


Bt S i

LEAP

LDC ENERGY ALTERNATIVES PLANNING MODEL

A Description

LEAP MOOEL - STRUCTURE
RATIONAL ENERGY DEMARD MODEL
DEMAND Urban Rural Industry etry
SECTORS Bouseholds Rowseholde Pormal Informal ‘ Mrieu(wc) "rrnworuuon) 1sPuTS
PoLICY
ECONMIC
FUEL End-Use Demands jalf—t DFGRAPHIC
CONSUMPTION > SuNSEECoT TECINOLOGY
4 > FuELs
.ﬁ ® Puel/Device
’
1] [}
{ Electrical
ConveRs1on H Generat fon 1on
PROCESS H 3 .
H Transmission
&
'
i
'
{
ENERCY ]
RESOURCES 1
SUPPLIED ODomsstic Imported Crude Other Electricity Wood, Blomass snd
Crude 01t Rafined 011 Possil Lmports Other 2anewsbles
RECIONAL GCORONT REROUNCE MDDEL {’
Regionalize Wood
Abandonse nt Clearing Deasnds: Firewnod
Charcoal
» Interrml Construction
Agriculture
LAKD USE
" srrrs
CHANGES IN
—b8 STANDING
WOOD STOCKS
== won suPPLY
== AGRICULTURAL
UTPUT

October, 1981

ENERGY SYSTEMS RESEARCH GROUP, INC.
Massachusetts 02109

Boston,

S R







APPENDIX D

THE LEAP MODEL







TABLE OF CONTENTS

LIST OF TABLES . . . . .« « o & & o v o o w o « .

LIST OF FIGURES . . . . . . . . .« « . . .

1.

INTRODUCTION . . . . ¢ .+ « & ¢ v 4 o o o o .
1.1 Overview . . . e e .
1.2 Model Structure and Data Requlrements

DEMAND MODEL . . . . .« ¢« ¢ & ¢ o o o« « o .
2.1 Description . ... e e e e e e e
Setting Up a Demand Scenarlo - e e e

2.2

2.3 Specification of Time-Varying Input Data
2.4 Demand Model Reports . . . . . . . .
RESOURCE MODEL . . . +« &+ « « « « « o « .

3.1 Description . . . .. . e e

3.2 Setting Up Basic Resource Data - . .
3.3 Setting Up the Resource Scenario Data
3.4 Sample Results . . . . . . . . . . . .
CREATING POLICY SCENARIOS e e e e e e e e
4.1 Introduction . . ... e e e e e
4.2 Demand Model POlle Scenarlos e e e e

STRUCTURE OF COMPUTER CODE . . . . . . . . .
5.1 Structure . . . . . . . . . . .0
5.2 Terminal Interaction . . . . . . . . .

Page

ii

iii -

WHH

14
28
30

38
38
45
49
58

63

63
65

79

81




LIST OF TABLES

Table No. . Page
1 REPRESENTATIVE DEMAND HIERARCHY CATEGORIES . . . . . 11
END-USE FUEL CATEGORIES . &+ v +¢ v v v o o w w o o . 15
3 PRIMARY ENERGY CATEGORIES . . . . .. .. 16
4 ENERGY CONVERSION PROCESSES —-- DATA INPUT REPORT - 19
5 ELECTRICAL GENERATION PROCESSES -- DATA INPUT REPORT 21
6 PETROLEUM REFINING & RELATED DATA . . . C e .. 21
7 END-USE CHARACTERISTICS -- DATA INPUT REPORT e e e 26
8 SUMMARY OF DATA CATEGORIES . . e e e . 27
9 NATIONAL SUMMARY OF END-USE FUEL CONSUMPTION e .. 31
10 SUMMARY OF END-USE FUEL CONSUMPTION BY SECTOR . . 32
11 PROFILE OF END-USE FUEL CONSUMPTION IN THE YEAR 1990 33
12 ELECTRICAL GENERATION FOR INTERNAL CONSUMPTION . . . 34
13 SOURCES AND USES OF OIL -- SUMMARY FORECAST . . . . 35
14 ENERGY SUPPLIED FOR INTERNAL CONSUMPTION e e e e 36
15 FOSSIL & BIOMASS ENERGY SUPPLIED FOR INTERNAL
CONSUMPTION . . . . e e e e e e e e e e e e e 37
16 EXAMPLE OF LANDTYPE SET e e e e e e e e e e e e 43
17 BASIC DATA CATEGORIES . . . . . e e e .. 50
18 DATA INPUT -REPORT - COUNTRY DATA FOR KENYA e e e .. 51
19 . LEAP RESOURCE MODEL SCENARIO DATA . . +. &« « « « . . 53
20 CENTRAL/NAIROBI LAND USE PROJECTIONS . . « ©« o « « . 59
21 AGRICULTURAL PROJECTIONS . .. ... 60
22 CENTRAL/NAIROBI WOOD REPORT STOCKS AND SUPPLIES .. 62
23 LEAP TERMINAL SESSION . v v v v v o o o o o o o o . 83

ii




Figure No.

Noaoudewiho

10
11a
11B
12
13
14
15
16

17

18
19

20

21

LIST OF FIGURES

LEAP MODEL - GENERAL STRUCTURE . . . . . . . .
ENERGY FLOW STRUCTURE . . . . e e e e e .
SAMPLE STRUCTURE OF LEAP DEMAND MODEL . e e
CHARCOAL TO WOOD CONVERSION . . . . « .« « « .
PETROLEUM BALANCES- c i e e e e e e e e e s
DATA INTERPOLATION . . . . . e e e e .
TYPICAL LANDUSE RELATIONSHIPS IN THE RESOURCE
MODEL . . . e e 4 e e e e e e e e
SAMPLE LAND DIVISIONS .. e e e e e
INTER-REGIONAL WOOD RESOURCE FLOWS e e e e e .
NATURAL: FORESTS WOOD SUPPLY . . . . . . . .
NATIONAL FUEL WOOD DEMAND . . . e e e e .
NATIONAL CONSTRUCTION WOOD DEMAND c e e e e .
PETROLEUM IMPORTS FOR INTERNAL DEMAND . . . .
BASE CASE SUPPLY AND DEMAND . . . .« s .
PETROLEUM IMPORTS FOR INTERNAL DEMAND i
WOOD DEMAND AND SUPPLY - BASE VS POLICY DEMAND
WOOD SUPPLY AND DEMAND - BASE DEMAND - BASE
RESOURCE - NAIROBI REGION . . . o e e e .
WOOD SUPPLY AND DEMAND - BASE DEMAND - BASE
RESOURCE — RIFT VALLEY . . . . . « « « « +« « .
WOOD DEMAND AND SUPPLY . . . . s e e e .,
WOOD SUPPLY AND DEMAND - POLICY DEMAND - POLICY
RESOURCE - CENTRAL/NAIROBI . . .

WOOD SUPPLY AND DEMAND - POLICY DEMAND - POLICY
RESOURCE - RIFT VALLEY . . . . « e e .
LEAP ENERGY DEMAND AND RESOURCE MODEL

iii

Page

12
17
22
28

40

42
46
47
55
56
67
69
71
72

73

74
76

77

78
80







1l. INTRODUCTION

1.1 Overview

ESRG has created a computer model for the evaluation of
energy policy and planning options in developing countries.
A The LDC Energy Alternative Planning (LEAP) Model* is
designed as a flexible and accessible tool to enable planners
and decision-makers in specific countries to identify and
quantify the long-range implications of energy polity
alternatives. . |
The analyst may develop pictures of the time evolution
of energy supply and demand balances, import requirements,
land use impacts, and electric power plant capacity needs
that could be expected under alternative policy and planning
frameworks. A number of policy variables may be explored
in constructing interesting long-term energy scenarios. Among
these are:
® wood supply increases (g;g;; long term programs
to increase the production of managed woodlots,
reforestation projects, urban greenbelts)
L domestic oil production (e.g., increased refinery
capacity or domestic crude extraction)

e efficiency improvements (e.g., cooking stoves,

charcoal kilns, private automobiles, industrial

boilers) _

Prepared for an investigation of long-range energy prospects

for Kenya with an emphasis on the fuelwood cycle, under sponscrship.
of the International Institute for Energy and Human Ecolagy (the
Beijer Institute) of Sweden. The results presented here are
preliminary and for illustrative purposes only.
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° fuel switching (e.g., charcoal to petroleum
products, fossil fuels to& electricity)

e electric system planning (e.g., alternative
cépacity program impacts)

® land use (e.g., mix between use of high potential
land for food, fuel, export crops)

e non-conventional sources.(g;g;, solar heating, wind

driven irrigation, biogas applications)

e increasing agricultural productivity (e.g., mechanization;
irrigation)
o settlement schemes

The model structure allows for considerable freedom
in the specification of long-range energy scenarios according
to the time frame of interest, the detailed consumption
patterns appropriate for the country analyzed, the linkages
to primary energy sources, demographic and economic growth
projections, electric generation system charactéristics,
petroleum supply assumptions, land use, wood availability,
and so forth.

The LEAP model provides quantitative indications of likely
future trouble spots in a country's energy system, the promising
areas for policy intervention, and the magnitude of the effects
of alternate policy objectives. Moreover, policies affecting
agricultural patterns and yields can be assessed to determine
impacts on domestic food supply and import requirements. The mode
can serve as an aid for planners attempting to ensure that their
country's future can sustain long term economic and social

development strategies and goals.

2
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1.2 Model Structure and Data Requirements

'The LEAP model consists of two major components:
I. An Energy Demand Forecasting Model
II. A Resource and Land-Use Projection Model.
The basic structural linkages embodied in the model are displayed
diagrammatically in Figure 1, below. '
The energy Demand Model is based upon a flexible user-
defined set of sectors, subsectors, end—usés, devices, and fuel

types. For example, analysis could include such sector/subsector

components as Urban Houéeholds (Income,...), Rural Households
(Income,...), Large Industry (Steel, Chemiéals,...), Informal
Industry (Brewing, Brick Making,...), Commercial (Offices,
Hotels,...), Agriculture‘(Sugar, Maize,...), Transportation

(Private Ground, Rail,...).

The end-use device aﬁd fuel specification could include, for
example: cooking (jiko/charcoal, stove/wood, stove/electric),
water heating (furnace/oil), lighting (lamp/kerosene, electric)
in households; process thermal (boiler/oil, furnace/electric),
feedstocks (wood, petroleum), motor drive (pumps/electric) in the
industrial sector; cultivation (mechanical/diesel, animal/draft),
iﬁrigation (diesel pump, wind pump), drying (enhanced solar,
biogas) in the agricultural sector, and so on.

The model also embodies linkages from end-use fuels to
primary energy resources through various user-specified conversion
processes, such as transportation, transmission and distribution,

electric generation, oil refining, charcoal production, etc.

