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INTRODUCTION

Ecological Overview of Lominica

Dominica is the largest of the Windward Islands in the Lesser
Antilles of the Carribean and has a land area of approximately 790
square kilometers (see Figure 9.1). Being the product of the fusion
of three volcanoes, Dominica is the most mountainous island of the
Lesser Antilles. The overwhelming influence of runcff and land-
slides of the mountainous interior dominates the narrow band of
gentle slopes which gird the island's perimeter. The largest peak
of the interior highlands is Mornme Piablotin (1440 m). Rainfall
ig high in relation to other islands in the Carribean and most
environments on earth, ranging from 2030 mm/year at the seaside
capitol of Roseau to over 9000 mm/year in the cloud forests at
the mountain summits. The mountains' blocking of the trade winds
carrying moist tropical air causes a large runoff of high quality
rainwater with great chemical potential energies supporting the
work of weathering and forest growth,

As illustrated in Figure 9.1, the:areal extent of urbanization is
small in Dominica, limited to a few small towns on the coast. The major
extent of human influence has been the conversion of rainforest on the
relatively gentle slopes of the perimeter to agriculture. Some scrub

ecosystems remain on the drier east coast.

* Work initiated in Energy Analysis Courses at the University of
Florida, supported by a project with T.A. Robertson for the Agency
for International Development, and completed at the International
Institute for Applied Systems Analysis, Laxenburg, Austria.



Figure 9.1.
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Land use map of Dominica adapted from United Nations (1975).



The dissipation of gravitational potential energy as rainwater flows
down from the summits and shapes the landscape. tlowever, much of this
energy currently washes straight into the sea without being harnessed
economically, such as for hydropower.

The interaction of high rainfall and velcanic soils has produced
cloud forests on the peaks and rain forests on the upper slopes (Figure
9.1). Inaccessibility to markets and rugged topography have daunted
many attempts to replace these forests with intensive agriculture. Most
people have been supported by shifting cultivation in small plots utilizing
rain forest soils and wood for short periods. The virgin rain forest
has diminished from roughly two-thirds of the island's area to 1/3 at present.

Dominica is rich in other environmental input with high embodied
energies, including sun, wind, waves, tides, rapid geologic uplift and
thermal input from volcanic activity. Severe hurricanes pulse through the
island on an irregular basis, several having swept the island in the late
1970's and early 1980's. The immediate effects of winds, floods and high
tides are destructive to housing, roads and docks, but the long term effects
of such storms may be to increase weathering, accelerate geological cycles
and pulse natural ecosystems.

Except under the cloud cover of the summits, tropical solar input is
relatively high in Dominica by world standards. The trade winds from the
east and south-east with a long, uninterrupted fetch over the Atlantic
Ocean, drive waves onto Dominica's eastern shore. The rocky shores of
Dominica reflect a sizable portion of the wave energy back into the sea.
The trade winds also bring moisture which condenses into rain at the
cooler elevations and moderates the climate by dispersing heat. The
steepness of Dominica's marine slopes allows little area on its oceanic

shelves for the work of tidal energies.
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Persistent hot springs from volecanic activity might support geothermal

power generation.

Human Processes in Dominica

Human activity on Dominica centers on agriculture, primarily banana
and coconut plantations and citrus cropping, and on modest development of
light industry, such as processing oils and juice manufacture. More than
75% of Dominica's 100,000 agricultural acres are low~energy farms less than
10 acres in size. Fishing exists on a small scale, but is important as a
local source of protein. Requirements for domestic power and light
industry have been supplied by small-scale hydroelectric power generation
facilities.

A small tourist trade is an important source of foreign eXchange.

The ruggedness of the terrain has made development of tourism infrastructure
(airport, roads and protected harbor) difficult to establish and maintain.
The lack of transportation facilities and sunny sites for hotels has
certainly kept the flow of visitors to a low level. Tourism is hindered

by the airport's relative inaccessibility from the main town and the sunnier
beaches. The exceptional resource of beautiful, virgin rain forest has not
yet caught the imagination of the international tourist as much as sunny
beaches on other islands with less rain.

Dominica's interaction with the world is limited. Oscillating booﬁh
and-bust, one crop agricultures with fluctuating prices has never permitted
established, long lasting trade relations in anvy one area.

This paper is an energy analysis of main environmental and economic
flows of the island system of Dominica. All significant flows and storages
which occur on Dominica were measured in equivalent units of solar energy.
The relative importances of various processes, banana and coconut plantations,

were compared based on their energy use and contribution to the island



economy. Energy based indices such as energy per person and imported/local

energy ratios were used to compare Dominica with other national economies.

METHODS
Definitions
The following energy terms are used throughout this paper:

1) Energy Transformation Ratio (ETR): This solar based ratio is derived

by dividing the total actual energies of a particular form (rain, tides,
waves, for example) into the total sunlight energies falling on the earth
during an equivalent length of time. This ratio expresses the amount of
solar energy which is required to produce each joule of energy found in any
kind of matter, living or non-living, or in any kind of force. Thus, as
shown in Odum et al. (1983) Table 3.1, 1268 solar joules are needed to
produce each joule of surface wind (kinesthetic) energy. An ETR thus
describes the energy "efficlency'" of a process and allows comparison with
other processes. The ETR of aluminum is one thousand times that of steeal
(Odum et al. (1983) Table 3.1), so, broadly speaking, the steel making
process 1s one thousand times more efficient in turning out a finished
product than the aluminum making process. Such efficiencies can be used to
compare various kinds of processes of one type, continuous-casting versus
slab casting in the steel industry for example. However, different types
of processes can also be compared. For instance, given a choice between
aluminum and steel as construction materials, the lower efficiency of
aluminum would have to be counterbalanced by superior durability or design
capabilities to justify its choice over steel.

2) Embodied Energy: This term describes the amount of equivalent

energy units of one type which were needed to create an object or process

and are thus "embodied" in them. Following the example of the energy



transformation ratio for wind, 1268 solar joules are embodied in each joule
of wind.

3) Energy Quality: This term reflects the fact that the more energy

1s embodied in an object or process the greater its effectiveness and
flexibility in use. For example, electricity is a form of energy of higher
quality than wind. Far more solar energy (15.9 E4 solar joules vs. 1268
solar joules) is required to produce one joule of electricity than one joule
of wind. This one joule of electrical energy can do far more work than one
joule of wind energy. And the diversity of forms of work or forms of

energy (heat, mechanical or chemical) which electricity can produce far

exceeds the capabilities of wind energy.

Procedure
The procedures employed for this paper's analysis are listed below.
More detailed information about energy flow calculations and transformation
ratios, their derivations and rationales for use in particular examples, is

available in manual form (Odum et al., 1981) and (Odum et al., 1983).

QOverview Diagram

Based on information about land use, regional economy and ecosystem
principles an overview diagram of Dominica was created (see Figure 9.2)
using energy symbols. The symbols used to describe an energy system
{see Odum, 1983) form an energy language which gives a diagram several
levels of information. These symbols reflect energy constraints, kinetic
relationships, macroeconomic flows and causal influences for all the
dominant processes in the system. All the major influences and energy

flows recognized were included as follows:



Energy Sources in the Diagram

All energy sources (inputs) for island were listed in order of quality
(Table 9.1). High quality energies are those with more embodied energy per
unit of actual energy. Thus, more diffuse, natural energies such as sun,
wind, rain, tides, geologic uplift, etc., are followed by more concentrated
and flexible sources (in terms of use) such as fossil fuels and goods and
services. This hierarchy is shown spatially in Figure 9.3 as the quality of
the sources increases from left to right.

In addition to a table of dominant flows of energy across the boundaries
of Dominica another table was created, Table 9.2, listing the major long
term storages that contain embodied energy in Dominica. The following

methods and calculations were used in creating these tables:

Actual Flow Energies

Using standard formulae of physics, chemistry and geology the actual
energy flow or storage for each item in the tables was calculated in actual

(heat equivalent) joules.

