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Biomass/Hydro Taxonomy for Developirg Countries

Under the terms of reference of contract CLT/83-139, a taxonozy is to be
prepared based on the following:

1. Potential for hydro-electric power;

2. Potontial for biomass energy;

3. Distinguishes between those which currently do and those which
do rot have fuelwood problems;

4. Defines current situation with regard to oil relative to
commercial fuel demand by indicating pomenta{ge of imports
or identification as an exporter

The taxonomy is presented in Table 1.

Potential hydroelectric cresources aie indicated on the horizontal axis
and thecretical biomass resources on the vertical axis. Countries with a
meluood- problem are marked witi: an asterisk. Within each category,
countries are grouped according to whether they are net energy (in practice
oil) exporiers or importsars. The importers are further disaggregated into
three categories-—countries where energy imports account fram 0 to 25
percent, 26 to 75 percent, and over 76 percent of total commercial energy
consumption.

Tablas 2 gives the data upon waich the taxonamy is based, plus additioral
information on fossil fuel reserves and oil import bilis, includinog delsailsd
motes on the sources and derivation of the data. The folluwing should be
bourne in mind 1a interpretating the data.

1. The list of countﬁes chosen are those def'ined by the World Bank as
low incoms and middle income economies in, for example, the World Development
Report Series. (These exclude high income 01l axporters, industrial market
economies, and ron-market industrial economies). Out of a total of 96 low
and middle income economies (see table 2), data are available for the 67
appearing in table 1.




2. Both hydroeletric and biomass resouces are expressed (in tons ofl
equivalent per capita) omn an annualized output basis. That is, the data are
measures of production which could be yielded by the resourcs base.

3. The resource concepts underlying the annualized pruoduction data in
table 1 are rather different. The hydro data are based on installed and
installable capacity. The biomase data are a measure of the potential eaergy
that might be extracted from amnual forest growth and crop and animal wastes,
and are, in concept, more theoretical than the hydro estimates. Irn peither
case is aconomic feasibility taken into account (although the hydro estimates
do, of course, include already installed capacity). For information, data on
total fossil fuels and oil proven reserves are given in table 2. HNote that
these reserves are proven and not potential or theoretical as irn the case of
hydro and biomass.

8. A fuelwood problem country is defined as a ccuntry in which esiimated
amual consumption qf‘ fuelwood could rot be sustained tarough the end of the
century without damage to the ecology. The estimated annual consumption is
based on income level such that estimated consumptionm falls as GNP per capita
rises. Countries above a certain per capita level of income ($900 U.S.) are
assumed, because of their relatively high level of income, not to have a
fuelwood problem. For Mfofmtion, data on GNP per capita is given in table
2.

S. Table 1 data on import dependency relates imports of total enmergy to
total copsumptivn of commercial snergy {(i1.8. cil, zas, coal, and
electricity--for this purpose fuelwood is not considered a commercial source
of energy). Virtually all imported energy coasists of oii. "For information,
table 2 contains data on courtries” oil bills expressed as the value uf oil
imports as a percentage of total merchandise exports. The pre-1980 data
(usually 1978 or 1979) are actuals. The 1980 da*a are estimates in which the
actual results derived from countries for which data are available are
extrapolated to countries for which posc-1977 data are still not available.

The countries are categorized according to their hydro and biomass




resource endowments. In the case of hydro the three categories are:
1. under 0.25 tons o1l equivalent per capita anualized production
2. between 0.26 toe and 1.1 toe
3. over 1.1 toe

For bilomass the categories are:
1. under 0.5 toe per capita annualized yleld
2. between 0.6 and 2.0 toe
3. over 2.0 toe

Tables 3 and 4 give the freciuency distributions for hydro and biomass.
These indicated in both cases some discontinuity at the top end of the range
vhich suggested the cut-off points of 2 toe per capita for biomass and 1.1
toe for hydro. At the lower end 2f the range there was no clear division and
the cut-off points were established arbitrarily at 0.5 for biomass and 0.25
for hydro. As a point of reference total (i.e. commercial plus traditioral)
energy consumption per capita in a wide range of developing countries is
around 0.5 toe annually (the Latin American countries are substantially
higher at abcut 1 toe). The upper bound of the lower biomass category
therefore is set at about current per capita annual consumptior of all
energy. The electricity is lower (at .25 toe) although this would be
substantially above present rates of electricity consumption (perhaps about
0.05 toe a year). The three categories should therefore not be automatically
equated to low, medium and high on an absolute basis because even the "low"
countries possess substantial resources as defined here. Furthermore,
absence of data may imply low resources, so that the countries not included
. here, because of lack of data, may in reality be the truly resource poor
countries.