For example, end-use fuels could include diesel, kerosene,




Figure 1

LEAP MODEL - GENERAL STRUCTURE
NATIONAL ENERGY DEMAND MODEL
ndustry
Informal (ESTTerclnl j) (:5§f1culture ’ (E;nnsportatlog) INPUTS
POLICY
ECONOMIC
|etif——{ DEMOGRAPHIC
TECHNOLOGY
FUELS

U Rural . Industry
lds Householdsa Formal

Fnd-Use Demands

D @
Cootar)

(&

JEMAND
SECTORS « Hou
UEL
CONSUMPTIbN e Subsector
e End-lise
e Fuel/Device
Exports

! \
H Flectrical

CONVERSION H Petroleum Generation

PROCESS H Refining S &
H Transmissfon Transportation
H
]
]
!
! Fossil Fuels m

L ENERGY ! —
RESOURCES Fi
SUPPLIED Domes* i~ Imported Crude Other Flectricity Nuclear Geo- Wood, Biomass and
Crude & Refined 011 Fossil Tmports nelea Thermal Other Renewables
REGIONAL ECONOMY RESOURCE MODEL
Reglonalize Wood
Abandonment Clearing Demands: Firewood
Charcoal
Urban ernal Available Natural Construction
Settlement ulture Land
—————
LAND USE
SUIFTS
Savannah
CHANGES IN
P> STANDING
Rural WOOD STOCKS
Settlement
> Loon SUPPLY
p——— AGRICULTURAL
ouTPUT

Managed Managed
Woodlot Forest
( Reserve )

--aport <:

wulture




natural gas, wood, charcoal, electricity, coal, residual oil;
biogas, while primary energy resources could include petroleum,
coal, wood, cropvresidues, natural gas, geothermal, hydro.

Actual end—uée consumption levels are calculated on the basis
of éppropriate measures of sectoral and subsectoral activity
(e.g., number of households, steel output, agricultural production,
vehicle—kilometers). The time evolution of these activity
measures, as well as end-use, device, and fuel mixes will
determine the forecast of final energy and primary resource -
demands. Ultimately, then, these demands are linked.to the
demograpﬁic and economic projections embodied in the model.
Device and conversion process efficiencies can change over time
to account for new stocks of equipment, operating changes, or
policy interventions.

The Resource Model is based primafily on land-use patterns
and production characteristics. The land related data is
organized into a hierarchy based upon region, zone, and landfype.
Landtype specification could include settlement, agriculture,
natural forest, reserves, uncropped grazing, pastoral desert,
etc., as well as a variety of wood resource schemes such as
rural woodlots, urban greenbelts, and mahaged forests. The

breakdown could be more detailed as appropriate, for ekample,

to break out different crop categories (e.g., food/non-food;
domestic/export). Regions canbe specified flexibly in both type
and number to represent, for example, provincial divisions. Zones

within regions are also flexibly specified to represent, for

example, ecological zones (e.g. high potential, medium potential,
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semi-arid, arid) or economic planning districts. kLandtype
categories and characteristics can also be specified as the
user wishes.
Land-use shifts over time can be evaluated to account
for changing settiement patterns, expansion (or contraction)
of agricultural activities (e.g. tradeoffs between production
for export and fér domestic consumption), and wood resource
enhancement projects. Agricultural productivity can be specified

on a region/zone/landtype basis and can be ‘allowed to change

over time. Wood resources, including both stocks and annual yields
can be specified for each region/zone/landtype. These resources
are matched with national and regional demands as they evolve,
and appropriate allocation and harvesting is modelled. The
cutting of standing stocks, reduction of annual yields, and regrowt
of stocks is also represented. Also included are inter-regional
charcoal transactions and the accessibility of wood resources on
various landtypes.

Finally, the LEAP Resource Model calculates the time
evolution of regional wood resources and wood harvests
(both annual yields and standing stocks), and tracks the
supply/demand balances, identifying shortfalls and surpluses.
Agricultural production is also calculated and compared with
requirements, ‘and forecasts of agricultural imports and

exports are developed.



For each model, the full input data is echoed back in a.special
outpﬁt report to aid the user in reviewing scenario assumptions‘
and diagnosing the results. The size and nature of the data
base employed in actual.application may flexibly reflect the
unique set of national conditions and the planning scenarios
the user wishes to evaluate.

The LEAP models provide a variety of output reports,
ofnwhich both the number and the degree 0of detail can be
specified by the user. For the Demand Model these include
information on the time evolution of primary and secondary
fuel demands on a sectoral basis, electric generation, petroleum
refining, and import/export conditions, and wood resource
requirements in both energy and physical units. For the supply
model reports on the time evolution of regional and zone-
specific land uses, agricultural production and import/export
conditions, and>regional wood resource allocation, standing
stock, and surplus/shortfall conditions. These'reports are

presented and described in the following sections.




2. DEMAND MODEL

2.1 Description

The LEAP Demand Model provides a very flexible mechanism
for the calculation of a country's energy demands over time.
The basic structure of this model is tied tolthe physical
flows and uses of energy. As such, the demand component of
the LEAP system belongs to the same family as the Brookhaven
Reference Energy System and AL-EDIS energy demand models, with
many of the same advantages. However, LEAP has more extensive
capabilities than those models, with an inherent time dimension
and greater flexibility in defining the energy flow structures.
Further, as we shall see, the LEAé integrates the demand-side
simulations with comprehensive land use/resource model components.
There are -two major components of the energy flow structure
as used in the LEAP Demand Model:
1. The specification of end-use activities and
their fuel uses;
2. The specification of the conversion processes from
primary énergy to end-use fuel types.

Schematically this is shown in the following diagram:

.. Figure 2 .. ..
‘ENERGY  FLOW .STRUCTURE
: . End-Use i
Primary Conversion End-Use ; Activities }
Energy Sources Processes Fuel Types ! & Demands J
/ /" 4
8




While this diagram represents the direction of flow of
energy resources, in practice, the computer model begins at the
most disaggregated device/fuel use level and builds back towards
aggregate primary énergy resource requirements.

In our discussion we shall first review thekend-use
demand structure. It is based on a hierarchy of four
levels: 1) Sector, 2) Subsector, 3) End—usg, 4) Device/Fuel.

By defining the components of these categories, current and
future energy demands can be characterized. For example, one

might define a sector as "Urban Households," a subsector as
"High Income," and end-use as "Cooking," and devices for

this end-use as "Electric Range," "Gas Stove," "Wood Stove"
"Charcoal Jiko," etc. Another example could be "Industrial"
sector, "Steel" subsector, "Process Thermal" end-use, and
devices such as "0il Bojiler," "Electric Arc Furnace," "Coal
Boiler," etc. Then as the magnitude of these components change
over time, the associated energy consumption also changes. Thus
by incorporating forecasts of demographic changes, income shifts,
end-use saturation device efficiencies, fuel mix, economic
‘output, process components, equipment fuels, etc., one can
predict the energy demand consequences.

.The definitions of these demand categories is entirely
flexible and determined by the user when the demand data is
analyzed and entered. There is no pre-defined set of categories
that must be chosen from, but rather the categories are defined
as the data file is created. Indeed, one can select any lénguage
for the category designation, although the printed reports
currently have headingsin English.

9
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There is also a great deal of flexibility in specifying
the conversion proéesses. The results of the end-use
calculations are the total demands for various end-use fuels
(the types are user defined). These end-use fuel demands are
then transformed by a variety of user defined conversion/
distribution processes into demands for primary energy
sources (also user defined). Two special conversion processes,
electrical generation and oil refining, have their own special
characteristics and data requirements. Fuelwood and biomass
regional allocations and primary supply analyses are treated
in the Land Use/Resource model described in the next section.

The skeletal structure of the Demand Model is shown
in Figure 3. Table 1 provides a suggestive list of typical
sector, subsector, end-use and device/fuel type specifications.
A schematic of the basic relationships of the demand model

and energy flows was shown in Figure 1.
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TABLE 1

REPRESENTATIVE DEMAND HIERARCHY CATEGORIES*

Sector

Urban Households

Rural Households

Industry

Agriculture

* 3 3 M ) 0
The categories are neither compulsory nor exclusive and

Subsector

High Income
Medium Income
Low Income

High Income
Medium Income
Low Income

Rubber
Machinery

Steel
Stone
etc.

Small Farm
by Crop Type
Large Farm
by Crop Type
Export by
Crop Type

End-Use

Cooling
Lighting
Water Heating
Space Heating
Cooking

Cooking
Water Heating:
Space Heating
Lighting

Process
Mechanical
Drive
Lighting
Feedstocks

Cultivation
Harvesting
Irrigation
Drying

may be suitably selected for a particular study.

11

Device/Fuel

Wood Stove

Charcoal Stove
Electric Light
Kerosene Light
Electric Stove
Air Conditioner
Electric Water-

heater. .

Wood Stove

Charcoal Stove
Kerosene Stove
Kerosene Light
Gasoline Stove

Coal Boiler

0il Boiler

Wood Furnace
Electric Motor
Solar Collectors

Tractors, Petrol
Tractors, Diesel
Pump, 0il

Pump, electric
Pump, Wind
Dryers, Solar
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Looking at this diagram from right to left, we see
the hiera;chicaideuandstructure moving from device, to end-use,
to subsector, to sector,and ultimately to the national sum
of all sectors. Associated with each level of this hierarchy
is an activity measure (e.g., number‘of households, fraction
in an income group, fraction which have space heating,
fraction which use o0il heaters). As one moves down a branch
to an end-use device, these activity measures, which may
change over time, are multiplied to arrive at a physical
measure of the end-use stock (e.g., the number of refrigerators,
"wood stoves, etc.). These are then multiplied by the
energy use per device, to get the end-use energy associated
with this particular combination of activities. Changing
the activity level of any element in this link produces a
change in the energy demand. After the energy for each end
point is calculated in this fashion, the fuel .requirements
are then aggregated back up the structure to the total end-use
fuel demands. All of this may be displayed in greater or
lesser detéil in the printed model reports.

The end-use fuel demands are then related to primary
energy regquirements By means of various conversion linkages.
For each end-use/fuel category, at least one conversion must
be defined to relate it to a priméry energy source. More than
one conversion linkage may be defined, each contributing a

portion of a given end-use fuel requirement at specified

efficiencies. An example of the former would be a mix of kiln




technologies used in charcoal éroduction. As -with the rest

of the demand-side stfucture, the convgrsion specifications
may also change over time. In addition one further character-
izes electrical generation conversions to primary fuels over
time in terms of current and future generation capacities,

fuel types, and efficiencies.

2.2 Setting up a Demand Scenario

The first step in using the demand model for a country
or regional study is to define the eléments of the wvarious
categories, which then determine the structure of the model.
These cateogies are as follows:

1. End-Use Fuel Types

2. Primary Energy Sources

3. Energy Conversion Processes

4. Electrical Generation Processes

5. Demand Categories: sectors, subsectors, |

end-use, device/fuel types.