Energy Transformation Ratios

Energy transformation ratios taken primarily from Odum et al. (1983)
were reported in the tables in solar equivalent joules. The formulations
for energy transformation ratios can be found in the above reference.

Many previous analyses have worked with fossil fuel (coal) equivalents
as the common energy unit. However, since the sun is responsible for most
of the forms of energy in question, solar equivalents are the common

denominator here.

Embodied Energies

Embodied energies, reported in solar equivalent joules, were calculated

by multiplying the actual joules by the transformation ratio associated with



that element or process. The realtive importance of a storage or flow
to human economies and nature is indicated by its total embodied energy.
The simultaneous generation by global atmospheric and oceanic systems
of several types of natural energies creates the potential for overestimating
natural inputs which drive the economy. The energies of rain, wind and beach
waves are products, of varying intensity, of the same original solar energy
which accumulated predominantly over the ocean. To avoid "double counting"
of the original solar joules, each of the solar-derived inputs is evaluated
separately. But the largest one ig chosen as the representative natural
Input, and it includes the energy which generated the other natural inputs.
The embodied energies, when added to their appropriate pathways on
an overview diagram (Figures 9.3 and 9.4), provided a perspective on the
amounts and relative importance of various energy forms entering Dominica.
Not all significant flows simply enter or leave the system as imports or
exports. The drawdown of island resources (significant consumption of
virgin timber and soils or depreciation of infrastructure) should be included

in the embodied energy which supports the economy.

Ageregated Diagram

An aggregated diagram (Figure 9.3) reduces the number of systems
described to an essential minimum. The merging of subsystems and their flows
presents the clearest picture of the most crucial subsystems and their

interactions. These merged flows and the dollars flows associated with them

are listed in Table 9.3.

Summary Diagram

A summary diagram, Figure 9.4, was then created which presents two
major inputs and the cumulative output of Dominica. FEach of these two

inputs comprises two compartments. The lower quality energy of "Renewable
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and Indigenous Resources entering from the left is composed of:

1) renewable energy (chemical potential of rainfall), and 2) nonrenewable,
indigenous resource use (clear-cut rainforest biomass and eroded topsoils).
The higher quality energy entering from the top of the diagram, "Imported
Resources,”" is composed of 1) imported fuels and goods, and 2) imported
services. Important summary flows and ratios related to this diagram are

listed in Table 9.4.

Overview Analysis

Other ratios and numbers useful in overview analysis were calculated
based on the data in Table 9.3 and are listed in Table 9.4.

Items 1 through 6 in Table 9.4 are the sums of flows shown in Figure 9.3,
Item 5 gives total energy consumption in Dominica for comparison with other
nations.

Items 7 through 14 are ratios of aggregations of flows listed in
Table 9.3. Item 7 is the sum of all used energies derived from local sources
divided by total energy use. Item 8, Exports minus Imports, is a measure
of the trade balance in net energy terms. Item 9, Export/Import ratio, is
the embodied energy of all island outputs (products, re—exports and services
(labor)) divided by the sum of all imports (fuel, fertilizer, goods and
services). This ratio is analogous to a technical efficiency ratio,
reflecting how effective the economy is in converting input to output.
Item 10 is the fraction of energy use which is renewable on a local basis.
This was calculated by dividing total yearly energy flow intoc the dominant
natural energy flow. Item 11 indicates the importance of fossil fuels and
other foreign sources in the total yearly energy flow of the island. This
was calculated by dividing total energy flow into the sum of purchased
energies., TItem 12 indicates the flow. The embodied energy of imported

services was calculated by multiplying Dominica's energy/$ ratio times the
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dollars paid for imports. This product was then divided by total energy

flow (on an annual basis) in Dominica. Item 13 is a measure of the non-
purchased (free) fraction of energy use, and was calculated by divi&ing total
energy flow into the sum of rain and virgin rainforest biomass flows. Item 14
measures the importance of purchased energy sources relative to free energy

sources by dividing the former by the latter.

Demographic Overview

Numbers useful in energy overview of Dominica's demography were
calculated using embodied joules of one type and are listed in Tables 9.4,
items 15 through 19.

Item 15, Use per Unit Area, is an indication of the density of energy
use and was arrived at by dividing Dominica's area into total energy use, U,

Item 16, Per Capita Energy Use, was calculated by dividing the population
into total energy use, U. This measure reflects the non-monetary inputs
(natural services and energy flows) as well as human inputs (fuels, goods
and services) which contribute to the standard of living.

Item 17, Renewable Carrying Capacity, is an estimate of Dominica's
population at the current standard of living if the only energy inputs
were natural, i.e., no subsidies or fossil fuel imports. This was calculated
by dividing the total natural energy flow in Dominica by Item 16, Per Capita
Energy Use.

Item 18, Developed Carrying Capacity, is an estiamte of Dominica's
population at the current average standard of living of the United States.
Thus, if Dominica interacted internationally to the same extent that the
United States does (importing fuels and fertilizers and exporting raw and
processed materials at U.S. rates) then it could support such a level of
population. This was calculated by multiplying the "Renewable Carrying
Capacity" by 8, the factor difference between renewable energy flows and

total energy use in the United States.
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Item 19, the "Ratio of Use to GNP," was calculated by dividing total

energy use, U, by the total 1979 GNP.

Energy Dollar Ratio

An energy to dollar ratio was calculated which is based on the total
energy consumption of the economy divided by the Gross National Product (GNP).
The GNP repregents total dollar flow through the final demand sector of the
economy: exports, government, household consumption, maintenance and growth
plus investment, financing and foreign aid. An algebraic approach to the

energy/dollaxr ratio accompanles Table 9.3.

Subsystems Analysis

Two subsystems of Dominica were investigated: banana production and
coconut oil processing. Footnoted calculations support summary diagrams of
each subsystem.

a) Banana Industry Subsystem: Natural energy inputs to banana production
were estimated by multiplying the rain energy per acre by the total acreage
of banana production. The latter could be refined since the only data
available was for 1975, and, due to the vagaries of international markets
and hurricanes, year-to-year crop acreage can fluctuate substantially in
Dominica., Labor energy input was estimted by multiplying gross tonnage
of bananas by the price paid per ton by the energy/US $§ ratio for Dominica.
Goods and fossil fuels utilized for banana production were estiamted by
multiplying the percentage that national banana sales are of the GDP by
the energy transformation ratios of goods and fossil fuels, respectively.
b) Coconut Processing Industry Subsystem: The natural energies embodied
in coconuts were calculated by multiplying the rain energy per acre, as
determined in Footnote #3 to Table 9.1, by the total acreage devoted to

coconut farming,
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The embodied energies of labor for coconut, copra, coconut oil and
s0ap processing were calculated by multiplying the gross production tonnage
by the US price per ton by Dominica's energy/US $ ratio. Coconut oil's
purity and usefulness increase as the water content decreases. The energy
needed to dehydrate molecules not chemically bonded to water is 0.54 kecal
per gram. Multiplying this factor by the gross tonnage by a factor of
1.67, to account for volume reduction, by the energy transformation ratio
for fossil fuels (Odum et al., 1983) gives the embodied energy of process
heat. Summation of the previous 3 values gives the energy embodied in
coconut oil. Energy requirements for pressing oil out of copra were not
determined due to scarcity of data.

Toilet and Laundry Soap: Dividing total natural energy falling on
coconut plantations by total coconut oil production gave the solar embodied
energy/metric ton. Subtracting export oil from total oil production gave
a figure for the remaining coconut o0il serving as base material for soap
production. Multiplying this remainder by the embodied energy per ton yielded
the solar energy embodied in soap oils.

The energy embodied in the labor of handling and processing soap was
determined by multiplying gross soap production tonnage by the price paid
by Dominica's energy/US $ ratio.