This taxonomy does not lend itself to strong conclusions, but some
interesting points emerge.

1. Most countries (all but 10 ocut of the total 67) are clustered in two
categories of resource endowment. This clustering is due to the fact that
per capita biomass and hydro-potential are to some extent influenced by the
same factors, including land area, climatic zone and population. Few
countries have a high potential for one with a lovw potential for the other.

2. These two categories are "low”™ and "medium” resource endowment.




However, it must be again emphasized that even the low categories are quite
kigh in terms of current consumption levels. Almost all these countries have
significant potential for biomass arnd hydro development, although cost and
other factors need to be takem into account before a more realistic
assessment 6f developmant potential can be made.

3. Fuelwood problems are widespread and distributed over all categories,
including those with high biomass potential. This emphasizes the gap between
the actual and the potential biomass situation and suggests that strong
efforts will be needed to achieve this potential.

8. Many of these countries (36 out of 67) have extremely high rates
(over 75 percent) of o1l import dependency. These highly import dependent
countries are also distributed throughout the nine categories. These
countries could benefit considerably from the development of indigencus

resources.

5. Most of these countries are very poor. Only 22 (those underlined)
out of 67 have per capita annual incomes of over about $900. Most are
already heavily dependent on biomass and could benefit directly froa
increased supplies as long as costs did rot rise sharply.’ The major
development of hydro resources could be constrained by low incomes unless
electricity intensive industries geared for export can be attracted.




LI400S V1L eguite1edC per capitdy

POTENTIAL HYDROELECTRIC
Under 0.25 0.26-1.1 Over 1.1 - Total
‘Net_energy exporters Imports 26-752 lmports 0-252 Impor.s 75-100% Imports 76-100%
\Je! Afghaniscan® Bangladesh* Viet Naa* Kenya* Liberia*
.50{ Algeria Ghana* Niger#® Nepal#*
Egypt* Pakistan® Imports 26-502 Senegal®
Iran Sierra 1eocne*
Indonesia# Imports 76-1002 Chile Uganda#*
Nigeris* El Salvador* Upper Volta*
Syria Guatemsls
Korea, Rep. of
Imports 0-252 Lesotion
India* Malawi*
Mali*
Morocco®
Philippines*
Sri Lanka*
Thailand*
Togo* -
22 8 2 32
Net exporters Imports 76-100% Net exporters Imports 26-50% Net Tters
Malaysis Benin* Cameroon® Brazil Zaire*
Mexico Ethiopia* Egugdor* Zazbia®
60 . Somalia* Mozambique#* Imports 76-100X
0 - rts 765-100%
- Imports 0-25% Peru
Madsgascar®
Yenezysla Chad#
Zimbrbwe*
Imports 0-252 Coata Rica
Imporcs 26-752 Guinea*
Argentina doaduras*
Turkey Burma* Ivory Coast
Coloabis Mauritania* '
Ricaragus
Pansma
Sudan®
7 Tanzania* 20 2 29
Net exvorters Inports 76-100% Net exporters
verq Angola* Paraguivy Bolivia
2.4 Uruguay Congo, P.R.*
Imports 76-100*
Central African
9 L 3 Reoublic# 3 6

Total 29 - . 31 - 7 5?

*Country has an actual or potential fuelvord problem. Based on World Bank, Energy in the Developing Countries
(Washington, D.C., Wovld Bank, 1980), ,. :.