By defining these elements, one creates a deﬁand model tailored
to the particular requirements of the region and policy investi-
gation. The model. can be easily expanded by adding new- elements
to the various categories or by changing old ones. In the
following sections we will go through each of these categories.

1. The End-Use Fuel Types are specified first, since
these definitions are used in developing data for several

of the other categories. One lists the fuel types in a logical

14




order, assigning an index number and a name to each fuel
type. The index numbers are used in the other categories
to refer to this fuel type, and the assigned names will
appear in the output reports. The fuel types will be
listed in the output in the same order as used for this
list. Table 2 provides such a list arrayed as input daﬁa

for the LEAP Demand Model.

TABLE 2

: END-USE FUEL CATEGORIES ’

*SECONDARY

1,'W0O0D FUEL'

2, 'CHARCOAL' N
, 'BIOMASS/CRGP RESIDUE'
, 'WOOD INDUSTRIAL'
,'GAIJLINE!

,'BOTTLED GAS'

, 'PARAFFiN'

,'DIESEL!

,'SPIRIT'

10, 'JET FUEL'

11,'GTHER AVIATION FUEL'
12, 'RESIDUAL OIL'

13,'CoAL"’
14, 'ELECTRICITY'
15, 'BAMB0OO!
1€, 'OTHER!
17, 'PETROL"
18, 'SAWDUST!
i9,'MAIZE!
20, 'METHANOL '
21, 'SOLAR"
o/

2. The Primary Energy Sources are treated like the

end-use fuel types in that they are used in specifying other
categories. As before one needs an index number and a name.

In addition, one specifies for wood and oil a conversion to

15




to physical units, to convert from a commom generic energy
unit (currently gigajoules) for some of the output reports.
This is done by‘selecting the appropriate physical measure,
say million tonnes, and calculating the number of generic
energy units in this physical measure. These two data items
are then included as part of the primary energy source data.
‘As with end-use fuel types, the order that one selects will
be used in the various model reports. Table 3 provides a

set of primary energy source data inputs.

TABLE 3

PRIMARY ENERGY CATEGORIES

*PRIMARY

P, 'FUEL WOGCD', 18.3E6, 'MILLION TONKES'

2, 'WOOD FOR CHRCOAL', 16.3E5, 'MILLION TONNES'
3.I \:‘UDD FOR INDUST.', 16.386, 'MILLICN TONNES!
4, REFINED OIL' , 6.1386, 'MILLION BBL'
g'.égﬁGRTED CRUDE' , 6.13E5, 'MILLION BBL'
711HYg§éTI?°?R?DE’ » 6.13E6, 'MILLION SEL

8, 'GEOTHERMAL' ,0, +

9, 'ELEC. IMPORTS' , qg,'

10, 'WIND! |, o, ! ¢

11.'CoaL', o, ' !

12,'BIOMASS!, 0,' !

13, 'SOLAR!Y, o,' !

o/

3. Energy Conversion Processes are used to link end-use
and primary energy types. Each end-use fuel type (except
electricity) must be linked to one or more primary sources.

A link is defined in the backwards direction from the end-use

type to the primary type. A certain fraction of an end-use
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fuel is provided by each of the linking processes, These
fractions are used to calculate the flow. through specific
processes and the prlmary energy reguirements. FEach process
is also assigned an efficiency which determines how much
primary energy is lost in the conversion.

To understand.this better, let's consider the following

example where the end-use fuel charcoal is produced from wood

using two types of kilns of different efficiencies.

Figure 4

CHARCOAL TO WOOD CONVERSION

Kiln Type 1

q , el 1

Kiln Type 2

€2

The fraction of the charcoal produced by the kiln types
are £, and £, respectively. The user must specify these
fractions for the Base, Mid and End index years to represent.

changes over time. (We will return to the procedures for

time indexing below.) In any given year the sum of the fractions
associated with an end-use fuel should sum to one. The

processes also have efficiencies ej and e, respectively} Thus




if C were the energy demand for charcoal, the demand for wood

to produce charcoal, W, would be

fGC+v f2xc
€1 €2

W =

One can have an indefinite number of processes associated with
an end-use energy type linked to one or more piimary energy
categories. (The fractions though should sum to one.) This
is done by specifying conversion processes with the following
information: end-use fuel index, primary energy index, process
name, supply fractions for three index years, process
efficiency. Table 4 shows a sample report of a set of

energy conversion process data.

4. Electrical Generation is a special type of energy
conversion which requires a unigque type of data to characterize
the production of electricity. One first gives the name of
the generation type, then the generating capacity in
Megawatts for the three index years, then the maximum capacity
factor for this type, then the index for the primary energy
source used, and finally the efficiency of this generation
process. The sequence of this list determines the priority
which is used for electrical generation in meeting a given
demand. This simulation can be used to approximate the
consequences of economic dispatch or other considerations
governing the availability and allocation of electrical

generating facilities. The model takes the electrical

18




TABLE 4

ENERGY CONVERSION PROCESSES -— DATA INPUT REPORT

~END USE FUEL~-

wWoOD FUEL

CHARCOAL
CHARCOAL

BIOMASS/CROP RES
WOOD INDUSTRIAL
GASOLINE

BOTTLED GAS
PARAFFIN

DIESEL

SPIRIT

JET FUEL

OTHER AVIATION F
RESIDUAL OIL
COAL

BAMBOO

OTHER

PETROL

SAWDUST

MAIZE

METHANOL

-PRIMARY SOURCE-
FUEL woOD

wOo0D FOR CHRCOAL
wO0OD FOR CHRCOAL

BIOMASS

WO00D FOR INDUST.
REFINED OIL
REFINED OIL
REFINED OIL

REFINED OIL

- REFINED OIL

REFINED OIL
REFINED OIL
REFINED OIL
COAL

BIOMASS

BIOMASS

REFINED OIL
BIOMASS
BIOMASS

BIOMASS

--PROCESS--

WO0D TRANSPORT

'KILN

IMPROVED KILN
COLLECTION
WOOD TRANSPORT
DISTRIBUTION
DISTRIBUTION
DISTRIBUTION
DISTRIBUTION

DISTRIBUTION

DISTRIBUTION

DISTRIBUTION
DISTRIBUTION
DISTRIBUTION
COLLECTION
COLLECTION
DISTRIBUTION
COLLECTION
COLLECTION

CONVERSION

FRACTION - YEAR:
1980 1890 2000

1.00 1.00 1.00

1.00 1.00 1.00
0.0 0.0 0.0

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

1.00 1.00 1.00

1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00

1.00 1.00 1.00

PROCESS
EFFICIENCY

1.000

0.250
0.400

1,000
1.000
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.950
0.9850
0.950
0.950
0.950

0.900




requirement in a given year and then goes down this list,
generating as much electricity available and needed from

each type until the total demand is met, If there is
insufficient indicated capacity then the model can warn

of a shortage or add additional makeup capacity as needed.
The generation energy regquirements associated with conversion
are then added to the appropriate primary energy category
after transmission/distribution, refining, etc, processes are
accounted for. Table 5 shows an echo report of a set of
input data characterizing electrical generation, The model
allows for user specification of current and future capacity
mix, 'fuel types, and conversion efficiencies, some of which may
be subject to policy intervention.

5. The o0il resource treatment in LEAP regquires that data
be provided on current and future refinery capacity, domestic
oil extraction, ekported refined petroleum products, and
refinery efficiency. The model then calculates supply/demand
balances over time and estimates reguirements for imported
crude and refined petroleum, exported crude, and the level of
refinery capacity utilization. Figure 5 shows this diagram-
~ matically, with accompanying notes defining the magnitudes
of the various flows. The full array of end-use petroleum based
fuel demands are aggregated over all sectors to provide the
basis for the supply/demand comparison. Table 6 shows a data
report of a set of input data for characterizing petroleum

supply and refining activity.
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TABLE 5

----------- ELECTRICAL GENERATION PROCESSES ---- DATA INPUT REPORT -------=----
GENERATION GENERATION CAP. (MW) MAXIMUM PRIMARY CONVERSION
PROCESS 1980 1990 2000 CAP. FACT. SOURCE EFFICIENCY
UGANDA IMPORTS 30. © 30. 30. 0.960 ELEC. IMPORTS 1.000
HYDRO POWER 300. 420. 630. 0.300 HYDRO 1.000
GEOTHERMAL 0. 30. 30. 0.800 GEQOTHERMAL . 0.400
COMBUST. TURBINE 26. 50. 80. 0.100 REFINED OIL 0.200
DIESEL 23. 0. 0. 0.100 REFINED OIL 0.200
OIL STEAM 93. 93. 93. .0.640 REFINED OIL 0.250
TABLE 6

--=-- PETROLEUM REFINING & RELATED DATA ----

1980 1990 2000
REFINERY CAPACITY 25.5 25.5 25.5 (MILLION BBL/YR)
REFINERY EFFICIEN. 0.97 0.97 0.97
EXPORTED REFINED 6.8 6.8 6.8 (MILLION BBL/YR)
DOMESTIC CRUDE 0.0 0.0 0.0 (MILLION BBL/YR)
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Figure 5

Petroleum Balancesg
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In a given year projected exports of refined petroleum
products (ER), projected refinery capacity (RC) and projected
domestic crude production (DC) are estimated from exogenous
inputs. Domestic use of refined petroleum products (DR) is
calculated by the LEAP Demand Module.

(1) Total refined petroleum requirements ER+DR
is compared with refinery capacity RC minus
losses which are proportional to refinery
throughput. If sufficient capacity exists,

RC(l-0) > ER+DR, (o = loss factor)
then the amount ©f imported crude is calculated
IC = (ER+DR)/(l-a) - DC

If the refinery is operating at less than full
capacity increased exports of refined products
can be input.

If sufficient domestic crude is available then
exports of crude are calculated:
‘ EC = DC - (ER+DR)/(1-a)

(2) If refinery capacity is insufficient to meet require-
ments then refined petroleum imports are calculated:

IR = ER+DR - RC(1l-a)
In this case imported crude is

IC = RC/(l-a) - DC
or exported crude is

EC = DC—RC/(l—a)
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6. The Demand Categories are the most important part
of the model. It is here that the societal, economic,
demographic, and behavioral activities and their relation-
ships with energy use are specified; it is also here where
the characteristics of énergy using activities and devices
are represented. Finally, it is here where a large variety
of forecast scenarios (including policy interventions) can
be specified with regard to devices, fuel mix, efficiency
improvements, etc. '
Fifst the deﬁand cétegories use a‘mhie;archical”structure

of the following form:

1l Sector

2. Subsector

3. End-Use

4. Device/Fuel
This structure serves to provide an order for the demand data
and calculations, and all entries must fit somewhere into
this structure. An example of this was shown in Figure 2
where the "Urban Household" sector has "High, Medium and
Low Income" group Subsectors, with "Heating" and "Cooking,"
ﬁnd—Uses, with a different variety of Devices associated with
each End-Use. There is complete.flexibility in defining
the Sectors, the Subsectors within a Sector, the End-Uses
within a Subsector, and the Devices associated with an End-

Use. Each category may have as many subcategories as desired.
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The only restriction is that the hierachy be complete, so
that gach Sector must have at least one Subsector, each
Subsector oﬁe End-Use, and each End-Use one Device. Other
that these restrictions, the structure is freely defined
and one may add or delete elements as required.