The energy embodied in fossil fuels for the industrial manufacture of
soaps was determined using US standards. Total US soap production heat
energy divided by total US soap production gave an energy per weight ratio.
Multiplying this ratio by Dominica's total soap tonnage produced by the ener gy
transformation ratio for fossil fuels (Odum et al., 1983) yielded total
energy of fossil fuels embodied in soaps if Dominica's manufacturing standards
are of the same energy intensity as the US. It is conceivable that Dominica's

standards are somewhat lower.
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RESULTS

The complex energy relationships in the system of Dominica are shown
in Figure 9.2, an energy diagram including significant outside energy
sources, storages and energy uses in the land and industries and the
predominantly human systems of Dominica. Energy flows are listed in
Tables 9.1, and energy storages are listed in Tables 9.2.

In Table 9.1, tropical scolar direct radiation is high by world standards,
but is dwarfed by the more indirect solar equivalents in inputs of rain and
waves. In particular, the chemical potential of pure rain water was
approximately 31 times the embodied energy of direct sunlight.

The energy flow of rock uplift was of similar magnitude owing to the
high degree of geological activity in this orographic region. The entire
arc of the Lesser Antilles archipelago overlies the subduction zone where
the Atlantic Plate dives westward under the Caribbean basin.

Since rainwater's purity is the largest of the inputs from the solar
driven biosphere, it was used to represent natural flows. It includes
all other environmental flows which are byproducts.

Much of the geopotential energy of rain runs off in streams concentrated
further by the island mountain topography.

Table 9.2 lists the important energy storages of Dominica.
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Table 9.1. Energy flows in Dominica in 1979.

: Energy . Embodied
Actual : Trans. solar
FOOt" Energy Ratio enerqgy
note Types of Energy- J/y : SEJ/J E18 SEJ/y
1. Direct Sunlight 5.65 El18 . 1 ) 5.6
2. Wind 1.33 ELG 1268 ' 16.9
3. Rain-chem. pot. 1.13 E16 ° 15,242 ° 175.0
‘ 4. Rain-geopotential 8.33 E15 ) esss ) 74,0
: 5. Waves . 1.82 E15 25,889 , 47.0
: 6.  EBarth Cycle '3.75 E15 2.98 E4 111.0
f 7. Bananas (export) © 4.25 E13 4.54 E5 19.0
i . : ’ .
P a8, Coconuts & products 1.34 B14 2.09 E& 63.0
; . ' export)
9. - Fruits & Veg.Juice - ’ - . : 6.4
. (export) . , .
10. Internal use of .
rainforest - - ' 371 .0
1. Inported services (39.6 E6 USS$) (2.37 ®12 SEJ/USS) 93.9
12. Fuels imported . :
Liquid notor fuels 2.52 El4 6.6 E4 16.6
1. Electricity 5.42 E10 . 15.9 EA4 0.0009
14, Tourism (3.16 E6 U8s$) - 2.37 E12/USs 7.4
; 15. Single Hurricane 2.28 E15 4.08 E4 52.0
i - . ‘
16. Hurricanes 2.28 E14 4.08 E4 : 9.2
¥ Gthers - - : -

L g and f o : _ )

tﬁm?LdFﬂ and fertilizer use were calculated and found nealigible compared to
. er [deag, Preliminary calculations showed the enbodiecd energy of imported
Poots was less than 9% of imported services.

A e iy
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Footnotes for Table 9.1.

1.

Direct sunlight

Sunlight: 1.8 E6 kcal/m?/y (Sellers, 1965) = 7.53 B9 J/m2/y.
Dominica" s area: 289.5 miles square (World Bank, 1981)

= 7.5 B8 m?. Continental shelf: marine slopes descend so steeply
steeply that very little shelf area exists. Marine maps

showed 600 foot depths routinely within 400 yards of shore.

(Total areca) (Average insolation)

(7.5 E8 m”) (7.53 B9 3/m’/y) = 5.65 E18 J/y

Wind

Eddy diffusion: 4.5 m3/m2/sec; vertical gradient:
3.2 E-3 m/s/m (Newell, 1972).

(1 m%) (1000 m) (1.23 kg/m3) (4.5 m>/m%/sec) (3.14 BT sec/y)

(3.2 E-3 m/s/m) (7.5 E8 n?) = 1.33 E15 J/y

@in - Chemical potential

 Precipitation: 3050 mm/y (United Nations, 1975).

(axea) (average rainfall)(Gibbs free energy) (conversion factor)

(7.5 B8 m?) (3.05 m) (4.94 J/g) (1 B6 g water/m3) = 1.13 K16 aJ/y

Rain -~ Geopotential

Average elevation: 609 m (derived from averaging the
elevational areas of a topographical map of Dominica)
Runoff: 1.86 m (since the average evapotranspiration figure
for Puerto Rican rainforest is 39% (0Odum and Pigeon, 1970),
then the runoif is 61% or (0.61)(3.05 n/y) = 1.86 m/y.
(area)(ave.elevation)(runoff)(density of water) (gravity).

(7.5 E8 m?) (609 m) (1.86 m/y) (1 E3 ka/m3) (9.8 m/s2) =

= 8.33 E15 J/y

Waves

Wave velecity derived by multiplying (gravity) (depth at
measurement point) and taking the_sguare root of the product:
(9.8 m/52) (4 m) = sg. rt. (39.2 m2/52) = 6.26 m/s. Wave
height: feet = 1.22 m (Table 19 of Synoptic Mpteorolodical
Observations, U.S. Naval Weather Service Command).., Straight

shoreline length: 4.84 E4 m, taken from a line drawn on a

map of Dominica perpendicular to prevailing trade winds which
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Footnotes for Table 9.1. continued

7,8.

10.

1.

generate waves.

{(straight shoreline length)(1/8)(density)(gravity)(ht)z‘

{(velocity)
4.84 B4 m) (1/8) (1.025 E3 g/mz)(9.8_m/52)(1.22 m)2(6.26 m/s)

(3.15 E7 s/y) = 1.82 E15 J/y

Barth cycle

(heét flow in an active orographic area) (area)

= (5 EG6 J/mZ/Y)(7.5 E8 m?) = 3.75 E9 J/y

Bananas, coconuts, coconut oil and derivative products.
See subsystems analysis, Tables 9.5 and 9.6., Figures 9.4.
and 9.5,

Fruits, vegetables and juices

Total acrcage for fruit and vegetable cultivation: 3,400
acres (nited Nations, -1975). Natural enacgy/acre:  9.44.

- E1l# SEJ/acre (footnote 3, Table 9.1.);:

Fossil fuel/hectare: #4.97 GJ3/ha (Slesser, 3978, Tahle §.1)
(3400 acres) (9.44 E14 SEJ/acre/y) = 3.2 R18 SuJ/y

(.74 E6 US$) (2:37 E12 SEJ/US$) = 2.7 E18 SEJ/y

(3,376.5 ha)(ﬂ.97_GJ/ha)(6.6 Ef SEJ/J) = #.52 EB17 SEJ/y

Total embodied energy = 6.36 E18 ;/g

Internal use of rainforest

See Item N, in Table 9.3.

Imported Services

- Total import dollars in 1979: 39.4 $ L6 Us$ (World Bank,

1981).

(39.6 E6 US$)(2.37 E12 SEJ/USE) = 9.33 19 SEJ/y
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Footnotes for Table 9.1. continued

12.

13.

14,

15.

Fuels imported

Total volumes of gasoline, kerosene, diesel and fuel oils
imported in 1979 are 1,197 E3 gal., 6171 E3 gal., 432 E3 gal.
and 79 E3 gallons respectively. (World Bank, 1981). Actual
calorie conversion factors, from {(Odum et al., 1983) are
36,225 kcal/gal., 34,030 kcal/gal., 34,030 kcal/gal. and
37,431 kcal/gal.