Notes and sources: Bydroelectric potentisl is estimated as the annusl energy potential per capita under
conditions of average flov from installed and instsllable capacity, ut{lized tvelve hours daily. A country is
defined as having a lov hydro potentisl 1f rar capita potential is less than 0.25 toe and a high potentisl if
pexr capita potential exceeds 1.1 toe. Adapted from the World Bank, Energy in the Developing Countries (Washingtom,
D.C., World Bank, 1980), p. 96.

Theoretical biomass resource potential is an estimate of annual energy from the thLeoretical incremental growth
of forusts plus energy from animal vastes and crop residuas. A country is defined as baving s low biomass
potential 1if per capita potentisl is less that 0.50 toe and a high potentisl 1if per capita potestial is greater

than 2.0 toe. Based on Dunkerley, et al. Energy Stcategies for Developing Countries (Johns Hopkins University
Press for Resources for the Fucture, Baltimore, 1981), PP. 173-177.

Het energy imsports as a percent of total consmmption of commercisl fuels is 1980 data from the United Natioms,
1980 Yearbook of World Energy Statistics (New York, United Nations, 1981).

Councries with 1980 per capita GNP of $900 and over sre underlined.

——



Tabis 2. Country Energy Data .

- apan

Per capita Per caplita
reserves proven reserves
toe toe Value of net oil
- - — o e e et e imports as %
Per capita potential Theo- All Gt total exports Net energy imports
Region/ GNP Hydro~ retical Fossil shich aw X of commercisl Fuelweod
Country C1980 U.S.8) electric Bliomass Fuel o1l pre-1930 1980 energy consumptien Prodlea
Africat
Angola 470 0.50 2.61 27.2¢ 23.06 -49.4 ~49.4 ~485.4 yeos
Benin : 310 0.20 0.82 - - 53.3 108.7 100.0 yes
Burundi 200 Nedo 0.17 - - 13.5 26.9 96.5 yes
- Cameroon 670 1.08 1.02 §.12 2.48 -11.6 ~11.6 -~ 355.9 yeos

Central '

African Rep. 300 2.15 2.93 - - 1.9 3.7 92.9 yes
Chad 120 0.30 1,39 - - 30.8 61.5 100.0 yos
Congo, P.R. 900 2.22 4,08 80.15 38.53 -50.2 -50.2 -221.9 yes
Ethiopia 140 0.11 0.73 - - 21.3 42.6 94.5 yes
Ghana 420 0.06 0.34 0.21 0.07 17.4 34,7 3s5.1 yeos
Guinea 290 0.46 0.90 to- - - - 97.7 yes
Ivory Coast 1152 0.03 0.61 - S.168 84 12.8 87.7 no
Ksnva 420 . 0.34 0.29 - - 18.0 36.0 96.8 ves

‘Lesothe 420 0.14 .36 - - - - 100.0 yeos
Liberia $39 1.30 0.38 - - 17.° 34.7 96.2 yos
Nadagascar 150 2.84 0.88 - - 14,8 29.5 19.6 yes
Malasi 2130 0.01 .37 - - 25.0 50.0 91.0 yes
nali 190 9.21 0.35 - - 2.7 45.4 97.2 yos
Nauritania 449 0.4¢ 0.90 - - - - 100.0 yes
Mozaabdique 230 v.3% 1.38 - - - - - 30.0 yos
Niger 330 0.71 0.48 - - 10.9 21.7 100.0 yes
Nigeria 1010 0.01 0.19 4,44 31.17 -87.8 -87.8 -8083.1 yes
Reanda 209 Nede 0.10 - - 13.9 27.9 79.2 yes
Senegal &S0 0.30 D.45 - - 26.6 286.6 100.0 yos
Sierra Leone 280 0436 0.12 - - 15.8 1.7 100.0 yes
Somalia Ned. 0.02 0.59 - - 15.0 30.0 100.0 yes
South Africa 2300 Nede Nsdo - - 0.5 0.9 1.3 ne
Sudan 610 . 0.3% 0.9% - 1.51 1.3 2.6 96.5 yes
Tanzania 28) 0.45 0.87 - - 24,4 48.8 93,9 yes
Togo 419 0.08 D.49 - - 12.7 25%.4 99.7 yes
Uganda 300 0,36 0.20 - - 12.7 25.) 78.7 yes
Upper Volta 210 0.79 0.29 - - 44,5 89.0 100.0 yes
laire 220 1.82 1.58 2.49 0.78 3.8 T.6 - 12.7 yes
lamsbia 560 0.27 152 0.62 - 11.7 23.4 44,4 yes
liababre 632 0.25 1.22 - - 23.9 47.9 12.0 yes
Asia:

Afghanistan Neade 0.13 .28 - - 14,1 20.1 -176.0 yes
8angladesh 133 0.01 0.23 T.18 0.7 32.4 64.8 60.1 yes
Bhutan 82 - 0.1% - - - - 100.0 yes
Sursa 1190 0.2 0.53 0.21 0.1% 2.8 5.3 [TY) yeu
Ching 299 - 0.22 - .= - - - 4,2 yes
Hony Rong 4249 - - - - 5.6 S5.6 100. no



India

Indonesis
Kaapuchea, Dea.
Koreas

Oen. Rep.
Koreas Rep.
Lao PDR
Ralaysis
Hongolia
Nepsl
Pakistan
Papua N- Guinea
Philippines
Singapors
Sri Lanka
Thaliland
¥Yiet Nam

Caribddean:

Cuba

Dominican Rep.

Hait4

Jamaica

ITrinidad t
Tobzgo

Central
Americal

Costa Rica
El Salvador
Guatenals
Honduras
Maxico
Nicaragua
Panana

South
Amsrica:d

Argentina
Bolivia
Brazil
Chile
Colombia
Ecuador
Paraguay
ferv
Uruguay
Venezuels

Near ( Middle
East:

Algeria
Egypt

240
430
Nedo,

NRedo
1520
Nede
1620
Neds
140
360
180
690
4430
2190
470
Nlede

LER Y
1150
10
1040

43790

1730
450
1089
560
2090
740
1730

2390

510
2050
2150
1180
1270
1300

930
2819
3630

1371
$30

0.04
0.08

0.06
0.03

2.17
0.10
2.286
0.08

0.0
u. 06
0.38

0.76
0.08
0.07
0.52
0.12
0.35)
0.49

0.67
1.28
0.28
0.5¢
0.72
0.99
0.7%
0.28
0.32
0.29

0.10

0.20
0.32

0.28
0.19
1.38
0.50
3.02
0.46
0.27

0.30

0.14
0.39
.10

1.08
0.47
0.26
0.42

0.72
0.27
0.44
0.73
0.50
1.07
1.03

1.76
2.40
1.19
0.3
1.22
0.81
2.2%
1.47
.16
1.56

0. 14
0.16

.

36467
21.53

T.22

16002

5.37

0.07

A.40

287.38

0.34

108.57

36.12
3i.%
48,64
27.73
21.19
25.18

12.73
276.02

26527
14.68%

91.92

0.34
69.01

13.1%
4.06
1.44
5.44
3.99

20.38

5.64 !

164.29

_69.28
11.21

3ie9
-50.7

3s.1
82.7
~5.5

‘,.6
13.0
30.8
10.8
31.9
30.1

12.1
$S1.4
135.1
44,80

-63.1

19.9
8.4
11.3
12.4
-83.4
40.9
89.6

3.1
-53
44.1
13.3

Te1

~45.3
41.9
16.1
35.8
-92.0

-90.3
"00’

3.7
-350.7

3s5.1
12%.3
=543

47.8
26.0
‘101
10.6
31.9
80.1

24.3
Sl.4
30.2
44.0

~63.1

3%.8
16.7
22.6
2407
=834
40.9
179.2

6.2
=53
8.1
26.6
14.)

~43%.3
41.9
32.1
1.6
-92.0

-90.3
-40.9

24.93
=175.0
100.0

8.3
76.0
30.2

=-49.5

33.7
8T.5
42.2
9.9
90.0
100.0
93.9%
94.8
17.7

97.1
99.8
90.7
9.5

-l!l.!

