7,024 Gwh in 1993 (p. 107). 

CDE has been involved in related energy-relevant activities such as reforestation for 

watershed management to minimize silting of hydroelectric dams, investment in La Mercedes 

Oil Company for a 50 percent participation in domestic oil development, and coal exploration. 

The ONAPLAN program of public investments for 1980-1982 identifies CDE projects costing 

RD $850 including RD $277 million in the 1980-1982 period (p. 81). 

The activities of CI)E that are germane to energy in the food/agriculture sector include 

the 	following: 

a. 	 A rural electrification program costing RD $34.6 million to be financed by the 

IADB beginning in 1981. The manager for the project is receptive to going beyond 

traditional rural electrification approaches of extending the central grid to com

munities close enough to be served most economically; see section B, p. 

b. 	 Improved efficiency in the use of bagasse on the sugar estates should lead to net 

sales of electricity to CDE instead of net purchases. 

c. 	 Rehabilitation of electric service to the areas disrupted by the 1979 storms will 

require approximately RD $10.5 million, mostly in the south-central region. 

5. 	 National PlanningOffice in the Technical Secretariatof the Presidency (ONAPLAN) 

ONAPLAN is the planning arm of the Presidency. It views its responsibility as collect

ing plans, screening, and setting some priorities. ONAPLAN does not prepare projects. In 

1976 ONAPLAN published an analysis of the Possibilitiesof the Energy Sector (PLANDES 

28); the demand for energy in agriculture was not even included as a category in the analysis 

at 	the time. PLANDES 26 in 1976 was a 602 page development plan that devoted great 

attention to agriculture and very little to energy. In 1980, ONAPLAN has published a Three 

Year Plan of Public Investments fbr 1980-1982; the private sector is completely omitted and 

the 	plan makes no pretense of being a comprehensive national development plan. ONAPLAN 

is sensitive to macroeconomic relationships and to policy decisions that must be made by the 

President. 
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ONAPLAN policies and activities that are germane to energy in the food/agriculture 
sector include the following: 

a. 	 ONAPLAN's analysis indicates that GODR must give high priority to policies and 
investments that will relieve the dependence on imported oil and the incipient 
balance of payments problems from paying for imported oil. Dependence on im
ported oil is a serious problem that affects management of the economy as a whole, 
including agriculture. The cost of imported oil in 1980 is expected to reach RD 
$6.4 billion. The situation is getting worse despite import restrictions, restrictive 
monetary policy, budget controls and other fiscal measures. The restrictions cut 
employment and economic growth. ONAPLAN sees a difficult balancing act; 

restrictive policies for controlling inflation carry the risk of serious recession, but on 
the other side, policies conducive to expansion and growth risk serious inflation 
and balance of payments problems. 

The mere financing of the oil imports is a serious problem. Debt burden has 
doubled in four years; interest alone is US $130 million annually. Official lending 
will be harder to get in the future, forcing the use of more costly private borrowing. 
Prices of sugar have been low, although a recent upturn in sugar prices may provide 
some surplus funds for investment. Consequences include higher priority to export
oriented activities (which could benefit agriculture), emphasis on hydroelectric 
power and any other activities to reduce dependence on oil, including conservation, 
changing working hours, etc. The price of gasoline has been raised to RD $1.85 per 

gallon in Santo Domingo (and up to RI) $1.87 in other zones). Electricity rates 
were raised 24/kwh for nonresidential users, and further increases are under con
sideration (with encouragement from the World Bank). 

b. 	 Rural areas will get little benefit from most of these investments, since electricity 
and petroleum demand are overwhelmingly in the urban areas, plus transportation, 
industry and residential uses. Transportation of agricultural products has been pro
tected somewhat since prices are still deliberately subsidized on diesel fuel used by 
trucks and passenger buses. 

Investments for development of rural areas must compete in stiff competition 
for scarce government funds and for foreign loans that are increasingly expensive. 
ONAPLAN fears that the investments required may exceed the funds available do
mestically and from abroad. The total for all agriculture projects for 1980-1982 is 
RD $1,039 million or 24% of the total planned investments. 

c. 	 ONAPLAN looks to CNPE for leadership regarding energy. *Approximately 30 per
cent of all public sector investments in the three-year plan are for CDE and 
INDRHI energy projects; i.e., RD $1,323 million out of RD $4,313 million. 

d. 	 Many projects are identified, but few are prepared. Getting them prepared and 
getting a decision to go ahead may delay projects for years. 
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6. 	 International Financing histitutions-the World Bank, Interamerican Development Bank, 

and the US Agency for InternationalDevelopment 
The international developmnIt financing institutions recognize tile urgency of' projects 

and activities to improve the energy situation in the Dominican Republic. The magnitude of 
the problem is large, especially the dependence onl costly imported petroleum; present practices
offer many opportunities to improve energy elliciency, and many energy improvement 
projects will re(luire large investments.
 

The World Bank anticipates 
no new starts in irrigation projects or multipurpose irri
gation/hydroelectri: projects like the Yaqute del 
 Norte complex. The World Bank is receptive to 
financing hydroelectric projects including regulatory dams and canals to increase power produc
tion from existing damns. Likely targets are Bao/Tav'era/Lopez complex, the Alto Bao complex, 
the Alto YaquIe coinlplex, ald the smaller Rio Blanco project. 

Th7c hIl 'ruteram'ran Derelu'nw Bank is receptive to financing hydroelectric projects

and also non-conventional energy projects. The Tavera dain 
 has produced disappointing results, 
especially for power. IAI)B expects important improvements from Bao and Lopez/Angostura

projects. If the Japanese help modernize 
 the distribultion system in Santo Domingo, IADB will 
help on other electricity tralsmissioll and distribution systems, including rural electrification. 

IAI)B is also interested in non-conventional energy projects starting with "use of solar 
energy" and "energy conservation." The solar encrgy project l'imnances work with INDOTEC 
to 	increase use of solar energy ili rural areas: improving INDOTIEC technical capabilities, 
training, and field testing selected applications. A solar pond preleasibility study is anticipated,
considering a 5000 Kw project at Lago Enriquillo. The energy conservation project was still 
being developed in March, 1Q80. 

USIID supports energy improvement activities through support for the Energy Corn
mission, a national energy assessment, a regional (Caribbean region) project for non-conventional 
energy, an appropriate technology component in the agriculture loan, and the centrally funded 
study of energy needs in the food system. USAI) has supported institutional development,
especially at the Energy Commission, through the "Energy Policy Development" project with 
US 	S634,000 in FY80-82. A project for "Energy Conservation and Resources Develop'nent' 
is anticipated for FY1981-82. US S5 million will be if.,ed to reduce the dependence of 	the 
Dominican Republic on imported fuels and increase the availability of low cost energy supplies 
through conservation programs and development of local energy sources. 

The comments and activities of the international agencies germane to the energy for 
the food/agriculture sector include the following: 

a. 	 Funds for prefeasibility studies and technical assistance are available through the 
IADB which are not used despite the shortage of fundable projects. The financing 

agencies do not expect loans to be the binding constraint on energy-improvement 
activities. They emphasize the need for well prepared, sound projects ready to be 
financed and lack of capable personnel to do the preparatory work. 

b. 	 Projects for the agricultural sector may be more difficult to develop due to weaker 
institutional structure and planning at all levels. For example, firewood is important, 
but it is not clear how a major project would be managed at national or regional level. 
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c. 	 For rural areas, the problem is how to provide the energy required to support 
higher levels of activity; focusing on efficiency and conservatio- may overlook im
portant opportunities. 

d. 	 Implementation of projects has been less of a problem once they are adequately 
studied and approved. 

7. 	 Dominican Financing histitutions-FIDE,Dominican Development Fund, Central Bank 
There should be financing available for many energy-improvement activities in the food/ 

agriculture sector. The Central Bank has a global loan for ilndustry which can be used to 
finance improvements in energy efficiency in the industrial sector. aThere is also global agri
cultural loan. Presumably the Banco Agricola could extend loans for major projects. 

FIDE (the Fund for Investments in Economic Development) is a credit facility at the 
Central Bank that will lend for energy saving or conservation, modifications of productive 
processes to improve energy efficiency, etc., for agroindustry, livestock, and agriculture. Loans 
can go to groups of small producers. cooperatives, and to the growing number of associations 
of farmers. Interest rates to the borrowers cannot exceed 9 percent per year. However, the 
availability of credit has not elicited loan applications in a full year for energy-improvement 
activities. 

Loans to finance improved stoves or other energy using devices in rural households 
may be critical to their acceptance; according to a study by ISA, the cost of efficient devices 
were beyond the means of' poor Dominicans to make the conversion. it may be necessary to 
develop further innovations in financing, such as financing through distributors who extend 
credit to individual households. FIDE appears flexible and willing to test innovative approaches. 
The Dominican Development FAundation is another potential source of finaning for improved 
energy devices in rural areas. 

8. 	 Doininican Institute for Itidustrial Technology (INDOTIC) 

INDOTEC was established by the Central Bank, with technical and administrative in
dependence, to provide the necessary technological assistance for development of industry and 
maximum use of the productive resources of the l)ominican Republic. INDOTEC's technical 
services division has well equipped laboratories, especially for quality control and for estab
lishing standards. At the end of 1979 INDOTEC had 130 permanent staff plus 23 for a special 
fisheries project; edUcatioo levels were high, including 8 doctorates. The documentation 
center provides scientific and technological information from abroad. The Department of 
Research and Development includes several units doing relevant work: the energy resources 
unit supported this PCI analysis and the work of the Energy Commission (before it became 
self-sufficient). This unit also supported diverse technical studies such as radiation mapping, 
climate measurement, energy analysis. an IADB-supported energy conservation project, etc. 
Other units include operation of' a biogas pilot plant, and production of alcohol and bio-mass. 
INDOTEC studies livestock, storage of fruits and vegetables; it is available for further technical 
studies in tI.ese areas. 
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Activities and comments germane to energy use in the food/agriculture system: 
a. 	 IADB plans to fund analysis of solar energy in varied applications using INDOTEC 

as a major implementing agency. 
b. 	 It was not clear (in March, 1980) how the departure of the Energy Commission 

from INDOTEC would affect INDOTEC's capabilities and commitment to energy 
work. 

c. 	 INDOTEC is supported by the Central Bank principally. Public and private institu
tions have been reluctant to pay for even the direct cost of INDOTEC services 
(with the indirect costs being subsidized). 

d. 	 INDOTEC is oriented to research, experimentation, demonstrations, prototype de
velopment, and feasibility analysis: it is not oriented to implementing the results 
of these projects. The transition to operations dtcserves attention. Operating agencies 
can contract for INDOTEC work (e.g., from Ol)C, SEA, CEA, INDRI-1) or results 
can be nade available to private enterprises such as potential manufacturers of 
solar energy equipment, improved stoves, and windmills. 

9. 	Private Sector and Other Institutions 

There is a tendency to look only to GODR government agencies 'or implementation 
of energy programs. These agencies are generally overextended with non-energy programs, 

hampered by rigid budget procedures, often have austere budgets, and often have difficulty 
attracting and holding good personnel dtue to low salaries. Reaching the dispersed populations 
of the rural areas has never been an area of strength for Dominican national government 

agencies. 
Frequently there are potential implementing agents in the private sector. For ex

ample, a current study on agricultural implements has found potential manufacturers at 7 t3 
10 locations including Santo Domingo, the secondary cities, and agroindustrial zones. With 
welding sl:ills and other metal-working capabilities coupled with sonic outside encouragement 
(incentives, TA, designs, etc.) the same mnanufacturers could probably produce improved 
energy-using devices such as Lorena stoves, windmills, solar and bio-g.Is units, etc. 

'The Armed Forces are responsible for Forestry and for vocational education among 
other things in the Dominican Republic. For some natural resources programs, they may be 

the appropriate agency: e.g., for setting up climate measuring devices and monitoring them, 
using helicopters and personnel that other agencies will find hard to match. 

Private voluntary organLiationsare active in the Dominican Republic and could be 
mobilized for energy improvement projects in rural areas. 

B. 	 PROBLEMS AND OPPORTUNITIES ANTICIPATED FOR ENERGY IMPROVEMENT 
ACTIVITIES IN THE FOOD/AGRICULTURE SYSTEM 

1. 	 Project Preparation 

There is likely to be difficulty in getting from the "idea" stage to projects that are 
soundly conceived and sufficiently developed for financing. The international agencies expect 
to have many more funds available for energy-improvement projects than the funds required 

http:bio-g.Is
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for sound projects presented to them. INDRHI is considered particularly weak. CDE can use 
help too. For renewable-energy projects, the preparation could be done by CNPE, INDOTEC, 
SEA, or perhaps by other agencies with coordination from CNPE. floor quality studies in 
the past have led to rejected projects, long delays in approval and/or implementation, and 
disappointing results (such as the low energy contributions from Tavera). 

Project preparation appears to be a bottleneck for locally financed projects too. For 
more than a year FIDE has been offering loans without placing anything. It may be necessary 
to promote energy projects more aggressively, e.g., providing free or subsidized diagnosis of 
opportunities for improvements, or perhaps helping manufacturers, through technical assistance 
at cost or with subsidies, to solve their problems of production, marketing, distribution, and 
service. 

It may be feasible to simplify the procedures for project preparation for small loans 
to finance improved energy devices (e.g., solar energy, windmills, stoves, bio-gas units, etc.). 

An advisor to President (Iuzmnan is very concerned with the cost of imported oil. He 
needs help for crash projects that will have a prompt effect on the demand for oil. ONAPLAN 

does not prepare projects, so perhaps CNP £ should providc the necessary professional support 
for developing projects that do not fit into the conventional categories. 

2. Inter-institutionalCoordination 

Inter-institutional ,;oordindtion is likely to be important for energy projects. The new 
Energy Commission provides an institution responsible for coordination, but the fulfillment of 
that role will not be a trivial task. 

The most obvious problem is coordinated hydroelectric development. INDRHI has 
the jurisdiction under Law 6 of' I955, but their institutional weakness has led to CDE receiv
ing a larger role which has not been fully specified or made legitimate. A committee has been 
set up to coordinate planning for hydroelectric development, and there is some allocation of 
responsibilities taking place In the case of mini-hydroprojects where many projects could go 
ahead in parallel, coordination could speed up implementation significantly. 

Note that the interests of' the food producers may be significantly hurt or helps'd, 
depending on how well they are represented in the process. The traditional locus on irriga
tion for farm production is being sacrificed to the need for power to feed the electric grid with 
less dependence on oil. The benefits may go to the cities at the expense of the farmers. 
Alternatively, availability of hydroelectric power at rural sites could become a stimulus to 
locating agroindustrics in rural areas, generating employment and income for rural residents. 
The economic geography of the Dlominican Republic could be significantly affected or totally 
neglected in the process. 

The Rural Electrification Project - 1I could probably become much more valuable to 
rural residents if its focus was broadened to all kinds of energy, and CDE coordinated the 
planning with other interested institutions. The PER - II project is scheduled for IADB financ
ing in 1981. The previous rural electrification project (PER-1) followed traditional lines
extending the existing electric grid to commnlnIties that could be reached at relatively low cost. 
There was no attention in the selection criteria to "inducing development" (e.g., second crops, 
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agricultural processing, etc.). Neither was there attention to decentralized sources of electricity 
or non-electrical forms of energy to serve rural needs. In 1980 the Dominican government is 
very concerned about its dependence on costly imported oil, a dependence that could be in
creased by major extensions of the electricity grid to rural.energy users. There was even a 
joking reference to the PER41 project as a "rural wiring project," since there was going to be 
a shortage of electric generation capacity to match the expansion of the distribution system. 
Also, there are many energy needs that are better served with non-electrical energy. The 
sophistication of the Dominican government about these alternative technologies is sufficient 
to incorporate them into an aggressive rural energy project. 

However, the project is presently conceived as an electrification project, and the Elec
tricity Corporation is responsible for its preparation and implementation. The Energy Com
mission would probably have to take an active role to transform PER-Il into a broader rural 
energy project. CDE would probably still have the lead in implementing the project, but other 
government institutions would get involved too. CNPE could coordinate the process, providing 
shared concepts, language, establishing a sense of teamwork, techniques for allocating respons
ibilities, and procedures for making changes in the plans over time. The Secretariat of Agri
culture was supportive of CDE running the program (to sustain the pressure on CDE to supply 
electricity to rural residents), but SEA would welcome a role in planning improvements in 
energy for rural areas. As a minimum, the inter-institutional group would consider alternative 
sources of energy (such as solar, firewood, mini-hydro, bio-gas, windmills, etc.) and the end 
uses that deserve priority (including fuel for cooking, stoves, non-electric pumps for irrigation, 
and driers). 

3. Linking Analysis to Planning, and Planning to Successful Implementation 

It is predictable that there will be difficulties making the transitions from analysis to 
sound plans and from there to successful implementation which will improve the energy 
situation in the food/agriculture sector. Looking from a broad perspective first, many of the 
current energy improvement activities are analytical and/or experimental in characiter. They 
are done to improve our knowledge and understanding of the problems-which is unavoidable 
at this stage. The difficulties in turning the analysis into sound plans at the project level have 
already been discussed in Section B-I. The present report is the analytical foundation for plan
ning improvements in the food/agricultural sector; the analysis will be read by the Energy 
Commission and other interested institutions, but it is not automatic that it will be used by 
any agency to proceed with projects to respond to the high priority needs and opportunities 
revealed in the analysis. 

The links from "planning to successful implementation" are also fragile. The inter
national agencies say that implementation is not the key problem from their point of view, 
but they refer to the ability to construct infrastructure and spend the loan proceeds according 
to the agreements. The subsequent problems of operations, maintenance, and inducing the 
changes in agriculture and rural employment are notoriously difficult to do in the Dominican 
Republic (and elsewhere). Once INDOTEC tests the solar energy designs for appropriateness 
for the Dominican Republic, there is no obvious implementing agency to get the sound 
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products into widespread use. That requires manufacturing, promotion, distribution, market

ing, financing, maintenance, and probably further adaptation according to experience and to 

respond to the diverse needs of Dominican energy users. When FII)E made a line of credit 

available to finance energy impromemClts, it lCd to no response for at least a year and it is not 

clear as yet what more will be rel.IirCd V) get a response. This example is developed further 

below. 

The environmcnit for brim.wing ablout energy improvements will also be influenced by 

government policies ol fuel prices, regulation, stubsidi"s, etc. So long as electricity and oil 

are subsidized-and the current gasoline price of RI) Si.86 w'r gallon is still subsidized-enter

prises will be discouraged h'rom, providing solar heaters, gtsolih, anld other substitutes for the 
traditional sources of energy. The President is being pressed to raise the price of electricity 

to get World Bank financing. lowever. these are halrd politicail dCcisiols. When the price of 

gasoline went up last yeair, iliere was a taxi-driver strike leading to several deaths. 

The problems of "making the forward linkages" become even clearer with a specific 

example. For rural areas, what will be required to biing about widespread usc' of "more 

efficient" c'rgv /eI'iC''s such as., Lorena stoves. windmills, solar heaters, bio-gas units, etc.? 

Oil al'sis of demand 11nl prfcfCasibility studies can ilen ti 'v the potential savings by 

location, type of I'il, etc.: ld)1 iIrookhaven National Laboratories, SEA, and/or 

others can 6', this a11a1lysis. 

*Technical lcstili , lchmonsi'ai0,. and ,'raluatiou ,an be done by INDOTEC or 

others, perhaps including tests of Mltnufl'acturillg metlhods, durability, operating costs, 

and ConSlumer aICteptanclCe. 

,oCommercial operalicilS will he needed (not just a pilot project) with medium scale 

prvdiuctio, disrih/ulionl at multiple locations convenient to users of the new energy 

devices, anl active promotion/marketing activity to ch-inge traditional patterns of energy 

use, and a system for l'inancing sale of the new devices so potential users can afford 

the investment. Policy Chaniges ma,,; be nccessar, to remove obstacles to changes in 

fuels sutch as su bsidiz,',l prices for kerosine mid electricity or treating firewood and 

bagasse as "'free goods.' Perhaps sulb.,',/i for new devices will be required to make 

their cost competitive. 
*Ser''ice, spare parts, inilnt'll( ce. amI ;'iPtatioisto indi'idual needs are "second 
generation" problems that are generally neglected and reduce the benefit (energy 

savings) from the inmprveJ dc 'c.ices. 

Establishing medium scale o_', iercial operations" will not he easy for INDOTEC or 

other government agencies. It po,.s;sible in the l)ominican Republic that SEA (Secretariat of 

Agriculture) could facilitate tlc,, ;,unctions for some areas using the incipient n anufacturing 

facility near La Vega and the developing systems of "CENSERIS" and farmer associations. 

Other alternatives also exist for private sector distribution. 

The "downstream" 'unctions (i.e., developing the network for medium scale com

mercial operations) do not have to await completion of the INDOTEC testing: manufacturers 

can be identified, oriented, and started. Regions where nontraditional devices are important 

and competitive (e.g., because of deforestation) can be identified and given priority for 
"consciousness raising," and subsidies if necessary. 
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Inter-institutional coordination by CNPE might accelerate the benefits from energy
saving devices by 2 to 5 years by staling the "downstream activities" early and doing them 
in parallel. The normal bureaucratic tendency will be to wait patiently for scientific results 
in a sequential process instead of pushing key items ahead without delay. Other steps that 
should be considered to nccelerate the spread and effective use of improved energy devices 
are the following: some discretionary resources (at CNPE, perhaps?) for experimentation on 
marketing and commercial operations; tolerance for hybrid systems; overlapping and com
petitive approaches; consideration of high potential/high uncertainty approaches; cutting off 
losers"; allowing successful entrepreneurial ventures to be profitable. 
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APPENDIX C 

METHODOLOGY AND DATA SOURCES 

An overview ot the analytical objectives has already been given in Part I above,
 
so only a brief repetition need be given here. A three-step process is involved.
 

- Obtain the data necessary to follow quantities of agricultural products through 
the flow patterns within various stages of the food chain from production to 
consumption. Details are in the Appendix and Appendix D. 

- Quantify the energy inputs into individual agricultural products by food system 
stage and by energy source. Calculate energy use efficiencies. 

- Make simple projections of implications of introducing changes into the 
system. 

As shown earlier in Figure 1-1, the data collection plan was meant to supplement 
certain survey data that already existed. These surveys were supervised by Practical Concepts 
Inc. in January-February 1980. 

A. DATA COLLECTION PROCESS 

1. Data Collectionfor Energy in AgriculturalProductionand Rural Households 
The 1976 SEA-AID Agriculture Sector Survey contains excellent data on agricultural 

and livestock production, but does not contain information on energy use on the fafrn 
or in the rural household, Energy use by end use device at the household and farm level 
is also lacking. To complete these missing items, the PCI-SEA rural household survey was 
designed as a sub-sample from the same sampling strata as the earlier SEA-AID survey to 
assure comparability. An estimated sample of 1,000 rural households was drawn (800 
farm families and 200 non-farm rural households) of which a total of 968 produced 
usable questionnaires. 



The questionnaires combined energy use information for the rural household with crop 

mix and energy use information on the farm. The utilization of fuels by end use device was 

obtained. The questionnaire applied to the rural households is reproduced below as 
Figure C-1. 

FIGURE C-l 

RURAL HOUSEHOLD QUESTIONNAIRE, PCI-SEA, 1980 

ENCUESTA DEL SECTOR RURAL 

ENERGIA CUNUMILA EN EL 
HOGAN Y LN LA I INCA 

CONFIUL NCIAI F ni., 

asrinwtne conl,donci.l. Ls 041OatQuC HORA DE LA ENTREV;STA"f "* l.t.. n....al............ h..4 Id
 
s laipnco pin.;n,ihL., lineo EMPEZAR TERMINAR 

ml*uetia Iludic,al. 


ENTREVISTADOR: 31.:ml~ I 0l, 
5N,WRegUrtle. ,na.)t a b No. Ot1E'lh.LIta 0021 

duuecct6n cl. to C¢64 c) PaoniC 110031 

d) Fleqgn t0f041l 
elno11 e t~r fmCle il NOmwel di, Ewllevlullgi ,I ,oow, 

Y $I namrbl, dl iei. de Is Itmi-. 

TAMANO CE LA FAMILIA 

I. a) Cuintas personas viven actualmente en su casa incluvendo su propia familia, 

familiares, amigos y otros que viven y duermen en sucasa? 
Total . ,. 

b) jCuintas tieners masde 64 aVnos? . .... . 

cl ,Cuintas son hombres de 15 a 64 afros.?..... ............... 
d) Cuintas son muieres de 15 a 64 altos?. . .... . . . . . ..... -.l 

e) iCuintas son menores de 15 altos? .. . .............. 10 



L11If (i. I. cf it6.A- 6 t116 

i. . .. ......i* .d .... .. . ... . 

EMPLEOS DE LA FAMI LIA 

2. a) iCuinlas de eslas personas han eslado trabajando por sueldo o salatlo duranle 

los Cimos 12 mess? .. ... . . . .. . . . . . . . . .. 

ENTREVISTODOR: Lene lalabia siguienle pregunlando el nombre, clatede ,rabajo. 
sueso ganado wVliempo tab.ado pot cada que ho l"..... 

Use el siaubenle ca6sgopaaa indScaa e pet de paga.: I 
1. DiaTio 2. Semanal 3. Mersual 4.uo nIcenal 5. Alusle 

God. 

ii .(..,.., A... , 
43.+I.,~ I.u luiU ... 

""".L'" 

.... i,.. 
,+.l...-i 

,............. 
u o~.L. ... ,l 

". 
iiabao 

i.. 

=il 

.. 

LZIIZ " 

Sueldoo a Siti.ti 

NT'lll "r a lo E n Eswe 1"rallo 

En los 1.111-1 Duct 

D......St-.1n ..o 

Mensul 0 Alusle 

ttanl. el ABOO gi 1 e.. 