Actual energy calculations:

4.34 E10 Keal

gasoline (1,197 E3 gal) (36,225 kcal/gal) =
kerosene (61 E3 gal) (34,030 kcal/gal) = 2.09 E9 Kcal
diesgel (432 ¥B3 gal) (34,030 kecal/gal) = 1.47 £10 Keal

fuel oils (79 E3 gal) (37,431 kcal/gal) 2.99 E9 Keal

Total actual energies:

.02 E10 kcal) (8186 J/kcal)

6 2.52 B143/y
2.99 E9 kcal) (4186 J/kcal)

liquid motor oils =
= .25 B13J3/y

fuel oils

0ol

Electricity

Average electricity generation from 1978 to 1979:
15,048 KWH (World Bank, 1981) .

(15,048 KWH/y) (3.6 E5 J/KWH) = 5.42 E10 J/y

. ' !
Tourism

Total tourism income: 3.18 E6 US $/y (World Bank, 1981).
‘Energy/$ ratio from the U.S.A. representing tourist origins.

(3.18 B6 Us$) (2.37 E12 SEI/US$) = 7.35 EI8 SEJ/y
Hurricane

Energy per hurricane, 4.85 E5 kcal/mz/day (Hughés,;1952).
3% kinetic energy; 10% energy dispersed o the surface,
see Appendix Alld. Passage time, 0.5 days.

(Energy per unit area) (hours exposed) (arca)

(4.85 E5 kcal/m?day) (0.03) (0.10) (0.5 day) (7.5 E8 m?)

(4186 J/kcalf = 2,28 .E15 J/hurricane passage
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Footnotes for Table 9.1. continued

16.

Hurricane per year

Values taken from footnote 15 divided by the interval
between hurricanes, 10 years.

(2.28 E15.J/hurricane)" i
(70 years) = 2.28 E14‘J/y

Table 9.2. Embodied energy in storages in Dominica in 1979.

. Embodied

Actual Energy sclar
Foot~- energy transformation energy
note Type of enérgy J ratio SEJ/J E19 sSEJg
1 0ld rainforest 9.83 El6 3.49 E4 343.0
2 Secondary forest 5.23 E15 - 1,9 E4 : 9.9
3 Cropland ' 3.49 El6 1.9 E4 66.0
4 Soil 3.4 E17 6.26 E4 . 2129.0
5 Limestone ' 6.9 EN4 2.2 E8 15824.0

Footnotes to Table 9.2, - - . N

T

= 1.74 E8 m”? (United Nations, 1975). Ory:

0ld tropical rainforest

Area, rainforest reserve plus national parks: U3,000 scres
mic matter deasity:
332 T/ha, living biomass in vegetatiorn, pive 7.6 T/ha, litter
(Brown and Lugo, Biotropica, Vol. 14, No. 3, p. 172}. TForest
organic matter combustion value: 4.1 keal/g (Odum et al.,
1883, p. E10). : _ '
(329.6 T/ha) (1 E6g/T) (ha/lE4 m2) (4.1 Keal/g) (1.74 EB m2) (4186 I/Kcal

= 9.83 El6 J ' ' '

Secondary Forest

Storages of organic matter (above and belcw ground biomass
plus litter) not including soil. Area of secondary forest
{(regrowth of cut rainforest): 33,700 acrcs = 1.36 8 m?
(United Nations, 1975, p. 36). Dominica's secondary forest
assumed to be guite similar to a Cadam trce plantation in

- Puerto Rico (Odum and Pigeon, 1970). ben=ity and organic

matter storage calculations were taken from the aforesaid
plantation data as follows:

Ten tree crown diameters were averaged and the resultant
average was halved to obtain the average radius. Multipli-
cation by pi gave the average circular arca under a tree
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Footnotes for Table 9.2. continued

crown. Organic matter stored per tree: 30,718 g (Odum and
Pigeon, 1970).

Average diameter = 13.9 ft = 4,24 ng.'
average radius = 2,12 n
Tree crown area = (2.12 m)2(3.1416) = 14.1 2
Organic matter stored in secondary forest
(30,718 g dry weight/14.1 m2) (4.2 kcal/g) (1.36 E8 m?)

(4186 J/kcal) = 5,23 E15 g

Cropland

Tree crop areas, including uncultivated arcas and pockets

on steep slopes: 26,000 acres and 62;180 acres respectively
(United Nations, 1975, p. 45), Assuming that the uncultivated
Crop area has a biomass approximately half way between the
mean. and highest value of cultivated land, 7000 g/m<
(Whittaker, 1975) and that cultivated tree crop land has 2

a biomass value at the bottom of the same-range, 2178.6 g/m”.
Actual energy calculations for both types ave:

.Uncultivated Crop area:
(62180 acres)(H0ﬁ6.8.m2/acre)(7000 g/mz)(ﬂtz kcal/g)

(4186 J/kcal) = 3.1 E16 J

-Cultivated tree crop area:

(26,000 acres) (4046.8 m2/acre) (2179 q/m?) (4.2 keal/q)

(4186 J/kecal) - =04,0% B15 J
Total actual energy for both types: = 3.0¢ R16 J
Soil

High quality organic soils are confined to the virgin forest,
see footnote 1, Table 9.2. for area: 1.74 »8 m2, Red-yellow
clay loam was used as a representative soil) because it's the
closest approximation of Lesser Antilles scil types (Mason,
1922; Shillingforaq, 1972). Soil organic matter: 350 T/y
(Brown and Lugo, Biotropica, Vol. 14, No. &)

(350 1/ha) (1.74 E8 m?) (1ha/4046.8 m2) (2.26 =4 J/g) (1 E6 g/T)

= 3.4 E17 g
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F'ootnotes for Table 8.2. continued

5. Limestone in old reefs and sea deposits (chemical potential)

Total volume of deposit: 5.0 E6 yd3 = 3.82 E6 m3 (United

Nations, 1975, p. 83). Actual energy per weight: 611 J/g
(8ee Table 2.1.). Density: 1.9 E6 g/m3.
TVolume)(Density)(Actual energy/weight)

(3.82 B6 m3) (1.9 E6 g/m3) (611 5/q) = 4.43 E15 g

Limestone deposits represent many vears of marine reef
acﬁivity storing calcium carbonate, Energy storages involve&
in human activity such as secondary forest and crépland, are
almost insignificant compared to natural storagcs, being several

orders of magnitude smaller than those of soils or rainforests.

The increasing size and importance of storages as a_functioﬁ
lof the time regquired for building them is evident in Table 9.2.
Human dominated subsystems} such as cropland or secondary forest,’
store far less energy than the rainforest since the latter has
“taken at least 500 to 1;600 yeérs to build its sﬁructure of
energy dense trees and goils. Biomass found in secondary forest
has not concentrated much energy or grain structure in 10 to 30

years to have much value for combustiion or furniture.

Aggregated overview

Further aggregating, Table 9.3. summarizes the flows that
drive the economy directly and indirectly. fThese flows are also
dravn in Figure 9.2. The main sources of wqu te the island's
economy-directly and indirectly afe: water, impofted fuels,
imported goods and services and the drain of stored biomass in

rainforests and soils.



22

Table 9.3. Summary flows for Dominica in Figure 9.3.

) Enbodied
Letter in solar encrgy Dollars
Figure - Item : E19 SEJ/y E6 $/y
R Renewable sources used, SEJ/yr '
L . 17.5 -
{rain, chem.)
N Nonrenewable sources flow within the -
country (SEJ/yxr): -
- No dispersed rural source (SEJ/yr) 37.1 .-
- Nl concentrated use (SEJ/yr) : - -
- N2 experted without use - -
F Imported minerals and fuels (SEJ/yr) 1.66 -
G Imported goods (SEJ/yr) - ~
5 Imported service (SEJ/yr) _9.34 -
Dollars paid for imports ($/yr) - : _ 39.6
Dollars paid for exports ($/vyr) - 9.1
] Exported services (SEJ/yr) 3.95 -
Exporied products, transformed 9.14 _
within the country (SEJ/yr) e
Gross National Product ($/yr) - ' 75.4

Ratio embodied energy to dollar of

of inmports (SEJ/s) {US) 2.37 El12 SEJ/US$';_

Ratio embodied energy to dollar of :
country and for its exports (SEJ/S) 8.7 E12 SEJ/USS ~

‘TFootnotes fog Table 9.3.