The data for each element of the demand hierarchy contains
" the following items: level index number, element name,
element activity levels for the three index years, a power
of ten scaling factor for the activity levels, the activity
level label. For the Device level, we also need the end-use
fuel index npmber, and the unit device annual consumption
in standard energy units.

The activity levels are the key to the demand calculations
and may represent a variety of different things (that the
activity units and levels are specified)}. For example, in
a Sector, the activity may represent the number of households,
or the number of péople, or the number of businesses, or the
number of employees, all depending on how the structure is set
up. The Subsector activities may represent fractions of the
Sector activity levels, or something else consistent with the
Sector activity definitions. The End-gse activities might
represent the saturation of that End-use in that Subsector,
and the Device activities might represent the fraction of that
End-use which use the device.

.The fuel use is specified at the Device level in terms

of annual unit usage (e.g., gigajoules of charcoal per household
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stove). The total consumption in any given year for this
device is product of this unit consumption and the associate
activity levels up through the hierarchy as explained earlier.
One advantage of this structure is that it allows one to

change the elements singly or in combination and observe

the results. Table 7 provides a set of data inputs character-
izing the demands for energy at the sector/subsector/end-use/
device levels. Table 8 provides a listing of the various types

of demand data we have discussed.
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TABLE 8

SUMMARY OF DATA CATEGORIES

I. End-Use Fuel Types
1. Segquential Index Number
2, Fuel Type Name

II. Primary Energy Sources

1. Seguential Index Number
2, Energy Source Name
3. Conversion Factor for Physical Units
4, Name of Physical Units
ITT. Energy Conversion Processes
l. Index of End-Use Fuel Types
2. Index of Primary Energy Source

3. Name of Process

4. Fractions of the End-Use Fuel Produced by this
process in the Base, Mid and End Years

5. Process Conversion Efficiency

IV. Electric Generation Processes
1. Name of Process
2. Generating Capacity (MW) in the Base, Mid and End Years
3. Maximum Capacity Factor .
4. Primary Energy Type Index
5. Generating Efficiency

V. End-Use Demand Descriptions
1. Hierachy Level Index
2. Activity Name :
3. Activity Levels in the Base, Mid, and End Years
4. Activity Level Scaling Factor
5. Activity Level Name

Following are for the Device level only:

6. End-Use Fuel Type Index
7. Unit Energy Consumption




2.3 Specification of Time-Varying Input Data

Some of the input data used in the model have a time
dimension. For example, activity levels, end-uses, device
saturations, fuel mixes, conversion processes, and equipment
efficiencies change over time. Rather than specifying a
date and a value for each occurrence of this type of data,

a more general procedure is used. In setting up the model
for a particular case, three years are selected to be
representative for all the time dependent data. These
vears are the Base, Mid and End years respectively. Then
when one enters time varying data, one enters three times
corresponding to the values in each of these years. These
index years are selected in accordance with the time span
of the investigation and the years for which data and pro-
jections Are available. When the modei needs variable values
for intermediate years, it linearly interpolétes the values
of the two nearest index years. The modelncan be run past
the end years, but this must be done with caution to avoid

extensive extrapolation.

Figure 6

DATA INTERPOLATION
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I

Bése Year ' Mid Year End Year
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The linear interpolation of time dependent data does

not, of course, mean that the model results are themselves

linear. Since the model results are both the product and

sum of a variety of factors, rather complex behavior may

be exhibited. For example, consider charcoal used for

urban cooking. The number of urban households changes over

time, as does the distribution of income grodp% as‘might the

fractions which use charcoal for cookiﬁg, as might the average

efficiency of the cooking devices. The charcoal usage is then
~ the product of all these changes summed over all the urban

households. Moreover, charcoal use in other sectors, will

also contribute. Finally, insofar as charcoal contributes,

through.conversion using kilns, to the total requirement for

wood resources, changes in the conversion process over time

affects the time evolution of reguirements for primary wood

resources allocated to charcoal demands. These clearly need

not be a linear interpolation of the usages in the two nearest

index years.

The concludes the general discussion of the Demand Model
and the data requirements. More discussion of setting up a study
will be found +4in the case study Section 4. A further description

of specific data requirements and computer code structure will

be found in Section 5.




2.4 Demand Model Reports

This section will display samples of the output produced
by the Demand Model. 1In doing this we will proceed from
the most general to the most specific.

Table 9 presents an all-Sector summary of the end-use
fuel éonsumption over time. It provides an overview of which
fuels are being used. Table 10 gives this same type of
infofmation for each sector. This table shows the contri-
bution of each sector to the total national demand and the
distribution of fuel uses within each sector. Further detail
of the demands can be obtained from the annual profiles (an
example is given in Table 11) which can be selected to show
the annual consumption do&n to the 1) Sector, 2) Subsector,

3) End-use, 4)Device/ Fuel level.

Other tables provide information on electrical generation
(Table 12), and oil import/exports and refinery activity
(Table 13). A final set of tables report on the primary energy
resources required both in common energy units (Table 14),

and, where appropriate, in physical units (Table 15).
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TABLE 9

NATIONAL SUMMARY OF END-USE FUEL CONSUMPTION ( MILLIONS OF GIGA-UJUOULES

YEAR

ALL SECTORS FUEL
WOOD FUEL
CHARCOAL
BIOMASS/CROP RES
WOOD INOUSTRIAL
GASOLINE
BOTTLED GAS
PARAFFIN
DIESEL
SPIRIT
JET FUEL
OTHER AVIATION F
RESIDUAL OIL
COAL
ELECTRICITY
BAMBOO
OTHER
PETROL
SAWDUST
MAIZE
METHANOL
SOLAR

GRAND TOTAL:
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TABLE 10

----- SUMMARY OF END-USE FUEL CONSUMPTION BY SECTOR

SECTOR / VYEAR

URBAN HOUSEHOLD
wWO00OD FUEL
CHARCDAL
PARAFFIN
ELECTRICITY
PETROL

SECTOR TOTAL:

RURAL HOUSEHOLD
wQOD FUEL
CHARCOAL
BIOMASS/CROP RES
PARAFFIN
MAIZE

SECTOR TOTAL:

AGRICULTURE
DIESEL
ELECTRICITY
PETROL

SECTOR TOTAL:

INFORMAL INDUSTR
‘WQoD FUEL
CHARCOAL
BIOMASS/CROP RES
PARAFFIN

DIESEL

RESIDUAL DIL
ELECTRICITY
PETROL

SAWDUST

SECTOR TOTAL:

LARGE INDUSTRY
BOTTLED GAS
PARAFFIN
RESIDUAL OIL
COAL
ELECTRICITY

SECTOR TOTAL:

1980 1985 1990 1995
3.5 4.9 5.9 8.2
7.3 11.3 15.6 24.0
1.7 2.7 3.6 5.6
1.2 2.0 2.8 4.3
0.3 0.5 0.7 1.2

14.0 21.3 28.7 43.3

136.1 158.5 181.0 210.2

5.2 6.4 7.6 9.5
4.2 4.7 5.2 5.8
3.6 4,2 4.9 5.7
3.4 4.2 5.1 6.2

152.4 177.9 203.8 237.5

6.6 7.1 7.5 8.1
0.6 0.6 0.7 0.7
1.0 1.1 1.2 1.2
8.2 8.8 9.4 10.0
0.4 0.6 0.8 1.2
1.0 1.4 1.9 2.9
.0.0 0.0 0.0 0.0
0.1 0.1 0.1 0.2
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.1
0.0 0.0 0.0 0.1
0.0 0.0 0.0 0.0
1.5 2.2 3.0 4.5
0.2 0.3 0.4 0.5
0.9 1.4 1.8 2.7
16.9 25.5 34.0 51.3
1.3 2.1 2.8 4.5
1.7 2.7 3.6 S.6
21.0 31.8 42.6 64.6

(Partial Results)
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TABLE 11

c—e- PROFILE OF END-USE FUEL CONSUMPTION 1IN THE YEAR 1990 ----

: FUEL USE
DEMAND CATEGORY ACTIVITY MEASURE MILLION FUEL TYPE
GIGA-JOULES

1 URBAN HOUSEHOLD 0.71 MILLION HSH 28.68 SECTOR TOTAL

1. 1 INCGROUP 1 0.08 FRACTION 2.23 SUBSECTOR TOTAL

1. 1. 1 COOK/WATHEAT/SPH 1.00 SATURATION 1.96 ENDUSE TOTAL
1.w0O0D 0.82 FRACTION 1.51 WOOD FUEL
2.CHARCOAL 0.65 FRACTION . 0.46 CHARCOAL

1. 1. 2 COOKING 0.18 SATURATION 0.00 ENOUSE TOTAL
1.PARAFFIN 1.00 FRACTION 0.00 PARAFFIN

1. 1. 3 LIGHTING. 0.94 SATURATION 0.16 ENDUSE TOTAL
1.PARAFFIN 1.00 FRACTION 0.16 PARAFFIN

1. 1. 4 OTHER 0.18 SATURATION' 0.10 ENDUSE TOTAL
1.CHARCOAL 1.00 FRACTION 0.10 CHARCOAL

1. 2 INCGROUP 2 0.23 FRACTION 5.77 SUBSECTOR TOTAL

1. 2. 1 COOK/WATHEAT/SPH 0.95 SATURATION 4.47 ENDUSE TOTAL
1.W000 0.40 FRACTION 1.57 woOD FUEL
2.CHARCOAL 0.85 FRACTION 2.89 CHARCOAL

1. 2.-2 COOKING 0.54 FRACTION 0.31 ENDUSE TOTAL
1.PARAFFIN 1.00 FRACTION ’ 0.31 PARAFFIN

1. 2. 3 LIGHTING 1.00 SATURATION 0.60 ENDUSE TOTAL
1.PARAFFIN 0.98 FRACTION 0.60 PARAFFIN
2.ELECTRICITY 0.04 FRACTION . 0.00 ELECTRICITY

1. 2. 4 OTHER 0.41 SATURATION 0.39 ENDUSE TOTAL
1.CHARCOAL 1.00 FRACTION 0.39 CHARCOAL

1. 3 INCGROUP 3 0.36 FRACTION 10.24 SUBSECTOR TOTAL

1. 3. { COOK/WATHEAT/SPH 0.98 SATURATION 7.75 ENDUSE TOTAL
1.W00D 0.31 FRACTION . 1.97 woOD FUEL
2.CHARCOAL 0.94 FRACTION 5.78 CHARCOAL

1. 3. 2 COOKING 0.69 SATURATION 0.66 ENDUSE TOTAL
1.PARAFFIN 0.93 FRACTIDN 0.59 PARAFFIN
2.PETROL 0.07 FRACTION 0.07 PETROL

1. 3. 3 LIGHTING . 1.00 SATURATION 0.99 ENDUSE" TOTAL
1.PARAFFIN 0.84 FRACTION 0.95 PARAFFIN

2 .ELECTRICITY 0.21 FRACTION 0.04 ELECTRICITY

1. 3. 4 OTHER 0.58 SATURATION 0.82 ENDUSE TOTAL




TABLE 12

——————— ELECTRICAL GENERATION FOR INTERNAL CONSUMPTION‘ (MW CAPACITY & GWH GENERATION)

TYPE / VYEAR 1980 198% 1990 1995 2000
UGANDA IMPORTS

CAPACITY (Mw) 30. 30. 30. 30. 30.