(012) 10131 

_______________ 

10141 

PC,$ 

10151 10161 

30213*.00 

tt? CO+D 

.+....1.. i 

;m 

--......... :+.............tr-.. . .. . . ... .... .... EZI - . ++--J 

(0271
Mees 
(0221 

-
(0281

Oha 
3023 

(019) 

1024) 

(0301
Cndugo 

f035 

31211______A*7~J[
ci 

1031) 
j J I [IL..,L 

_ 
**'II 

; . 

Me. 

(0373 

io+io++O-00.MP. 

30383 

0+l 

3038) 

,~mp 

(Cti40.3 I3.4( ).0 ? 

..... 
. .. .U.. 

• 
'+"?'"tP++"+<+a+-" + sr 

_-----

1L -

-

7 

... 

3 

(0421 

MMeses 

(0473 

- Mews 

1043 

- Dsas 

10483 

- iii 

- ets 

1044 

(049)D3 

t045 

C6d-,q 

(050 

C6.go 
6r-g 

1463 

o0 

(053 

00 
GO 

LiiLZi.Cu+Ir. (A ci,,.EDr, 

ihh i,- i-.t .Z~ie " * J 

elluu~d11 n r1- - L11 11-~i~ I-

L2L. 

b) jCulnlos pesos secibi6 de olias ueillls,tales como a.iendos o Irabajos pagados 
en efc,,wo. ,egalias. jubilacioneso etc.? ., ... ......... . . . . . . . . 

-

C 
-6-

..... 
--. 
u .. 

...... . .....-. . . . r ---.. . . L . . 

,,ist. ___ ...........: ___ ___ ... ___ __ . ___ __ t- _C__, 



LUt~II.O0.PAHA LOS CUL IIVtr.. 

,.I Ia.--

171 1*... 

TI I*IS.. 

I IUI 0 

1 -. 

2?f~l* 

2T I*. 

II 
I 
IA I. 

-

-1. 

illiI....L. LIs... Ll ;-.1)1 lfITC IIIN IL I IIT ICTUR 

LIIITS PAFIALOSCULIIVUSI-InIMANINTFS .I"-.I., 

Si ic.'T.....~-

Cub IIVO! EN LA FITCA OUIIANIF IMS Ul TIMTT VC)Cf MLSS..o 

UYILIZACION Of LA 

e..., 

IERRA 

I,..I..T.. 

''It),1.IIt 

___ ~ ~ __ 

- ~ ~ ~______ ~__ 

~ ~ ~__ 

IU' 

~TTIIA 

d 
- l 1.- 1 - wh_____ __.... 

J - ~ -~ - ___ __ __ __ _ _ __ __2T_ 



UliOt.AIIO3N 2J1 C3MUUMS(ltLS 

I U I C.-.AW 

..... 126D. 11.1 NIU 1... 

.. . . . . 4--7.,~.. 

-_-, ............ .................................. ...... .-2:-. 

32(33 (2603 126(1J)l23 32303 :1l I 333' 3'), I I It 

I -- - - . - . . . ... W ... ..-..-...'----I 
t% 

_.....U. 

MCI: (2330. 333.331.~101( 

IE31 -. 

1,C 

I 

I 

. . . . . . . 

.... . .. .... 

- -

-* I 

On'13 

s.3-( 

el.14 l1 

ell 1 

314 13.11 33 )2' 

(334.31.0. 

32 22 233 26 (" 31 331 *2 ( 



USIL11^1:I10-1tf IWAILIPIA 

a) in'..-WA.i l 9A. d.Ij, 

6 - o),e.d.,,.An. I .. . .t. ... . . . . . . .. .4 . .CgM 

. e.t l... ln 1)t~nnn U1ILIZACIONDI O1ROS TIPC'%(1 C(MPIN € Srnl , SI..a.l.d . d,.....- . .1-: -t.-6 ... . . + .,.....1-1 91 ..................1 ............. .. . ... ,.....-0 4h ...+.+o ...... 

,,., c...01,Ccn,nn..............ne.,,, ................ L -.- 'e *i." ... ne..+. ........ ~ E ' i '
e... ,.n~iG .. .. . F 

,.... ,.....nIneCic .... in..nee....i.. .. n+... ... cn..........c'n~i........ . - II T-it i . ,nm,.rca
 

11 C.I .11 v ,., . 

. ,... c s cn n c,.. n U
di A ,t,, n n t t cie eIr.i .cn ni. nni. .. c.c . . = '--_n boI.....r III,,tc, LT--- ________________._______.....__ -__zI~a4, 

1 .genoUIiIIZAI1irsUDI IN HblA kt[CIRICA n n .. . ... . 

,,, JZLL ci ~t.c+, rei en. ,7. ci ,ca.tti.. tanni, . c,..in.; .... +JSei.,n d ncie aa........ . . ..... '_i S,nnt'Cc i ,oSc.n cnn teoi______________"_
 

ci *En Lmii e s nny lanc leecmg~lrIccIuII *t~n~mce nccII*ntrnc ---cud nin+e i h in.~ +lu~ld sn~l cI inl~nii ["+ 

. ....... _l- - kT - - -- _t,_,- @l-] eow
 

......lIi. .... . . .... ',i1 liIT . Ila_ +, ...... ,,, nc.r. e n n.t. ce ..... o.nn,'.. 

ner..... Iail I- - - ..i I.IIC" : n--- - --- k.., .. .
nn , .d -- ' 

. I{,I_+ I_- L ,"... I .. - lIil .... *i - .. 
bC..Il1 . . .,, . . ....s..,,...n 

([n1+1 11... .. I'_1 I.. . ..-Ii, .nn [..i 

. ... .Cch.. n... ec. .e.. ....m nai.. .incc.. .e... . ... . .. 

-n~~nrnn.. eIF.
 

a *i eel . i LII0 L-- EI iINIR[VISTALOR S.n..n. r... c.. .. a.n 


UltiiZACnONUi C.ASF'iiiPANO .nnol = cin-11 _nnn-nen n.n-.n 

... ... .. D- F.I......nc I 

.. .I. I . .. _I.. .. v1eSn . .++ . . .f ... ..... ... 


1- e. e dn OcI . .. 

l nillltn l . ... enc+,d~n..,~c~c~ntcitcc ,.... .[z~ [ . [
 

0 cijC.Sienne-- ,81 nis innv .n .ot ... 
cii icein cc len tiesneoanScde innni ... . . . . i~ ; 


cm.. ,iti.. ii rNalI VnSnAinOR Sn. i.rnn cllec-1Ir+i 0 c.,+ le S W S
 

. .... .n.n....eln..... .- on. I ,,, . n... n. 

ci ,c,,.*nnn n, d ,. ,n c lA .,ondSr, ...... . .. * ***-- I'1

http:01,Ccn,nn..............ne


134 

2. Data Collection for AgriculturalProcessing and Marketing 

The National Statistical Office conducts a well designed survey of industrial establish

ments which contains very detailed energy input data. This survey includes the universe (and 

should perhaps be called a census) of medium and large scale agricultural processing plants. 

This data set was available to the PCI team in detailed published tables which were sufficiently 

detailed to permit the necessary energy inputs and product flow analysis. 

The ONE (National Statistical Office) survey, however, excluded food processing in

dustries with less than 5 workers and did riot include marketing enterprises. To obtain data on 

small scale marketing and agricultural processing enterprises (both rural and urban), PCI 

designed a survey which was undertaken by SEA in early 1980. This survey included 782 small 

scale enterprises (both agricultural processing and marketing) in urban areas including towns 

and villages to capture rural enterprises. The data gathered outlines the general structure of 

the enterprise, employment, general classes of inputs, value of output, and detailed informa

tion on energy use and energy end use devices. The questionnaire used in the small scale 

enterprise survey is reproduced below as Figure C-2. (Questions 1-13 are the same as Figure 

C-1.) 

FIGURE C-2
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ENTERPRISE SURVEY, 1980
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B. FOOD SYSTEMS FLOW MODEL 

The methodology used to estimate product flows from production through inter

mediate stages of processing, marketing and transportation to final consumption is a modified 
version of traditional Input/Output technique. In order to permit later use of the flow model 

in analysis of technological change and change in energy coefficients, it was necessary to dis

aggregate sectors by technology. 
Table C-I outlines the sectoral scheme of a part of the flows model to indicate the 

method used to separate production and distribution activities into technological levels. 

TABLE C-I 

SECTORAL STRUCTURE OF THE INPUT/OUTPUT FLOWS MODEL 

Marketing-Storage 
and Secondary 

Production Sub-sectors Processing Sub-sectors 
Primary Transport

Sub-sectors 
Transportation

Sub-sectors 

High Technology On Farm Processing Motorized Vehicles Small Scale 
Medium Technology Small Scale Processing Animal Transport Medium & 
Low Technology Medium & Large Human Transport Large Scale 

Scale Processing 

1. AgricultureProduction 

Thus, for each of the major agricultural products (12), production is divided into 

three separate technological levels. The High Technology production is that production 
utilizing mechanization and in the top three-fourths of farms when ranked by quantities of 

fertilizer used. Mid Technology is defined as production utilizing mechanization or-in the 

top three-fourths of farms when ranked by the quantities of fertilizer used. Low technology 

is unmechanized and in the lowest one-fourth of farms when ranked by fertilizer use. 

Besides this simplified classification of crop technology which is used to simplify the flow 

model, a much more complete technological classification is included for energy input cal

culations. The fuller breakdown separates crop production technologies into 27 groups 

based on seed variety, multiple or associated cultivation patterns, quartiles of chemical use, 

irrigation, four levels of mechanization, farm size, and region. All flows and energy input 

coefficients are computed at this more detailed level of technological disaggregation. Figure 
C-3 and Table C-2 present examples for distribution of production used in constructing the 

food systems flow model for rice to illustrate the analytical procedure. 
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2. Agricultural Processing 

One sectorAgricultural processing is divided into three sub-sectors jhi the flow model. 

each is created for farm level processing for each of the 15 major projects, one sector for small 

scale processing enterprises, and 17 sectors (for product types) for medium and large scale 

agricultural processing. 

3. Primary Transportation 

The transportation of agricultural products from the farm to the first marketing or 

processing point is divided into three sub-sectors-- motorized vehicis, animal transport, and 

human transport. Secondary transportation, which takes place between processing, wholesale 

and retail trade is included in the processing and marketing sectors. 

4. Marketing, Storage and Secondary Transportation 

Marketing, storage and secondary transportation activities are divided into three sub

sectors-small scale (less than five workers), medium and large scale, and on farm storage. 

5. Input/Output Methodology for Elaboratingthe Food Systems Flow Model 

Litilizing all of the existing and supplementary surveys, and available secondary source 

materials, a product input/output table is elaborated in quantity units to depict the horizontal 
"output" of product as it flows from one Sub-sector to another, and the vertical "input" of 

product into a receiving sub-sector. An example of one of the 1/O tables for rice is presented 

in Table C-2. Final consumption is divided into income levels utilizing the Banco Central 

Household Survey strata groupings. A special household sector is created for rural consumption 

which takes place directly from the farm without passing through processing, transport or mar

keting. This sub-sector is assumed to be composed of rural households of the subsistence 

type mainly from the lowest income strata. Four consumption flows enter this household 

group. First, direct autoconsumption of production at or near harvest time. Second, in-kind 

payments to workers. Third, direct cash sales to neighboring rural households. Fourth, family 

consumption of products stored at the farm level for consumption not during the harvest 

season. 

Losses occur at each level in the food chain and are reported as a row "output" from each 

of the sectors. See Appendix D for further explanation and data for all crops. 

6. Food Systems Flow Diagrams 

In order to display the flow data contained in the Input/Output models for each of the 

products, product flow diagrams have been elaborated. Figure C-3 presents an example of the 

flow diagram for rice to illustrate the methodology. Circled numbers refer to columns in Table C-2. 

C ENERGY INPUTS COEFFICIENTSESTIMATION 

Energy inputs are estimated in fuel quantities (and chemicals in production) and in 

Kilo Calories for each of the sub-sector food production and distribution activities included in 



TABLE C-2 

RICE INPUT/OUTPUT TABLE 

100'S OF TONS 

Marketing & 
Farms Storage Consumption 

Production Primary Transport cin Transport Household 
Technology 

High Me9d9Low 
1 2 3 

to First Sale Point 
Motor Animal Human 

4 5 6 

Farm Sma 
Level Scale 

7 8 

Large 
Scale 

9 

FIarm 
Storage 

10 

Smllarge 
Scale Scale 

11 12 
Rural 

13 

Income Levels 
I 11 III 

14 15 16 
IV 

17 
Exports 

1 
Losses 

19 

1. Production High 36.0 - - 1,784.3 672.3 129.3 0.0 - - 12.9 - - 265.2 - - - - 0.0 -

2. Med. - 8.4 - 161.7 60.9 11.7 0.0 - - 44.1 - - 105.8 - - - - 0.0 -

3. Low - - 3.1 21.9 8.2 1.6 0.0 - - 6.4 - - 31.7-- - - 0.0 -

4. Transportation Motor - - - - - 255.1 1,706.9 - 0.0 0.0 - - 5.9 
5. Animal . .- 96.1 643.1 - 0.0 0.0 - - - 2.2 

6. Human - 18.5 123.7 - 0.0 0.0 -- - - 0.4 

7. Processing On Farm - 0.0 0.0 -- - - 0.0 
8. Small - 162.2 206.4 -- - - 3.4 
9. M,.& Large . . . . . . . - 1,085.1 1,381.1-- - - 1.1 

10.Marketing& On Farm - - 63.4 - - - - 1.9 
11. Storage Small - - - - 99.1 347.7 565.0 231.8 - 3.7 

12. Med.&Large - . . . . . . . . . . . . 126.2442.5 719.0 295.0 - 4.8 

13. Households Rural I . .- - - - - -

14. Strata I-. . . . . . . . . .. .. ... 

15. II . . . . . . . . . .. .. ... 

16. 11 . . . . . . . . . .. . .. ... 

17. IV . . . . . . . . . .. .. ... 



FIGURE C-3 

EXAMPLE FLOW DIAGRAM FOR RICE 
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the flow model for each product. These Energy Input Coefficients tables are disaggregated by 
technology to illustrate the impact of alternative production processes on energy use. Table 

C-3 presents a sample energy input coefficie~its table for rice to illustrate the format of these 
estimates. The last two columns in the table present energy Input/Output efficiency for rice. 
For example, ratio I indicates that for average rice production technology in the DR, the 

energy value of the rice produced is 8.6 times as great as the energy consumed in its produc
tion. The energy inputs in ratio one include mechanical replacement energy for human and 
animal labor, ratio two includes only fuiels and chemical fertilizers. 

When expanded from the sample to the national level, these input coefficients indicate 
the total energy consumed at each of the food system stages for each of the rajor products. 

TABLE C-3 

SAMPLE ENERGY INPUT COEFFICIENTS CALCULATIONS FOR RICE 
ARI4OZ
 

E N E R G Y I N P U T S PEN9 M T R I C TON P R ODU C E D 
MECHANICAL POmER MECHANICAL C H E H I C A L S TUTAL 

NO. FUELS FUELS ANIMAL MAN REPLACEMENT NITROGEN PHOSPHORUS POTASSIUM KIL0 
OBS. LITERS KCAL, DAYS DAYS LITERS KCAL, LSS. KCAL, LOS. KCAL. LBS, KCAL, CALURIES 

........................................................................................................... 

VARIETY 
HYBRID 1 5o00 46154 0.00 42,33 12.3 113969 05.5 286591 68.2 74250 68.2 40227 47222 
IMPROVED 111 3.86 35605 0,75 8,79 '.1 37589 35,1 221608 27,2 29591 13,6 803 294838 
NATIVE 172 4.65 92941 1,89 9,39 6.5 60035 65,6 a13595 32.4 35320 26e9 15597 507454 

CROPPING 
NULTiASSO. 34 1,08 9998 1,65 50,29 18.0 1663U2 20a 15118 1.4 1512 0,7 410 27037 
OLO 250 4,27 39431 1.27 8.81 5,2 47576 50.2 316527 30,1 32814 20,2 118"9 400671 

CHtICALS 
NONE 88 1,89 17461 3,56 54,76 23,2 214437 0,0 0 0,0 0 0'0 0 17461 
1 QUAKT, 98 3,46 31909 1,44 12,36 6,5 60359 1101 70112 6,9 7565 9,5 2683 112269 
2 0UAR), 99 4.83 44626 0,9 9,96 9,8 44561 33,7 212763 28,0 30447 1392 7766 295603 
3 QUART, 49 536 49523 1,20 6,09 ,8 44460 51,9 326973 35,0 38123 26, 15586 930205 
4 QUART, 50 3,20 29598 1,46 5,21 4.5 91980 78.5 995055 36.3 39510 2800 16510 580631 

IRRIGATION 
YES 189 9,27 39905 1.27 8,2Z 5,0 45974 52,7 332315 31,1 33848 20,9 12332 417901 
NO 95 3,90 35977 1,31 21,94 9.1 83839 11,3 71312 19,0 15270 8,1 4750 127309 

POWER 
NONE 
12 
3-5 
6-7 

121 
87 
75 
1 

0,00 
2,57 
4,61 
13,19 

0 
23755 
42602 
121899 

8,97 
3.71 
0,29 
1,42 

25,77 
15.08 
6,40 

28,35 

24,8 
12.0 
2,5 
11,2 

228999 
110576 
22666 
10309S 

46,9 
99,1 
51,2 
39,0 

292769 
278190 
322652 
245776 

9,5 
17, 

8 

32,7 
56,7 

10392 
19433 
35588 
61746 

4,8 
I1,O 
22,9 
26,3 

2815 
6482 
13218 
16726 

305976 
327611 
419059 
946093 

CULTIVATED 
Owl NA 116 0,00 0 7,78 39,91 27,5 259009 45,0 263990 19,5 15022 7,1 4179 303a36 
1"3 HA 89 1,86 17908 4.06 18,27 13.6 125762 47,1 296793 22,9 29952 13,3 7870 397023 
3010 NA 
10# HA 

59 
25 

3,38 
4,93 

31256 
95527 

2,11 
0,43 

9,91 
6,50 

7,2 
2,8 

66991 
25513 

91,6 
52,3 

262067 
329616 

25,5 
32,5 

27793 
35358 

15,4 
22,5 

9064 
13274 

330199 
413776 

REGION 
NORTE 39 6,26 57839 0,29 9,69 1,9 17759 89,3 563090 38,5 91979 33,2 19562 682415 
NORDEOTE 
NONOESTE 
CENTRAL 
IUROEITE 

99 
46 

37 
74 

4,07 
3,66 
5,63 
0.51 

37572 
33969 
51953 
9756 

0,43 
0,93 
0,59 
10,21 

7,54 
9,91 
16,97 
15,00 

3,1 
3,6 
6,1 

25,2 

28307 
39737 
55895 

232856 

30,9 
39,4 
19,5 
66,8 

194923 
216560 
122823 
421008 

32,6 
26,9 
30,1 
10,6 

35952 
26715 
32087 
11505 

a5,2 
10,6 
21,7 
5:4 

19697 
6240 
12764 
3191 

282794 
81951 
120447 
440459 

SUR 23 4,97 41319 2,91 63,92 23,5 217953 5,1 31867 5,8 6290 2,9 1709 61131 
KITE 14 4,64 4283? 1,09 16,63 7,0 6416 48,0 302696 60,0 65332 30,0 17696 42896a 

TECHNOLOGY 
Nigh 109 4,57 42193 0,79 7,37 3.7 33799 53.7 3368 33,6 36584 22,6 13336 430461 
MEDIUM 103 2,90 26736 4,39 15,40 13,9 123300 32,0 202019 9,3 10106 5,4 3201 29061 
LOW 77 0,00 0 4,59 37.89 20,4 188377 6,2 39399 2,7 2941 1,4 797 43137 

TOTAL ALL 284 4929 39162 1,27 9,19 5,3 98665 49,8 313765 29,9 32527 20,0 11794 397246 
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D. PROJECTIONS ANAL YSIS 

The objective of the projections analysis is to examine the implications of alternative 
growth and change hypothesis on energy use, and correspondingly to examine the implications 
of energy on development possibilities for the DR economy. 

The projections have been grouped into three types, each having a particular methodology 
and aimed at testing a reasonably similar set of growth and change hypotheses. 

1. Agricultural Production and Consumption Trends 

The hypotheses examined in this section relate to examining energy requirements at 
1978 energy input coefficients, projected to the year 2000 based on three different production 
and consumption projections. The first of these projections is based on past agricultural pro
duction trends projected into the future. Classical least squares methods were used; linear, 
logrithmic and exponential forms were explored to give the best fit according to the calcula
tion of R2. In some cases best fit projections were rejected where unusual results were implied; 
for example, where the projection implied elimination over time of a major crop. Projections 
include processing. 

The second projection involved a consumption model which projected consumption de 
mand for products based on population growth, expected changes in disposable income, and 
the income elasticity of demand for specific agricultural products. [he income elasticities were 
estimated based on Banco Central household survey data using the following equation: 

Ln Y = A + B Ln X
 

Where Y is expenditure on the ith commodity
 

X is the income class
 
B is the income elasticity of demand for the it " commodity
 

The third projection is based on extrapolation of past apparent consumption trends. 

2. The Impacts of TechnologicalChange in the Food System on Energy Use 

The hypotheses tested in this second class of' projections involve examination of tech
nological change in production and processing activities. These projections utilize the techno
logical disaggregation preserved in the data when the energy input coefficients were computed. 
For example, rice production is projected to be shifting over time in the proportions of output 
produced at the different mechanization and fertilizer technologies. For agricultural processing, 
the ONE data provide a five year series of energy input coefficients reflecting changes in pro
duction technology at widely varying energy input prices (before and after the oil crises of 
1974). Trends in quantities of energy used in processing are used to project changes in the base 
year estimates of fossil energy employed in processing and handling the various major crops 
and livestock products. 
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APPENDIX D 

TABULATIONS OF BASIC INPUT/OUTPUT DATA FOR MAJOR DOMINICAN 

REPUBLIC AGRICULTURE PRODUCTS STUDIED 

The tables in this Appendix summarize much of the raw survey information which is 
listed in the separate volume: Energy in the Food System of the Dominican Republic: A 
Statistical Profile. In this Appendix will be found one table for each of the 19 major crops 
discussed in the main body of the report. All weights are reported in terms of raw product 
eq'ivalents no matter what state of the food chain they refer to. Much of the information 
in the main body of the report can be created from or adapted from the data presented in 
this Appendix. 

The upper part of each table, all values in columns 1-20 and rows 1-19 of each raw 
product input/output table are in 102 metric tons. In the lower part of each table, columns 
1-12 and 15, row 20 and all side headings referring to sources are in 106 kilocalories.
 

An explanation of the various table entries follows, using rice for an example.
 
In column 1 row I of the RPO/IT for rice, the number is 36.0. This means that
 

3,600 metric tons of the total production produced by those in the high technology category 
went back into production of rice in the form of seed the following year. This information 
comes from EFSDR, Statistical Profile, Part I11, Rice, column 2 row 28. Values in column 2 
row 2 and column 3 row 3 of the RPI/OT for rice were determined in the same manner. 

Under "Fossil Fuel Energy Requirement 10' Kcal/MT" in column 1 is the number 
430. This number is taken from EFSDR, Statistical Profile, Part I, Rice, column 14 row 28. 
The values under the same heading in columns 2 and 3 are obtained in the same way. 

Beneath the heading "Total Fuel Requirement by Source (106 Kcal): Rice," 
column 1 row 20, is the number 124863. This number is taken from EFSDR, Statistical Pro
file, Part V, Rice, column 9 row 28. Note that the energy inputs added together (112624 
and 12239), diesel and fertilizer, respectively, equals the total fuel requirement. The fertilizer 
value of 112624 is found in the previously mentioned source and is determined by adding 
column 4 row 28, column 6 row 28, and column 8 row 28 of that source. The diesel value 
is found in column 2 row 28. The same procedure is used to determine the corresponding 
values for the medium and low level technology farm groups. 

As noted in the footnote reference above columns 4, 5, and 6, the quantity of rice 
which goes from the on-farm production stage to the primary transport stage is ti it which 
goes to large and medium storage, off-farm processing, and direct farm marketing. -.ppropriate 
values for each technology level are found in columns 8, 10, and 11 of EFSDR, Statistical 
Profile, Part III, Rice. The total metric tons (258590 in the high technology level) was broken 
down by transport mode with the aid of Dominican Republic Sector Analysis; Statistical Work
ing Document #5, Marketing. This document gave approximate distances to the market along 
with the proportions going to the market by way of motorized vehicle, animal, and human. 
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The value in column 4 under "Fossil Fuel Energy Requirement 103 Kcal/Mt" was calculated
 
using this information along with the transportation factor of 830 kcal/ton/km found in "A
 
Preliminary Assessment of Energy Supply and Conlsumption in the Dominican Republic" by
 
Brookhaven National Laboratory.
 

The quantities in 
 the primary transport storage phase then go to the processing stage. 
Note that the summation of the three values in column 5 are equal to the three values in
 
row 5. The Diagnostico Del Sistema de Mercadeo Agricola 
en Republica Dominicana provides 
information to determine product losses at various stages. Using this information 220 metric 
tons was estimated to be lost in the transportation phase (column 19 row 5). Of the remaining 
73920 tons, 13 percent went into small scale processing and 87 percent went into large scale 
processing. Seventy-two percent of the fuel usage used in transport estimated to bewas 

diesel and 28 percent gasoline. Values of 1105 and 430 are found in column 4 in the diesel
 
and gasoline rows i'flecting these estimated ratios.
 