R

Chemical potential energy of rain is the largest renewable
enexgy source (footnote 3, Table 9.1): 1.75 E20 SEJ/y.

Reduction of virgin forest in Dominica from 67% to 38Y%

in 20 years (United Nations, 1975) corresponds to a

1.5% loss/y. Since regrowth of such high quality wood

and soil biomass requires more than 150 years, they are
nonrenewable resources within the time frame of the present
economy . '



23

Footnotes for Table 9.3. continued

Rural use of nonrenewable wood énd soil, calculations:

(annual use %) (total embodied energy of virgin rain forest)
(0.015) (343 E19 SEJ) = 5.15 ©19 SEJ/y
‘(annual use %) (total embodied energy of wvirgin rainforest so0ilg)
(0.015/y) (2129 E19 SEJ) = 3.19 E20 SEJ/y

Total use of_indigenous nonrenewable energy sources

= 3.71 E20 SEJ/y
There was little concentrated energy use.

Only 2% of the estimated 251 =g board feect of virgin timber

has been exported as lumber (United Nations, 1975), and the

operations as of 1979 were negligible. Limestone deposits
of 5 E6 cubic yards were similarly unexploited. Therefore,

Ny, nonrenevable rescurce exports without: internal use,

weére negligible. :

"

F - Total imported fuel embodied energies (footnote 12,
Table 9.1): 1.66 E19 SEF/y.

f

G .- Imported goods, according to preliminary ‘calculations were
only 8.5% of the embodiecd energy of imported services and
thus were negligible. '

- Impcerted services: 9.3 E19 SE3/y (footnote 17, Table 9.1).
I Dollars for imports: 34.6 16 Us$ (World ®Bank, 1981) .

E bollars from exports: 9.4 E6 US$ (World Tank, 1981).

P{E Exported servies (PTE):
(.20 E12 SEJ/US $) (9.4 EG US$) = 3.95 Lig SEJ/y
B Exported products: 9.14 E19 SEJ/y (see fcotnotes.7—9,

Table 9.1).
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Footnotes for Table 9.3. continued

X

Gross National Product (X): 75.04 E6 US%. This is the sum
of the gross domestic product . (GDP): 45.0 E6 UsS$ (United
Nations, 1975) plus export: 9.4 E6 US$ (World Bank, 1981)
plus foreign aid: 12.6 EG US$ (World Bank, 1981, p. 157)
plus financing: 7.9 E6 US$ (World Bank, 1981, p. 11).

Ratio of the United States annual embodied energy flow to
import dollars (P2): 2.37 B12 SEJ/USS$/y.

Ratio of Dominica's embodied energy flow to dollars of CNp:

P, = Energy used/GNp = X T N #+ Ny + F + G + P,I .

1
75.4 E6 US dollars

= 8.7 E12 SEJ/US%

Energy-Dolliar ratio

The total energy used (Figure 9.3) was divided by the gross

natiqnal product (GNP) in US dollars ‘to obtain an energy/dollar

ratio (P{).

The_Gross National Product (GNP} was estimated as tﬁéfsum of
thé Gross Domestic Product-(CDP) plus fhe noney flows of exports, .
investments and foreign aid. The lattér, forei m aid, was
notably higher than normal in 197¢ owing to special disaster
relief for hurricane damage. Dominica's énorgf/dollar ratio is
almost four times that of the U;S.A. Use of embodied energy
storages of rainforest and soil was fhe large energy value
generated by the work of subsistence farmers which was not recog-

nized by dollar circulation figures.
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Energy Evaluation of the Trade Balance

o —,

International trade is included in Figure 9.2 and flows
vere evaluated in Figure 9.3. Export flow was mainly the sum
of embodied energies in the two exporting subsystems, bananas
and cbconuts, plus those of fruits, vegetables and juices. The
embodied energy of the import services was calculated based
on an energy/dollar ratio (Pz) estimated for the various pations
exporting to Dominica. The embodied energy of imported goods
was.found]in preliminary analysis to be an insignificant fracﬁion

of imported serxrvices. -

The balance of money payments showed a four-fold higher
outflow than inflow. The difference is composed of ihvestments;
foreign aid and loans. However, the balance of embodied enerqgy

flows showed 1.5 times greater inflow than cutflow.

National Overview Ratios

Table 9.4 lists ﬁarious ratios calculaﬁed from data in
Table 953 and Figure 9.4. These include ratios of outside to
indigenous %ources, export/import energies, fucl uée/environmental
energies, energy/person, energy/area and carrying capacities for
the whole island. These ratios are useful both for predictions

and internatiomal comparisons.

Subsystems

Two subsystems were analyzed as they were the most signifi-
cant embodied energy exports from Dominica: 1) bananas,

2) coconuts and derivative products, copra, coconut oil and soap.
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Table 9.4, Indices using embodied energy for overview of Dominica.

Item Name of index and expression, see Figure 9.3

1 Renewable embodied - -
: energy Flow R ~1.75 E20 SEJ/y
2 .Flow from indigenous non- N o 3.71 E20 SEJ/y
renewable reserves :
3 Flow of imported
. G . : :
embodied energy : F+G PZI 1.10 £20 sE3/y
4 Total embodied ) Lo
+F+ : I/ -
encrgy inflows RENHF+GHP,, T | 6.56 E20 SEJ/y
5 Total embodied ~ ' -
" energy used, U U~N0+N1+R+F+G+P21 6.56 E20 SEJ/y
6 Total exported
embodied energy . B+P, F . 1.31 EZOrsEJ/}
7 Fraction of embodied .
energy ucsed derived (NO+N1+R)/U 0.83
from home sources ’
Exports minus imports - (N2+B+P1E)—(F+G+P21 2.09 E19 SEJ/y
Ratio of exports to imports (N2+B+P1E)/(F+G+PZI} 1.19
10 Fraction used, locally ' . -
renewable R/U 0.27
1 " Fraction of use purchasedv (F+G+P21}/U ‘ 0.17
12 Fraction used that is 7- )
imported service PZ?/U 0'14 ’
13 Praction of use ’ '
that is free (R}Eo)/u ) 0.83
14 ‘Ratio of .concentrated .
to rural _ (F+G+P2I+Nl)/(R+N0} 0.20
15 = Use per unit area | ' o 2
- At} /{
(7.5 E8 m2) U/ (area) 8.75 El1 SEJ/m
16 Use per capita . o X
(80,000 population) U/ (population) 8.2 El5 SEJ/per.
17 Renewable carrying capacity N _ . ,
at preseht';iving,standard (R/U) (population) 21,600 people
lg Developed carrying capacity .
B 2 2 o
at same living standard (R 1) {population) 172,800 people
1¢ Ratic of use to GNP : P = U/(GND) - 8.70 E12 SEJ/S

{energy-dollar ratio) 1
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Bananag
A subsystem diagram for bananas is given as Figure 9.5

and evaluations are in Table 9.5 for those bananas exported.