GENERAT. (GWH) 252. 252. 252. 252. 252.
HYDRO POWER

CAPACITY (MW) 300. 360. 420, 525. 630.

GENERAT. (GWH) 788. 946. 1104, 1380. 1656,
GEOTHERMAL

CAPACITY (MW) 0. 15. 30. 30. 30.

GENERAT. (GWH) 0. 105. 210. 210. 210.
COMBUST. TURBINE

CAPACITY (Mw) 26. 38. 50, 65. 80.

GENERAT. (GWH) 23. 33. 44, 57. 70.
DIESEL

CAPACITY (MW) 23, 12. 0. 0. 0.

GENERAT. (GWH) 20. 10. 0. 0. 0.
DIL STEAM .

CAPACITY (MW) 3. 104. 168. 331. 498,

GENERAT. (GWH) 253. 583. 943, 1858. 2792.

-TOTAL ELECTRIC-
CAPACITY (MW) 472. 559. 698, 981, 1268.
GENERAT. (GWH) 1336. 1930.  2553. 3757.  4980.
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TABLE 13

---------- SOURCES AND USES OF OIL ---- SUMMARY FORECAST ( MILLION BARRELS ) mm——eem -
YEARS 1980 1985 1990 1995 2000
SOURCES
IMPORTED CRUDE 22.5 26.3 26.3 26.3 26.3
INTERNAL CRUDE 0.0 0.0 0.0 0.0 0.0
IMPORTED REFINED 0.0 2.7 S.2 22.2 35.2
USES
INTERNAL DEMAND 15.0 21.4 27.9 40.9 53.9
EXPORT REFINED 6.8 6.8 6.8 6.8 6.8
EXPORT CRUDE 0.0 0.0 0.0 0.0 0.0
REFINERY LOSS - 0.7 0.8 0.8 0.8 0.8
REFINERY CAPACITY 25.5 25.5 25.5 25.5 25.5
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TABLE 14

------ ENERGY SUPPLIED FOR INTERNAL CONSUMPTION ( MILLIONS OF GIGA-~JOULES
SOURCE / YEAR 1980 1985 1990 1995 2000
TOTAL WOOD 206.9 260.2 314.7 405.8 498.5
FOR FIREWOOD 140.0 163.9 187.8 218.6 251.0
FOR CHARCDAL 53.7 76.5 100.5 145.9 193.4
FOR INDUSTRY 13.2 19.8 26.4 40.3 54.1
TOTAL OIL 95.0 135.0 174.8 254.3 334.1
IMPORT. REFINED 0.0 16.9 56.7 136.1 215.9
IMPORTED CRUDE 95.0 118.2 118.2 118.2 118.2
DOMESTIC CRUDE 0.0 0.0 0.0 0.0 0.0
HYDRO 2.8 3.4 4.0 5.0 6.0
GEOTHERMAL 0.0 0.9 1.9 1.9 1.9
ELEC. IMPORTS 0.9 0.9 0.9 0.9 0.9
WIND 0.0 0.0 0.0 0.0 0.0
COAL 1.4 2.2 3.0 4.7 6.4
s
BIOMASS 7.8 9.1 10.5 12.4 14.3
SOLAR 0.0 0.0 0.0 0.0 0.0
TOTAL SOURCES: 314.8 411.8 509.8 684.9 862.1
36




TABLE 15

FOSSIL & BIOMASS ENERGY SUPPLIED FOR INTERNAL CONSUMPTION (PHYSICAL UNITS)

1980 1985 1990 1995 2000
FUEL WwOOD
MILLION TONNES 8.6 10.1 11.5 13.5 15.4
wo0D FOR CHRCOAL
MILLION TONNES 3.3 4.7 6.2 9.0 11.9
wOo0OD FOR INDUST.
MILLION TONNES 0.8 1.2 1.6 2.5 3.3
REFINED OIL
MILLION BBL 0.0 2.7 9.2 22.2 35.2
IMPORTED CRUDE
MILLION BBL 1.5 19.3 19.3 19.3 19.3
DOMESTIC CRUDE
- MILLION BBL 0.0 0.0 0.0 0.0 0.0
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3. RESOURCE MODEL

3.1 Description

The LEAP Resource Model complements the Demand Model
by providing forecasts of land-related resource levels
based on land-use patterns. For example, the model
calculates agiicultural production for both internal
consumption and export. The model also calculates regional
wood production for fuel (charcoal and fuelwood) and
construction purposes and automatically keeps track of the
standing wood stock. '

Both food and wood resource supply/demand balances are
tracked over time, depen@ing upon such factors as changes
in national and regional demographic land-use patterns,in
agricultural productivity, in food consumption leveis, in
stocks and yields of wood resources on different landtypes,
and in wood resource policy measures. Such policy measures
could include a variety of projects varying in magnitude,
timing, location, and wood production characteristics. Some
examples are rural woodlots, urban greenbelts, managed
forest plantations, and agro-forestry schemes. Ecological
factors governing location and woodbproduction characteristics
(e.g. species) can be taken into account. The model also
employs additional locational factors to measure the impact
of wood resource accessibility and inter-regional charcoal

transactions on .regional and national supply/demand balances.
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specify those various categories as appropriate. An
illustration of the land demarcations is shown in
Figure 8 below.

In estimating the supply of wood and agricultural
resources, the LEAP model employs a land-use submodel.
The competing functions of a set of specified landtypes
within the country of interest provides the dynamic structure
for the evaluation of the time evolution of resources.
This dimension of the analytic framework of the model is
important since both:-the physical requirements for food and
fuel and the economic implications of food and fuel imports
(and exports) often place competing pressures on land use
and land-use policies in developing countries. Moreover,
demographic pressures, both directly through settlement
patterns and indirectly through food and fuel reguirements,
can be modelléd. Finally, the structure of the land-use
submodel allows for flexibility in evaluating the impact
of alternative land use policies, varying in type, magnitude,
and timing, which affect agricultural and wood resource
production and settiement patterns.

The set of landtypes can be specified in as much

detail as desired or appropriate. An example of such a set

is given below in Table 16.




Figure 8
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TABLE 16

EXAMPLE OF LANDTYPE SET

Natural Forest
*Managed Forest
*Woodlot Plantation
Greenbelt
Settlement
Settlement

*Urban
Urban
Rural
Small
Small
Small
Small
Large
Large
Large
Large

Farm
Farm
Farm
Farm
Farm
Farm
Farm
Farm

Grazing
Uncropped Agricultural Land
Savannah

Reserves .
Water Bodies
Patoral
Desert

Domestic Food
Export Food
Domestic Non-Food
Export Non-Food
Domestic Food
Export Food
Domestic Non-Food
Export Non-Food

*
policy projects




Of course, other divisions might be appropriate
kdepending upon the .country and planning issues of interest.
For example, different types of natural forest may be
modelled to account for the variety of dominant tree
species and their characteristics. The agricultural
.categories may be specified to account for the variety
of crops, or to track land tenure conditions. For any
given landtype demarcation, it is necessary that suf-
ficient detail be provided in order that the sources of
wood and crops be adequately identified for the LEAP
analysis. |

The set of zones could be chosen as desired, é;g;,

a small set for convenience or a large set for greater
ecological or development planning specificity. A convenient
set of ecological zones could be (1) High Potential, (2)
Medium Potential, (3) Semi-Arid, and (4) Arid, based
primarily on annual rainfall.

The Resource Model operates on the basis of three
fundamental sets of processes: (1) land conversions,

(2) wood resource sﬁpply conditions, and (3) resource
allocations to meet demands. Land conversions are treated
through both exogenous inputs (wood projects, expansion

of agriculture) and automatic calculations in the model
(settlement expaﬁsion). Supply conditions are treated
primarily through the available stocks and annual yields
on a region/zone/landtype basis. This depends upon the

supply/demand interaction itself. The allocation of wood
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resources, through both harvesting of annual yields
and cutting of stocks (where necessary) in accessible
lands, is modelled on a regional basis, taking local
fuelwood and charcoal demands, inter-regional charcoal
exchanges, and national construction wood demand into
account. This ailocation, in turn, can affect the conditions
of wood resource supply as a result of stock cutting, and
the consequent reduction of yields, and as a result of
regrowth of depleted stocks when annual yields exceed
demand. Each of these processes are illustrated in the set
of figures which are discussed below. »
Figures 9 and 10 show in more detail, the specific
relationships for wood supply within a region. Managed
forests are harvested to supply construction wood demand,
with the residual made available for local fuel use.
Land clearing from forest conversions provides an additional
source of wood fuel. Then the accessible wood growth
is used as required to meet demand. If there is surplus
growth, then depleted stocks will be replenished; otherwise
the accessible sfanéing stock will be cut as reguired fo
meet fhe demand. Figure 10 shows this process in more

detail for forests.

3.2 Setting Up Basic Resource Data

The Resource Model has associated with it two major
categories of data: 1) Basic and 2) Scenario data. The

Basic data is used to define the base year characteristics
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Figure 9

INTER-REGIONAL WOOD RESOURCE FLOWS
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Figure 10

NATURAL FORESTS WOOD SUPPLY
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of the country'or area under investigation in terms of
land areas and productivities. The Scenario data is used
to define alternative futures based, for example, on
population growth, agricultural productivity changes, and
a variety of other policy variables. These two types of
data will be discussed in this and the next section.

In using the Resource Model one must decide how the
country is to be divided into regions, zones, and landtypes.
As mentioned, useful dividion would be administrative
boundaries for regiéns, ecological/rainfall‘characteristics
for zones, and land-use categories for landtypes. Other
categorieé could be used as appropriate.