These percentages were used on all crops and were in turn determined by comparing
 
total crop production shown in 
 the Sector Analysis with large scale processing information
 
from the ONE 
 Estadistica Industrial. Fossil Fuel Energy Requirement in solumn 9 was de
termined comparing energy input and product output from 
 the ONE Estadistica Industrial
 
for the specific crop of rice. To process one metric ton 
of rice, 7 1 million kilocalories were 
used. Of this energy input, 84 percent was diesel, 14 percent was electrical, and 2 percent was 
for 	oil and grease. Multiplying the metric tons by the energy input per ton while using the 
just mentioned percentages, the 	values of 12664, 302, and 2110 million kilocalories were 
attained for diesel, oil and grease, and electricity, respectively. Small scale processing values 
in column 8 were estimated to use 60 percent more energy per unit processed. They were 
assigned the same proportions of each energy type used in large scale processing. 

On-farm marketing and storage values found in column 10 from EFSDR,come 

Statistical Profile, Part Ill, Rice, column 6 rows 28-30.
 

To better understand how values in columns 8 and 9 were 
derived, it should once 
again be noted that the sum of values in column 8 (9) is equal to the sum of values in row 
8 (9). To get from column 9 rows 4, 5, and 6 to columns II and 12 row 9, the following
 
was done:
 

(1) 	column 9 values were added together and equal 247370 MT 
(2) 	losses of 740 MT were subtracted from the 247370 MT total 
(3) 	 44 percent of this total went into small scale marketing and storage and 56 per

cent went into medium and large scale marketing and storage. Numbers corres
ponding to these percentages are 108510 and 138110 metric tons. (The 44% 
56% division are average values of many products found in the SEA report DSMARD 
commercialization channels.) The values in columns 11 3nd 12 row 8 were found 
the same way. 

Columns 11 and 12 row 19 are quantities of rice imported and were divided so that 
44 percent enters the small marketing and storage channel and 56 percent the medium and 
large scale marketing and storage channel. 
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From PCI's small business energy inventory survey, it was found (considering all pro
ducts marketed) that 61 thousand kilocalories per ton of product go into the marketing and 
storage functions. The proportion of each energy type going into the storage and marketing 
of products is the following: 8% diesel, 5%gasoline, 6% propane, 2% kerosene, 1% oil and 
grease, and 78% electrical energy. Thus, the total fossil fuel requirement multiplied by the 
preceding percentages yields the fuel requirement in millions of kilocalories for each fuel 
source as found at the bottom of the page in columns 11 and 12. The energy input for 
medium and large scale marketing and storage per ton was estimated at 40% larger than the 
small scale. The proportion of each energy type going into medium and large scale storage 
and marketing of products is the following: 14% diesel, 9% gasoline, 5%propane, 1% oil and 
grease, and 71% electrical energy. 

Column 13 rows 1, 2, and 3 come from EFSDR, Statistical Profile, Part III, Rice. The 
first value (column 3 row 1) is the sum of the values in column 3 row 28, column 9 row 28, 
and column 7 row 28 of the EFSDR document. 

To best understand the value in columrn 13 row 10, compare row 10 with column 10. 
Columns 14 to 17 are product consumption patterns as determined using the four 

stratas developed in the SEA Plan de Desarrollo Agropecuario 1980-1982. Once again the 
summation of the values in column 11 (12) are equal to the summation of the values in row 
11 (12). 



TABLE D-1 

RAW PRODUCT INPUT/OUTPUT TABLE FOR RICE (102 MT) 

Total Energy Input Values for Each Output Stage (106 Kcal) 

PUTOUT 

On-farm Production Primary Transnort Storaoe Precessinq Marketing and Storage
 

Hioh Meditmi [ow 	 On-farm Med& Med &
 

Tech. Tech. Tech. M 1tor-I/Animal/ Human, / Storage Small Large On-farm Small Large 

(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
(1) 


36.0 .... 1784.3 672.3 129.3 .... .. 13.4 ....
1. Product. Techn. High 

.. ..11.7 .... .. 45.3Medium -- 8.4 -- 161.7 60.92. 	

3.1 29 .9 8.2 1.6 ...... 6.6 ....
3. 	 Low .... 

255.1 1706.9 ......4. Transportation Motor .............. 

.. 	 96.1 643.1 ......
5. 	 Anima l ....-


.. .. .. .. . 1 8 .5 1 2 3 .7 ... .. .

6 .	 H u m a n ... .. 


206.4
7. Processing On-farm .. .............. 	 ...--

.. 1085.1 13 1.4
8. 	 Small ................ 


18 1 13 .
9. 	 Med & Large ..............
 
10. Market. & Storage On-farm ................ ...... ..
 

I]. Small ................ 
 ........
 
........
12. 	 Med & Large ................ 


13. Households Rural I & II ................ 	 ...... ..
 
........
14. 	 Strata I ................ 

. . ......15. 	 Strata II ................ 

........
16. 	 Strata III............. 


17. Strata IV ................ 	 .... 91.1 115.9
 
9 1 159
18. Imports/Exports 	 ...............
 

19. Losses ................ 	 ...... ..
 

Fossil Fuel Eneray Requirement 103 Kcal/Mt
 

242 43 ...... 	 114 71 -- 61 84

430 


Total Fuel Requirement by Source (106 Kc0l): Rice
 

15076 -- 8071 14384
 
20. All Sources 124863 9514 431 1535 ...... 	 4208 


2 9 -- 5 	 8

70 5 .2 .9 ......
Percent 


..
112624 8463 431 .. ........ 	 ....
Fertilizer 

3282 12664 -- 646 	 2014
1105 ..
Diesel 12239 1051 


.. .. 4 0 4 1 2 9 5
 430 ... .. 	 .. 

.. .. 


G a s o l in e .. ... .
 
.. . 48 4 7 1 9
 .. .. 

Fuel Oil .. ...... ...... - -- __ 16 --
P r o p a n e ... .. .. .. 


1 61...
 
K e r o s e n e ... .. .. ..
 

.. 
 .. . 12 6 302 -. 81 144

Oil& Grea se .. ... .. .. 


Crude Oil .. .... .. ........ ...... 
 ..
 
2110 -- 6295 10212
 ...... 	 800


Electric ity .. ...... 

Charcoal .. ...... 	 ........ 
 ...... .. -
Wood .. .. ........ ...... 	 .
 

21 [ncludes large and medium storage, off-farm processing, and direct farm marketinqs, all categorized by X-port Mode.
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TABLE D-I 

CONTINUED FOR RICE 

___________ ___ ___OUT PUT _ __ ___ _ _ _ _ _ _ 

Conswnot i on _ 

Rural I&II2-1  Strata I Strata II Strata IIl Strata IV Exports Losses Inventory
(13) (14) (15) (16) (17) (18) (19) (20)
 

1. Product. Techn. Hiqh 265.2 ..............
 
2. 	 Medium 105.8 ..............
 
3. 	 Low 31.7 ..............
 
4. Transportation Motor ............ 	 5.9 

5. Animal ............ 	 2.2 -
6. Human ............ 	 0.4 -
7. Processina On-farm ................
 
8. Small ............ 	 1.1 -
9. Med & Large ............ 	 7.4
 

t 10. Market. & Storage On-farm 63.4 .......... 1.9 -
a 11. Small -- 235.5 269.3 591.1 242.5 ..... 

12. 	 Med & Large -- 299.8 342.7 752.3 308.6 ..... 
13. 	 Households Rural I & II ................
 
14. 	 Strata I ................
 
15. 	 Strata II ................
 
16. 	 Strata III...............
 
17. 	 Strata IV ................
 
18. 	 Imports/Exports ................
 
19. 	 Losses ................
 

Fossil Fuel Energy Requirement 103 Kcal/Mt
 

Total Fuel Requirement by Source (106 Kc.-l): Rice
 

Total Percent

20. 	 All Sources 178082 Total
 

Percent 
 100 Percent
 

Fertilizer 121518 68
 
Diesel 33001 19
 
Gasoline 2195 1
 
Propane 	 1203 .7
 
Fuel Oil
 
Kerosene 161 .1
 
Oil & Grease 653 .4
 
Crude Oil
 
Electricity 19417 11
 
Charcoal
 
Wood
 

-Includes family consumption, rural direct sales and paynents in kind.
 

-J 



TABLE D-2
 

RAW PRODUCT INPUI /OUTPUT TABLE FOR BEANS (102 MT)
 

Total Energy Input Values for Each Output Stage (106 Kcal)
 

OUTPUT 

On-farm Production Primary Transoort Storaqe Processinq Marketing and Storago 

Hiah 
Tech. 

Medium 
Tech. 

Low 
Tech. Motor- Animal1 Human-

On-farm 
Storage Small 

Med & 
Large On-farm Small 

Med & 
Large 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

1. 
2. 
3. 
4. 
5 . 
6. 

Product. Techn. 

Transportation 

ligh 
Medium 
Low 
Motor 
A n ima l 
Huma n 

6.48 .... 
-- 1.26 
.... 
................ 
. .. .. 
. .. ............ 

--
8.53 

...... 

75.7 
28.4 
72.7 

44.9 
16.8 
43.1 

7.7 
2.9 
7.4 

.. 

.... 

.... 

...... 

.. .. 
..... 

.. 

.. 

.... 
.. 

10.0 
3.3 
8.0 

. 

.. 
.. 
.... 

77.8 
4 6 .1 
7 .9 

.. 

.. 

99.0 
58 .7 
10 .1 

7. 
8. 
9 . 

.-10. 
C 1 1 . 

Processing 

Market. & Storage 

On-farm 
S m a ll 
M e d & L a r n e 
On-farm 
Sm a l l 

................ 

... .. .. 

... .. .. 

...................... 

.. 

.. 

. 

.. 

.. 

. .. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

........ 
.. 
.. 

.. 

.. 

.. 

.. 

. 

.. 

.. 

- 
. 

.. 
. 

z 1 2 . 
13. Households 

M e d & L a r g e ... .. 
Rural I & 11............. 

.. .. .. .. .. .. .. 
........ 

.. .. . 

i4. 
15 . 
1 6 . 
1 7 . 
18. 
19. 

Imports/Exports 
Losses 

S t r a ta I 
S t ra ta II 
S t r a t a I I I 
S t r a t a I V 

... .. 

. .. .. 

. .. .. 

. .. .. 

................ 
................ 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
.. 
.. 
.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
.... 
...... 

.. 

.. 
.. 
.. 

.. 

.. 

.. 

.. 
13.0 

. 

. 
. 
. 

16.5 
.. 

Fossil Fuel Enermy Requirement 103 Kcal/Mt 

400 159 -- 11 ........ 61 84 

Total Fuel Requirement by Source (106 Kcal): Beans 

20. All Sources 
Percent 

6122 
64.0 

1018 
10.7 

--

--
198 
2.1 

........ 

........ 
.... 
.... 

799 
8.4 

120 
14.8 

Fertilizer 
Diesel 
Ga s o l in e 
P r o p a n e 
F u e l Oil 
K e r o s e n e 
Oi l & G r e a s e 
Crude Oil 
Ele ctricity 
C h a r c o a lWood 

4467 434 --
1655 584 --

... .. .. 

... .. .. 

... .. .. 

... .. .. 
. .. .. .. 
................ 
............. 
... .. 
................ 

Wood 

55 
143 
.. 
.. 
.. 
.. 
.. 

.. 

........ 

........ 
.. 
.. 
.. 
.. 
.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
.. 

....... 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

...... 

.... 
.. 
.. 
.. 
.. 
.. 

........ 

.. 
...... 

. 

. 

.. 

. 
. 

.. 

64.0 
4 0 .0 
4 8 .0 

.. 
160 
8.0 

623 .0 
.. 

--

.. 
199 
1 2 8 
7 1 
. 

- -
1 4 

1008 
. 

...--

00 

!/Includes large and medium storaqe, off-farm' processing, and direct farm marketinqs, all categorized by X-port Mode. 



TABLE D-2 

_______ ___ ______ ____ ___ ___ 
CONTINUED 

___ ___OUTPUT 

FOR BEANS 
_ __ _ __ _ 

ConstanDtion 
--
Rural I&I 2 Strata I .trata 11 Strata III Strata IV Exports Losses Inventory

(13) (14) (15) (16) (17) (18) (19) (20)
 

1. Product. Techn. High 8.2 ..............
 
2. 	 Medium 11.4 ..............
 
3. 	 Low 58.8 ..............
 
4. Transportation Motor ............
 
5. Animal ............ 	 _- __
 
6. Human 	 ...........
 
7. Processino On-farm...............
 
8. 	 Small ................
 
9. 	 Med & Large ................
 

10. 	 Market. & Storaqe On-farm 20.8 .......... 
 .5 -
. 11. 	 Small -- 6.8 10.5 55.6 28.5 -- 43.4 -

12. 	 Fed&Large -- 6.8 10.5 66.3 34.0 -- 50.3 -
13. 	 Households Rural I & II ................
 
14. 	 Strata I ................
 
15. 	 Strata II ................
 
16. Strata III .......... 	 ..
 
17. 	 Strata IV ................
 
18. 	 Imports/Exports ................
 
19. 	 Cosses ................
 

Fossil Fuel Energy Requirement 103Kcal/MT
 

Total Fuel Requirement by Source (106 Kcal): Beans
 

20. 	 All Sources Total Percent Total
 
Percent 100 Percent
 

Fertilizer 4956 51.9
 
Diesel 2645 27.7
 
Gasoline 168 1.8
 
Propane 119 1.2
 
Fuel Oil
 
Kerosene 16 .2
 
Oil & Grease 22 .2
 
Crude Oil
 
Electricity 1631 17.0
 
Charcoal 
Wood
 

E/Includes family consmption, rural direct sales and paympnts in kind.
 

0 



TABLE D-3
 

RAW PRODUCT INPUT/OUTPUT TABLE FOR CORN (102 MT)
 

Total Energy Input Values for Each Output Stage (10 Kcal)
 

0 OUTPUT 

On-farm Production Primary Transport Storaqe Processing Marketing and Storage 

Hiah Medium Low On-fam Med & Med & 
Tech. 
(1) 

Tech. 
(2) 

Tech. 
(3) 

Motor 
(4) 

Animal-
(5) 

Human-
(6) 

Storage 
(7) 

Sma 1 
(8) 

Large 
(9) 

On-farm 
(10) 

Small 

(11) 

Large 

(12) 

1. Product. Techn. 
2. 
3. 
4. Transportation 
5. 
6. 
7. Processing 

High 
Medium 
Low 
Motor 
Animal 
Human 
On-farm 

5.6 .... 
-- 19.0 --
.. .. 53.1 
.. .... 
-- - ... 
...... 
................ 

73.7 42.7 
93.9 54.4 
105.1 60.8 

........ 

....... 

........ 

12.9 
16.5 
18.4 

.... 
.... 
.... 

17.0 
9.9 
3.0 

.. .1 

.. 2.1 

.. 5.2 
113.9 --
65.9 --
20.0 --
........ 

.. 

.. 
-

62.4 
36.1 
10.9 

.. 

79.4 
46.0 
13.9 

8. 
9. 

- 10. 
~ 11. 

12. 
13. 

Market. & Storage 

Households 

Small 
Med & Large 
On-farm 
Sma l l 
Med & Large 
Rural I & II 

................ 

................ 
................ 
. .. .. 
................ 
.-.............. 

.. .. .. .. .. .. 

.... 

.... 

...... 
.. 

........ 

........ 

.. 

13.2 
263.6 

.. 

16.7 
335.6 

.. 
. 

14. 
1 5 . 
1 6 . 
17. 

Stra ta I 
S t r a t a I I 
S t r a t a Il l 
Stra ta IV 

... .. 
. .. .. 
. .. .. 
...................... 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
.. 
.. 

.... 

.. 

.. 
.. 
.. 

. 

. 

. 

18. Imports/Exports 
1 9 . L o s s e s 

.. 

... 
.... 
.. .. 

.......... 
.. .. .. .. .. 

399.4 
.. 

--
.. 

190.4 
.. 

242.3 
. 

Fossil Fuel Enery Requirement 103 Kcal/Mt 
180 50 8 ...... 121 65 61 84 

Total Fuel Requirement by Source (106 Kcal): Corn 

20. All Sources 2593 1052 -- 213 ...... 361 3876 -- 3491 6214 
Percent 14.5 5.9 -- 1.2 ...... 2.0 21.8 -- 19.7 34.9 

Fertil izer 1824 196 ............ ........ 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 

O il & Grea se 
Crude Oil 

759 856 
.. .... 
................ 
.............. 
................ 

................ 

................ 

-- 153 
60 

...... 

........ 
148 

79 

2016 
.... 
.... 

1085 
.... 
.... 
...... 

--

.... 

280 
175 
210 

70 
35 

870 
559 
311 
.. 

-
62 
.. 

Electricity 
C h a r c o a l 

.. 

... 
.... 
.. .. 

.. 
.. 

...... 
.. .. .. 

134 775 
.. 

--
.. 

2721 
.. 

4412 
. 

Wo o d . .. .. .. .. .. .. .. .. .. .. .. . 

-Includes large and medium storage, off-faro' processinq, and direct fanr marketinQs, all cateorized by X-port Mode. 



_ __ _ _ _ _ _ _ _ _ _ _ 

TABLE D-3
 

CONTINUED FOR CORN
 
______________ ____ ___OUTPUT 

Consumption
 

";;-ral I&Ii?-/
(13) 

Strata I 
(14) 

Strata II 
(15) 

Strata 
(16) 

III Strata IV 
(17) 

Exports 
(18) 

Losses 
(19) 

Inventory 
(20) 

1. Product. Techn. 
2. 
3. 
4. Transportation
5. 
6 . 
7. Processino 
8 . 
9. 

10. Market. & Storaqe 
11. 
12. 
13. Households 
14. 
15. 
16. 
17. 
18. Imports/Exports
19. Losses 

Hiqh 8.1 .. 
Medium 24.2 ............... 
Low 63.4 ............... 
Motor ................ 
A n imal ....... 
Hum an ............. 
On-farm ................ 
S m a l l . .. .. 
Med & Large ................ 
On-farm 6.2 .......... 
Small -- 1534 
Med & Large -- 195.3 
Rural I & II ................ 
Strata I ................ 
Strata 1I ................ 
Strata III............... 
Strata IV ................ 

................ 

................ 

.. 

93.3 
118.8 

.. 

.. 

90.6 
115.3 

........ 

.. 

.. 

11.8 
15.0 

--
--

..... 

.. .. 

1.2 
37.1 
47.2 

. 

-
-
--

Fossil Fuel Energy Requirement 103 Kcal/MT 

20. All Sources 
Percent 

Total Fuel Requirement by Source (106 Kcal): 
Total Percent 
17790 Total 

100 Percent 

Corn 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 
Crude Oil 

2020 
5082 
794 
521 
1164 

70 
97 

11.4 
28.6 

4.5 
2.9 
6.5 
0.4 
0.5 

Electricity 
Charcoal 
Wood 

8042 45.2 

-'Includes family consumption, rural direct sales and paynnts in kind. 



TABLE D-4 

RAW PRODUCT INPUT/OUTPUT TABLE FOR PLANTAIN (102 MT) 

Total Energy Input Values for Each Output Stage (106 Kcal) 

OUTPUT 

On-farm Production Primary "Transport Storaue Processinq Marketing and Storage
 

Hibh Medium Low On-farm Med & Med &
 
Tech. Tech. Tech. Motor- Animal- Human-- Storage Small Large On-farm Small Large
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
 

..
.... ......
1. Product. Techn. High ...... 	 23.4 16.0 4.8 

130.4 88.6 27.1 .... ...... 	 ..2. 	 Medium ...... 

.. 
.... 298.5 379.9 

3. 	 Low .... 10.8 524.4 356.2 108.8 .... ... 3 .. 


4. Transportation Motor ................ 

.... 202.7 258.0


5.	 Anima l ................ 

61 .9 78 .8
6.	 Human .................... 


...... 	 ..
7. Processing On-farm .. .... .......... 


...... 	 ..8. 	 Small ................ 


...... 	 ..9. 	 Med & Large -- .............. 

..10. 	 Market. & Storage On-farm ................ ...... 


...... 	 ..11. 	 Small ................ 

..
......
12. 	 Med & Large ................ 


...... 	 ..
13. 	 Households Rural I & II ................ 

14. Strata I ................ 	 ...... ..
 

15. Strata II ................ 	 ...... ..
 

16. Strata III............. 	 ...... ..
 
...... 	 ..17. 	 Strata IV ................ 


18. 	 Imports/Exports .. .............. ....--- -
...... 	 ..19. 	 Losses ................ 


Fossil Fuel Eneray Requirement 103 Kcal/Mt
 

61 85
.2 .1 	 .6........ 


Total Fuel Requirement by Source (106 Kcal): Plantain
 

1 5 -- 377 ........ 	 .... 3416 6069

20. 	All Sources 


Percent 
 -- 0.1 -- 3.8 ........ .... 	 34.6 61.5
 

Fertilizer 1 5 ...... 	 . ... . 
Diesel ...... 271 ........ 	 .... 273 850
 

.... 171 546
........
Gasoline ...... 	 106 


.... 205 303 

Fuel Oil ................ ...... .. 

Kerosene ............. 

Propane ................ 


....... 68 --


O il & Grea se . .. ............. 
 .... 34 61 

Crude Oil ................ ...... .. 

Electricity ........... ...... .... 2665 4309 

Charcoal ................ ..... .. 
Wood ................ ...... 	 .. 

-Tncludes large and medium storaqe, off-farm processinq, and direct farm marketinqs, all categorized by X-port Mode.
 



TABLE D-4
 

CONTINUED FOR PLANTAIN
 
OUT P UT 

Rural ."IIZI 
Ru (13) 

_______--______Consumoti 

Strata I Strata 11 
(14) (15) 

on 
Strata III 

(16) 
Strata 

(17) 
IV Exports 

(18) 
Losses 
(19) 

Inventory 
(20) 

1. 
2. 
3. 
4. 
5. 

Product. Techn. 

Transportation 

High 
Medium 
Low 
Motor 
Animal 

6.8 
145.9 

1111.8 
--
.............. 

--

.......... 

.......... 

........ 

--... 
12.3 
33.6 

-
-

-

-

6. 
7. 

8 . 
9 . 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

Processino 

Market. & Storage 

Households 

Hum an 
On-farm 

Sma ll 
M e d & L a r g e 
On-fann 
Small 
Med & Large 
Rural I & II 
Strata I 
Strata II 
Strata III 
Strata IV 

.......... 

.............. 
. .... 

- .. .. 
.2 --

-- 43.1 
-- 54.9 

--
................ 
.............. 
................ 
................ 

.. 

56.9 
72.4 

--

.... 
.. 

119.8 
150.5 

--

.. 

287.-0 
3653 

--

.. 
__ 

--

--

.

-
56.3 
71.7 
-

" 
-

" 

-_ 

__ 

18. 
19. 

Imports/Exports 
Losses 

........ 

.............--

Fossil Fuel Energy Requirement 103 Kcal/MT 

20. All Sources 
Percent 

Total Fuel 
Total 
9868 

Requirement by Source (106 Kcal): 
Percent 

Total 
100 Percent 

Plantain 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 
Crude Oil 

6 
1394 
823 
508 
.... 
68 
"95 
.... 

.1 
14.1 
8.3 
5.1 

0.7 
1.0 

Electricity 
Charcoal 

6974 70.7 
--

Wood 

I'1ncludes family consumption, rural direct sales and payments in kind.
 



TABLE D-5
 

RAW PRODUCT INPUT/OUTPUT TABLE FOR CASSAVA (YUCA) (102 MT)
 

Total Energy Input Values for Each Output Stage (106 Kcal)
 

OUT PUT __ 

On-farm Production Primary Transoort Storaae Processinq Marketing and Storage 

HiohTech. MediumTech. LowTech. Motor./ Animal! - Hunan / On-farmStorage Sma1/ Ned &Large On-farm Smal Med &Large 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

_10. 
11 . 
12 . 
13. 
14 . 
15 . 
16 . 
17 . 
18. 
19 . 

Product. Techn. 

Transportation 

Processing 

Market. & Storage 

Households 

Imports/Exports 
Losses 

High 
Medium 
Low 
Motor 
Animal 
Human 
On-farm 
S m a l l 
Med & Large 
On-farm 
S m a l l 
Med & Large 
Rural I & 1I 
Stra ta I-. 
Stra ta II 
Stra ta Ill 
Stra ta IV 

.6 .... 146.8 
-- 9.5 -- 175.2 
.... 24.4 216.7 
................ 
................ 
................ 
................ 
... .. .. .. 
........................ 
................ 
... .. .. .. 
......... 
........................ 
.. .. .. .. 

........... 

........................ 

... .................... 

................ 

..... .... 

116.9 36.0 .... 
139.5 42.9 .... 
172.5 53.1 .... 

.. .. .. 

.. .. .. 

............... 

.. .. .. 
............. 

............ 

.. 

.. 

.. 

...... 

... 6 

.. 5.2 
.... 
.... 
.... 
........ 
.. .. 

........ 
.. .. 

.. .. 

........ 

.. 
.. .. 
.... 

237.0 301.7 
188.7 240.2 
59.1 73.9 

.. . 

.. . 

.. . 

. 

... 

Fossil Fuel Eneray Requirement 103 Kcal/Mt 

28 24 -- 7 ........ .... 61 85 

Total Fuel Requirement by Source (106 Kcal): Cassava (Yuca) 

20. All Sources 940 1291 -- 358 ........ .... 2934 5214 
Percent 8.8 12.0 -- 3.3 ........ .... 27.3 48.6 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
O il & Grease 

455 194 ............ 
485 1097 -- 258 
...... 100 
................ 
................ 
.................. 
................ 

........ 

........ 

...... 

.... 

.... 

.... 

........ 

.... 

235 
147 
176 

59 
29 

.. 
730 
469 
261 

-
52 

Crude Oil 
Electricity 
Charcoal 
W o od 

................ 

................ 

................ 