Bananas have dominated both agricﬁltural‘land use and
agricultural export revenues for decades in Dominica. The
apparent small scale, low energy production system has réquired
minor fossil fuel inputs when compared to service and the
natural input of rain. However, subsistence farming consuwes a
large amount of embodied enerqgy in the form of rain forest. and
soil biomass. Comparison of total embodied erergy to total
actual energy yielded an energy transformation ratio of
5.3 E5 SEJ/J. The embodied energy of exported bananés was

2.2 B19 SBJ/y or 24.7% of agriculﬁural exports.

Coconuts and derivative products

. A subsystem diagram forAcoconut.agriculture and'copfa
pfocessing is given in Figure 9.6 and the eﬁalnations are in
Table 9.6. |

Land uée'fdr-cocmnm agriculture has been & fracticn, about
a third, of that:for bananas. lowever, the inﬁestment in copra
processing facilities and the énnualruse of layge amounts of
fossil fuel relative to other agricultural preducts makes
coconut 0il and products the highest embodied energy export.
The large increases in embodied energy incurred with additional
fossil fuel input, are evident in Figure 9.5. The différencgs
in the embodied energies between coconuts, caeconult olls and

derivative soaps are ten and thirty-fold respectively. The
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‘Pable 9.5. Evaluation of banana agro-ecosystem of Dominica.

Actual Embodied

Foot- energy ETR ) solar energy
tote. Item J/y SEJ/T : El8 SEJ/y

1 Rain transpired 1.20 E14 1.54 B4 1.85

‘2 Soil and wood used 2.72 El4 3.49 E4 9.49

'5 Goods, food _ - - : 0.74

k! Service, 3.66 E6 USS - 2,37 .E12/% 8.69

X Fuel used . 2.53 E13 6.6 E4 1.55

AS Exported bananas 4.25 E13 5.25 ES 22.3

Yootnotes for Table 9.5

Low energy banana agro-ecosysteis in Dominica

Since farms greater than 5 acres in size occupyrﬁo% of all -
_farm agreage, and total banana acreage was a dispersed 39,000
acres in 1970 (Marie, 1979),.then subsistence farms are taken
0 be 15,600 acres (40% of the total). A 3 vear cultivation
Yotation implies that 1/3_of this acreage is in use at any time,
¥0 (0.3) (15,600} = 5140 acres = 2.13 E3 hectares.

4

1. solar equivalents of transpired rain

(rain transpired per area) {area) (Gibbs free energy per
‘'weight) :

(3;05 m rain) (0.39 transpired) (5140 acres) (4.05 E3 mz/A)

(4.94 3/g) (1 E6 g/m>) = 1.20 E14 J/y

NS

S0il and wood use

Grams/square meter calculations are taken from footnote 2,
Table 9.2. A three vear crop rotation mecans that in effect
1/3 of the 2,176 g/m2, or 762.2 g/m?, is consumed cach year.
Forest organic matter combustion value: .2 kcal/g {(0dum
et al., 1983). '

(2.13 E3 ha) (762.2 g/n°) (1 B4 m2/ha) (4.7 kcal/g)

(4186 J/kcal) = 2,72 E14 J/y
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Footnotes for Table 9.5. continued

3.

(39 E6 US §)

(39 E6)

1.93 E19 SEJ/y

Goods, food

Portions of national imports estimated from the proportion
that banana sales is of total national sales (#40% of
national sales, so 0.4 x 9.2 E6 US $ = 3.6 E6 US $).

(3.6 E6 US $)

(8.0 E18 SEJ/y) = 7.39 B17 SEJ/y

Services from sales

As indicated in Figure 9.3, money received for banana
export may be used to evaluate the services external to
the banana system. In 1578 37,016 £ at 247.6 $US/t

(0.8) (3.7 Ei £)(2.476 E2 $/t) = $3.66 E6 (1978)

Fuels used
Fuel proportion that banana sales are of total sales

(3.6 G %)

(2.52 E14 J/9) = 2.35 E13 J/g

Bananas exported
f

37,016 £ in 1978 (World Bank,1981). Since subsistence

- farms occupy #40% of all farms, then 14,805 metric tons

exported originated from subsistence farms. Fresh bananas
with 1.040 kca./g in flesh; flesh is 2/3 of total banana
(Liu, 1980), . '

(weight of bananas) (energy conteht)

(1.48 B4 t/y) (1 E6 g/t) (1.04 kcal/g) (0.66) (4186 J/kcal)

= 4.25 B13 J/y exported from banana plantings

Total embodied energy sum of inputs (Figure 9.3)

.25 113 J/Y = 5,25 ES SEJ’/‘_]r
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Table 9.6. Flows for evaluationg the embodied energy of
coconuts and derivative products

Energy
Energy solar
: Actual . transforma. energy
Foot- enerqgy ratio SEJ/J El8
note Item J/y or SEJ/S$ SEJ/y.
1 - Natural energy . 1.57 E4 : 1.54 B4 2.4
Labor handling
coconuts, _ 5.9
3.7 E5 Us$ - 1.6 B13 /3
3 Labor for copra ' !
1.0 E5 USS - 1.6 EL3 /3 1.6
4 Labor handling cil , )
9.12 5 USS - 1.6 B33 /3 14.6
5  Fuel for oil 0 1.15 E13 6.6 E4 0.76
: dehydration ' - -
6 Labor for making -
soap?l.73 £6 USS - 1.6 B3 /% 27.7
al l - - S
’ Fuel for soap 3.9 El4 : 6.6 14 25.7
Process
8 Coconut products -
coconukts 1.8 E14: 3.4 E4 3.4
copra 4.4 E13 6.9 E4 .3.0
oil 1.4 El4 1.2 E5 16.6
s0ap 8.85E13 7.2 E5 63.4

Footnotes for Table 9.6.

1. Solar equivalents of transpired fain
(3.0 meters rain) (0.39 transpired) (6,725 acres) (4.05 E3 mz/A)

(4.94 J/9) (1 E6 g/m>) = 1.57 B14 J/y

2. Labor of harvesting.and handling coconuts

Production cost/acre: 187.89 EC$ = 69.59 USS (J/ Marie, 1979).
Yield/acre: 1.3 metric tons (United Nations, 1975); 1979
coconut export: 703 metric tons (World Bank, 1981).

Total acreage = 703 metric tons/1.3 m.t./acre = 537 acres.

{(69.59 US$/acre) (537 acres) = 3.7 E5 Uss.,

3. Copra export revenues 1.05 E5 Uss
World Bank, {(1981) (see Table 3.2),
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Footnotes for Table 9.6-c0ntinued

4.

Labor of handling oil

1979 coconut 0il production (World Bank, 1981) = 396 E3 gal.
= 1663 E3 liters x (0.8679 g/l1) = 3.62 E3 m.t.

Total US purchases of coconut oil in 1979 divided into

total price paid, yield a figure of 251.80 US$/metric ton.
Dominica's energy/dollar ratio: 1.6 E13 SEJ/US$ (Table 9.3).

(3.62 E3 metric tons oil)-(US $251.80/m.t.) = 9.12 E5 US$

Fossil fuel dehydrating coconut oil

-Coconut oil is made more saleable by driving off any remaining

water by raising the oil temperature to 110°C for several
hours. 0,540 kcal/g is the dehydration energy of water -
molecules not chemically bonded (bonds of hydration) to the

molecules of oil A multiplication factor of 1.4 was used
to account for the sixty percent reduction during the
dehydration process.

Process heat energies

I

(3.62 E3 m.t.)(1 E6 g/m.t.) (.54 kKeal/g) €1.4) (4186 J/kcal)

it

1.15 E13 J/y o _ L

Labor for production of soap

The World Bank (1981) in Table 3.2, p. 143 lists '
toilet and laundry soap export as 2,182 metric tons at a
price of US$ 794.7/m.t. for a total of Usg 1,734,035 in

export revenue,

-Fuel for soap processing

Fuel use for soap processing on Dominica arsuned to be gimilar
to US production of sovap is (30.1 kg/perscn) (230 E6 people)

= 6.92 E9 kg and requires 2.95 E11 kcal. Fossil fuel use

per kg = (2.95 11 kcal)/(6.92 E9 kg) = 42.6 kcal/kg.