Once these divisions are determined, three separate
lists are created of the regions, zones, and landtyée names,
along with the index numbers for each. Those three lists
then serve to define a three-dimensional matrix of possible
land categories. 1In reality, not all regions have or will
have land in all zohes, and not all landtypes will actually
exist in all zones. Only the non-zero combinations are
entered as data.

The collection of land-related data to fill this matrix
requires determining the area of each region and zone, and
the landtype areas within each region-zone combination. If
the landtype produces either wood or agricultural products,
additional data is also required. For wood production,
one needs to know the fraction of the wood resources in

each land area that is accessible for harvest, the annual
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wood yiteld and the current standing stocks per land unit.
For agricultural production, one needs to know the average
annual production per land unit, either in relative of
absolute terms. Note here that one advantage of using
ecological classifications ﬁor zones is that the land type
characteristics for the same zones in different regions tend
to be very similar. A summary liéting of the "Basic" data
requirements are shown in Table 17. A report of sample

input data is displayed in Table 18.

3.3 Setting up the Resource Scenario Data

The "Basic" data function is to capture the geographic
and physical character of the country or region under
invéstigation and to initialize the data set. Off of this
basic "photograph" of the land-use and resource charaéteris-
tics, a number of "motion pictures" of the country's
resource can be developed based, among other wvariables, on
assumptions about policy inputs. The set of data influencing
this evolution of the land-use and resource characteristics
constitutes the "Scenario" data.

The Scenario data is somewhat more complex than the Basic
data. since it incorporates the time dimension, as well as
providing for the analysis of a variety of policy alternatives.'
ﬁowever, because normal default values are established for

most data, one must only confront as much complexity as is

needed for a particular analysis.




TABLE 17

BASIC DATA CATEGORIES

Base Data

1. Country (or Area) Name
2. Base Year

3. Land Unit Label

4. Land Unit Scale
.Regions

1. Index Number

2. Name
-Zones

1. Index Number
2. Name

Land Types

1. Index Number
2. Name
3. Symbolic Name

Land Data

1. Region Index .

2. Zone Index

3. Land Type Index- (or Symbolic Name)
4. Area

Wood Accessibility

Annual Wood Growth

Standing Wood Stock

Annual Agriculture Production

o~
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TABLE 18

s*%% DATA INPUT REPORT - COUNTRY DATA FOR KENYA ks
WESTERN PROVINCE AREA WD ACC WD GRW WD STK A PROD

HIGH POTENTIAL
SETTLEMENT URBAN 3.00 0.0 0.0 0.0 0.0
BUILT ENV. RURAL 4.00 0.0 0.0 0.0 0.0
SML FRM DOM FOOD 322.00 1.00 1.00 20.00 .0.70
SML FRM DOM N-FD 10.00 1.00 1.00 20.00 0.90
SML FRM EXP FOOD 20.00 1.00 1.00 20.00 0.80
SML FRM EXP N-FD 2.00 1.00 1.00 20.00 1.00
LRG FRM DOM FOOD 1.00 0.80 0.50 10.00 1.00
LRG FRM DOM N-FD 1.00 0.80 0.50 10.00 0.20
LRG FRM EXP FOOD 6.00 0.80 0.50 10.00 1.10
LRG FRM EXP N-FD 2.00 0.80 0.50 10.00 1.30
AGRIC UNCROPPED 125.00 1.00 1.00 20.00 0.0
PASTURE 145.00 0.50 1.50 25.00 0.0
FOREST MANAGED 14.00 1.00 8.00 80.00 0.0
FOREST UNMANAGED 71.00 0.60 4.00 80.00 0.0
PLANTAT/WOODLOT 0.0 1.00 20.00 140.00 0.0
RESERVE 15.00 0.0 4.00 80.00 0.0
SMALL FARM WOOD 0.0 1.00 1.00 20.00 0.70

MEDIUM POTENTIAL
SML FRM DOM FOOD 0.0 1.00 0.65 12.00 0.50
LRG FRM DOM FOOD 0.0 0.80 0.40 8.00 0.65

SEMI-ARID
SML FRM DOM FOOD 0.0 1.00 0.50 6.00 0.35
LRG FRM DOM FOOD 0.0 0.80 0.30 4.00 0.50

ARID
SAVANNAH BUSH 50.00 0.30 0.30 6.00 0.0
SAVANNAH GRASS © 32.00 0.30 0.30 6.00 0.0

NYANZA PROVINCE AREA WO ACC WD GRW WD STK A PROD

HIGH POTENTIAL
SETTLEMENT URBAN 16.00 0.0 0.0 0.0 0.0
BUILT ENV. RURAL 6.00 0.0 0.0 0.0 0.0
SML FRM DOM FOOD 421.00 1.00 1.00 20.00 0.70
SML FRM DOM N~FD 15.00 1.00 1.00 20.00 0.90
SML FRM EXP FOOD 20.00 1.00 1.00 20.00 0.80
SML FRM EXP N-FD 3.00 1.00 1.00 20.00 1.00
LRG FRM DOM FOOD 5.00 0.80 0.50 10.00 1.00
LRG FRM DOM N-FD 3.00 0.80 0.50 10.00 0.20
LRG FRM EXP FOOD 32.00 0.80 0.50 10.00 1.10
LRG FRM EXP N-FD 2.00 0.80 0.50 10.00 1.30
AGRIC UNCROPPED 500.00 1.00 1.00 20.00 0.0
PASTURE 105.00 0.50 1.50 25.00 0.0
FOREST MANAGED 0.0 1.00 B8.00 80.00 0.0
FOREST UNMANAGED 0.0 0.60 4.00 80.00 0.0
PLANTAT/WOODLOT 0.0 1.00 20.00 140.00 0.0
RESERVE 90.00 0.0 4.00 80.00 0.0
SMALL FARM WOOD 0.0 1.00 1.00 20.00 0.70

MEDIUM POTENTIAL
SML FRM DOM FOOD - 0.0 1.00 0.65 12.00 0.50
LRG FRM DOM FOOD 0.0 0.80 Q.40 8.00 0.65
RESERVE 23.00 0.0 3.00 60.00 0.0

(partial)




The following table lists the various data that can
be specified. Those items marked with an asterisk must be
in every scenario data set, while the other items are
optional. We will first discuss the required data.

Required Data

The start and finish year of the scenario must be
specified. The model will then éerform annual calculations
from the base year to the final year and report the results
for the start and finish years as well as for selected years
in between. '

Although the Base year is specified as part of the Base
data set, one must specify Mid and End index years for the
time varying data as we éaw was required for the Demand
model. The Resource model then uses these three index years
to interpolate the time dependent indexed data in the same
fashion.

Population data must be given for the rural and urban
populations in each of the regions for the three index
years. This data is used to allocate national wood demands,
and calculate food needs over time, as well as to compute
requirements for settlement land. The population related
calculationé are performed relative to base year values
and relative to total national population, thus the exac£
values are not as important as the relative changes.

The regional allocation of wood énd charcoal demands

proceeds as follows. Fuel wood is assumed to be supplied
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TABLE 19

LEAP RESOURCE MODEL

SCENARIO DATA

A. General Scenario Data

*1. 'Start and Final Years for analysis.
*¥*2., Mid and End Years for indexed data.
*3. Rural Population in thousands by region
for each of the index years (Base, Mid and End).
*4. Urban population by region as above.
5. Rural settlement density scale for the three
index years.
6. Urban settlement density scale as above.
7. Sources of Rural Settlement Lands.
8. Sources of Urban Settlement Lands.
*3. Base year domestic food consumption (1000 tonnes).
*10. Base year total agricultural production by land
type (1000 tonnes). Used for normalization.
11. Future agricultural productivities by land type
for the three index years.
*12. Base year per capita caloric intake (calories/day).
13. Caloric consumption scaling factors for the index
years. , .
B. Exogenous Land Conversion Data
1. Region Index
2. Zone Index
3. Land type converted from.
4. ©Land type converted to.
5. Annual area converted.
6. Starting year of conversion.
7. Final year of conversion.
*
Required
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from the same region in which it is used. National
chércoal demand is allocated to regipns proportional to
urban population distribution. Final charcoal demand
may be met from charcoal produced in other regions than
the region of consumption. A specified inter-regional
charcoal allocation matrix assigns the charcoal demand
for each region to one or more supply regions. Thus each
region supplies its own fuelwood, some or all of its
charcoal, and may supply charcoal for other regions as
well. Construction wood demand is supplied from managed
forests. The National demand is allocated to the wvarious
regions proportionally to each region's managed forest yield
in a given year. Figures 112 and 11B illustrate these
various allocation procedures.

Also needed, is the base year domestic food consumption
which is used in-conjunction with base year food production
to calculate initial imports/exports. This is also scaled
by future population growth and caloric intake changes
to project future food requirements.

Future changes. in agricultural productivity, by
landtype, may be specified as part of a scenario.

Optional Data

The following optional data allows the creation of
a variety of scenarios. The major categories are listed

below.
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National Fuel
Wood Demand Figure 11A

NATIONAL FUEL WOOD DEMAND

1. The National Fuel Wood Demand
is allocated to province based
on that province's fractiom
of the rural population. Fuel

Regional Riral ’ wood is assumed to be supplied

Population Distribution from the same province it is
used in.

2. The National Charcoal Wood Demand
is allocated to province based
on urban population. Charcoal
may be supplied frqm other places

Regilon 2 _ Regilon 3 than the province of use. A
Wood Supply Fuel Fuel Fuel : . specified charcoal transportation/
Regions: Wood Wood Wood allocation matrix assigns the char-
biood for Wood for [Wood for coal wood demand from each province
Charcoal Charcoal Charcoall to one or more supply provinces.
3. Thus each province supplies its
Charcoal : own fuelwood, some or all of its
Conversion: KILN KILN KILN charcoal wood, and may supply
charcoal wood for other provinces
as well. :
Charcoal
Supply Charcoal] Charcoal Charcoal
Regions:
arcoal Demand
location Matrix
arcoal_De— Charcoal Charcoal Charcoall
and Regions:-
}

Regional Urban
Population Distribution

National Charcoal
Demand
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Figure 11B
NATIONAL CONSTRUCTION WOOD DEMAND

NATIONAL CONSTRUCTION
WOOD DEMAND

PROVINCIAL
MANAGED FOREST
- PROPORTIONAL GROWTHS

Supply

Province Wood Wood Wood Wood Wood

Construction wood demand is supplied from managed
forests. The National demand is allocated to the wvarious
provinces based on the current managed forest yield in each
province. This demand is allocated proportionally to supply.
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(a) Settlement Lands

As urban and rural populations grow, the model
normally increases the areas of urban and rural settlement
lands by converting contiguous farm lands. One may,
however, specify explicitly by region and 2zone where the
new settlement lands are taken from. Additionally, growth
of settlement lands may be modified by changes in the
settlement density (i.e. an increase in the density
reduces the settlement land increase). This is done by
specifying an hierafchical'order of available landtypes
for each region.
(b) Agricultural Production

Data may be providea to characterize projected or
targeted changes in agricultural productivities by land
type over time. This is performed through a scaling
factor specified by landtype and index year used to
multiply the base productivity values fof that landtype
in all regions and zones.
(c) Wood Production

Changes in wooa productivities on various landtypes
may also be modelled. This is done in a fashion
analogous to changing the agricultural productivities.
(d) Land Converéions

Most importantly, conversions from one landtype to

another within a given region and zone may be developed

as exogenous inputs representing expectations and/or




policies. This permits a very wide range of possible
scenarios. For example, forest land could be converted to
woodlots to increase fuel wood production, uncropped

land could be converted to agriculture land for more food
production, agricultural land could be converted from one
type to another to represent changes in productivities

or products. Altogether this provides a very flexible

and powerful tool for designing policy scenarios.