... .. .. .. .. .. .... 

........ 

.... 

........ 
.. .. 

2288 

...-

3702 

-

Includes large and medium storaqe, off-farm processing, and direct farm marketinus, all categorized by X-port Mode.
 



--

--

TABLE D-5 

CONTINUED FOR CASSAVA (YUCA) 
___ __ __!___ ___ __ _____OUTPUT 

Consumnotion 

Rural l&II- Strata I Strata II Strata III Strata IV Exports Losses Inventory 
(13) (14) (15) (16) (17) (18) (19) (20)
 

1. Product. Techn. Hiqh 38.4 ..............
 

2. Medium 161.4 .......... 7.6 -

3. Low 499.0 ........ 5.8 -

'4. Transportation Motor ................
 
5. Animal ................
 
6. Human ................
 
7. Processina On-farm ................
 
8. Small ................
 
9. Med & Large ................
 

10. Market. & Storage On-farm 3.8 .......... 1.4 


_ 11. Small -- 35.4 26.9 215.1 65.2 25.1 116.1 

- 12. Med & Large -- 45.1 34.3 273.8 83.0 31.9 147.8 -

13. Households Rural I&II . ...........
 
14. Strata I ................
 
15. Strata II ................
 
16. Strata III...............
 
17. Strata IV ................
 
18. Imports/Exports ................
 
19. Losses ..............
 

Fossil Fuel Energy Requirement 103 Kcal/MT
 

Total Fuel Requirement by Source (106 Kcal): Cassava (Yuca) 
Total Percent
 
10737 Total
 

!rcent 

20. All Sources 


100 Percent
 

649 6.0
 
Diesel 

Fertilizer 


2805 26.1
 
Gasoline 
 716 6.7
 

437 4.1
 
Fuel Oil
 
Propane 


59 0.5
Kerosene 

81 0.8
Oil & Grease 


Crude Oil
 
4990 55.8
Electricity 


Charcoal
 
Wood
 

YIncludes family consumption, rural direct sales and payments in kind.
 

tAt 



TABLE D-5 

RAW P111ODUCT INPUT/OUTPUT TABLE FOR BANANA (102 MT) 

Total Energy Input Values for Each Output Stage (106 Kcal) 

_ OUTPUT 

On-farm Production Primary Tra'sort Storage Processing Marketing and Storage 

Hibh Medium Low I/ On-farm Med & Med & 

Tech. Tech. Tech. Motor- Animal- Human / Storage Small Large On-farm Small Large 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
_11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

Product. Techn. 

Transportation 

Processing 

Market. & Storage 

Households 

Imports/Exports 
Losses 

High 
Medium 
Low 
Motor 
Animal 
Human 
On-farm 
Small 
Med & Large 
On-farm 
Small 
Med & Large 
Rural I & II 
Strata I 
Strata 11 
Strata IIII 
Strata IV 

...... 
...... 
................. 
.. .... 
.............. 
.............. 
................ 
................ 
................ 
................ 
................ 
................ 
.-.............. 
................ 
................ 
.. ............... 
................ 
................ 
................ 

56.8 
970.3 

........ 

37.8 
659.5 

10.8 
200.0 

.... 
.... 

.3 

.2 

.1 

...... 

...... 

........ 
1.9 --
1.3 --

.4 --
.... 
.... 
.... 
...... 
...... 
...... 
...... 
........ 
........ 
........ 
........ 
...... 
........ 

450.9 
306.1 
117.8 

1.0 
0.7 
0.2 

.. 

.. 

574.0 
389.6 
92.5 
1.2 
0.8 
0.3 
.. 
-
.. 
.. 

.. 

Fossil Fuel Eneroy Requirement 103 Kcal/Mt 
6 ...... 801 445 61 85 

Total Fuel Requirement by Source (106 Kcal): Banana 

20. All Sources 
Percent 

.. 

.. 
.... 
.... 

570 
3.8 

...... 

...... 
48 

0.3 
161 
1.1 

--
--

5317 
35.3 

8962 
59.5 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 
Crude Oil 
Electricity 
Charcoal 
Wood 

................ 

.. .... 

.. .... 

................ 

................ 

................ 

................ 

................ 

.. .... 
-................ 

.......... 

410 
160 

.. 

...... 

........ 

...... 

29 

19 

........ 
140 
.... 
.... 
........ 
.... 
.... 
...... 
21 
...... 

--

--

425 
266 
319 

106 
53 

4148 

1255 
807 
448 

-
90 
.. 

6362 
.. . 

-1includes large and medium storage, off-farm processinq, and direct farm marketings, all categorized by X-port Mode.
 



--
-- 

-- 

--
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-- 

-- 

--
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TABLE D-6
 

CONTINUED FOR BANANA
 

1. Product. Techn. 
 Hiqh

2. 	 Medium 


3. Low 

'4. TransportE tion Motor 

5.
 An i m a l 

6. 
 Human 

7. Processinn On-farm 

8.	 Sma ll 

9. 	 Med & Large


10. Market. & Storage On-farm 
" 11. 
 Small 


12. 
 Med & Large

13. 	 Households Rural I & II 

14 .
 Stra ta I 

15. 	 Strata II 

16.
 Stra ta III 

17. 
 Strata IV
18. 	 Imports/Ey; orts 

19. 	 Losses
 

20. 	 All Sources 

Percent 


Fertilizer 

Diesel 

Gasoline 

Propane 

Fuel Oil 

Kerosene 

Oil & Grease 

Crude Oil 

Electricity 

Charcoal 

Wood
 

________0 U T P U T 

ConsUmLton
Rural &l Strata I Strata 11Rur(13) (14) (15) 

Strata III Strata IV Exports Losses Inventory(16) (17) 
 (18) (19) 
 (20)
 

56.8 

1735.1 -- -
 --	 2.4..
 

32.4
 
.. 
 -

..... "--- -
.. 

..--
..... 
 ... 

..... 
 -
........ 


-- 71.0 94.7 1974 
 425.9 
 -- 87.7 -85.7 114.3 238.3 514.2 -- 105.8
...-- --

.....
 

.......-
 ..
 

.......

..-..
 

.. 	  ...
 

Fossil Fuel Energy Requirement 103 Kcal/MT
 

Total Fuel Requirement by Source (106 Kcal): Banana
Total Percent
 
15058 
 Total
 

100 Percent
 

2259 15.0
 
1233 8.2
 
767 5.1
 
....
 
106 0.7
 
143 0.9
 
....
 

10550 70.1
 

-7Includt, family consumption, rural direct sales and payments in kind.
 



TABLE D-7
 

RAW PRODUCT INPUT/OUTPUT TABLE FOR SUGAR CANE (102 MT)
 

Total Energy Input Values for Each Output Stage (106 Kcal) 

.. . ... . . . .T.. . . . . . .. .. .0 U P___ 	 _T _T 

On-farm Production Primary Transport Storaoe Prccessinq Marketing and Storage 

Hiilh Medi um Low On-farm Med Med & 
Tech. Tech. Tech. Motor1 Animal!' Human" Storage Small Large On-farm Small Large 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
 

1. Product. Techn. High ...... 24750.5 10607.3 ...... 	 ...... ..
 
2. Medium ...... 35252.4 15108.2 ...... 	 ...... ..
 
3. 	 Low .... 199.2 15645.3 6705.1 -- 2427.4 .. ...... .. 
4. Transportation Motor .............. 	 9804.8 65616.5 .... ..
 
5. Animal .............. 	 4202.0 28121.3 ......
 
6.	 H u m a n ... .. .. .. .. .. .. .. .. .. .. .
 
7. Processing On-farm ................ 	 .... 363.0 2057.1
 
8. Small -- . -...... 	 .... 2094.7 11873.1 
9. Med & Large ................ .... 14018.5 79438.
 

,_ 10. Market. & Storage On-farm ................ ........
 
11. 	 Small ........
 
12. Med & Large ...................... 	 ..
 
13. 	 Households Rural I & II ........................
 
14 . Stra ta I ................... 	 .... .
 
15. Strata II ................ 	 ........
 
16. Strata III............. 	 ........
 
17.	 Stra ta IV . .. .... .. .. .. .. .. .. .. .. . 
18. 	 Imports/Exports ................ ........
 
1 9 .	 L o s s e s ... .. .. .. .. .. .. .. .. .. .. .
 

Fossil Fuel Eneray Requirement 103 Kcal/Mt
 
29 15 7 11 .... 231 231 129 61 85
 

!6
 

Total Fuel Requirement by Source (106 Kcal):Sugar Cane
 

20. 	All Sources 101539 73917 17355 81623 .... 55973 322982 1206190 -- 210974 1669026
 
Percent 2.7 2.0 0.5 2.2 .... 1.5 8.6 32.3 -- 5.6 44.6
 

Fertilizer 92388 70168 17355 .......... ...... ..
 
Diesel 9151 3749 -- 58769 .... 20710 119503 603095 -- 16878 233663
 
Gasoline .. .... 22854 .... 1119 6460 36186 -- 10549 150212
 
Propane ................ .... 12658 83451
 
Fuel O il ................ ........
 
Kerosene ................ .... 4219 --

Oil & Grease .. .... .. .... 560 3230 12062 -- 2110 16690
 
Crude Oil ................ 84433 .... ..
 
Electricity .. .... .. .... 7836 45217 60309 -- 164560 1885000
 
Charcoal ................ ........
 
Wood ............ 1119 6460 12062 .... ..
 
Baqasse .. .... ...... 24629 142112 398043 ..... -

"/Includes large and medium storaqe, off-farm processinq, and direct farm marketinos, all categorized by X-port Mode. 



TABLE D-7 

.. .. 

CONTINUED FOR SUGAR CANE 
. . .. .. .. . .. . . .. ..... OU T P U T__ __ _ ___ _ _ _ _ 

Rural I&II2 / 

(13) 
Strata I 

(14) 
Strata 11 

(15) 

Consumption 

Strata III 
(16) 

..... 

Strata 
(17) 

IV Exports 
(18) 

Losses 
(19) 

Inventory 
(20) 

-

1. Product. Techn. 
2. 
3. 
4. Transportation 
5. 
6 . 
7. Processinn 
8. 
9. 

10. Market. & Storaqe 
11. 
12. 
13. Households 
14. 
15. 
16. 
17. 
18. Imports/Exports 
19. Losses 

Hiqh 
Medium 
Low 
Motor 
Animal 
Hum an 
On-farm 
Small 
Med & Large
On-farm 
Small 
Med & Large 
Rural I & II 
Strata I 
Strata II 
Strata III 
Strata IV 

5518.0 .......... 
10751.8 .............. 

4.2 .............. 
............ 
............ 
................ 
............ 
............ 
............ 

--
-- 702.1 2722.3 
-- 893.6 3464.7 
................ 
................ 
................ 
................ 
................ 
................ 
................ 

5960.6 
7586.2 

--
7091.2 
9025.2 

__ 
...

72471.0 

236.8 

226.9 
97.3 

7.3 
42.0 

281.2 
-

-

-

-
-

-
-

-

_ 

Fossil Fuel Energy Requirement 103 Kcail/MT 

20. All Sources 
Percent 

Total Fuel 
Total 

3739579 

Requirement by 
Percent 

10o 

Source (106 

Total 
Percent 

Kcal): Sugar Cane 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 
Crude Oil 
Electricity 
Charcoal 
Wood 
Beqasse 

179911 
1065518 
227380 
96109 

4219 
34652 
84433 

1462930 

19641 
564784 

4.8 
28.5 
6.1 
2.6 

0.1 
0.9 
2.3 

39.1 

0.5 
15.1 

-!/Includesfamily consumption, rural direct sales and payments in kind. 

!\ 



TABLE D-8 

RAW PRODUCT INPUT/OUTPUT TABLE FOR TOBACCO (102 MT) 

Total Energy Input Values for Each Output Stage (106 Kcal) 

OUTPUT 

On-farm Production Primary Transport Storaqe Processinq Marketing and Storage
 

Hi h Medium Low On-farm Med & Med & 
Tech. Tech. Tech. Motor- Animal- Human- Storage Small Large On-farm Small Large 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
 

1. Product. Techn. High ...... 92.3 48.4 10.6 .... 
 ...... 
 ..
 
2. Medium .... -- 62.0 32.5 7.l .... .... 
3. Low .. .... 86.3 45.3 9.9 -- 3.8 __
4. Transportation Motor .. ............ 
 2.0 11.2 .... 210.4 
5. Animal ....- .. 
 1.0 5.9 .... 110.5

6. Human .............. 
 0.2 1.3 .... 26.6 
7. Processing On-farm ................ ........
 
8. Small ................ 
 .... 1.4 1.89. Med & Large ................ .... 8.1 10.2
 

F-10. Market. & Storage On-farm ................ 
 ...... ..
L11. Small ................... .....
 
12. Med & Large .-.......... 
 .....
 
13. Households Rural I & II ................ 
 ...... .. 
14. Strata I ................ 
 ........
 
15. Strata II ................ 
 ........
 
16. Strata III............. 
 ........
 
17. Strata IV ................ ........
 
18. Imports/Exports ................ 
 ....
 
19. Losses ................ ........
 

Fossil Fuel Enerqy Requirement 103 Kcal/Mt
 

416 244 10 ...... 7810 4182 61 85
 

Total Fuel Requirement by Source (106 Kc l): Tobacco
 

20. All Sources 9659 3561 -- 236 ...... 2499 7695 
 -- 58 3044
 
Percent 
 36.1 13.3 -- 0.9 ...... 9.3 28.8 -- 0.2 l1.4 

Fertilizer 8552 2126 ............ ...... ..
 
Diesel 1107 1435 -- 170 ...... 
 1049 2462 -- 5 426
 
Gasoline .. .... 66 ........ .... 3 274
 
Propane ................ 
 .... 3 152
 
Fuel Oil .. ............ 800 2308 .... 
 ..
 
Kerosene .. .............. 
 .... I --
Oil & Grease ............... .. .... 1 30
 
C r u d e O i l ... .. .. .. .. .. .. .. .. .. .. .
 
Electricity .. .... .. ...... 650 2925 
 -- 45 2162
 
Charcoal ..................... 
 ..
Wood ................ 
 ......-- - -
oia
 

Includes large and medium storaqe, orf-farm processinq, and direct farm riarketings, all categorized by X-port Mode. 



TABLE D-8
 

CONTINUED FOR TOBACCO
 

____ ___OUTPUT ____ ____ 

... ConsumoLion ..... 

Rural l&ll2/ Strata I Strata 11 Strata III Strata IV Exports Losses Inventory
 
(13) (14) (15) (16) (17) 
 (18) (19) (20)
 

1. Product. Techn. Hlqh 14.6 ...... -- 66.5 .... 
2. 
 Medium 32.7 ........ 
 11.5 ....3. Low 17.5 ........
 
4. Transportation Motor ........
 
5. Animal ............ 
 .7 -6. Human6.-m- --  --- --- .3..... -
7. Processina On-farm .......
 1
 
8. Small ........
 
9. Med & Large ..........

1- 10. Market. 8 Storaqe On-farm 3.6 -- -- -- .... .2 ._= 11. Small -- 2.2 1.8 2.8 2.7 -- .1 -_
12. Med & Large -- 2.8 2.3 3.6 3.4 346.0 1.0 __

13. Households Rural I & II ...........
 
14. Strata I ........
 
15. Strata II ........
 
16. Strata III ........
 
17. Strata IV ........
 
18. Imports/Exports ........
 
19. Losses ........
 

Fossil Fuel Energy Requirement 103 Kcal/MT
 

Total Fuel Requirement by Source (106 Kcal): Tobacco
 
Total Percent


20. All SourcesPercent 26752 Total
 
100 Percent
 

Fertilizer 10678 39.9
 
Diesel 
 6654 24.9
 
Gasoline 
 343 1.3
 
Propane 155 0.6
 
Fuel 01l 3108 11.6 
Kerosene 1 --

Oil & Grease 31 0.1
 
Crude Oil
 
Electricity 5782 21.6
 
Charcoal 
Wood
 

-Includes family consumption, rural direct sales and payments in kind.
 

ON 



TABLE D-9
 

RAW PRODUCT INPUT/OUTPUT TABLE FOR COCOA (102 MT)
 

Total Energy Input Values for Each Output Stage (106 Kcal)
 

OUT P UT
 

On-farm Production Primary Transoort Storane Processinq Marketing and Storage
 

Hidh Medium Low // On-farm Med & Med &
 
Tech. Tech. Tech. Motor- / Animal- Human l- Storage Small Large On-farm Small Large
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
 

1. Produc t. Techn . High ........................
 

2. Medium - ........ 3425.6 ....
 
3. Low .. 3.
 
4. Transportation Motor ................
 
5. Animal --.....-- -. 
6. H u m a n ... .. .. .. .. .. .. .
 
7. Processing On-fa rm .............. 1.5 In.0 ... . 304 .7
 

8. Small ................ .... 0.7 0.8
 
.... 4.4 5.6
9. Med & Larae ................ 


,- 10. Market. & Storage On-farm ................ ........
 
l1. S m a l l ... .. .. .. .. .. .. .. .. .. .. .
 

! 1 2 . Me d & L a r g e ... .. .. .. .. .. .. .. .. .. .. .
 

13. Househo lds Rura l I & II ........................
 
14 . S t r a t a I . .. .. .. .. .. .. .. .. .. .. .. .
 
15 . St r a t a I f . .. .. .. .. .. .. .. .. .. .. .. .
 
16 . St r a t a I I I . .. .. .. .. .. .. .. .. .. .. ..
 
17 . S t r a ta IV . .. .. .. .. .. .. .. .. .. .. .. .
 
18. Imports /Exp o rts ... .. .... .. .. .. .. .. .
 
19. Losses ................ ........- -- -


Fossil Fuel Eneroy Requirement 103 
Kcal/Mt
 

3 9 0 ... .. . 3 4 4 7 6 4 3 4 - - 61 85
 

Total Fuel Requirement by Source (106 Kcil): Cocoa
 

20. All Sources -- 790 .......... 965 3445 -- 31 2634
Percent -- 10.0 .. .. ...... 
 12.3 43.8 -- .4 33.5 

Fe rtil izer -- 790 ..... 2 36.......... 

Di e s e l ... .. ... .. .. .. .. .. .. . 2 3 69
 
Gas o l in e ... .... .. .. .. .. ..... 2. 2 36
 
P r o p a n e ... .. .. .. .. .. .. .. .. . 2 1 3 2
 
Fue l O il .............. 530 2687 ......
 
K e r o s en e ... .. .. .. .. .. .. .. .. . 1 - -

Oil & Grease ................ ...... 26
 

7 5 8 1 8 71... 
C r u d e O i l 4 3 5 .. .. .. 2 4 

Electricity .............. 435 758 -- 24 1871
 
C h a r c o a l ... .. .. .. .. .. .. .. .. .. .. .
 

W o o d . .. .. 
 .. .. .. .. .. .. .. .. - ...-
tlfa 

-I/ncludeslarge and medium storaqe, off-farm processin, and direct farm mar ketinas, all categorized by X-port Mode. 



TABLE D-9 

CONTINUED FOR COCOA 

_____ _____ _________ ___ ____OUT PUT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Rural I&II 2/ 

(13) 
Strata 

(14) 
i Strata 

(15) 
II 

Cons(Miption 

Strata Ill 
(16) 

Strata IV 
(17) 

Exports 
(18) 

Losses 
(19) 

Inventory 
(20) 

1. Product. Techn. 
2. 
3. 
4. Transportation 
5. 
6. 
7. Processina 

High 
Medium 
Low 
Motor 
Animal 
Human 
On-farm 

...........--
--............. 
.4 ........... 

--............-

............---

............ 

............---

3 

--

-

-
-

-
-
-

" 
-

8. 
9. 
10. Market. & Storage 
11. 
12. 
13. Households 
14. 
15. 
16. 
17. 
18. Imports/Expcrts 
19 . Losses 

Small............---
Med & Large ............---
On-far .1 .......... 
Small -- .3 
Med & Large -- .4 
Rural 'I& II --
Strata I ................ 
Strata II ................ 
Strata III ................ 
Strata IV ................ 

................ 
.. 

.9 
1.0 
--

2.3 
2.9 
--

1.6 
2.0 
--

-
3035 

--

--

1.1 
-

-
-
-

--

Fossil Fuel Energy Requirement 103 KcalfMT 

20. All Sources 
Percent 

Total Fuel 
Total 
7865 

Requirement by Source (106 Kcal): 
Percent 

Total 
100 Percent 

Cocoa 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 

790 
371 
238 
134 

3217 
1 

26 

10.0 
4.7 
3.0 
1.7 

40.9 
-
0.5 

C r u d e O i l 
Electricity 
Charcoal 
Wood 

... 
3088 
-

. 
39.4 
-

-Includes family consumption, raral direct sales and payments in kind. 



-- 

TABLE D-10 
RAW PRODUCT INPUT/OUTPUT TABLE FOR COFFEE (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

OUTPUT 

On-farm Production Primary Transoort Storae Processinq Marketing and Storage
 

Hitdh Medium Low 
 On-farm Med & 
 Med &

Tech. Tech. Tech. Motor- Animal- Human-1 Storage Small Large On-farm Small Large
(1) (2) (3) (4) (5) (6) (7) 
 (8) (9) (10) (11) (12)
 

1 . P r od uc t . Te c hn. I i qh ... .. 
 ...... 
 .. .. 
 .. .. .. 
 ...
2. Medium ...... 
 4.1 3.0 1.4 104.6 .. ....
3. 
 Low ...... 132.1 94.3 43.1 449.1 
 .. .. 2.8 .. ..
4. Transportation Motor .............. 
 17.7 118.1 .... ..5. Anima 1 .............. 
 12.6 84.4 .... 
 ..
6. Human .............. 
 5.8 38.6 .... ..
7. Processing On-farm .. 
 .............. 
 .... 115.9 436.1
8. Small ................ 
 .... 7.6 28.49. Med & Large ................ 
 .... 50.5 189.9
F- 10. Market. & Storage On-farm ................ 
 ........
R 11. Small ................... 
 ...
12. ed & Large ........................
 
13. Households Rural I & II ................ 
 ......

14 . Stra ta I-................ 
 ......
I . S t r a t a lIf. .. .. .. .. .. .. .. .. .. .. .. .16 . St a ta I l l . .. .. .. .. .... .... .. .... .17 . Stra ta IV ... .................. 
 .
18. Imports/Exports ................. 
 ....
19 . L o s s e s . .. .. .. .. .. .. .. .. .. .. . 

Fossil Fuel Enerqy Requirement 103 Kcal/Mt 
344 12 .11 .... 880 
 880 471 -- 60652 84674 

Total Fuel Requirement by Source (106 Kcal): Coffee
 
20. All Sources 
 -- 3957 916 147 .... 48715 3176 11359 -- 1055 5541Percent 
 5.3 1.2 0.2 .... 65.1 4.2 15.2 -- 1.4 7.4
 

Fertilizer -- 3957 916 .......... 
 ...... ..
Diesel .. .... 106 
 .... 4872 318 2158 -- 84 776Gasoline 
 .. .... 41 ........ 
 .... 53 499
Propane .. .............. 
 .... 63 277
Fu e l O i l . .. .. .. .. .. .. .. .. .. .. .. . 
Kerosene ............... 
 .... 21 --Oil & Grease ............ 
 487 32 114 .... ..
Crude Oil -................ 
 .. 11 56Electricity .. .... 
 .. .... 1461 
 95 454 -- 823 3933Charco a l ... .. ..... 
 .. 
 .. .. .... 
 ...

Wood .. .... 
 .. .... 41895 2731 8633 ....
 

-/Includes large and medium storaqe, off-farm processinq, and direct farm marketings, all categorized by X-port Mode. 



TABLE D-1O 

CONTINUED FOR COFFEE 

_ _ _OUTPUT 
Consumotion 

Rural I&II 
(13) 

-- Strata I 
(14) 

Strata 
(15) 

II Strata 
(16) 

III Strata 
(17) 

IV Exports
(18) 

Losses 
(19) 

Inventory
(20) 

1. Product. Techn. Hioh .. "-........ 
2. Medium 1.8 .............. 
3. Low 31.9 .............. 
4. Transportation Motor ............ .4 -
5. Animal ............ .3 -
6. Human ............. 1 -
7. Processing On-farm ............ 1.7 -
8. Small ............. 1 -
9. Med & Large ............. 7 -

10. Market. & Storaqe On-farm 2.7-- .1 
11. Small -- 37.6 31.0 54.5 50.9 .... 
12. 
13. Households 

Med & Large 
Rural I & II 

--
................ 

43.4 35.5 76.8 71.7 427.0 -- __ 

14. Strata I ................ 
15. Strata II ................ 
16. Strata TiT ............... 
17. Strata tV ................ 
18. Imports/Exports ................ 
19. Losses ................ 

Fossil Fuel Energy Requirement 103 Kcal/MT 

Total Fuel Requirement by Source (106 Kc.l): Coffee 
Total Percent 

20. All Sources 74'66 Total 
Percent 100 Percent 

Fertilizer 4873 6.5 
Diesel 8314 11.1 
Gasoline 593 0.8 
Propane 340 0.5 
Fuel Oil 
Kerosene 21 -

011 A Grease 633 0.8 
Crude Oil 67 0.1 
Electricity 6766 9.0 
Charcoal 
Wood 53259 71.1 

- Includes family consumption, rural direct sales and payments in kind. 

kA 



RAW PRODUCT INPUT/OUTPUT TABLE FOR SWEET POTATO (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

OUT PUT 

On-farm Production Primary Transnort Storine Processinq Marketing and Storage
 

Hiah Mediium Low On-farm Med & Med & 
Tech. Tech. Tech. Motor- Animal-- Human-- Storage Small Large On-farm Small Large 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
 

1. Product. Techn. High 5.5 .... 110.2 56.0 16.3 .... .. 5.6 .. ..
 

2. 	 Eoedium -- 6.7 -- 86.5 44.0 12.8 .... .. 5.6 .. .. 
3. 	 Low .... 15.1 200.8 102.0 29.6 .... ... 6 .. ..
 

4. Transportation Motor ................ 	 .... 174.9 222.6
 
88 .9 113 .1
5. 	 Anima l .................... 