(42.6 kealykg) (4186 J/keal) (1 B6 kq/T) (2182 T) = 3.9 E14 J fy

Coconuts and derivative products exported
Coconuts

1979 coconut export weight: 703 T (World Bank, 1981, p. 143)
Coconut production in 1979: 11,721 (wWorld Bank, 1981, p. 174),
Coconut composition: 28% meat, 72% fiber (Encyclopedia
Brittanica, 1974, p.472).
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- Footnotes for Table 9.6 continued

Actual energy calculations:

Fiber - (0.72) (11,721 T) (1 E6 g/T) (4 kcal/g) (4186 J/kcal)
= 1.4 B14 J

Meat - (0.28) (11,721 T) (0.5 water) (1. E6 g/T) (4.94 J/G)
= 8.1 E9 J

(0.28) (11,721 T) (0.3 0il) {1 E6 g/T) (8.816 kcal/g) (4186 J/kcal)
= 1.8 E14 g

Labor embodied energy: 5.9 E18 SEJ/y (Fooinote 2, Table 9.6).
Natural embodied energy: '

(580 acres) (3 m rain/y) (4.05 E3 mz/A)(H.9ﬂ J/g) (1 E6 g/m3)
=(1.26 E13 J)(1.54 E4 SEJ/J) = 1.95 B17 SEI/y
Total embodied energy in coconuts: 6.1 EI8 SEJ/y

Energy transformation ratio using solar eguivalents of
rain and labor used:

(3.4 B18 SEI/y)/(1.8 E14 J/y) = .3.4 Bi SEJ/J

: COpfa

1979 export: 7574 T for 0.1 E6 US ¢: 1979 total copra
production: 2704 ? (World Bank, 1981, p. 143, 175). Average
coconut ouputs worldwide: #4500 nubs/acle, 30 nuts/10 1bs.
copra (Encyclopedia Brittanica, 1974, p. £72). Rain and

transpiration data (see Footnote 3, Table .1). Embodied
energy calculations:

Natural (2704 T) (1 E3 kg/T) (2.2 1bs./kyg) (30 nuts/10 1bs. copra)
{1 acre/&SOO nuts) {3 m raln)(o 39 transpired)
(4.05 B3 m*/acre) (4.54 J/9) (1 E6 q/m3) (1.54 Eu SEJ/J)

1.4 B18 SBE3/y

n

Laboxr (0.1 B6 US $)(1.6 E13 SEJ/US $)

1.6 E18 S1d/y

i

Total embodied energy of copra: = 3.0 E18 SEJ/y

Energy of fatty acids in coconut oil: 9.4 keal/g (Mitchell,
1979, p. 81).
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Footnotes for Table 9.6 continued
Composition of copra: prepressed copra - water (5%),
oil (70%), fiber (25%), post processed copra - protein
(21.3%), oil (7%), fiber (71.7%) (Encyclopedia Brittanica,
1974) . Actual energy of protein: 1520 kcal/kg (Mitchell,
1979). Actual energy of fiber: U kcal/g (O0dum et al., 1983).
Actual energy calculations: :
Protein (0.21) (2704 T) (1 E3 kg/T) (1520 kcal/kg) (4186 J/kcal)
, = 3.66 E12 J

0il (0.07) (2704 T} (1 E6 g/T) (9.4 kcal/g) (4186 J/kcal)

= 7.45 E12 J

Fiber (0.72) (2704 T) (1 E6 g/T)} (& kcal/qg) (4186 J/kcal
= 3.25 E13 J
Total actual energy of copra: ‘ = 4.35 E13 J

Energy transformation ratio. using solar equivalents of rain
and labor used:

(3.0 B18 SEJ/y)/(4.35 E13 J/y) = 6.9 E% SEJ/J

Coconut 0il L ' ,
Embodied energy of fuel used for oil procesgsing: 7.6 E17 SEJ
(sce Fooctnote 5, Table 9.6). Embodied enargy of labor:
‘1.46 B1S sSkJ/y (see Footnote 4, Table 9.6). Dividing total
copra oil content (0.7 x 2704 T = 1893 T 0il) into total
embodied energy of copra/y yields 1.6 E15 SEJ/T oil. Multi-
plying 800 T oil times the latter gives 1.28 E18 SEJ/y
embodied energy of copra to oil industry. Total embodied
enerqgy: ’ '

(7.6 E17 SEJ) + (1.46 BE19 SEJ/y) + (1.28 118 SEJ/y) =

= 16.6 E18 SEJ/y

Total actual enefgy:

{(3.62 B3 T) {1 E6 ¢g/T) (9.4 kcal/g) (4186 J/keal)

= 1.42 B14 J/y

Energy transformation ratio using the embodied energies of
labor, fuel and oil derived from copra:

(16.6 118 SEJ/v)/(1.42 B4 J/y) = 1.16 E5 SEJ/J
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Footnotes for Table 9.6. continued

Soap

Embodied energy of fuel for soap processing: 25.7 E18 SEJ/y
(see Footnote 7, Table 9.6). Embodied energy of labor

for scap processing: 27.7 E18 SEJ/y (Footnote 6, Table 9.6).
"Embodied energy of coconut oil: 1.0 E19 SEJ/y {(percentage

of total oil production used for soap manufacture). Total
embodied energy of soaps:

(1.0 E19 SEJ/y) + (25.7 E18 SEJ/y) + (27.7 Ei8 SEJ/y) =

= 63.4 E18 SEJ/y

Actual energy of lauric acid (predominant constituent of
oils used to make soap): 8.816 kcal/g (Weast,1974). Total
production of toilet and laundry soaps: 2398 7 (World Bank,
1981, p. 175). Actual energy calculations:

(2398 T} (1 E6 4/T) (8.816 kcal/g) (4186 J/kcal) = 8.85 E13 J

Energy transformation ratio using the embodied energies
of labor, fuels and coconut oil: '

(63.4 £B18 SEJ/y)/(8.85 113 J/y) = 7.2 E5 SEJ/J

SEJ/y or 68% of agricﬁltural imports.

energy transformation retio, 3.4 £4 SEJ/J, is 6% of that of bananas,

which indicates that banana cultivaetion uses much more high guality
ehergy(biomass of reinforest wood and soils) than coconut cultivetion.
The embodied énergytof exported coconuts and derivative producis wes 7.5 E

E19 SEJ/y or 68% of agficultural imports.
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Fruits, Vegetables and Juices

—_

The acreage devoted to the cultivation of fruits and vegeta-
bles compared to that for coconuts and bananas, was relatively
minor. The embodied energy of fiuit, vegetable and juice exports
was 6.4 E18 SEJ/y or 7.0%rof agricultural exports compared to

697% and 24% for coconut products and bananas respectively.

- DISCUSSION

Main Basis for the Economy

The overview diagram in Figure 9.3 and thc indices in Table
¢.4, provide an overview of the basis of the economy of Pominica
in energy terms. The main basis of the economy is the indigenous

L
use of environmental energies, particularly the stored energies
of rainforest wonds and soils. By contrast the purchased embodied
- - : i " 4 r s )
energiaes of imports are only 10% of the entire energy basis {item

11, Table 9.4).

The Monied Ecbnomy

The circulation of money in gross national product (Figure 9.

3; Table 9.3) was about 69.6 million dollars per vear, of which
39.6 million dollars per year was paid for imports (57%). Only
9.4 million dollars was recceived for eprrt&,€7ﬂ%}, ‘he rest of

the income coming from loans, investments, forecign aid , etc.

~ Dominica's tréde balance might appear less dependent on
foreign money sources in years other than 197% when severe
hurricane damange to export crops brought abnormal amounts of
disaster relief and required special reinvestment in the capital

assets of plantation and hotels and the power distribution network.

-
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Previous Emphasis on Bananas

Part of the difficulty in developing the economy of Dominica
arose whén efforts to make the banana export industry were not
very successful. Note the low energy bénanas system in Figure 9.4
compared to that of Taiwan (PimenteI; 1978) . Bananas aré indus-
trialized with more difficulty in Dominica's steep terrain,
torrential rains, and. poor transportation facilities as'compa;ed
with economic competition from Ecuador and elsewhere. FEarlier
there were special trade prices with Great Britain and investment
money went primarily into attempts to make the banana export

industry competitive.