3.4 Sample Results.

The resource model produces a number of reports which
give information about landuse and woodland agricultural
production. Table 20 shows a sample landuse forecast for
one region (the model pfoduceé reports for all regions plus
a national summary). This table showé the areas devoted
to various landuses for each zone within the region over
the time span of the forecast. This report enables one,

. for example, to see the effects of increasing land required
for urban settlement, observe trends in agricultural land
usage, determine‘how much land is available for conversion
from one uée to another, and identify trouble spots

and opportunities with respect to long-range land use pétterns.

The model also produces a table summarizing national
agricultural production and demands (Table 21). This table
shows the land areas devoted to agricultural production,
the domestic food production, consumption and import
.requirements, as well as agricultural exports and other

information.
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ZONE / LANDTYPE

HIGH POTENTIAL
SETTLEMENT URBAN
BUILT ENV. RURAL
SML FRM DOM FOOD
SML FRM_.EXP FOOD
LRG FRM DOM FOOD
LRG FRM EXP FO0OD
LRG FRM EXP N-FD
PASTURE
FOREST MANAGED
FOREST UNMANAGED
UNUSED

ARID
RESERVE
SAVANNAH GRASS

ALL ZONES
SETTLEMENT URBAN
BUILT ENV. RURAL
SML FRM DOM FOOD
SML FRM EXP FOOD
LRG FRM DOM FOOD
LRG FRM EXP FOOD
LRG FRM EXP N-FD
PASTURE
FOREST MANAGED
FOREST UNMANAGED
RESERVE
SAVANNAH GRASS
UNUSED

TABLE 20

CENTRAL/NAIROBI LAND USE PROJECTIONS
( 1000 HECTARES )
1980 1985 1990 1995
1019.
32. 45. 58. 82.
5. 6. 6. 7.
180. 166. 153. 128.
26. 26. 26. 26.
262. 262. 262. 262.
60. 60. 60. - 60.
10. 10. 10. 10.
93. 93. 93. 93.
44, 44. 44. 44,
202. 202. 202. 202.
105. 105. 105. 105.
367.
138. 138. 138. 138.
229. 229. 229. 229.
1386.
32. 45. 58. 82.
5. 6. 6. 7.
180. 166. 153. 128.
26. 26. 26. 26.
262. 262. 262. 262.
60. €0. 60.. 60.
10. 10. 10. 10.
93. a3. 93. 93.
44. - 44. 44, 44,
202. 202. 202. 202.
138. 138. 138. 138.
229. 229. 229. 229.
105. 105. 105. 105.
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*xxkss  AGRICULTURAL PROJECTIONS

AREAS (
SML FRM DOM FooD
SML FRM DOM N-FD
SML FRM EXP FOOD
SML FRM EXP N-FD.
LRG FRM DOM FoOD
LRG FRM DOM N-FD
LRG FRM EXP FOOD
LRG FRM EXP N-FD

TOTAL AGRIC. LAND

FOOD SOURCES
PROD FOR HOME MKT
(THOUSAND TONS)
IMPORTS
(THOUSAND TONS)

FOOD CONSUMPTIGN
TOTAL REQUIREMENT
"(THOUSAND TONS)
AVER. PER CAPITA

(CALORIES/DAY)

AGRICULTURE EXPORTS
(THOUSAND TONS)

RELATIVE PRODUCTION
(PER LAND UNIT)

198
1000 HECTARES )

TABLE 21

ek
] 1985
1717. . 2310.
25, 25.
179. 179.
6. 6.
618. 938.
25, 25.
281, 281.
24, 24,
287s. 3788,
1940.00  2485.33
640.00 799.35
2580.00 3284.68
2000. 2100.
1120.00 1176.00
1.00 0.91
60
R

1990

2903.

25.
179.

6.
1258.

281.
24,

4701.

3190.77

853.40

4044, 18

2200.

1232.00

1995
3455,
179.
6.
1578.

281.
24.

5573.

3914.79

1269.54

5184.33

2300.

1288.00

4680. 11

1727.54

6407.65
2400.

1344.00




The model also provides a detailed wood report for
each region and the nation as a whole (Table 22). This
table gives the standing wood stock and the amount supplied
from each wood producing landtype in the region. The total
éupply is compared with the demand and the shortfall,
if any, reported. Also reported is the annual wood growth
for the regioﬁ in each year, and the amount that is
accessible for harvest. A final section of this table
reports in more detail fhe components of the demand and
the source of supply; for example, whether it is harvested
from new growth or cut from standing stock.

 These tables provide detailed information for the
identification and evaluationof potential problems as well

as an aid in developing and testing alternative policies.
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TABLE 22

CENTRAL/NAIROBI WOOD REPORT STOCKS AND SUPPLIES (MILLION TONNES)

. 1980 1985 1990 1995 2000
SOURCE BY LANOTYPE: STK SUPL STK SUPL STK SUPL STK SUPL STK S
SML FRM DOM FOOD 3.60 0.30 2.68 0.30 1.61 0.29 0.24 0.25 0.0 o
SML FRM EXP FOOD 0.52 0.04 0.42 0.0s 0.27 0.0S 0.05 0.05 0.0 o]
LRG FRM DOM FQOD 2.62 0.17 2.21  0.19 1.63  0.20 0.72  0.21 0.52 0
LRG FRM EXP FOOD 0.60 0.04 0.51 0.04 0.37 0.05 0.17 0.05 0.12 o
LRG FRM EXP N-FD 0.10 0.0 0.08 0.01 0.06 0.01 0.03  0.01 0.02 oO.
PASTURE 2.33  0.11 2.10  0.11 1.77 0.12 1.27  0.12 1.16 ©
FOREST MANAGED 3.52 0.16 3.52 0.25 '3.52  0.25 3.52 0:27 3.52 0
FOREST UNMANAGED 16.16  0.80 14.28 0.96 11.57 1.14 7.38  1.01 6.46 O
SAVANNAH GRASS 1.37 0.03 1.29  0.04 1.18 0.04 1.00 0.04 0.96 0.
CLEARED LANDS 0.0 0.0 0.0 0.0 0.
--- TOTALS =-- 30.82 1.66 27.10 1.93 21.99  2.13 14.38 2.00 12.77 o.
TOTAL DEMAND 1.66 1.93 2.13 2.43 2.
SHORTFALL 0.00 0.00 0.00 0.43 . 2.
CURRENT ANNUAL GROWTH
ACCESSIBLE 1.27 1.08 0.82 0.43 o.
TOTAL 1.74 1.55 1.29 0.91 o.
SUPPLY DEMAND BALANCES
1980 1985 1990 1995 2000
WOOD USE CATEGORY - FUEL  INO/ FUEL  IND/ FUEL  IND/ FUEL  IND/ FUEL  IN
WOOD CONST woOD CONST WOOD CONST WOOD CONST wWooD  CON
DEMAND
FROM REGION 1.53 1.73 : 1.94 2.22 2.50
OTHER REGIONS 0.0 0.0 0.0 0.0 0.0
TOTAL 1.53  0.13 1.73  0.20 1.94 0.20 2.22  0.21 2.50 oO.
SUPPLIED
SUSTAINED YIELD 0.95 0.13 0.87 0.20 0.75 0.20 0.18 0.21 0.06 O,
STOCK DEPLETION 0.59 0.86 1.19 1.61 0.0
TOTAL 1.53  0.13 1.73 0.20 1.94 0.20 1.79  0.21 0.06 0.2
SHORTFALL 0.00 0.0 0.00 0.0 0.00 0.0 0.43 0.0 2.45 0.0
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need to expand or intensify agricultural production, the
pressure on étanding stocks of wood resources, and the
requirements for additional sources of wood will emerge
from such an investigation. The analyst can then proceed
to construct policy scenarios which address these problems.
Policy scenarios can be developed to assess the supply/
demand implications of individual measures as well as integrated
packages of options. It is useful to begin by testing the
sensitivity of results to a variety of promising measures
at several levels of implementation. The examination of Base
Case results provides guidance in the selection of these
measures, and such sensitivity analysis lays the basié for the
construction of integrated policy programs which can be
designed to effect changes in the character of both supply
and demand.
It is useful to consider policies affecting demand and
resources separately at first. This is convenient in that
it adheres to the general structure of the LEAP model. Moreover,
fromAthe policy design standpoint, the demarcation between
measures affecting end-use and primary fuel demands principally
through technology changes, and options affecting the supply
of resources primarily through land-use programs, may be useful.
Some measures, however, do not readily fall primarily within
either the demand or resource ‘sides of the analysis. Examples
of these could include measures affecting demographic
patterns, e.g. settlement schemes, and agricultural expansion,

both of which have direct consequences for land-use and energy
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demand. Such measures of necessity require a combined
demand and resource analysis.
among the kinds of policy measures that can be

evaluated using the LEAP Model are:

e wood supply increases (e.g., long term programs
to increase the production of managed woodlots,
reforestation projects, urban greenbelts)

e domestic o0il production (e.g., increased refinery
capacity or domestic crude extraction)

e efficiency improvements (e.g., cooking stoves,
charcoal kilns, private automobiles, 1ndustr1al
boilers)

e fuel switching (e.g., charcoal to petroleum

products, fossil fuels to electricity)

) electric system planning (e.g., alternative
capacity program impacts)

e land use (e.g., mix between use of high potential
land for food, fuel, export crops)

) non-conventional sources (e.g., solar heating, Wlnd
driven irrigation, biogas applications)

° increasing agricultural productivity (e.g.,
mechanization, irrigation)

e settlement schemes.