6. Human ................ 	 .... 25.8 30 .2
 

7. Processing On-farm ................ 	 ...... ..
 

8 . Small ...................... 	 ..
 
9. Med & Larne ...................... ..
 
1- Market. On-farm ................ ...... ..
10. & Storage 
11. Small ................ ........
 

z 12. Med & Large ........................
 
13. 	 Households Rural I & 11............. ...... ..
 
14. Strata I ................ 	 ........
 
15.	 Stra ta II ........................
 
16. Strata Ill ................ 	 ........
 
17. Strata lV ................ 	 ........
 
18. 	 Imports/Exports ................ .... ----
19. 	Losses ................ ........
 

Fossil Fuel Energy Requirement 103 Kcal/Mt
 

4 5 6 ........ 	 61 85
 

Total Fuel Requirement by Source (10 Kcal): Sweet Potato 

20. 	 All Sources 86 133 -- 224 ........ .... 1756 3098
 

Percent 1.6 2.5 -- 4.2 ........ .... 33.2 58.5
 

Fe rtil ize r ........... .............
 
Diesel 86 -- .... " ....
133 161 .... 140 433
 

Gasoline ...... 63 ........ 
 .... 88 279
 
105 155
Propane ....... .... .. .. ..... 


Fuel Oil ................ ........
 
Kerosene ............. 
 .. ..... 35 --

Oil & Grease ................ ...... .. 
.. .. .. .. .. .. .. . 18 3 1
 C r u d e Oi l ... .. 


Electricity ............... .... 1370 2200
 

Charcoal -................ ......
 
Wood ................ .... 

-/Includes large and medium storaqe, off-farm processinq, and direct farm marketings, all categorized by X-port Mode.
 



CONTINUED FOR SWEET POTATO 
____ ______ ______ ______ _ _ __ ___ ___OUTPUT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

ConsumDtion 

Rural I&II?/ 
(13) 

Strata I 
(14) 

Strata 
(15) 

II Strata III 
(16) 

Strata IV 
(17) 

Exports 
(18) 

Losses 
(19) 

Inventory 
(20) 

1. Product. Techn. Hich 10.7 .........-- -
2. Medium 91.5 .............. 
3. Low 200.9 .......... 9.0 -
4. Transportation Motor -- ...... _-. 
5. Animal ............ __ _ 
6. Human ............ __ _ 
7. Processina On-farm ............ 
8. Small ..... ...... ..... 
9. Med & Large -- ........... 

1 10. Market. & Storage On-farm 5.6 -- -- -- -- -- .6 --
I1]. Small -- 48.4 48.4 94.6 36.4 32.8 29.0 -
12. Med & Large -- 61.1 61.1 119.5 46.0 41.7 36.5 -
13. Households Rural I & II -- -- -- -- -- -
14. Strata I-................ 
15. Strata II ................ 
16. Strata III ................ 
17. Strata IV ................ 
18. Imports/Exports ................ 
19. Losses ........-....--

Fossil Fuel Energy Requirement 103 Kcal/MT 

Total Fuel Requirement by Source (106 Kcal): Sweet Potato
 
Total Percent
 

20. 	All Sources 5297 Total
 
Percent 100 Percent
 

Fertilizer 	 953 18.0
 
Diesel 430 8.1 
Gasoline 260 4.9 
Propane .... 
Fuel Oil 35 0.7 
Kerosene ... . 
Oil & Grease 49 .9 
Crude Oil 3570 67.4 
Electricity ... .
 
Charcoal
 
Wood
 

/includes family consumption, rural direct sales and payments in kind.
 



--  

TABLE D-12 

RAW PRODUCT INPUT/OUTPUT TABLE FOR POTATOES (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

OUTPUT
 

Marketing and StorageOn-farm Production Primary Tr'nsoort Storaoe Processinq 

Hidh Medium Low On-farm Med & Med A
 
Large
Tech. Tech. Tech. Motor-- Animal Human Storage Small Large On-farm Small 


(7) (8) (9) (10) (11) (12)
(1) (2) (3) (4) (5) (6) 


.... .. .... .. 
.... ...... 

1. Product. Techn. High -- .. 60.3 38.5 5.2 
..2. Medium ...... 6.2 4.0 0.5 

3 .9 . .. . .. .. .. .. .. .. .. .
3. L o w . .. 

0.2 0.9 -- 28.8 36.6 
4. Transportation Mo',or .............. 


0.1 0.6 -- 18.4 23.4
Animal ..............
5. 0 .1 -- 2 .4 3 .2 

6 . Human ................ 

.. ..... - -7. Processing On-farm .. .... .. ...... .1 .2.... 

8. Small ................ .. .9.-.........
 
Med & Lar e
9. 

10. Market. & Storage On-farm .. .... .. ........ ...... ..
 
...... ..11. Small ................ 


.. ...... ..
 

.. ...... ..
 
12. Med A Large .. .... .. ...... 

13. Households Rural I & II .. .... .. ...... 


.. ...... ..14. Strata I-.. .... .. ...... 
...... ..15. Strata II .. .............. 


.. ..... .. ..16. Strata III .. .... .. ...... 
...... ..17. Strata IV .. .............. 


.. ....18. Imports/Expurts .. .... .. ...... 
..
19. Losses .. .... ........ .. ...... 


Fossil Fuel Eneray Requirement 103 Kcal/fiIT 

173 527 -- 6 ...... 801 447 -- 61 85 

Total Fuel Requirement by Source (106 Kcal): Potatoes
 

24 71 -- 306 54441 ......
20. All Sources 1824 597 -_ 

0.7 2.1 -- 9.0 16.053.5 17.5 -- 1.2 ......Percent 


Fertilizer 1633 597 .. .. ...... .. .. .... ..
 
2 4 -- 24 --- -- 30 ......Diesel 191. 

.... 15 49
11 ........ 
.. .. 

Gasoline ...... 

.. .. ... 18 27 

Propane ... ...... 

13 61 ...--Fuel Oil .............. 

........
Kerosene .. ..... .. ........ 

.. .. .... . 6 5 .... 

.. .. .. . 3 - -
Oil & Gre asp . .. .. .. 

.. .. .. .. ..
C r u d e Oil ... 
o 6 -- 2- 38Electricity .. .... .. .... 
 9 6 2 4 0 3 8 7 

C h a r c o a l ... ... 

Wood .. .... .. ....
 

t . nrnp. off-farmii nrocessinto. and direct farm marketinqs. all categorized by X-port Mode. 



TABLE D-12 

CONTINUED FOR POTATOES 

_OTPUT 

_- _ _ _ - ConsumPtion 

Rural I&II2/
(13) 

Strata 
(14) 

I Strata TI 
(15) 

Strata 
(16) 

III Strata 
(17) 

IV Exports
(18) 

Losses 
(19) 

Inventory
(20) 

1. Product. Techn. Hiqh 1.3 .............. 
2. Medium .6 .............. 
3. Low ................ 
4. Transportation Motor ................ 
5. Animal ................ 
6. Human .............. 
7. Processina On-farm .......... _ 
8. Small -.............. 

-
9. 

10. Market. A Storaqe 
Med & Large 
On-farm 

..............
3.3 -- .5 

__ 

11. Small -- 6.6 6.2 12.3 18.3 7.0 
- 12. Med & Large -- 8.4 7.9 15.7 23.3 -- 9.0 __ 

13. Households Rural I A I ................ 
14. Strata I ................ 
15. Strata II ................ 
16. Strata III ................ 
17. Strata IV ................ 
18. ImporLs/Exports ................ 
19. Losses ................ 

Fossil Fuel Energy Requirement 103 Kcal/MT 

Total Fuel Requirement by Source (10 Keel): Potatoes 
Total Percent 

20. All Sources 3407 100 Total 
Percent Percent 

Fertilizer 2230 65.5 
Diesel 251 7.4 
Gasoline 75 2.2 
Propane 45 1.3 
Fuel 0il 150 4.4 
Kerosene 
Oil & Grease 11 0.3 
Crude Oil 3 0.1 
Electricity
Charcoal 642 18.8 
Wood 

!/Includes family consumption, rural direct sales and payments in kind.
 

0o 



TABLE D-13 

RAW PRODUCT INPUT/OUTPUT TABLE FOR TOMATOES (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

OUT PUT 

On-farm Production Primary Tr3nsoort Storaqe Processinq Marketing and Storage
 

Hiqh Medium Low On-farm Med & Med & 
/ - -

Tech. Tech. Tech. Motor- Animal Human-- Storage Small Large On-farm Small Large 

(2) (3) (4) (9) (6) (7) (8) (9) (10) (11) (12)
(1) 


1. Product. Techn. Hiqh .. .... 213.6 64.1 78.3 -- -- -

2. Medium ...... ......... 	 ...----
3. Low "-	 . 231.6 69.5 84.9 .... .... ..
 

7.4 41.8 -- 174.2 221.84. Transportation Motor .............. 

2.2 12.6 -- 52.3 66.65. 	 Animal .............. 

2.7 15.3 -- 71.8 91.46. 	 Human .............. 


7. Processing On-farm .. .............. 	 ...... ..
 
4 .7 6 .08 .	 Sma ll .................... 


9. ed & Large ................ 	 .... 26.7 34.0
 

10. 	Market. & Storage On-farm ................ ...... ..
 
ll. Small ................ ........
 

.-12. Med & Large ................ ...... ..
 

13. 	 Households Rural I & II ................ ........
 

14. Strata I ................ 	 ........
 
........
15. 	 Strata II ................ 


16. Strata Ill -- .II.............. 	 ......
 
17. Strata IV ................. 	 ........
 

18. 	 Imports/Exports ................ ...... ..
 
........
19. 	 Losses ................ 


Fossil Fuel Energy Requirement 103 Kcal/MT
 

376 1070 -- 11 ...... 	 801 447 -- 61 85 

Total Fuel Requirement by Source (106 Kcal): Tomatoes
 

20. 	 All Sources 16156 1739 __ 499 ...... 985 3516 -- 2000 3555
 

Percent 56.8 6.1 -- 1.7 ...... 3.5 12.4 -- 7.0 12.5
 

.....--

Diesel 1450 .... 359 ...... 374 387 -- 160 498 

Gasoline ...... 140 ........ .... 100 320 

Propane ................ .... 120 178 

Fertilizer 14706 1739 ............ 


434 2953 	 -- .--Fuel Oil .............. 

Kerosene ................ .... 40 --


Oil & Grease ................ 
 .... 20 36 

Crude Oil ................ ...... .. 

Electricity ... ...... ...... 177 176 -- 1560 2523 

Charcoal ................ ....... .
 
.......... -- ----
Wood ...............
oat
 

-lIncludes large and medium storage, off-farm processinq, and direct farm marketincis, all categorized by X-port Mode. 



TABLE D-13
 

CONTINUED FOR TOMATOES
 

OUTPUT 
Consump tion 

Rural I&II?1 Strata I Strata II Strata III Strata IV Exports Losses Inventory 
(13) (14) (15) (16) (17) (18) (19) (20) 

1. Product. Techn. Hiqh 73.1 ........ 
2. Medium 16.3 .............. 
3. Low 424.6 .......... 186.9 -

4. Transportation Motor ................ 

5. Animal ................ 
6. Human ................ 
I. Processina On-farm ................ 
8. Small............... 
9. Med & Large ................ 

10. 
11. 

Market. & Storaqe On-farm 
Small 

................ 
-- 12.3 44.6 115.1 118.9 -- 38.8 -

12. Med & Large -- 15.7 56.8 146.5 151.4 -- 49.4 -

13. Households Rural I & II ................ 
14. Strata I-................ 
15. Strata II ................ 
16. Strat3 III............... 
17. Strata IV ................ 
18. Imports/Exports ................ 
19. Losses ................ 

Fossil Fuel Energy Requirement 10 Kcal/MT 

Total Fuel Requirement by Source (106 Kcal): Tomatoes 
Total Percent 

2b. All Sources 28459 100 Total 

Percent Percent 

Fertilizer 16445 57.9 
Diesel 3228 11.3 
Gasoline 560 2.0 
Propane 
Fuel Oil 

298 
3387 

1.0 
11.9 

Kerosene 40 0.1 
Oil & Grease 56 0.2 
Crude 0il 
ciectricity 4436 15.6 
Charcoal 
Wood 

-/Includes family consumption, rural direct sales and payments in kind.
 



TABLE D-14 

RAW PRODUCT INPUT/OUTPUT TABLE FOR PEANUTS (OIL) (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 
____OUTPUT 

On-farm Production Primary Transoort Storane Processinq Marketing and Storage
 

Hih Medium Low On-Farm Med 8 Med &
 
Tech. Tech. Tech. Motor- / Animal-- Human -/  Storage Small Large On-farm Small Large
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
 

1. Product. Techn. High .. .... 10.1 4.9 1.5 .... ...... 	 ..
 
2. Medium ...... 	 341.9 168.2 50.5 .... ...... .. 
3. 	 Low ....... 56.6 27.9 8.5 .... .. 1.0 .. ..
 
4. Transportation Motor .. .... ........ 	 39.4 223.2 -- 64.2 81.8
 
5. Animal ............... 	 19:4 109.8 -- 31.6 40.2
 
6. Human ........ 	 ...... 5.8 33.0 -- 26.6 33.8
 
7. Processing On-farm ................ 	 ........
 
8. Small ................ 	 .... 25.8 32.9
 
9. Med & Large ................ 	 .... 146.5 186.6
 

10. 	 Market. & Storage On-farm ................ ...... ..
 
UI. Small ................ 	 ...... ..
 
12. Med & Large ................ 	 ........
 
13. 	 Households Rural I & II ................ ...... ..
 
14. Strata I ................ 	 ........
 
15. Strata II ................ 	 ........
 
16. Strata Ill ................ 	 ........
 
17. Strata IV ................ 	 ...... ..
 
18. 	 Imports/Exports .. .............. .... 28.4 36.1
 
19. 	 Losses ................ ........
 

Fossil Fuel Energy Requirement 103 Kcal/MT
 

297 162 23 11 ...... 	 208-4 1166 61 85
 

Total Fuel Requirement by Source (106 Kcal): Peanuts (Oil) 

20. 	All Sources 533 9842 ?65 431 ...... 15040 47551 -- 1960 3178
 
Percent 0.7 12.5 0.3 0.5 ...... 19.1 60.4 -- 2.5 4.0
 

Fertilizer 443 2801 265 .......... ...... ..
 
Diesel 90 7 41 -- 310 ...... 1203 1902 -- 157 445
 
Gasoline .. .... 121 ........ .... 98 286
 
Propane .. ...... ........ .... 178 159
 
Fuel 0 1 .. .... ........ 12032 42796 .... ..
 
Kerosene ...... .......... .... 39 --

Oil & Grease .. ...... ........ .... 20 32
 
Crude O il ................ ........
 
Electricity .. .... .. ...... 1805 2853 -- 1528 2256
 
Charcoal ................ 	 ...... ..
 
Wood ................ 	 ...... ..
 

lncludes large and medium storaqe, off-farm processinq, and direct farm marketins, all categorized by X-port Mode. 



___ ___ 

-- -- -- -- 

--

TABLE D-14 

CONTINUED FOR PEANUTS (OIL) 

-- 0 U T P UT --
_______ ____ __________--

Consumot ion
 

Rural I&Ii' Strata I Strata 11 Strata III Strata IV Exports Losses Inventory
 
(13) (14) (15) (16) (17) (18) (19) (20)
 

1. Product. Techn. Hiah 2.1 ..........
 

2. Medium 47.8 ..............
 
Low 20.2 ...........
3. 

4. Transportation Motor --........ __ 
_ 5. Animal ..........

__ -6. Human ............ 

7. Processino On-farm ..............
 

5.9 -8. Small ............ 

32.9 -9. Med & Large --........ 


10. Market. & Storage On-farm 0.9 -- --...... 0.1
 
I]. Small -- 61.6 50.8 103.8 96.4 -- 11.0
 

12. Med & Large -- 78.4 64.7 131.5 122.7 -- 14.0 

13. Households Rural I & II 
--

14. Strata I-................
 
15. Strata I ................
 
16. Strata III...............
 
17. Strata IV ................
 
18. Imports/Exports ................
 
19. Losses ................
 

Fossil Fuel Energy Requirement 10
3 Kcal/MT
 

Total Fuel Requirement by Source (106 Kcal'): Peanuts (oil) 

Total Percent
 
78800 100 Total
 

Percent 

20. All Sources 


Percent
 

FertilIzer 3509 4.5
 
Diesel 11148 
 14.1
 
Gasoline 
 505 0.6
 
Propane 277 0.4
 
Fuel Oil 
 54828 69.6
 

39 --

Kerosene 

Oil & Grease 
 52 0.1
 

....
Crude Oil 

8442 10.7
Electricity 

-
Charcoal 


Wood
 

?/Includes family consumption, rural direct sales and payments in kind. 



TABLE D-15 

RAW PRODUCT INPUT/OUTPUT TABLE FOR ONIONS (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

OUTPUT__ 

On-farm Production Primary Transport Storaae Processinq Marketing and Storage
 

Hiah Medium Low On-farm Med & Med & 
Tech. Tech. Tech. Motor- Animal-- / Human-_ Storage Small Large On-farm Small Large 

(5) (6) (7) (8) (9) (10) (11) (12)
(1) (2) (3) (4) 


72.7 37.0 18.5 .... .-.
1. Product. Techn. High .. .... 

..
Medium -- - .............
2. 


3. Low -. 	 1.. 2.. 3.5
 
4. Transportation Motor .. .... .. ...... 	 1.9 11.0 -- 2.63 33.5 

1.0 5.6 -- 13.4 17.0Animal5. 	 0.5 2 .8 -- 6 .7 8 .5
 
Human ..............
6 .
 

..
.. ......
7. Processing On-farm .. ...... 	 ....... 

.... 1.5 1.8 . .-........
8 .	 Sma ll 

8.3 10.5
 
9. Med & Large .................... 

1- Market. & Storage On-farm .. .... .. ...... ...... 	 ..
10. 	 .. 


Small .. .... .. ...... 	 .. ...... ..
11. 

12. 	 Med & Large .. .............. .... -- -

....13. Households Rural I & II .. .... .. ........ 

Strata I .. .... .. ...... 	 .. ...... ..14. 


.. ...... 	 ..15. 	 Strata II .. .... .. ...... 

.. ...... 	 ..16. 	 Strata 01l .. .... .. ...... 
17. Strata IV .. .... .. ...... .. 	 .... -- -

.. ..
18. Imports/Export. -.. .... .. ...... 	 .. 

.. ...... 	 ..
19. Losses 	 .. .... .. ...... 


Fossil Fuel Eneray Requirement 10
3 Kcal/MT
 

61 85
106 -- R ...... 	 387 216 


Total Fuel Requirement by Source (106Kcal): Onions
 

57 ......	 132 420 -- 341 604

1444 ....
20. All Sources 
 4.4 14.0 -- 11.4 20.11.9 ......
48.2 ....
Percent 


..
......
Fertilizer 1442 .............. 

66 218 -- 27 85


2 .... 	 41 ......Diesel 
 1 7 5 4
 .. .. .. .
 . 1 6 ... ..
Ga s o l i n e ... .. 

20 30


Propane 
 18 118
 
Fuel Oil .. .... 
Ke r o s e n e ... 
 .. .. .. .. .. .. .. .. . 7 - 

..
Oi l & G r e a s e .-. .. .. .. .. .. .. .. . 3 6
 

Crude0iiOi l- .... .. 48 84 --
48 84 267 429
 
Electricity 

Charcoal 	 -.. .. 
 .. .. .. .. .. 

Wood .. .... .. .... 
.... 	 ...... 


large and medium storaqe, off-farm processinq, and direct farm marketinqs, all categorized by X-port Mode.
-/Includes 




TABLE D-15
 

CONTINUED FOR ONIONS
 
___ __________________ _ 	 ______ ___OUTPUT _ __ _ _ _ _ _ _ _ _ 

_Consumotion__ 	 _ _ _ _ _ 

Rural I&I[I?' Strata 	I Strata I Strata III Strata IV Exports losses Inventory 
(13) (14) (l) (16) (17) (18) (19) (20)
 

1. Product. Techn. 	 Hiah 3.8 ..............
 
e. 	 Medium -- - .............
 

Low - .
 
4. Transportation 	 Motor ............ -- 
5 .	 An ima l ............ -- 
6. 	 Human ......--
7. Processino 	 On-farm ............ -- 
8 .	 Sm a ll -..... ...... .... 
9. 	 Med & Large ............ .1 -

10. 	 Market. & Storage On-farm _- .. .6 --
C 11. 	 Small -- 6.7 11.3 24.8 11.8 -- 1.5 

12. 	 Med & Large -- 8.5 14.4 31.6 15.0 -- 1.9 -

13. 	 Households Rural I & II ..
 
14 .	 Strata I ................
 
15. 	 Stra ta I ................
 
16. 	 Strata III................
 
17. 	 Strata IV ................
 
18. 	 Imports/Exports ................
 
19. 	 Losses
 

Fossil Fuel Energy Requirement 103 Kcal/MT
 

Total Fuel Requirement by Source (106 Kcal): Onions 
Total Percent 

20. 	 All Sources 2998 10) Total
 
Percent Percent
 

Fertilizer 	 1442 48.. 
Diesel 	 439 14.6 
Gasoline 87 2.9
 
Propane 50 1.7
 
Fuel Oil 136 4.5
 
Kerosene 7 0.2
 
Oil & Grease 9 0.3
 
Crude Oil
 
Electricity 828 27.6
 
Charcoal
 
Wood
 

- /Includes family consumption, rural direct sales and payments in kind. 



_______ 

--

TABLE D-16 

RAW PRODUCT INPUT/OUTPUT TABLE FOR BEEF (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

____OUTPUT__ 

On-farm Production Primary Transport. Storaqe Processinq Marketing and Storage
 

Hidh Medium Low On-farm Med & Med &
 

Tech. Tech. Tech. Motor'/ Animal--/ Human1' Storage Small Large On-farm Small Large
 
(I) (2) (3) (4) (5) (6) (7) (8) (9) (In) (l1) (12)
 

1. Product. Techn. 1iqh ........
 
..............
2. 	 Medium __- -.... 130.5 


.
3. Low .. .. -- ?85.5 ..... 	 ..... 

4. Transportation Motor .. .... ...... 	 .... . 
5.5 31.1 -- 235.0 244.5Animal __ - ...........
5. 


6. Human .............. 	 -.
 
.... 	 ?.7 2.87. Processing On-farm ................ 


.. .. .. . 1! .2 15 . 9
 .. .. .. .. ..8 .	 S m a l l . .. 
9. Med & Larae .. .............. 	 ....... ..
 

-10. 	Market. & Storage On-farm ................ ...... ..
 
.. .. .. .. .. .. .


0 1]. Sma l l ... .. .. 	 .. .. 
12. Med & Large .. .............. 	 ...... ..
 

13. Households Rural I & 11............ 	 ...... ...
 

14. Strata I-................ 	 ...... ..
 

15. Strata II ................ 	 ...... ..
 

16. Strata III ................ 	 ........
 

17. Strata IV ................ 	 ...... ..
 

18. Imports/Exports .. .... .. ........ 	 .... -- -

19. 	 Losses ................ ...... ..
 

Fossil Fuel Eneray Requirement 103 Kcal/MT
 

-- 76 108
 -- 21332 21332 .. ...... 	 4709 2628 


Total Fuel Requirement by Source (106 Kcal): Beef 

2590 8172 -- 1917 2785
 

Percent -- 17.2 50.9 ........ 5.3 16.9 -- 4.0 5.7

20. All Sources 	 -- 8358 24676 ........ 


Fertilizer -- 6269 24676 .......... 	 ...... ..
 
-- 154 390
Diesel -- 2089 .. .. ... , -- 78 409 


Gasoline ................ 
 .... 	 96 251
 

Propane .. ...... ...... 337 654 -- 115 139
 

Fuel Oil ................ 
 1961 ...... 
.... 38 --


Oil & Grease ................ .... 19 28
 
Kerosene ................ 


Crude Oil .. .... .. ...... .. .. .... ..
 
Electricity .. ............ 518 1308 -- 1495 1977
 

CharcGal .............. 
 622 1389 .... ..
 

Wood .............. 1035 2451 


-T-Includes large and medium storaqe, off-farm processinq, and direct farm marketinqs, all categorized by X-port Mode. 



______ ___ _____ 

--
--

--

TABLE D.16 

CONTINUED FOR BEEF 

OUTPUT _ _ _ _ _ _ _ -_ 

Consumotion
 

Rural I&II 2- / Strata I Strata II Strata III Strata IV Exports Losses Inventory 

(13) (14) (15) (16) (17) (18) (19) (20)
 

1. Product. Techn. Hiqh -- - .............
 

2. 	 Medium 3.9 ........
 
3. 	 Low 11.6 ..............
 

-"4. Transportation Motor .............. 

5. 	 Animal .............. 

6. 	 Human .............. 


-
7. Processina On-farm .............. 

8. 	 Small .................
 

.2 -9. 	 Med & Large ............ 