80.8
84.0
92.9
20.0
~49.8
9.3
96-2

9.7
=11%5.8
67.0
51.7
8.5
“13T7.4
3.9
-‘l.‘
91.)
-265.4

=306.0
=264

yes
yes
yos

no
no
yes
no
no
yes
yes
no
yes
no
yeos
yeos
yos

no
no
yes
no

ne
yes
no
yes
no
no
no

no
ne
+H0
no
ho
yes
ne
no
no
no

ne
yes



Iran Nede 0.1¢0 0.35 500.08 203.94 -96.8 -96.8 -183.86 no

Iraq 3020 - 0.28 IT1.4T7 322.84 -98.8 =-98.6 «1576.6 no

Israsl 4500 - - - - 29.4 387 98.2 no

Jordan 1420 - 0.08 - - 61.90 122.0 100.0 no

Ledanon Neda - 0.07 - - - - 96.6 neo

Morocco 900 0.02 0.09 - - 30.9 6147 869 yes
Syrian

Arad Rep. 1340 0.05 0.23 40.18 3s. T} -23.3 =23.3 =-22.1 no
Tunisis 1310 - 0.27 18.85 12.35 -22,5% -22.8 -81.2 no
Ysmen } .

Arad Rep. 433 - 0.22 - - 249.4 498.7 100.0 yos
Yessn PDR 420 - 0.39 - - - - 100.0 yes
Europe?

Albania Ned - - - - - 3.8 no
Greecs 4380 - - 40.46 2.13 1.6 1.6 31.0 no
Partugal 2313 0.21 - - - 33.8 39.8 921.5% no
Romania 2340 0.1 - - - - - 18.2 no
Turkey 1670 0.13 0.47 13.07 0.41 73.5 147.0 57.4 ne
Yugoslavia 2820 0.28 - 264.68 1.48 31.9 3.9 40.9 ne

Note: n.a. 2 Data not avallabley "-" {ndicates no reserves or ¢ata not available,

. Source: Per capita Gross National Product (GNP) from World BSank, World Deve [ Repor 932+ (Nashington, 0.C.,
World Bank, 1982), ppe 110-111. In 1980 U.S. dollars.

Per capits hydroelectric potential, fossil fuel and petroleum reserves adapted from World Bank, Enpgray 4in the
Developing Countries (Washingtony D.C.y World Bank, August 1980), pp. 80-36. Hydroeletric potentisl it estimated as the

annual enerjy potential per capita under conditions of average flow from installed and installable capacity, utilized twelve
hours peér day.

Theoretical biomass resource potential i3 an estimate of annual energy from the theoreticsl incrcaental growth of forests
plus energy fros animal wastes and crep residues. The lower end of the theoretical range sas choosen as a conservative

estisate since these are theorstical resources. Based on Dunkerley, et. al.y Energy Strategies for Developing Nations
(Johns Hopkins Univarsity Press for Resources for the Future, Baltimore, 19813, pp. =177

Trade data are for the latest yeyr available for the value of net imports of petroleum and petroleum products and for
total merchandise exports (in thousand U.S. dollars) from the United Nations, 1980 Vearbe
Stat{sticsy vol. 1 (New Yorky United Nationsy 1981). The 1980 percentage is estimasted by aspproximately doubling the

pre-1980 figure in order to account for the large increass in oil prices in 1979-80, unless the dats aveiladle are from
1980 or the country is & net oll exporter; in both cases, the percentage is nox asdjusted. Net energy imports as & percent

of commercisl energy consumption i3 1980 data from the United Nations, 1980 Yegrbook of ¥Norld Energy Statistics (Nes York,
United Nations, 1931). Consumption includes stocks, bunkere 4rnd unsccounted.
Fuelsood status assessment i3 based on World Bank, Energy in the Developing Countrias (Washingtony P.Cey World Bank,

August 1980), pe 5. A country is considered to have a fuelwood problem "{f estimated annual consumwption of fuelwood could
not be sustained through the year 2000, without damage to the ecolojys 3t a level of 0.7%5 #3 per capita where ir-ome per
head (in 1978) was belosw 3300, falling linearly to 0.5 m3 at 3600 and zero at 8900. Many countries not included in this
proup have or will have fuelwdsd problems in local areas.®



Table 3. Frequency Distribution for Per Capita Output based on Theoretical
Biomass Resources .