From the Second World War witil Britain's joining of the
European Common Market Pominica's banana export was suppdrted:
by lower tariffs into the U.X. Despite this-proiectioﬁ,.mere
,efficient-producers {such as Ecuador) managed to hold export
ﬁrices to a level which left Deminica's producers with little
préfit, 3 éents per pound (J. Marie, 1979). Joining the éEC
in 1973 has forced the U.K. to dismantle thersupport structure
and expose Dominica to open market pressures wliich may finally
depress the banana industry to much lower levels. By 1980 banana
output was at 70% of 1976 levels. | |

F

Present Self-Sufficiency

Since much of the economy is not accompanied by money, the
evaluation based on‘energy provides a more favcorable view of life
in Dowminica. On an cnergy basis 83% (Table 9.4, Itenm 7) of the
economy is deri?ed from home sources. The enb: dicd energy of

exports and imports ig nearly balanced.
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However, much of the environmental energy basis is being used
in a nonrenewable way because of loss of soils and rainforest
~trees used faster than their regrowth. Almost 40% of Dominica's
high quality storageé‘in rainforest and soils have been drained
in the last 20 years to maintain present economic activity. It
‘appears that Dominica's energy basis for self-sufficiency is
declining and dependence on external sources will increase ever
faster. TExhaustion of natural storages deplete the basis for
foreign investment and depréss the economy. However, when export
cropping in the highlands no longer pays, rainforests may have

a chance to rebuild wood and soil storages for another cycle.

Econemie Growth Potential

Economic development often procgeds with investments to
draw'fesources of the environment into commerce uitimately
increasing the_input of fossil fuels and fuel based goods énd
éervices adding to the indigenous energy rescurces involved.
This process is little developed in Pominica where the ratio of
concentrated to~rural energy is only 0.20. The raﬁio of elec~
trical enéréy flow to totai energy flow is only 0.0014%- compared

. to values for New Zealand, 0.15; Spaih, <22; an? the USSR, 0.194.

Although the potential for attracting invested foreign
embodied energy inputs is large, so far'this process has been
unsuccessful in generating exports that can commete well in

international markets.

o m
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Embodied Energy-Doliar Ratio

The embodied energy-dollar ratio for Dominica is four times
that of the United States, but 1/8 that of Liberia (Chapter 7).
The ratio shows in another way how much of the system ig outside

the economy of circulating money. Anyone importing from Dominica

to the United States obtains four times more embodied energy than

is in the buying power of the dollar. spent in the United States.
Consequently, efforts to export raw pr roducts such as bananas,

do not stimulate the home economy as much as compJete pProcessing
which draws more dollarc into the economy per (mbodied enerqgy
invested. Trade arrangements judged on the basis of dollar

. eXchanges benefit the country with the lower energy dollar ratio.

Energy Density

In Dominica, the embodied energy use/square meter is )
8.8 E11 éEJ/mz‘(Table 9.4, Item 15). This ra?io is aboué twice
thof of the U.S.aA. and Libe;ia and reflects the enormous environ--
mental energy-flow per person contributed by th: use of virgin
forest and soil storages which was 56Y% of the tntal enerqgy use in
‘Dominica (Footnote 10, Table 9. ). On a per axrg basis, this

flow dwarfq the fossil fuel energy use in the 0U.S.A. and the

large nd%ural energy. flows in leer

Energy per Person

Fuel- use per person in Dominica, 2.08 ETM SRI/y, ia approxi-
mately 35% of the of the United States, 5.7 E14 SiEJ/y. A more

incisive measure of the energy standard of living might he total
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embodied energy per person (Item 16, Table #4). By this measure
Dominica, 8.2 E15 SEJ/y, is 41% of the U.S.A., 2.0 E16 SEJ/y, and

31% of Liberia, 2.6 E16 SEJ/y.

Usually the resourﬁe inputs per person are indicated with
fuel énergy per person or other indices of commerce and industry.
At least in an overéll_sense, Dominica's flows of renewable
energies give them a comparable standard of living. ‘The embodied
energyrin annual iﬁcome (474 US$/y, World Bank, 1981), is only
55% éf the total embodied energy use per person (7.58 E15 SEJ/1.39

E16 SEJ).

Carrying Capacity

The 1979 population was 82,699 people. The renewable-
carrying capacity or population level sustainable were Dominica
to exist only on its renewable energy inputs (after rain forests

™~
are used) would be 21,600 people.

/

ht the present rate of Wood and soil qsé, the remaining rain
forests will berused upAin_GO years. During the period of time
before, invéstments may be attracted and populations supportéd
which will not be supportable later. Dominica is self-sufficient
now, but on a declining resource. Changed land uses with land

rotations and fertilizers may be needed to rovide an alternative
¥

system to rain forest use.

The developed carrying'capacity ratio in Table 9.4, indicates
the carrying capacity if the economic development were that of
the most industrialized nations, with eight timas more embodied

energy use than supplied from local renewable sources. For
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Dominica with people at their present standard of living, the
carrying capacity would be 172,800 people, much larger than the

present population of 80,000. Unless . it.declines , the annual

population growth rate, 1.6%/y (CIA,1977) will result in less

energy per perscn if the economic developments that allow cutside

energy imports are not found.

Hydroelectric Potential

-Part of balanced development is providing low cost electrid
supplies to all parts of a country. The interaction of high
rain input and strong mountain uplift has created over three
hundred rivers on Dominica. Many of these rivers have sufficient
energy to drive turbines or machines on a fairly continuous
basis without the necessity of maintainiﬁg a large water area
uphill. Without the expenée of builaing large dammed reservoirs,
relatively inexpensive hydrpower could be estagiished; Whether
this energy'drives mills directly or turbine dynamos for electri-
city will depend on the typé of manufacturing“capacity national
policy pursues. Such‘a rurally available power source could

provide thelcapacity to process agricultural products locally

and thus bring more jobs and embodied energy to the local economy.

Renewable hydropower may be available long afier fossil fuels
become too expensive. Developing such capacity will contribute

to Dominica's immediate and future vitality.
Whereas geothermal energy is apparently available in hot
spring areas of Dominica, the hydroelectric potentials require

less special technology and are more renewable.

e R L B e S s T b
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Renewable Forest Options

~

Tropical forest plantations develop useful light density
‘roundwood products with a 20 year rotation especially if ferti-
lizers are applied, although the products are inferior for many

purposes as long as virgin forest wood is available.

Letting natural processes restore and regenerate soils
and forests is the nqrmal pattern on Dominica and elsewhere. In
the shifting agricultufal patterns, over 10 to 20 years are
needed to develop appropriate soil conditions for another two
or three years crop. This pattern may be improved with additional

inputs, improved diversity of crops, fertilizers,. etc.

Yor rugged watersheds and high lands with highest ralnfalls,
a lonqer rotatlon of 100 yearg may dllOW high quallLy timber at
llttle cost, prqviding trees can receive prot cctlon and gene “
pools can be retained in clusters to provide secding for fast

forest regeneration.

Perbaps through import of exotics, plantatiocns of high
quality Botanical products, pharmaceuticals, eta., not in
competition witﬂ other areas, may increase the conversion of
the large embodied energiecs of Lominica into me-ne for economic

development.

Devoloplng a high diversity of tropical tre= crops for
local consumption could help local standards of living by routing

the embodied environmental energies into human usne.
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Future

The unusual energy signature of Dominica provides a challenge
to couple the economy of humans to the exceptional flows of water,
uplifting lands, tropical growing conditions, and tropical seaé.
If more of the world's tourists can learn the fascination of seeing
the best preserved rainforest island in the hemisphere, their
funds may help to maintain the economic balance.to help preserve
some of the virgin forests. The future for Dominica is more

promising than for some dry desert islands already over-populated.
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