10. 	 Market. & Storage On-farm ................
 
11. 	 Small -- 12.9 30.1 118.8 83.4 7.1 .6 

12. 	 Med & Large -- 13.4 31.2 123.6 86.8 7.4 .7 -

13. 	 Households Rural I & II ................
 
14. 	 Strata I-................
 
15. 	 Strata II ................
 
16. 	 Strata II ................
 
17. 	 Strata IV ................
 
18. 	 Imports/Exports ................
 
19. 	 Losses ................
 

Fossil Fuel Energy Requirement 103 Kcil/MT
 

Total Fuel Requirement by Source (106 Kcal): Beef
 
Total Percent
 

20. 	 All Sources 48498 100 Total
 
Percent 
 Percent
 

Fertilizer 39045 63.8
 
Diesel 
 3120 6.4
 
Gasoline 
 347 .7
 
Propane 1245 2.6
 
Fuel Oil 
 1961 4.0
 

38 .1
Kerosene 

Oil & Grease 
 47 .1
 

Crude Oil
 
5298 10.9
Electricity 

2011 4.1
Charcoal 

3486 7.2
Wood 


--Includes family consumption, rural direct sales and payments in kind.
 

--J 



TABLE D-17 

RAW PRODUCT INPUT/OUTPUT TABLE FOR MILK (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

P U T 
O U T 

Processinq Marketini and Storage
On-farm Production Primary Transoort Stnraec 


lioh Medium Low /On-farm Med & Med &
 

Tech. Tech. Tech. Motor- Animal- Human- Storage Small Large On-farm Small Large
 

(7) (8) (9) (10) (11) (12)

(1) (2) (3) (4) (5) (6) 


_35.1. Product. Techn. High 	 458.. 211. 35.3 ...... - ..-
2. 2.Me Mediumi m..--- -	 458.8 211.8 .... 


3. Low 	 -- 1354.7 625.2 104.2 -- -5 88.8 62.9 
91.8 520 -- 588.8 612.9Motor .............. 	 42.4 240 -- 271.8 282.8
4. Transportation 	 .. - ----Ai.l....-


6. Human .. .... .. ...... 	 7.1 40 -- 45.3 47.1 

63 64.9
7. Processing On-farm .. ........ 	 --

__ -- 352..8 367.28. 	 Small .......... 


... .. .. .. .. .. .3 	 7

9.	 M e d & L a r ge 


........
10. Market. A Storage On-farm ................ 

Small ............ --............
 

.. .
 
11. 


.. .. .. .. ..
12.	 M e d & L a r g e ... .. .. .. .. 


13. 	 Households Rural I & II .........................
 
.. .. .. .
1 4 .	 St r a t a I ... .. .. .. .. .. .. .. 

.. .... .
 

.. .. .. .. .. .. .
 
15 .	 Stra ta II ....... .. .. .... .. 


16 .	 S t r a ta III ... .. .. .. .. 

-_- .....-17. 	 Strata IV ............... 


18. Imports/Exports .. .............. 	 ....
 
19. 	 Losses ............
 

Fossil Fuel Enermy Requirement 103 Kcal/MT
 

28 28 8 .... 	 1102 615 76 106
 

Total Fuel Requirement by Source (106 Kcai): Milk
 

15586 49244 -- 10015 14552
20. All Sources 	 -- 2008 5930 1505 ...... 

Percent 	 -- 2.0 6.0 1.5 ...... 15.8 49.9 -- 10.1 14.7
 

......
Fertilizer -- 1506 5930 -- .	 .. 14773 

801 2037
Diesel -- 502 -- 1084 ...... 	 3429 14773 --


.501 	 1310
Gasoline ...... 	 421 ........
Propane .. .... 	 ...... 
 ... 601 728
Prpel0 i....... 	 5923 24622 ...
 
42 	 - -

Fuel Oil -


Kerosene ................ .... 200 --


Oit & Grease ................ .... 100 146
 
Crude Oil 6234 9849 7812 10331
 
Electricity .. .... ........ 6234 9849 -- 7812 10331
 

........
Charcoal ................ 

Wood ...... -n 

1 /Includes large and medium storaqe, off-farm processing, and direct farm marketinos, all categorized by X-port Mode. 



TABLE D-17
 

CONTINUED FOR MILK
 

___ ___ ___ ____ ___ __ ___ __ __ ___ __ __OUTPUT _ _ _ _ _ _ _ _ _ _ _ _ 

Rural I&II2/  

(13) 
Strata I 

(14) 
Strata 

(15) 
II 

Consumotion 
Strata III 

(16) 
Strata 

(17) 
IV Exports 

(18) 
Losses 
(19) 

Inventory 
(20) 

1. Product. Techn. 
2. 
3 . 
4. Transportation 
5. 
6. 
7. Processina 

Hiqh 
Medium 
Low 
Motor 
Animal 
Human 
On-farm 

................ 

................ 

................ 

.............. 

.............. 

.............. 

.............. 

-
-
-
-

t 

8 . 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

Market. & Storage 

Households 

Imports/Exports 
Lo sse s 

Sma ll 
Med & Large 
On-farm 
Small 
Med & Large 
Rural I & 11 
Strata I 
Strata II 
Strata III 
Strata IV 

............ 

............ 
--

-- 73.8 
-- 76.8 

--..-
................ 
................ 
................ 
................ 
................ 
..... 

--
283.0 
294.0 

--

.. 

--
725.9 
755.5 

--

.. 

--
147.6 
153.6 

--

--

--

..--... 

14 .1 
80.0 
--.-

90.6 
94.3 

-

_

._ 

Fossil Fuel Energy Requirement 103 Kca'l/MT 

20. All Sources 
Percent 

Total Fuel 
Total 
98840 

Requirement by Source (106 Kcal): 
Percent 

100 Total 
Percent 

Milk 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 
Crude Oil 
Electricity 
Charcoal 
Wood 

7436 
22626 
2232 
1329 

30545 
200 
246 

.... 
34226 
-

7.5 
229 
23 
1.3 
309 
.2 
.2 

34.7 
-

-yIncludesfamily consumption, rural direct sales and paynents in kind. 



------

TABLE D-18 

RAW PRODUCT INPUT/OUTPUT TABLE FOR CHICKEN (102 MT) 

Total Energy Output Values for Each Output Stage (106 Kcal) 

OUT PUT 

On-farm Production Primary Trnsnnrt Storane Processinq Marketing and Storage 

Hibh Medium Low On-farm Med & Med &
 
-

Tech. Tech. Tech. Motor - Animal Fuma n - Storage Small Large On-farm Small Large 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

1. Product. Techn. Hiqh -- - .. -

2. Medium ................ .. -

3. Low ........ 419.5 ........
 
.. -- 205.6 213.94. Transportation Motor ................ 

........
5. Animal ................ 


6. Human ................ ........
 
7. Processing On-farm ................ ...... ..
 

8. Small ................ ........
 
9. Med & Large ................ ........
 

F- 10. Market. & Storage On-farm ................ ...... 
 .. 

11 . Small ................... .. ...
 
. 12. Med & Large .. .... .. ........ ...... ..
 

13. Households Rural I & H1 ................ ...... ..
 

14. Strata I ................ ........
 
15. Strata II ................ ........
 
16. Strata III ................ ........
 
17. Strata IV ................ ........
 
18. Imports/Exports ................ ...... ..
 

19. Losses ................ ...... ..
 

Fossil Fuel Energy Requirement 103 Kcal/4T
 

-- 76 106 

Total Fuel Requirement by Source (106 Kcal): Chicken
 

20. All Sources .... 306 .......... .... 1559 2263
 
37.8 54.8
.... 7.4 .......... ....
Percent 


Fertilizer .... 306 .......... ........
 
Diesel ................ 
 .... 1Z5 318
 

Gasoline ................ 
 .... 78 204 

Propane ................ .... 94 113 
F u e l Oil . .. .. .. .. .. .. .. .. .. .. .. . 

31 --Kerosene ......
 
16 23
Oil & Grease 


Crude Oil .. .... .. ..... .. .. .. .. ..
 
.. .. .. .. .. .. .. . 12 15 1605
Electricity ... .. 


C h a r c oal ... .. .. .. .. .. ..
.. .. .... . 

Wo o d . .. .. .. .. .. .. .. .. .. .00 
0 

-/Includes large and mLdium storaqe, off-farm processinq, and direct farm marketings, all categorized by X-port Mode.
 



TABLE D-18 

CONTINUED FOR CHICKEN 

OUTPUT 
Consumotion_ ..... - __ _-

Rural 1I11-
(13) 

Strata 
(14) 

I Strata II 
(15) 

Strata 
(16) 

III Strata 
(17) 

IV Exports 
(18) 

Losses 
(19) 

Inventory 
(20) 

1 
-

1. Product. Techn. 
2. 
3. 
4. Transportation 
5. 
6. 
7. Processina 
8. 
9. 

10. Market. & Storage 
11. 
12. 
13. Households 
14. 
15. 
16. 
17. 
18. Imports/Exports 
19. Losses 

Hiah 
Medium 
Low 
Motor 
Animal 
Human 
On-farm 
Small 
Med & Large 
On-f-.--.-................ 
Small 
Med & Large 
Rural I & II 
Strata I 
Strata 1i 
Strata III............... 
SLrata IV 

........ 

................ 

................ 

................ 
............... 
................ 
................ 
............... 
................ 

6.2 18.5 
6.4 19.2 
................ 
................ 
................ 

................ 

................ 

........ 

92.5 
96.2 

" 

88.4 
92.0 

........ 

........ 

........ 

--

Fossil Fuel Energy Requirement 103 Kcal/MT 

Total Fuel Requirement by Source (10
6 

Total Percent 
Kcal): Chicken 

20. All Sources 
Percent 

4128 100 Total 
Percent 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 
Crude Oil 
Electricity 
Charcoal 
Wood 

306 
443 
282 
207 

31 
39 

2820 

7.4 
10.7 
6.8 
5.0 

.8 

.9 

68.4 

-- Includes family consumption, rural direct sales and payments in kind. 

00 



TABLE D-19
 

RAW PRODUCT INPUT/OUTPUT TABLE FOR PORK (102 MT)
 

Total Energy Output Values for Each Output Stage (106 Kcal)
 

OUTPUT 

On-farm Production Primary Transport Storage Processinq Marketing and Storage
 

HiQh 
Tech. 

(1) 

Medium 
Tech. 

(2) 

Low 
Tech. 

(3) 

Motor l-
(4) 

Animal--
(5) 

Human--
(6) 

On-farm 
Storage 

(7) 

Small 

(8) 

Med & 
Large 

(9) 

On-farm 
(10) 

Small 

(11) 

Med & 
Large 

(12) 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

,_ 10. 
11. 

E 12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

Product. Techn. 

Transportation 

Processing 

Market. & Storage 

Households 

Imports/Exports 
Losses 

High 
Medium 
Low 
Motor 
Animal 
Human 
On-farm 
Small 
Med & Large 
On-farm 
Small 
Med & Large 
Rural I & II 
Strata I 
Strata II 
Strata II 
Strata IV 

................ 

................ 
........ 
.......... 
.. .... 
..........--
...... 
................ 
................ 
................ 
................ 
-............... 

................ 

................ 

................ 

................ 

................ 

................ 

................ 

169.8 

........

.......... 

...... 
---
6.8 

....

_---
38.6 __ 

- _---
....-----
.... 
.... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
...... 
.... 
...... 

__-__ 

61.0 

3.3 
18.8 

--

63.4 

3.5 
19.6 

.. 

.. 

.. 

.. 

.. 

.. 
.. 
.. 
-
.. 

Fossil Fuel Enerqy Requirement 103 Kcal/MT 

4709 2628 76 106 

Total Fuel Requirement by Source (106 Kcal): Pork 

20. All Sources .. .. 775 .. ...... 3202 10142 -- 630 915 
Percent .. .. 4.9 ........ 20.4 64.7 -- 4.0 5.8 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel0ilOi 
Kerosene 
Oil & Grease 

.... 

.. 

.. 

.. 
--
.. 
.. 

775 
.... 
.............. 
.... 
...... 
...... 
.............. 

.......... 

.. 

.. 

... 

...... 

....... 

........ 

- -- 96 

416 

...... 
2437 
.... 
811 
507 
.... 
.... 

--

--
.... 

50 
31 
38 

13 
6 

.. 
128 

82 
46 

.. 
-

9 
Crude Oil 
Electricity 
Charcoal 
Wood 

................ 

.. .... 
-.. .... 
.. .... 

.. 

.. 

.. 

...... 

...... 

...... 

640 
768 
1282 

...... 
1623 
1723 
3041 

--
.... 
.... 

492 
.. 
650 
.. 

-/Includes large and medium storaqe, off-farm prncessinq, and direct farm marketings, all categorized by X-port Mode.
 



CONTINUED FOR PORK 

OU T P UT 
_____ ____ Consilmotion 

Rural l&1-2-/ 
(13) 

Strzta 
(14) 

I Strata 1i 
(15) 

Strata 
(16) 

Ill Strata 
(17) 

IV Exports 
(18) 

Losses 
(19) 

Inventory 
(20) 

-
" 

1. Product. Techn. 
2. 
3. 
'4. Transportation 
5. 
6 . 
7. Processina 
8. 
9. 
10. Market. & Storage
11. 
12. 
13. Households 
14. 

Hiqh 
Medium 
Low 
Motor 
Animal 
Hum an 
On-farm 
Small 
Med & Large 

On-farm 
Small 
Med A Large 
Rural I & II 
Strata I 

.............. 

.... 
5.2 .............. 
.............. 
.............. 
. .... 
.............. 
-..... 

............ 

-- 3.6 
-- 3.7 
................ 
................ 

....... 

.. 

.. 

10.0 
10.4 

.. 

.... 

43.5 
45.3 

-

.... 

25.6 
26.6 

... 

--

--

. 

0.2 

0.3 
0.3 

__ 

__ 
__ 

15 . 
16. 
17. 
18. 
19. 

Imports/Exports 
Losses 

Stra ta II 
Strata III............... 
Strata IV 

.............. 

................ 

........ 
................ 

Fossil Fuel Energy Requirement 103 Xcal/MT 

20. All Sources 
Percent 

Total Fuel 
Total 
15664 

Requirement by Source (106 Kcal): 
Percent 

100 Total 
Percent 

Pork 

Fertilizer 
Diesel 
Gasoline 
Propane 
Fuel Oil 
Kerosene 
Oil & Grease 
Crude Oil 
Electricity 
Charcoal 
Wood 

775 
2711 
113 
1311 
507 
13 
15 

3405 
2491 
4323 

4.9 
17.3 
.7 

8.4 
3.2 
.1 
.1 

21.8 
15.9 
27.6 

-/Includes family consumption, rural direct sales and payments in kind. 
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APPENDIX E 

MISCELLANEOUS DATA AND CONVERSION FACTORS 

The following price and conversion factors form some of the basis for various
 
tables in the main body of the report. Also compare Appendix Table F-3.
 

TABLE E-1 

AVERAGE PRICES USED IN CALCULATIONS FOR ECONOMIC EFFICIENCY RATIOS 

Crop 	 Price $RD 

1. Rice 	 234.8/tona 
2. Corn 	 114.8/ton 
3. Beans 	 579.2/ton 
4. Sweet Potato 	 94.6/ton
5. Potato 	 229.0/ton 
6. Cassava 	 109.0/ton 
7. 	 Sugar 7.4/ton in 

cane 
8. Onion 	 389.6/ton 
9. Tomato 	 154.0/ton

10. Plantain & Banana 	 0.5/unit
11. Pe-nuts 	 300.0/ton 
12. Ccffee 	 302.9/ton 
13. Ca ao 	 2,277.8/ton 
14. Tobacco 	 589.6/ton 

aTons are metric tons.
 
Source: Republica Dominicana en Cifras, 1979.
 



185 

TABLE E-2 

VALUES USED TO CALCULATE THE ENERGY CONTENT OF CROPS 

Crop Kcal per Kilogram 

Rice 3,700
Sweet Potato 1,000Onion 360
Beans 3,430
Corn 3,525
Peanuts 5,500
Potato 770
Tomato 220
Cassava 3,300
Cacao 3,020
Coffee 335Sugar Cane 316
Banana 3,400
Plantain 3,400 

Sources: Composition of Foods, Agricultural Handbook No. 8, USDA, 1963; Nutritive Value of Foods, Home 
and Garden Bulletin No. 72, USDA; Valor Nutrivo de los Alimentos, Instituto Nacional de la 
Nutricion, Mexico, 1971. 

TABLE E-3 

FACTORS USED IN CALCULATING FU':L USAGE 

FROM AMOUNT OF LAND WORKED 

Activity Liters Diesel Fuel per Hectare 

1. Preparing Soil 10.01 
2. Planting 4.67
3. Fertilizer Application 6.08 
4. Pesticide Application 0.94 
5. Haivesting 11.98 
6. Cultivating, Weeding, etc. 2.35 

Source: Calculations made from Power and Machinery Handbook, John Deere Corporation. 
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APPENDIX F 

DATA FOR ESTIMATING RATES CF CHANGE IN ENERGY UTILIZATION 

IN FOOD PROCESSING INDUSTRIES 

The basic data for the main table in this appendix are from the Oficina Nacional de 
Estadistica, Extadistica Industrial de la Republica Doininicana, Nos. 22, 23, 24 cuadro (table) 

VII, Energia Electrica, Combustibles, y Lubricantes Consunidos en la Industria. Durante los 
A-os 1973-1977. The energy sources classified include charcoal, firewood, electricity, fuel

oil, diesel, gasoline, kerosine, crude petroleum and begasse [sugar refining only]. The 13 in
dustrial classifications selected for trend analysis are shown in 'Fable H-1. Our assumption is 
that the trend in energy consumption is a reflection of changing technology in agricultural 

product processing. 

The method employed was to sum all the energy quantities after volumes and units 
reported were converted to total Kcal (see Table F-3). The total divided by the quantity of 
product processed equals tih energy input/MT. For example, in Table F-I, code 3 111, meat 
processing, shows 6,460 tons of meat processed in 1973. The sum of energy equivalents in 
106 Kcal was 7,864 in the same year. Therefore, the energy input/MT equaled 1.2173 x 106 

Kcal. 
Simple regressions of trends in these calculated ratios against the period 1973-1977 

created equations that could be used to project thL, trends zo the 5 target years. These equa
tions, plus the projection results, are shown in Table F-2. (Note that projections were also 
made for 1978.) In certain cases the regression results were ignored because there was little 
observable trend in the basic a,-. (other product manufacturing-3 121) or the coefficient of 
deternination was judged to be acceptable. Of the 13 industrial classifications studied, only 
1, 2, 3, 4, 5, 7, 8 and 13 were used in the main body of the study. 

The final step was to compute the changes in projected energy input ratios over the 
1978 values. Thus for category 1, meat processing, the changes between 1978 and 1980 
equaled 1.791/1.6955 or 1.0563. The values for other years, 1985-2000, are transferred to 
Table IV-7 of the main text as "correction factors" (1.0563 is written as .0563). The trends 
in total energy input to food processing categories are assumed to roughly reflect fossil energy 
trends only. The trends in industrial use are assumed to reflect trends in handling and storage 
as well. 



TABLE F-I 

TRENDS IN FOOD PROCESSING ENERGY UTILIZATION COEFFICIENTS 

1973 1974 1975 1976 1977
Industrial Industry Tons 106 Kcal Tons 106 Kcal Tons 106 Kcal Tons# Sector 106 Kcal TonsCode Output Input Coefficient Output Input Coefficient Output Input Coefficient 

106 Keal
Output Input Coefficient Output Input Coefficient 

1 Processing 3111 6,460 7,864 1.2173 8,061 8,752 1.0856 6,457 8,586 1.3296 10,027 14,549 1.4098 11,241 17,161 1.5315& Storage
 
- Meat
 

2 Processing - 3112 35,563 i2,756 0.3587 48,728 
 21,318 0.4375 56,527 26,595 0.4705 61,013 34,768 0.5698 79,344 43,598 0.5498Milk Pro
ducts
 

3 Canning/ 3113 19,268 23,110 1.1994 29,899 75,512 2.5255 29,680 60,926 
 2.0528 25,809 47,452 1.8308 27,637 47,981 1.736iStorage -

Fruit &
 
Veg.
 

4 Mfg. Edible 3115 92,690 122,122 1.3175 72,852 85,349 1.;7.5 68,137 80,600 1.1829 81,918 104,813 1.2795 90,086 117,164 1.3006Oil - Veg.
 
& An.
 

5 Milling- 3116 303,540 92,660 0.3053 306.853 90,371 0.2945 314,900 65,193 0.2070 375,164 66,170 0.1764 319,615 69,140 0.2163
Flour
 
Products
 

6 Bread, 3117 34,595 63,891 1.8468 38,335 86,030 2.244 
 86,172 205,634 2.3863 90,113 282,14! 3.1310 99,096 328,639 3,3164Noodles,
 
Pasta
 

7 Sugar Re- 3118 1,387,489 1,918,070 1.3824 1,425.873 1,566,184 
 1.0984 1,397,589 1,895,339 1.3562 1,514,885 1,395,573 0.9212 1,527,214 715,009 0.4682fining

8 Chocolate 3119 11,461 12,746 1.1121 10,706 13,547 1.2653 
 11,181 13,951 1.2478 11,323 12,680 1.1198 10,626 15,456 1.4544& Candy
 
Mfg.
 

9 Other Food 3121 8,451 11,996 1.4190 9,130 19,101 2.0920 9,673 . 14,219 1.4699 11,269 14,987 0.4155 12,127 17,000 1.4018Product 
Processing 

10 Animal 3122 73.388 2,376 0.0324 69,372 2,134 0.0308 101,266 6,272 0.6193 96,247 3,709 1.3299 101,094 3,328 0.0329Feed 
Processing 

11 Brewery 3133 48,394 34,165 0.7060 48,511 33,406 0.6886 44,457 30,006 0.6749 47,544 35,073 0.03044 64,723 46,383 0.1660Products 
12 Soft 3134 90,596 12,845 0.1418 95,605 10,290 0.1076 85,547 15,312 0.1790 84,889 15,875 0.7380 99,871 16,218 0.1624Drinks 
13 Tobacco 3140. 12,361 7,872 3.2924 2,116 6,937 3.2781 1,773 6,504 3.6686 1,899 6,840 0.1870 1,714 5,288 3.0851 
;ource: Coefficients calculated from outputs and energy inputs as reported in: ONE, Estadistica Industrial de la Republica Dominicana, Vols. 22, 23, 24, Cuadro VII. 

0
j,.. 
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TABLE F-2 

PROJECTIONS OF TRENDS IN FOOD PROCESSING ENERGY 

UTILIZATION PER TON OF OUTPUT, 1973-1977 

Industry # 
and 
Industrial 
Products Type 

Projection Equations 
R2 a b 1978 

Forecast tstimates of Energy per Ton 
1980 1985 1990 1995 2000 

I Meat L .77 1.0291 0.0952 1.696 1.7')1 2.672 2.743 3.330 3.696 
2 Milk L .90 0.32 0.05 0.670 0.734 0.991 1.248 1.505 1.762 
3 Fruit/Veg. (Assume 1.6 Lowest) 1.8 1.8 1.75 1.7 1.65 1.6 
4 Veg. Oil (no regression) 1.25 1.3 1.35 1.4 i.45 1.5 
5 Milling (no regression) 0.192 0.21 0.22 0.23 0.24 0.25 
6 Bakery P .92 1.777 0.3669 3.450 3.811 4.554 5.132 5.615 6.035 
7 Sugar (Est. 1.0 constant) 1.0 1.0 1.0 1.0 1.0 1.0 
8 Chocolate L .38 1.078 0.054 1.456 1.51 1.78 2.05 2.319 2.588 
9 Other Food (no regression) 1.40 1.42 1.45 1.50 1.55 i.60 

10 Animal Feed (no regression) 0.033 0.033 0 033 0.033 0.033 0.033 
II Brewing (no regression) 0.85 0.50 0.50 0.50 0.50 0.50 
12 Soft )rinks L .36 .11937 .01206 0.204 0.216 0.276 0.337 0.397 u.457 
13 Tobacco (no regression) 3.5 3.55 3.6 3.65 3.7 3.75 

TABLE F-3 

KILOCALORIE CONVERSION FACTORS FOR VARIOUS FUEL 

TYPES 	AND ENERGY SOURCES 

Energy Type 	 Unit of Measure Kcal/Unit 

Animal Power Day 4490. 
Begasse Metric Ton 1.672 x 106 
Charcoal Kilogram 6650. 
Crude Oil Liter 9068. 
Diesel Fuel Liter 9329. 
Electrical Energy Kilowatt Hour 860. 
Fuel Oil Liter 9329. 
Gasoline Liter 8266. 
Grease Kilogram 10980. 
Kerosine Liter 8884. 
Lubricating Oil Liter 9862. 
Man Power Day 641. 
Propane Kilogram. 12015. 
Wood Metric Ton 4.158 x 106 

Sources: 	 A Preliminary Assessment of Energy Supply and Consumption in the Dominican Republic, Brookhaven 
National Laboratory, Appendix D, 1979; Food, Energy and Society, Halsted Press, David and Marcia 
Prinentel, 1979. 
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APPENDIX G 

DATA FOR PROJECTING DOMESTIC HUMAN DEMAND FOR SELECTED 

AGRICULTURAL PRODUCTS IN THE DOMINICAN REPUBLIC 

The basic data necessary are expected changes in real income per capita or per family, 

income elasticity of demand estimates for the various agricultural products, estimates of current 
per capita con1sumption per period of time and expected changes in population. 

Table G-1 shows population estimates 1925-1980 as reported by the National Statistical 
Office (ONE). Population is expected to grow at exponential rates and the model, P = Aebx 
fits quite well. In this model the rate of growth, b, is estimated directly. The long term rate 
of DR population growth is 2.963%. 