(code 1is output in toe)

. ADJ CUM . . .. - ADJCUN _, _.._ ..____ADJ.CUN _ _
Coot FREQ PCT PCT coos FREQ PCT PCT cooe FREQ PCT PCY :
0.09 t 1 ) ¢ 0.32 t T 33 0.81  § B 68
Q.07 | § i F 4 0.36 1 1 3¢ 0.82 1 1L 69
0.16 1 1 sS|. 0.3 1 1 38 0. 88 1 __ Mo
¢.10 1 1 6 0.36 1 1T ¥ 0.90 1 1 73
0.12 | 1 T 0.36  § i &cC C. 96 1 1 74
0.14 1 1 8 0.37 | 1 42 1.02 1 1 715
014 1 E1 10 J.38 1 1 43 1.03 1 | S
0.1% 1 1 11 0.39 ) § 1 44 .07 1 | S A
0.17 | 1 12 0.39 1 1 43 1.008 R 1 79
0.19 | T 13 0.42 1 1 &6 t. 19 1 1 eo
g.19  § 1 18 |- 0.4 | 1 48 1.22 1 1 81
0.22 1 L 1% ]. 0.A5 1 1 4s 1.22 1 L 82
0.22 L 1 17 0.46 1 1 Sso 1.36 1 1 83
0.22 1 1 18 J.A7 | ) § 1.3 1 1 o3
0.23 1 § 19 0.40 | § 1 32 . }11.39 _. 1 ._1 8@
2.23 L 120 gde 1 | 57|14 1 "1 87
0.26 1 1 21 0. 50 1 1 s 1.52 1 1 es
0.26 1 T 23 0.%0 . | 1 9% 1. 96 1 1 &9
0.27 1 1 26 0.353 1 P 57 1.96 1 1 90
-0.27 1t 1 23| o.%9 1 1 e |_l.7¢ 1 1 92
- . 027 —1 1 26} _0.81 1 160 | 2.6 . 1 __ 1 93 ___
0.20 1 r 27 0.67 1 1 61 2.2%  § F 9
0.28 1 1 29 0.72 1 1 62 240 1 1 9%
0.28 1 1 30 0.73 1 1 63 Z.61 | 1 96
0.29 |} 1 1 0.7% 1 1 64 2.93 1 1 99
- 0.29 1 T 32 0.7 1 1 63 3.82 | 1 99
0.30 1 _1 33 ] _0.80 L1 1 6T | 406 __ 1 __1 100 _




Table 4. Frequency Distribution for Per Capita Output based on
Potential Hydro Resources

(code 1s output in toe)

cooe

0.01
0.02
0.03
0.03
J.08
0.03
0.06
0.0%6
0.07
0.08
0.08
019
o.10
o.11
0.12
o-u
0.14
0.13
0.29

FREQ

s o Al pu 5 g (g S0 ) 0 m () 0 o Wb o N WD

ADJ CUuM
PCT PCT

LI LI LY L X X A N
~N
-

- -- - ADJ CUN

- e . .. ADJ CUN .
CODE FREQ PCT PCT COODE  FREQ PCY PCT
0.21 1 1 42 0. %4 1 1 7Y
0.23 1 1 As 0.67 Tt 1 m

<23 11 a9 0.7t 1 v 719
0.21 T .1 46 0.7T2 1 1 00
0.28 2 3 a9 0.76 Tt 1 8z
0.28 1 1 % 0.76 1 1 8
0.29 1 1 S2 3-19 1 1 85
0.30 1 1 Sa 0. 086 1 1 86
0.30 1 1 59 0.99 1 i 97
0.32 1 3 .96 . 03 . 39
0.34 3 & 61 1.25 1 1 90
0.36 1 1 &2 1.30 1 1 92
0.36 2 3 &3 1.82 Tt 1 93
0.4% 1 1 66 2.1% 1 1 9
0.46 1 L o8 2.17 T 1t 96
0.49 .2 __3 10 2-22. 33 97
0.50 T 1 712 2.26 1 t 99
0.92 1 1 713 2.84 1 1 t00
0.%> 1 L 718
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