Table G-2 shows real income per capita with projections to the target years, 1980-2000. 
The time series of real disposable income per capita penits us to calculate the expected rates 
of increase in incomes into the future. We expect growth trends, a p)riori, to be exponential 
and the model Y = Aebx fits quite well. The "growth factors" are equal to L, where Yo 

(1977) = 501 and Yt selected target year. Thus, Y1 9 8 0 = 591 = 1.212. Yo 
501Y1977 


Table G-3 shows per capita consumption of various food products as reported in 
Seaplane. These data are only divided into four income level categories, but they do permit 
calculations of some income elasticity coefficients. Due to the absence of degrees of freedom, 
no doui"t a -ubstantial percentage of the coefficients is not statistically significant. H-owever, 
the results are the best available. All of the estimations are based on simple regression models, 
linear in logrithms (Inh = a + blax) where y equals the consumption value and x = the mid
poind of each income strata, i.e., 25, 50, 150, 600 RD$/month. 



TIME 

TABLE G-1 

SERIES OF DR POPULATION GROWTH AND PROJECTIONS TO YEAR 2000 

(1,000 Persons) 

Time Series Projections X 103 

Year 

Population 

t 

1925 

1,054.7 

t 1 

935 

1,479.4 

tl 

1940 

1,674.4 

t16 

1945 

1,888.9 

t21 

1950 

23,5.8 

t 26  

1955 

2,554.2 

t3 1 

1960 

3,047.1 

t3 6  

1965 

3,512.9 

t4 1 

1970 

4,009.5 

t 4 6  

1975 

4,696.8 

t5 1  

1980 

5,430.9 

t5 6  

1985 

6,283.8 

t6 !  

1990 

7,287.2 

t6 6  

1995 

8,450.96 

t71 

1000 

9,800.5 

t76 

Projectior. equation: - a 
998 1030.94 

Source: Based on Table 211-04, ONE, 

, when P = 
0.029631 

Republica Dominicana 

ae b x , X equals 1925-1980 

en Cifras, 1980. 



TABLE G-2 

ESTIMATED REAL INCOME/C?_";'.A - 1978-2000 

Projections 
12 14 19 24 29 34 

Year 1967 1968 1969 1970 1971 1972 1973 1974 1975 
 1976 1977 1978 1980 1985 1990 1995 2000
 

Estimated 
Disposable
Income 319 313 342 359 384 411 444 478 514 489 501 483 594 757 964 1227 1563 

Growth 
Factors 
 1000 1.212 1.545 1.967 2.504 3.190
 

Projection equations: R a b where Y = aebx , X = 1967- 1978..91 301.97 0.048 

Source: ONE, Republica Dominicana en Cifras, Table 342-02, Cuentas Nacionales, 1978; Table 342-02, Cuentas Nacionales, 1980. 
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TABLE G-3
 

CALCULATION OF INCOME ELASTICITY OF DEMAND COEFFICIENTS
 

(Per Capita Consumption in Lbs/Day; Income in $RD/Month) 

Aiientos 
Estrato I 
Hasta 50 

Estrato II 
50.1-100 

Estrato III 
100.1-300 

Estrato IV 
300.1-mas 

Promedio 
Ponderado R2 a 

n 
b 

Cereales 
Arroz 0.233 0.331 0.386 0.409 0.297 .78 4.05 .1607 
Pastas 0.012 0.018 0.025 0.028 0.017 .869 .7887 .2557 
Pan 0.039 0.081 0.115 0.125 0.069 .7648 1.8458 .3345 
Avena 0.003 0.005 0.005 0.007 0.004 .8185 -.4985 .2280 
Harina de Maiz 0.012 0.006 0.003 0.001 0.008 .9952 3.8676 -.762 
Harina de Trigo 0.004 0.001 0.003 0.019 0.004 .5180 -2.5720 .6304 

Raices 
Batata 0.102 0.082 0.041 0.040 0.082 .8477 4.5734 -.3178 
Name 0.031 0.029 0.027 0.020 0.029 .9298 2.883 -.1344 
Papa 0.031 0.025 0.025 0.089 0.027 .5845 1.0304 .3348 
Yautia 0.031 0.029 0.026 0.023 0.029 .9992 2.7275-0.0942 
Yuca 0.290 0.190 0.150 0.110 0.227 .9421 5.4742-0.2859 

Azucar 

Azucar Refina 0.041 0.112 0.150 0.246 0.092 .8617 1.3858 .5056 

Legumir 3sas 
Habichuelas 0.049 0.062 0.060 0.071 0.056 .7704 2.6369 0.0969 
Guandul 0.008 0.006 0.005 0.004 0.007 .9517 1.6644-0.2062 
Otras 0.004 0.005 0.006 0.008 0.025 .9878 -0.2646 .2101 

Hortalizas 
Auyama 0.01 1 0.008 0.006 0.005 0.00) .9391 5.5986-1.0908 
Cebolla 0.007 0.010 0.012 0.014 0.009 .8823 .3989 .2020 
Tomate 0.008 0.023 0.038 0.040 0.019 .7318-0.0071 6.4606 
Otras 0.079 0.142 0.174 0.237 0.123 .8813 2.5279 .3134 

Legas 
Aguacate 0.023 0.032 0.043 0.051 0.031 .9248 1.4419 .2425 
Quineo 0.048 0.060 0.072 0.120 0.050 .9773 1.9604 .2782 
Platano 0.302 0.375 0.416 0.428 0.350 .7726 4.4596 .1002 
Mungo 0.131 0.137 0.141 0.231 0.140 .8100 3.2401 .1723 
Pina 0.003 0.012 0.024 0.028 0.040 .7682 -1.4677 .6437 
Lechosa 0.001 0.010 0.011 0.012 0.006 .5246 -2.1156 .6265 
Citricos 0.018 0.026 0.035 0.039 0.024 .8730 1,2528 .2333 

Carne de Pollo 0.010 0.022 0.066 0.150 0.033 .9787 -1.3026 .8508 

Carne de Res 
Bola Limpia 0.004 0.005 0.023 0.032 0.010 .9008 -1.9489 .7207 
Cadera 0.007 0.008 0.020 0.027 0.011 .9279 -0.5777 .4637 
Grillada 0.004 0.010 0.015 0.019 0.009 .8172 -.7442 .4470 
Pecho 0.004 0.016 0.030 0.050 0.015 .9966 -0.0814 .4759 
Roti y Otras 0.002 0.003 0.007 0.020 0.004 .9981 -2.7248 .7337 
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TABLE G-3 (Continued) 

Estrato I Estrato II Estrato III Estrato IV Promedio 
Alimentos Hasta 50 50.1-100 100.1-300 300.1-mas Ponderado R2 a b 

Carne de Cerdo 0.002 0.006 0.018 0.032 0.008 .9279 -2.7458 .8519 
Otros 0.004 0.007 0.011 0.009 0.006 .5942 -0.1540 .2434 

Carne d Pescado .936A -4.5391 0.7889 

Leche Fresca 0.111 0.394 0.609 0.622 0.308 .6714 2.65 78 .4784 

Oleaginosas 0.043 0.062 0.083 0.127 0.060 .9838 1.7617 ,3176 

Huevos 0 001 0.004 0.010 0.031 0.005 .9573 -3.9759 1.9)246 

Fuente: SEAPLAN. 

Estimating equation: Iny = a + ) In X, where y = consumption quantities, X = midpoint of income 

classification; b = rl (income elasticity). 
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BIBLIOGRAPHY
 

. Energy General 

Published Reports and Documents 

1-2 	 McGrananhan, G., Mitchell, G., Mubayi, V., and Stern, R. , A
 
Preliminary Assessment of Energy Supply and Consumption in-the
 
Dominican Republic (Draft), Brookhaven National Laboratory,
 
National Center for Analysis of Energy Systems, Division of 
Regional Studies (November 1979). 87 pages in English.
 

-This working paper is a valuable source, independent of
 
the final product analyzing the Food System in the Dominican 
Republic. Appendix 3 provides crop by crop estimates of 
energy use based on indirect estimating relationships not 
validated in the DR. The PCI analysis will provide

empirical data for estimating relationships that are 
validated for the Dominican Republic. 

II-10 FIDE, Politica Crediticia del Fondo de Inversiones para el 
Desarrollo Economico (FIDE) ... Santo Domingo, 1979. 33 pages
in Spanish.
 

The Credit Policies of the Fund for Investments in Economic 
Development (FIDE) ... explicitly authorizes loans on 
attractive terms for energy saving and conservation. A"Modification to the Regulations of FIDE" was made subsequently 
to epcour:age small borrowers to use FIDE credit. (3 pages in 
Spanish) Making credit available and not lead to placing 
credits for energy improvement activities after a year (in 
March, 1980).
 

II-11 INDOTEC, Informe Anual 1978, Santo Domingo, 1979. 55 pages in 
Spanish. 

The annual report of INDOTEC (Instituto Dominicano de Technologia
Industrial) describes briefly all the diverse activities of 
INDOTEC in the energy field and in other areas. 

11-7 	CDE, Energia, 30 pages per issue, Santo Domi-yjo. 

A house organ for the Dominican Electricity Corporation,
published quarterly beginning in Spring, 1977. Many articles 
on energy appear on topics such as "Potential Sources of 
Energy," "Bioconversion," the Agro-Forestry Department of 
COE, "Solar Energy," "Windmills," etc. 
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11-20 ONAPLAN, Posibiliades -el Sector Energetico. PLANDES 28, 1978
 
Secretariado Technico de la Presidencia, Ofic',na Nacional de
 
Planificacion. 116 pages in Spanish.
 

Possibilities of the Energy Sector 7his is a basic 
document widely used as a point o:" depnature for other 
more recent analysis. 

2. T.V. Long, "The Rational use of Energy in the Dominican Republic,"
 
report 	to the Inter-American Development Bank, 22 May 1979. 

3. Roberto Liz et al., "Evaluacion de la Situation Energetica
 
National," Banco Central de la Republica Dominicana, Santo 
Domingo, 1978. 

11-32 World Bank, Caribbean Energy Survey (Report 2511-CRB), May 7,
 
1979. 61 pages in English.
 

Permission has not been obtained from the World Bank to 
disclose the contents of this report but it is not necessary 
for understanding the food/agriculture sector of the 
Dominican Republic. 

III-10 Palmedo, Philip F., Nathans, Rubert, Beardsworth, Edward, and 
Hale Samuel, Jr., Energy Needs, Uses and Resources in Developing 
Countries Brookhaven National Laboratory, National Center for 
Analysis of Energy Systems, Policy Analysis Division, Upton, New 
York, March 1978. 143 pages in English (BNL 50784). 

A broad perspective analysis of the energy problems of developing
 
countries and opportunities for effective assistance activities. 

11-12 	 French Ministry of Cooperation, New Energy for Development, 
"Technology and Development" Series, 1978. 67 pages in English. 

A general book on non--conventional energy sources for 
developing countries. 

11-3 	 Comision Nactional de Politica Energetica, Programa de Trab.jo de
 
la Secretaria Ejecutiva, Santo Domingo, 1980 40 pages in Spanish.
 

The Workplan for the Executive Secretariat of the Energy 
Commission sun~narizes the 1980 activities anticipated for the
 
Energy 	 Commission. 

11-4 	 Corporacion Dominicana de Electricidad, Plan de Expansion del
 
Sistema Electrico de la C.D.E. 1979-1992 Dominican Republic, 1979.
 
5 volumes in Spanish.
 

Plan of Expansion for the Electric System of CDE 1979-1992 
is the 	translated title of this five volume series of studies.
 
The volumes available in December, 1979 were circulated for 
comments and will be revised by June, 1980. CDE was assisted
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by SOFRELEC (Societe Francaise d'Etudes et de Realisations
 
d'Equipements Electriques), a French consulting firm. 
Volume I is The Market for Energy, Synthesis and Completion 
of Studies. 163 pages in Spanish. The 1979 edition reflects 
World Bank comments on the original work. It is directed to 
international lenders. Volume II is The Current System and 
Energy Resources. 261 pages in Spanish. Volume III is 
Hydroelectric Utilization, Valley of the Yaque del Norte. 
Approximately 250 page, including 7 major annexes in Spanish. 
Volume IV is Utilization of the Yaque Stir, of the Yuna, and 
Diverse Zones. Approximately 250 pages in Spanish. Volume V 
is Hydroelectric Utilization, Base Prices. Approximately 50 
pages in Spanish. 

The substance of the master plan is summarized briefly in the 
Institution Factors section on CDE. 

The prujections for supply and dem.nd were made before 
Hurricane David. The damage is taken into account by assuming
 
that the demands previously projected would be retarded by 
one or 	two years. 

The CDE expansion plan includes a major increase in electricity 
service to rural areas. Rural consumption is projected to
 
increase from 2C5Gwh in 1979 to 1,261 Gwh in 1992. The rural
 
residential consumption component is prdjected to increase from
 
180 Gwh to 649 Gwh.
 

For mechanization of agricultural installations, energy from the
 
grid is projected to grow from 6 Gwh to 400 Gwh. After 1985,
 
half the new equipment is expected to use non-conventional
 
energy (e.g. solar, biogas, etc.) with energy not coming
 
from the grid of 168 Gwh by 1992. Electricity consumption for
 
irrigation and for tourism complexes are projected to go from 
26 to 260 Gwh.
 

11-9 	 Da Silva Leonardo, "Non-Conventional Renewable Energy Sources: 
Solar Ponds," Interamerican Development Bank, undated, probably 
1980. 10 pages in English.
 

This discussion paper draws extensively on the technical
 
aspects of a report by Harry Z. Tabor for IADB for the develop
ment and implementation of a solar energy investigation program
 
in the Dominican Republic.
 

11-14 	INDRHI, Inventorio de Proyectos Hidroelectricos, December 1979 and
 
March 1980. Santo Domingo, 1980. 4 pages in Spanish.
 

An Inventory of Hydroelectric Projects including 82 sites in
 
the Dominican Republic. The list includes notations regarding

the allocation of responsibilities for each site among CDE,
 
INDRHI, and Rumania. 



11-15 	 INDHRI, Estatuto Legal y Reglamentario. Santo Domingo 1,71. 198
 

100 pages in Spanish.
 

The National Institute for Hydraulic Resources has collected
 
together the legal documents that guide it.
 

11-30 	Tavares Espaillat, Ing. Manuel, "Balance Energetico: Valor y
 
Viabildad de las Alternativas," a presentation by the Secretary of
 
Industry and Conmmerce to a Seminar-Workshop of ALIDE on "Credit
 
as a Factor in the Evaluation of Energy Projects." Santo
 
Domingo, March, 1980. 11 pages plus annexes in Spanish.
 

Energy Balance: The value and Viability of the Alternatives.
 
This presentation summarizes the endrgy situation of the
 
Dominican Republic from the point of view of the President
 
of the Energy Commission. It is addressed towards a group

of development bankers interested in the opportunities for 
and constraints on using credit to bring about changes in the
 
energy 	situation.
 

111-6 	 INDOTEC, Investigacion Bibliografica Sobre Ahorro y Conservacion 
de Energia, prepared by Ing. Joaquin Gerardo Santaella, October 
1979. _ pages in Spanish. 

120 works on Energy Conservation available at INDOTEC's Data
 
Bank; many items are Dominican and potentially useful.
 

SEH Costs of Production Studies
 

"Costos Producci6n por Tarea (Jaula), Segan Componentes en la Zona
 
de San Jos6 de Ocoa." (Table.)
 

"Costo de producci6n de una tarea de habichuelas en la Regidn Sur."
 
(Table)
 

"Costos de Producci6n por Tarea en el Cultivo de la Cebolla, Segdn
 
Grupos de Factores. Regi6n Sur, Febrero 1974." (Table.)
 

"Costos de Produccidn por Tarea de Cebolla Amarilla en la Zona
 
de San Cristobal y BanT. Octubre 1974. Cuadro No. l." (Table.)
 

"Costos ProducciIn por Tarea de Cebolla Amarilla en la Zona de
 
San Cristobal y Banf. Octubre 1974. Cuadro No. l-A." (Table.)
 

"Costos 	Producci6n por Tarea de Cebolla Amarilla en la Zona de
 
San Cristobal y Banf. Octubre 1974. Cuadro No. 2." (Table.) 

"Costos 	Producci~n por Tarea de Cebolla Amarilla en la Zona de
 
San Cristobal y Ban'. Octubre 1974. Cuadro No. 2-A." (Table.)
 

"Costos, Rendimientos e Ingresos por Tarea en el Cultivo de la
 
Cebolla. Regidn Sur, Febrero 1974. Cuadro No. 2." (Table.)
 

"Costos, Rendimientos e Ingresos por Tarea en el Cultivo de la
 
Cebolla. Regi6n Sur, Febrero 1974. Cuadro No. 3." (Table.)
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"Composici6n Porcentual de los Costos de Producci6n de la Papa,
 
Segan Componentes en la Zona de San Josd de Ocoa." (Table.
 

"Estadfstica de Importaciones." (Table.) 

"Incidencia de los Precios de Compra de QQ. de Papa al Agricultor. 
Cuadro No. 4." (Table.) 

"Incidencia de los Precios de Compra de QQ. de Papa Al Agricultor. 
Cuadro No. 5." (Table.) 

"Incidencia Porcentual de los Componentes de los Costos de
 
Producci6n por Tarea, Constanza." (Table.)
 

"Nmero de Labores Realizados y Valor por Tarea (en RD$) en el 
Cultivo de Cebolla. Regi6n Sur, Febrero 1974." (Table)
 

"Precies Promedios al por Mayor de Habichuelas Roja Criollas. 
Santo Domingo, 1974." (Table.) 

"Precios Promedios al Detalle de Habichuelas Roja Criollas en 
Santo Domingo, 1973-1974." (Table.) 

"Precios Promedios en la Ciudad de Santo Domingo, 1961-1968 y '969
1970." (Table.) 

"Precios Promedios al Detalle de Productos Agropecuarios Comercializados 
en Santo Domingo 1973." (Table.) 

"Provincias Productoras de Arroz y Cantidad Cosechada en el Peri6do
 
Enero-Diciembre 1973." (Table.) 

"Superficie Sembrada, Producci6n Total y Valor Total de la Producci6n
 
Cebolla. Regidn Sur, Febrero 1974." (Table.)
 

"Tareas Cosechadas y Producci6n Obtenida de Arroz, Segdn Municipios 
en el Peri6do Enero-Diciembre 1973." (Table.) 

"Tareas Cosechadas y Produccidn Obtenida de Arroz, Segan Zonas en
 
el Periddo Energo-Diciembre 1973." (Table.)
 

"Uso por Tarea de Algunos Insumos en el Cultivo de la Cebolla.
 
Regi6n Sur, Febrero 1974." (Table.)
 

"Volumen de la Producci6n de Algunos Productos Agrfcolas, 1960
1971." (Table.
 

All of the above listings are various statistical tables and papers 
relating to production costs and market prices of different 
agricultural products in the Dominican Republic.
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Oficina Nacional de Estadfstica:
 

"Valor 	de las Ventas al Detalle, 1960-1972." (Table.)
 

"Valor de las Ventas al por Mayor por Provincias. Enero-Diciembre
 
1972." (Table.)
 

The above listings are statistical tables relating to wholesale
 
and retail salds in the Dominican Republic from 1960 through
 
1972.
 

Miscellaneous Loose Papers: and Tables
 

Banco Agrfcola de la Republica Dominicana:
 

"Costo 	Promedio de Producci6n de la Hectarea por Cultivos.
 
Junio de 1974." (Table.)
 

A statis.ical table on average production costs of a
 
large number of majors crops. This table co 'Idbe ver;,
 
useful in generating technical (I/O) coefficients for LP
 
models.
 

Instituto de Estabilizaci6n de Precios:
 

"Aspectos Analfticos--Habichuelas." (Paper.)
 

"Costo de Producci6n por Tarea de la Cebolla, Seg6n Componentes
 
en la Zona de Constaza." (Table.)
 

2. 	Energy in Agricultural/Forestry Production, Food Processing and
 
Consumption
 

11-2 	 Antonini, Gustavo A., Ewel, Katherine C., and Tupper, Howard M.,

Population and Energy, a Systems Analysis of Resource Utilization
 
in the Dominican Republic, University Presses of Florida, 1975.
 
Approximately 165 pages. English.
 

An English language analysis with a case study about Las
 
Placetas in the area near the Bao and Tavera Dams. 
 The book
 
simulates changes in land use and population as driven by

changes in energy flow. Water management, forestry management,
 
land use policies are central to the analysis.
 

11-17 	 INDRHI, La Gaceta de INDRHI, Organo Informative de INDRHI, Spanish.
 

House Journal for INDRHI. Year 2, No. 7 is dated July 1978,
 
articles on irrigation and agriculture.
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11-18 Jennings, Penelope and Ferreiras, Benito A.; Recursos Energeticos
 

de Bosques Secos en la Republica Dominicana, Centro de Investigaciones
 
Economicas y Alimenticias, Instituto Superior de Agricultura (Santiago
 
D.R.) July, 1979. 119 pages in Spanish.
 

This study deals with The Energy Resources of the Dry Forests
 
in the Dominican Republic. It covers energy from firewood
 
and charcoal from the dry forests of the Dominican Republic
 
and the channels for commercialization to the final consumers
 
in ri:ral and urban areas. Demand and potential supply are
 
estimated including methods for processing, efficiency,
 
benefits, and costs.
 

The study concludes that wood and charcoal from the dry
 
forests can and should make an important contribution to
 
the energy needs of the poor rural and urban families.
 

The authors corclude that non-viable cut and slash farmers
 
could succ ssfully live from using the forest as a source
 
of renewable resources (p.63). They recommend use of the
 
forests for sustained production of wood and fuel, with
 
proper management to avoid irreversible destruction. Projects
 
include: controlling indiscriminate grazingg prohibiting
 
the cutting of forests for dry agriculture, organizing
 
campesinos in dry unirrigated areas to live exclusively
 
from production of forest products, using government lands
 
to support forest product production, with technical
 
assistance to campesino groups for transportation and sale,
 
production and post-harvest losses, energy plantations to
 
supply bakeries and laundries, better controls of cuttingg
 
reforesiation, and ending the concept of forest products
 
being "free goods." (P.65-68).
 

111-8 	 Florida Institute of Technology, Solar Cookers for Haiti, a
 
Feasibility Study. Final report prepared by Thomas E. Bowman,
 
James R. Sharber and Joel H. Blatt, December 1977 for AID; NTIS
 
#PB 282-650. Approximately 260 pages in English.
 

The designs and data on solar cookers should have relevance
 
to DR.
 

111-9 	 Makhijani, Arjun, Energy and Agriculture in the Third World,
 
Ballinger Publishing Company, Cambridge, MA, 1975. 168 pages
 
in English.
 

III-1 	 Benge, Michael D., Renewable Energy and Charcoal Production, AID
 
October, 1978. Approximately 200 pages in English.
 

A series of AID papers oriented to Haiti and renewable
 
energy plantations. Benge emphasizes the potential of the
 
leucaena tree.
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3. Agricultural Production an. Processing 

4. FAO, "Yearbook of Forest Products," 1977. 

11-27 	 SEA, InforrFciones Basicas sobre el Projecto Centro de Servi.cios 
Rurales Int-2jrados Censeri, (Censeri Series #1). Secretaria de 
Estado de Agricultura. Santo Domingo, March, 1979. 36 pages plus 
annexes of 30 pages in Spanish. 

Basic Information about the Project for Integrated Rural 
Service Centers (CENSERI). The CENSERI project has progressed 
significantly and is likely to expand further in the near 
future. The CENSERIs are a potential channel of distribution 
for improved energy devices to rural residents. 

Comfte Interamericano de Desarrollo Agrfcola. Inventario de la 
Informaci6n Bgsica para la Programaci6n del Desarrollo Agrfcola 
en la America Latina--Rep~blica Dominicana. Washington, D.C.: 
Union Panamericana, 1963. 

A very general inventory of basic information for use in formula.
ting a program of agriculture development in the Dominican 
Republic.
 

Rep~blica Dominicana. Secretarfa de Estado de Agricultura. Encuesta
 
y Andlisis de la Economfa Cafetera de RepLblica Dominicana. Santo 
Domingo: Marzo, 1973.
 

A detailed analysis of the Dominican coffee subsector. The 
stidy is based partly upon the results of the 1972 General 
Coffee Survey. It contains many useful tables on farm 
income, capital investment, manpower and productivity. 

Reptblica Dominicana. Oficina Nacional de Estadfstica. Sacrificio 
de Ganado. Vol. XXX, 1967-1968. Santo Domingo. 

A statistical document containing data on different types of 
livestock slaughter during the calendar years 1967 and 1968. 

11-25 	 SEA, Evaluacion de las Perdidas Fisicas y Economicas en el Sector 
Agropecuario Producidas por el Huracan David y la Tormenta Frederick,
 
Secretaria de Estado de Agricultura, Santo Domingo, October, 1979. 
92 pages in Spanish. 

This is an Evaluation of the Physical and Economic Losses in
 
the Agricultural Sector Produced by Hurricane David and Storm 
Frederick (in August, 1979 and September 1979, Yespectively). 
The survey was done by SEA's Department of Control and Evaluation 
of Execution. The total agricultural damage is estimated at
 
approximately RD$300 million using farm level values or RDS450
 
million if retail values were used. Losses are built up from
 
subzones to seven consolidated regions to national totals.
 
Losses 	 are classified by crops plus livestock, fishing, and 
irrigation damages. 
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Huddleston, Harold F. and Fliginger, C. John. "Review of
 
Dominican Republic's Agricultural Data Collection System." Report
 
submitted to the U.S. Department of Agriculture, Statistical
 
Reporting Service, Washington, D.C. July 1973. (Mimeographed).
 

An evaluation by two U.S.D.A. statisticians of the methods
 
and procedures used in the General Agricultural Survey which
 
was carried out by the Dominican Government in May 1973.
 

Huddleston, Harold F. and Dunkerley, Clarence. "A Methodological 
Report on Agricultural Statistics in che Dominican Republic." 
Report submitted to the U.S. AID Mission to the Dominican Republic. 
June 1974. (Mimeographed)
 

A detailed description of the methodology and procedures used 
in constructing the sample frame and in conducting the
 
agricultural sample surveys in the Dominican Republic from 
1972 through 1974 by statisticians from the U.S.D.A. 

Huddleston, Harold F., and Dunkerley, Clarence. "Un Informe 
Metodol6gico Sobre Estadfsticas Agrfcolas en la Repdblica Dominicana." 
Report submitted to the U.S. AID Mission to the Dominican Republic. 
June 1974. (Mimeographed)
 

A spanish translation of the document listed immediately 
above.
 

Manzueta, Andres and Rodrfguez, Pablo "Estudio Sobre la Economfa
 
Tabacalera de la RepOblica Dominicana." (Mimeographed)
 

A very detailed micro-study of the Dominican tobacco industry
and market covering the period 1961 through 1971. 

Ornes, Horacio. "Small Farm Production Model." Report submitted 
to the U.S. AID Mission to the Dominican Republic. Santo Domingo, 
16 December 1974. (Typewritten) 

The draft of a report on the development of a linear programming
 
model for small farm production based upon the cost of 
production. The report also suggests possible applications
 
of the model for use in agricultural and nutritional planning.
 

Rep6blica Dominicana. Banco Central de la Repiblica. "Plan
 
Nacional de Desarrollo Porcino para la Repjblica Dominicaria."
 
Vols. I, II, III and IV. Santo Domingo, Abril, 1974. (Typewritten)
 

A highly detailed study containing some 400 pages setting forth
 
a plan for developing swine production in the Dominican
 
Republic.
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Republica Dominicana. Instituto de Estabilizaci6n de Precios.
 
"Documento B~sico, Arroz." Santo Domingo, Junio de 1974.
 
(Mimeographed.)
 

An in-depth study of rice farming and production in the
 
Dominican Republic. It contains valuable current information
 
on rice research, soil studies, production, marketing and
 
so forth.
 

Republica Dominicana. Secretarfa de Estado de Agricultura.
 
"Informe Sobre la Encuesta de Cafd, Cacao, Mafz y Habichuelas--

Septiembre 1973." Santo Domingo, no date. (Mimeographed.)
 

A report containing the results of the Sample Survey of
 
Coffee, Cacao, Corn and Beans conducted September 9-29, 1973.
 
The document contains many informative statistical tables.
 

Republica Dominicana. Secretarfa de Estado deAgricultura.
 
"Estudio Especial de Cacao." Santo Domingo, no date.
 
(Mimeographed.)
 

A special study on cacao production which includes all the
 
results of the Sample Survey of Cacao conducted in
 
September 1973. The report contains many informative
 
statistical tables.
 

Repablica Dominicana. Secretarfa de Estado de Agricultura.
"Informe Sobre la Encuesta de Cafd y Cacao--Marzo de 1974." Santo
 
Domingo, no date. (Mimeographed).
 

A report containing the results of the Sample Survey of
 
coffee and cacao conducted March 11-31. 1974. The document
 
contains many informative statistical tables.
 

Rep~blica Dominicana. Instituto de Estabilizaci6n de Precios.
 
"Costo de Procesamiento de Arroz." Santo Domingo, 9 de Mayo

de 1974. (Typewritten.)
 

A rice cost and production study based upon a rise mill
 
with the capacity to process 32.5 hundredweight per hour
 
and a drying plant with the capacity to process 150 seventy
 
kilo bags.
 

Rep~blica Dominicana. Programa Integrado de Desarrollo
 
Agropecuario. "Proyecto Centro de Reproducci6n Animal-Resumen."
 
Santo Domingo, Marzo de 1973. (Typewritten.)
 

A plan for establishing a livestock experiment farm and
 
development center which would in turn be used to improve
 
the beef and dairy cattle herds on farms throughout the
 
Dominican Republic.
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Republica Domini(cana. Programa Integrado de Desarrollo
 
Agropecuario. "Proyecto de Extensi6n-Resumen." An agency internal 
document. Santo, Domingo, no date. (Typewritten.)
 

A proposal for implementing an agriculture and livestock
 
extension project which would extend technical assistance
 
to about 18,000 Dominican farmers.
 

Repablica Dominican. Programa Integrado de Desarrollo Agropecuario.
"Sistema para el Control de ias Metas Flsicas." Santo Domingo, 
Mayo 1974. (Mimeographed.) 

A plan setting forth a system of control, including
 
arrangement, classification and codification, for the data
 
generated by the various PIDAGRO projects.
 

4. General
 

11-23 	ONE, Republica Dominicana en Cifras -- 1978, Vol. 8, November 
.1978. Secretario Tecnico de la presidencia, Oficina Nacional
 
de Estadistica. 264 pages in Spanish.
 

The Dominican Republic in Figures -- 1978. Statistical 
tables including the following: Section 311 agricultural
 
structure; 312 agricultural production, 325 electricity. 
Some data is obsolescent. The section 311 data are from the 
1971 census, Section 312 data 
- 1960 and 1971 census plus 
agricultural production by products 1974-1977; electricity 
data 1967-1976. 

11-33. 	 The World Bank, Dominican Republic: Its Main Economic Development
Problems, The International Bank for Reconstruction and Development 
1978. 	 468 pages in English.
 

This study was based on field work in Autumn or 1976. The
GODR government which took power in 1978 endorsed the basic 
analysis and lines recomended by the report. Attention is 
called to serious problems in electric power, CDE, and 
the overall fuel and energy supply situation. Recommendations 
include operating plans for hydroelectric dams, higher rates 
for electricity, exploring for oil and coal, reforestation 
and controlled tree harvesting. The report counsels postponing

public 	expenditures on solar, geothermal, alcohol, and other 
new technologies. 
Higher prices for energy are proposed to
 
cut consumption.
 

11-19 	 Republica Dominicana, Plan de Accion para el Desarrollo Regional
de la Linea Noroeste. Secretaria General de la Organizacion de 
los Estados Americanos, Washington, D.C., 1977. 488 pages in Spanish. 



206 

A Regional Development Plan for the "Northeast Line" of the
 
Dominican Republic. The area North and West of La Vega is
 
all included in the region with primary attention to Dajabon
 
and Monte Cristi. This regional plan for the northwest corner
 
of the Dominican Republic includes the Valleys of the Yaque
 
del Norte River and the Dajabon River. The study was done
 
between 1972 and 1976 with technical assistance from the OAS.
 

The energy situation is summarized (p. 203) with maps showing
 
the plans for rural electrification in 1971-1975 (p. 204-205).
 

Instituto Interamericano de Estadfstica. Repdblica Dominicana.
 
Actividades Estadfsticas de las Naciones Americanas (No. 20).
 
Washington, D.C.: Union Panamericano, 1960.
 

A description of the statistical activities and services of the
 
Dominican Republic. Although this document is considerably
 
out-dated, it still contains useful basic information about
 
continuing census activities in that country.
 

Republica Dominicana. Oficina Nacional de Estadfstica. Hoja de
 
Balance de Alimeritos para la Repdblica Dominicana, 1968. Santo
 
Domingo, 1971.
 

A study on diet and nutrition in the Dominican Republic
 
prepared by the National Statistical Office. This document
 
contains a large number of statistical tables dealing with
 
food consumption, food processing, food production and diet.
 

Republica Dominicana. Oficina Nacional de Planificaci6n. Bases
 
para Formular una Politica de Empleo en la Repdblica Dominicana.
 

A detailed study of manpower, underemployment and unemployment
 
in the Dominican Republic. This study contains an analysis of
 
the current employment situation along with recommendations for
 
short and long-range policies. Particular emphasis is given to
 
the agriculture, construction and industrial sectors of the
 
Dominican economy.
 

Rep6blica Dominicana. Oficina Nacional de Planfficaci6n. Plataforma
 
para el Desarrollo Econ6mico y Social de la Rep~blica Dominicana
 
(1968-1985). Santo Domingo: 1968.
 

An in-depth study setting forth a 15 year plan for the economic
 
and social development of the Dominican Republic. This document
 
contains a large number of statistical tables.
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[11-7 	 INDOTEC, Investigacion Bibliograpfica Sobre Energia Solar, 
prepared by Gil M. Canario, October 1979. - pages in Spanish. 

120 works available on solar energy at INDOTEC's data bank.
 

U.S. Agency for International Development. Mission to the Dominican
 
Republic. "Memory Bank," AID Bibliography and List of Available
 
Publications. Prepared by Henry J. Welhouse. Santo Domingo,
 
January 1974. (Mimeographed.
 

A bibliography of publications and unpublished documents
 
available through Dominican government agencies and educational
 
institutions as well as the AID Mission in Santo Domingo as of
 
January 1974. The entries are divided into Four major
 
categories---Agriculture and Natural Resources, Economics and 
Finances, Social Affairs and General Affairs. This document 
is an extremely valuable aid since it contains approximately 
1,400 listings, including reports and studies done by outside 
consultants for the AID Mission and the Dominican Republic 
Government. 

5. Households
 

Rep~blica Dominicana. Banco Central de la Repdblica Dominicana,
 
Oficina 	Nacional de Estadfstica y Agencia Internacional para el
 
Desarrollo (USAID). I. Ingresos y Gastds de las Familias en
 
la Ciudad de Santo Domingo, 1969. Estudios Sobre Presupuestos
 
Familares. Santo Domingo, D.N.: 1971.
 

II. uistribuci6n del Gasto de las Familias en la 
Ciudad de Santo Domingo, 1969. Estudios Sobre Presupuestos 
Familiares. Santo Domingo, D.N.: 1972. 

_ III. Metodologid para el Cdlculo del Indice de 
Precios al Consumidor en la Ciudad de Santo Domingo, 1969. 
Estudios Subre Presupuestos Familiares. Santo Domingo, D.N.: 1972. 

_ IV. Indice de Precios al Consumidor en la Ciudad de 
Santo Domingo 1960-1970. Estudios Sobre Presupuestos Familiares. 
Santo Domingo, D.N.: 1972. 

_ V. Consumo de Alimentos y Nutrientes en la Ciudad de 
Santo Domingo, 1969. Estudios Sobre Presupuestos Familiares. 
Santo Oomingo, D.N.: 1974. 

All of the above five volumes are part of a study of middle 
and lower-family income and spending which was carried out 
in Santo Domingo from 1969 through 1971. This study was 
developed and conducted jointly by the Central Bank, the National 
Statistical Office and the AID Mission in Santo Domingo. The 
different volumes are micro-studies on family'spending, family 
food consumption and diet, and consumer price indices. Together
 
the five documents contain several hundred valuable statistical
 
tables.
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Republica Dominicana. Secretarfa de Estado de Agricultura.
 
"Informe Sobre Estudio de Consumo Hogareo y Mano de Obra."
 
Santo Domingo, No date. (Mimeographed).
 

A report containing the results of the Sample Survey of
 
Household Consumption carried out in November and December
 
1973. This report also contains data on manpower collected
 
As part of the same survey.
 

RepOblica Dominicana. Oficina Nacional de Estadfstica. Comercio
 

Exte-ior de la Republica Dominicana 1971. Vol. XIX, Santo Domingo,
 

1972.
 

An annual statistical report of the type and quantity of all
 

products and materials imported into or exported from the
 
Dominican Republic during 1971 along with the countries of
 

origin or destination. This report contains a large number of
 

valuable statistical tables. Many of these tables also contain
 
data for 1970 so that a comparison may be made between the two
 
years.
 

6. Export and Import
 

Repdblica Dominicana. Centro Dominicano de Promoci6n de
 

Exportaciones. EXPORTEMOS. Boletfn No. 9, Septiembre 1974.
 
Santo Domingo.
 

A monthly bulletin of statistics on all products exported from
 

the Dominican Republic. Each issue shows the cumulative figures
 

to date for the calendar year as well as the figures for the
 
same period of the previous year.
 

7. Industry
 

Republica Dominicana. Oficina Nacional de Estadfstica. Estadfstica
 
Industrial de la Repblica Dominicana 1972. No. 20. Santo
 
Domingo: no date.
 

A report on industrial activity in the Dominican Republic
 
for 1972 based upon the results of a national sample survey of
 

industry carried out by the National Statistical Office. The
 
report contains a large number of statistical tables dealing
 
with types of industry, production, manpower, capital investment,
 
etc. Several tables are devoted exclusively to the sugar
 
industry.
 

5. 	 Oficina Nacional de Estadistica, "Estadistica Industrial de la
 
Republica Dominica, 1975," Santo Domingo, 1975.
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Repablica Dominicana. Oficina Nacional de Estadfstica. Indice
 
de la Producci6n Industrial Manufacturera. No. 10. Santo Domingo:
 
1974.
 

A statistical report on industrial production in the 
Dorminican Republic for the years 1961 through 1972. The 
document contains several charts and graphs as well as 
statistical tables. 

8. Government and Public Sector
 

11-21 	 ONAPLAN, Posibilidades del Desarrollo Economico-Social de la
 
Republica Dominicana, 1976-1986, PLANDES 26, 1976. 602 pages in
 
Spanish. Sect. Technico de la Presidencia, Oficina Nacional de
 
Pl ani fi caci on. 

A National Development Plan for 1976-1986 including the follow
ing material; Chapter II, Agriculture Sector (pp. 85-184); 
Chapter III Irrigation Sector (pp. 185-198); Chapter IV, 
Fishing Sector (pp. 199-210); Chapter V, Forestry Sector 
(pp. 211-220); Chapter VI, Agro-Industry Sector (p. 236), 
Energy Sources (p. 238), (1/3 page saying energy prices will 
be high so attention must be given to more rational use of 
energy, low interest loans to finance more efficient equipment,
 
seminars for consciousness raising, evaluations of projects
 
considering carefully electricity and fuel supply, alternative
 
fuels studies, and explore for hydrocarbons,) objectives for 
agricultural development (p. 598).
 

11-22 	 ONAPLAN, Plan Trienal de Inversiones Publicas 1980-1982, (PLANDES 
42). Secretariado Tecnico de la Presidencia, Oficina Nacional 
de Planificacion. Santo Domingo, 1980, 91 pages plus annexes of 
117 pages in Spanish.
 

This is the current Three Year Plan of Public Investments for
 
1980-1982. It describes the most current thinking about
 
Government strategy and intentions for the immediate future.
 
The annex summarizes all the approved projects for government
 
agencies.
 

11-26 	 SEA, Propuesta de Reestructuracion del Sector Publico Agropecuario,

Secretaria de Estado de Agricultura. Santo Domingo, November, 1978 
114 pages in Spanish.
 

A Proposal for Restructuring the Public Sector for Agriculture 
that led to the 1979-1980 legislative reforms before the 
Dominican Congress for reorganizing many government organizations 
into single Secretariate of Agriculture. 
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Servicio de Informacidn de Precios y Mercados: Plan de Operaciones.
 
SEA, Divisidn Mercadeo Septiembre, 1975. 54 p~ginas.
 

2. 	Murray, G. F. Andlisis del Flugo de actividades. Una Metolodogfa
 
de Investigacidn para Sistemas de Produccidn y Mercadeo Agr'colas.
 
SEA/IICA. Santo Domingo, R.D. Octubre 1975. 21 p~ginas.
 

3 	 Donde Reina la Escasez: Un Panorama Analftico del Sistema de
 
Mercadeo Agrfcola de la RepOblica Dominicana. (Murray, G.,
 
Alcantara R., Prince, L.) SEA/IICA. Santo Domingo, R.D.
 
Octubre 1975. 28 p6ginas.
 

4 	 Encuesta de Entrada y Salida de Productos Agropecuarios a Santo
 
Domingo. SEA/IICA Santo Domingo, R.D. Abril 1976. 37 p6ginas.
 

9. Marketing and Production
 

I-I 	 Secretaria de Estado de Agricultura, Subsecretaria Tenica de 
Planificacion Sectorial Agropecuaria Diagnostico del Sistema de 
Mercadeo Agricola en Republica Dominicana. Santo Domingo, 1977. 
312 pages in Spanish Available at SEA, Department of Agricultural
 
Economics. 

Diagnosis of Agricultural Marketing Systems in the Dominican
 
Republic, is a valuable supplementary source of data on the
 
structure of the food/agriculture sector in 1977. It is based
 
on a series of 30 published papers done by the Secretariate of
 
Agriculture with assistance from IICA (Interamerican Institute
 
for Agricuitural Sciences). 

The breadth of the analysis is suggested by the chapter
headings: 1. References about the Agricultural Sector; 
2. Characteristics of Rural Gathering; 3. Food Distribution; 
4. Marketing Service; 5. Commercialization by Products; 
6. Conclusions and 11 annexes.
 

The products included in the analysis are rice, corn beans,
 
yuca, batata, potato, tomatoes, industrial tomatoes, onions,
 
garlic, molondron, guandul, papaya pineapple, oranges, grapes,
 
cattle and meat, milk, chicken, and eggs.
 

The topics covered vary somewhat from product to product; for 
example, in rice the study covers thefollowing topics: aspects
of production, volumes produced and seasons, costs of production
and yields, marketing aspects, rice processing factories and 
INESPRE, infrastructure for commercialization, purchases of 
products locally and abroad, channels of commercialization,
margins of commercialization, aspects of consumption, analysis 
of prices, price stabilization, and market prices at the consumer 
level. 
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For an 	 energy analysis of food/agriculture, this source is 
potentially valuable. For example, it puts quantities on the
 
distribution channels for chicken by separating fresh chicken,
 
processing, freezing, etc.
 

11-28 	 SEA, Boletin Informativo de Precios y Mercados, Depto Economica
 
Agropecuaria. 20/7/79 is number 81 in the series. 10 pages in
 
Spanish.
 

A periodical with wholesale and retail prices and press

releases.
 

7 	 DEL,IA International Ltd., "Technical-Economic Study of the
 
Transport Sector," Report to the Interamerican Development Bank,
 
Dominican Republic, July 1978.
 

Republica Dominicana. Instituto Azucarero Dominicano. Azdcar y

Melaza. Estadisticas Mensuales. Santo Domingo: 1973.
 

A statistical report on sugar and molasses production,

exportation, domestic consumption and inventories in the
 
Dominican Republic for calendar year 1973. 

Repablica Dominicana. Instituto Azucarero Dominicano. 
 Estadfsticas
 
Azdcareras 1970. Santo Domingo: no date. 

A detailed statistical report on the Dominican sugar industry.

This 	document contains tables on production quotas, yields,
world consumption, etc. for varying periods between 1940 and
 
1970.
 

9 	 Diagn6stico del 
Mercadeo de la Leche en la Repdblica Dominicana.
 
(De Los Santos, T. Burgos, C.y Mendoza, G.) SEA/IICA. Santo
 
Domingo, R.D. Junio 1976. 23 p~ginas.
 

10 	 Diagn6stico del 
Mercadeo de Huevos en la Repdblica Dominicana.
 
(Urega 	de Martinez, R. Y. Mendoza G.) SEA/IICA. Santo Domingo.

R.D. 	Junio, 1976. 19 pdginas.
 

11 	 Diagn6stico del Mercadeo del Pollo en 
la Repdblica Dominicana 
(de Los Santos, T., Burgos, C. Y. Mendoza, G.). SEA/IICA. Santo 
Domingo, R.D. Junio, 1976. 21 pdginas. 

12 	 Diagn6stico del Mercadeo del Tomate en 
la Repiblica Dominicana.
 
(Jimenez, F. Vasquez, V. Y. Mlendoza, G.) SEA/IICA. Santo
 
Domingo, R.D. Junio, 1976. 20 p6ginas.
 

13. 	 Diagn6stico del Mercadeo de Viveres (Yuca, Batata y Pl~tano)
 
en la Repdblica Dominicana. SEA/IICA. Santo Domingo, R.D.
 
Junio, 1976. 68 p6ginas.
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14 	 Diagn6stico del Mercadeo del Arroz en 
la Repablica Dominicana.
 
(Hernandez, A. Pla, D. Y. Morales, H.). SEA/IICA. Santo Domingo,

R.D. 	Junio, 1976, 81 p~ginas.
 

16 	 Diagn6stico del Mercadeo de la Naranja, la Pifia y la Lecho§a en
 
la Repblica Dominicana. (Vasquez, V. Y. Mendoza, G.) SEA/IICA.

Santo Domingo, R.D. Julio, 1976. 26 p6ginas.
 

17 	 Mercados Pdblicos en 
RepOblica Dominicana (Alcantara, R. La Gra.
 
J, Y. Colaboradores). SEA/IICA. Santo Domingo, R.D. Julio,
 
1976, 33 p~ginas.
 

18 	 Organizaciones Agropecuarias Activas en la 
Rep~blica Dominicana
 
(Alcantara, R. McKinney, W. Gomez de Ega, R. Ramirez, C. Y. La
 
Gra. J,) Marzo, 1976. SEA/IICA. Santo Domingo, R.D. Julin, 1976.
 
18 p6ginas.
 

23 	 La Distribuci6n de Alimentos en Santo Domingo. (Jimenez, F. Suarez
 
N. Mendoza, G. Y. Colaboradores). SEA/IICA. Santo Domingo, R.D.
 
Agosto, 1976. 24 p6ginas.
 

26 	 Encuesta de Entrada y Salida de Productos Agropecuarios a Santo
 
Domingo (Tercera Parte). Abril, 1977. 93 p~ginas.
 

28 	 Proyecto Centros de Servicios Rurales Integrados CENSERI. SEA/IICA
 
Santo Domingo. R.D. Mayo, 1977, 17 piginas.
 

33 	 Conclusiones de los talleres de trabajo sobre mercadeo de productos
 
agropecuarios. SEA/IICA. Octubre 1977. 77 p6ginas.
 

5 La Comercializaci6n de Pltanos en 
la Rep~blica Dominicana.
 
(Alcantara, R. Prince L. Y. Murray, G.). SEA/IICA. Santo Domingo.
R.D. 	 Abril, 1976. 165 p~ginas. 

6 Diagn6stico del Mercadeo de la Papa en 
la Repdblica Dominicana
 
(Vasquez, V. Mendoza, G. Y. Colaboradores) SEA/IICA. Santo
 
Domingo, R.D. Mayo, 1976, 26 p6ginas.
 

7 Diagndstico del Mercadeo de la Auyama y el Molondr6n en la Replblica
Dominicana (Vasquez, V. Mendoza, G. Y. Colaboradores) SEA/IICA.
 
Santo Domingo, R.D. Mayo, 1976. 26 p6ginas.
 

8 Diagn6stico del Mercadeo del Ganado y la Carne de Res 
en la Repablica

Dominicana (De Los Santos, T. Burgos, G. Y. Mendoza, G.). 
 SEA/IICA.

Santo Domingo, R.D. Mayo, 1976, 37 paginas.
 

15 	 Encuesta de Entrada y Salida de Productos Agropecuarios a Santo
 
Domingo (Segunda parte). SEA/IICA. Santo Domingo, R.D., Julio,
 
1976. 93 p6ginas.
 

19 	 Diagn6stico del Mercadeo del Ajo en la RepOblica Dominicana. (Perez

Luna, F., Vasquez, V. Nuez Pereyra, C. Perez Labour, J. Y. Mendoza,

G.) SEA/IICA. Santo Domingo, R.D. Julio, 1976. 14 p~ginas.
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20 	 Diagn6stico del Mercadeo de Fertilizantes en la Repablica
 
Dominicana. 
 (Fernandez, A. Mendoza C7.Y. Colaboradores).

SEA/IICA. Santo Domingo. Julio, 1976. 
 19 p~ginas.
 

21 	 Diagn6stico del Mercadeo de la Cebolla en la Repablica Dominicana.
 
(Perez Luna, F. Vasquez, V. Y. Mendoza, G.). SEA/IICA. Santo
Domingo, R.D. Julio, 1976. 35 p6ginas. 

22 	 Diagndstico del Mercadeo de Habichuelas en 
la Repcblica Dominicana
 
(Hernandez, A. Morales, H. Y. Colaboradores) SEA/iICA. Santo
 
Domingo, R.D. Juli 1976, 38 p6ginas.
 

24 	 Estudio sobre Pdrdidas Post-Cosecha de Papa en la Republica

Dominicana (Mansfield, G. Jimenez, J. Mendoza, G.). SEA/IICA.

Santo Domingo, R.D. Diciembre, 1976. 70 p6ginas.
 

25 	 Inventario de Organizaciones Agropecuarias Activas en la Repdblica

Dominicana. Marzo, 1976. (Alcantara, R. McKinney W., 
 Ramirez,

C. de Aza, R. Y. La Gra, J.). SEA/IICA, Santo Domingo Repdblica

Dominicana, Enero, 1977. 155 p6ginas.
 

27 	 Estudio sobre Pdrdidas Post-Cosecha de Tomate en Repdblica Dominicana
 
(Mansfield, G. Jimenez, F., 
 Perez, J. Mendoza, G.). SEA/IICA. Santo
 
Domingo. R.D. Abril, 1977, 62 piginas.
 

29 	 Diagn6stico del 
Mercadeo de Mafze la Repdblica Dominicana. (Suriel,

T. Hernandez, A. Pla. D. Y. Colaboradores). SEA/IICA. Santo
 
Domingo, R.D. Mayo, 1977. 41 p~ginas.
 

30 	 Diagn6stico del Abastecimiento de Alimentos en 
Santo Domingo

(Martinez, D., Becker, A. Y Colaboradores). SEA/IICA. Santo
 
Domingo, R.D. Junio, 1977, 61 p~ginas.
 

31 	 Bases para una Metodologia de Estudios de Pdrdidas Post-Cosecha 
de Productos Agropecuarios. (Mansfield, G. Mendoza, G. y
Colaboradores). SEA/IICA. Santo Domingo, R.D. Agosto, 1977, 
37 pcginas. 

32 	 La Distribuci6n urbana de alimentos en la ciudad de Santo Dominco
 
(Suriel T., Martinez D, Mendoza G. Y Colaboradores). SEA/IICA,

Santo Domingo R.D. Octubre 1977, 100 p6ginas.
 