4.2 Demand Model Policy Scenarios

By examining the Base Case reports provided by the LEAP
Deﬁand and Resource models the user can identify opportunities
for reducing demands or shifting fuels in ordexr to'alleviate
the impact of some of the problems that are illuminated by the
Base Case projections. Here, for illustration, we shall focus
upon the problems of reduciné 0il imports and reducing wood

demand.
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As can be seen below in Figure 12, the Base Case

v projections (see Sec. 2) for oil imports (both crude and
refined) for meeting domestic requirements more than triples
between 1980 and 2000, increasing from 15.7 million barrels
bto 54.7 million barrels. The most rapid increases arise in
the urban households, large industry, transportation,

and commercial sectors. Economic and demographic trends
govern the magnitudes of the varioué sectoral increases, e.qg.
rural to urban migration. Of these sectors, transportaﬁion
and large industry dominate overall oil consumption' and
therefore deserve attention in developing' demand policy. While
Figure 12 is illustrative of the general sectéral trends, it
is necessary to examine the detailed subsector, end-use, and
device/fuel information to locate more specifically the major
sources of oil demands and the plausible policy options that
can reduce these demands.

For example, specific subéectors and end-uses can be
targeted. These choices can be based upon both ﬁheir
relative contribution to demand, and evaluation of the likeli-
hood of policy effectiveness (e.g., public versus private
sector transportation, central versus dispersed techﬁologies).
Here we shall restrict such options to those which reduce oil
.use without reducing the final service at the end-use level.
Fuel switching and coﬁversion efficiency improvements will be
employed to achieve this end.

The results of Base Case Demand and Resource model pro-

‘jections show that wood resource demands are expected to rise
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rapidly and both shortfalls and standing stock depletion on
a regional and national basis can be expected. Figure 13

below, developed from the sample Base Case reports presented

in Sec. 2.4 and Sec. 3.4, shows the major trends on a national
basis. More regional detail is available in the regional
Resource Model reports. Wood resource demands remain dominated

by Rural Household demand for fuelwood and Urban Household
Demand for charcoal throughout the forecast period. During
the 1980-2000 period, @emand increases by 250 percent, from
12.7 million tons to 30.6 million tons. The consequence of
this is that by the year 2000 a serious shortfall (about half
of demand) is shown to arise despite the cutting of standing

stocks.

The demand policy program developed here includes the
following measures addressing the wood resource supply/demand

problems from the demand side only. These measures include:

1. urban households - device improvements
2. rural households - device improvements
3. charcoal kiln improvements
4. +transportation improved vehicle mileage
5. electric generator increased efficiency
6. large industry boiler improvement

68




Figure 13
BASE -CASE

SUPPLY AND DEMAND

30.6
' Indus- T
trial ! |
Wood | |
3.3
| |
Wood | i
for |Short-l
Char—- fall |
coal l15.4 |-
11.9 I l
' l
|
|
| |
l |
| i
i 5.2 )
_Million Tonnes
. Cut
12.7 12.7 Stocks
Ind. Cut 5.2
Wood Stocks
for 2,5
Char- 3
coal
33 Fire
e |
Fi ' Har- ' vested
wlrg vested| Growth|
g"e Growth 10.0
) 10.2
BASE BASE BASE ) BASE
DEMAND SUPPLY DEMAND SUPPLY
————— 1980 ——em—m SN 7, Yo o JS—

Demands and Supplies are in Millions of Metric Tons.

69




The results of the demand policy program are provided

in reports identical in format to those shown earlier for

the Base Case. To complete this illustration, Figuresl4 and 15
below, developed from the Demand Policy Scenario reports,
arevprovided. Note the reduction in oil imports>of 15%
compared to the Base Case in 2000. Woéd shortfall and stock

depletion is also reduced by the year 2000, although not in the

‘same proportions as the reductions in demand, due to the regional

character of shortfalls. Regions with wood surpluses benefit,
not by the reduction of shortfalls, but rather by a reduction
of stock depletion.

From these national results, it is apparent'that.there is
a need for more wood supply. But there remains the issue of
when and where it is needed. This can be determined by looking
at the region specific results. Figures 16 and 17 show
graphically the time development of wood supply, demand and
shortfall for two regions. The first region is experiencing

a severe wood crisis with cutting from the standing stocks

- providing over a third of the supply in the base year. With

stock reducﬁion, future growth potential'is decreased, and wood
supply ultimately collapses circa 1995 when the last of the
available stocks have been cleared. The second region is in
much better condition. No substantial cutting of the wood
stocks 1is projected until the early 1990's, and no shortfall

at all is anticipated through the year 2000 when the annual

growth plus some stock cutting is adeguate to meet demand.
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Figure 15
WOOD DEMAND AND SUPPLY
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Figure 16
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Figure 17

WOOD SUPPLY AND DEMAND
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It is clear that oﬁe region is in much greater need
for enhanced wood production. Thé next step is in determining
what kiﬁds of projects to implement and at what magnitudes.
From foresters and development experts one can dec¢ide which
schemes are appropriate for the particular country and
ecological regime. One then needs to look at the landuse
patterns within a particular region and decide which wood
projects are feasible within that context. One then combines
these land conversions;to create a scenario, and retﬁrns the
resource model to evaluate the consequences.

The results of some illustrative enhanced wood supply
policies are shown in Figures 18 for national supply/demand
balances,’and Figures 19 and 20 for our two selectéd reéions.
The latter figures indicate that we have eliminated thé shortfall
in the first region and have even produced a small, but
declining, surpius in the later years. In the second region
we have entirely eliminated the stock cutting although the
annual growth barely exceeds demand by 2000. Since there is
a surplus in all previous years, the wood schemes for thié
region could probably be delayed with few ill effects. Because
of the complex relationship between stocks and yields relating
to wood resources, the creation and fine tuning of resource
scenarios is not as straightforward as for the demand side.

By further analyzing the results, policy scenario iterations
can be performed to arrive at desired supply/demand balances
over time.. The scope and timing of real world‘poiicy‘efforts

required to achieve these targets can then be examined.
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Figure 18
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Figure 19
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Figure 20
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5. STRUCTURE OF COMPUTER CODE

The following figures and tables describe the technical
structure and data file formats of the computer code for the LEAP
model. In addition, an illustrative example of the computer
terminal session is provided, showing the input and report

options available.

5.1 Structure

Figure 21 shows the basic structure of the LEAP computer
modeling system, including‘the linkages between the Supply and
Resource models and the input and output files. The relationship
between the models. is apparent frém this figure. On the Demand
model side the fortran coded DﬁMAND MODEL program performs the
basic calculations. The input DEMAND DATA file for this model is
specified by the generic name DMDATA, along with a scenario
specific name [dname] so that the program can distinguish each
scenario data file. There are three types of outputs produced by
the Demand model. The first is the DEMAND DATA ECHO report
designated by the-name DEMAND ECHO, which provides a convenient way
of examining the scenario input data for accuracy of entries and
to allow subsequent modification of data inputs. The second type of
output produced are the DEMAND reports, some examples of which
have been shown in Section 2. These reports provide the basic
results of the demand scenario analyses of the LEAP model. Finally
the model also writes some of the scenario specific results onto a
WOOD DEMANDS file which can be accessed by the Resource model.

In particular, national fuelwood, charcoal, and construction wood

demands estimated for each of ‘the forecast years are provided in
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Figure 21
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The RESOURCE MODEL uses data from three files: (1) WOOD
DEMANDS from the Demand Model, (2) BASIC COUNTRY DATA defining
" landtypes, wood and agricultural production, etc. and (3)
SCENARIO DATA which includes various policy options and defines major
landuse changes over time. Each of these files is tagged with
the scenario specific names (i.e., dname, cntry, scen,
respectively) characterizing the data set embodied therein.
The outputs of the Resource model include a RESOURCE DATA
ECHO and RESOURCE REPORTS presenting the results of the landuse,
agricultural, and wood resburce projections. Samples of these

various tables were given in Sec. 3.

5.2 Terminal Interaction

Table 23 below is a copy of a typical interactive ses§ion
using the LEAP system. The discussion below will refer to
this table. Characters in upper case are the system responses'
and gueries. Lines in lower case letters are the user responses.
The scenario combinations and output report optioné are chosen
at the user's discretion.

The final command, "leap," activates the model. Then the
first guestion posed is whether to run the Demand model. An
answer of "yes" starts the Demand model and lists the currently
available demand daté files; by entering the scenario name of
one of these files (" base") that file is selected and the programk
begins. The next query is for the level of detail required for the
annual profile reports (discussed in Sec. 2); an entxy of "0" (zexo)

suppresses completely these reports. When the demand calculations are
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completed, one is asked whether one wishes to see the summary results
on the computer terminal: an answer of "no" bypasses that output.
The next gquery inquiresvabout printing the results. An answer of
"yes" prints the Report and Echo files on the highspeed printer at
the computer center. This then coﬁpletes the Demand model segquence.
The next gquestion is whether to run the Resource model or
not. An answer of "yes" will start the process.‘ The user then
'selects the three files needed for this model and the program
execution begins. After the calculations are completed, the user has
the option of examining a variety of the output reports (Landuse,
Agricultural, Wood) at the national and regional level. In the
example shown, the user selected the wood report for one région.-
After looking at individual reports, the user has the option of
printing the entire Resource Report and Echo files as before. This
completes the Resource model.
| The Demand and Resource models can be run separately or in
tandem. In addition, scenarios can be constructed by selecting
among data files to interactively produce.a variety of combinations

of demand and resource scenarios.
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TABLE 23

LEAP TERMINAT, SESSION

lear

31 AR KK KK 0K KK KK KK K KT KK KR KRR KR XK K KOk R KK
XXXk LEAF ENERGY MOOELING SYSTEM  XXxkk¥
*******X***#************X****t******t*ﬂ**

00 YOU WISH TO RUN THE DEMAND MOUEL ( YES/NU 7
+Ue2s

*%% LEAF DEMANL MODEL XXX

DEMAND SCENARID FILES ARE,
KEASE LUMIAT A Al
KENEE? OMOATA Al
KENIE1 UMLATA Al
RENUALL LOMIDATA Al
KENOR?1 DMLATA Al
KENQI11 OMDATA Al
KENSW1 OMUATA Al
RENTE1 OMIOATA Al
RENTF1 IMOATA Al
KENWA11 OMOATA Al
KENWA21 DIMDATA Al
KENWAJZ1 [OMOATA Al
KENWA?1 DMLATA Al

KFi1 oMOA YA (]
ENTER SCENAR1O NAME T
+kbase

OMSLIN7401 EXECUTLIUN BEGINS...

SELECT ANNUAL FRUFLILE OUTFUT LEVEL
( O=NONE, 1=SECTOUR, 2=SURSECTURs J3=ENLUEEs A=DEYICE).
T
e : s O
OUTPUT F1LE 1S3 DEMAND LISTING
D0 YOU WISH TUO TYFE. THE SUMHMARY RESULTS ( YES/NO ) 7
« 1710
D0 YOU W1SH 10 FPRINY1 OUY1 THE RESULTS ( YES/ND ) 7
' HES

)

D0 YOU WISH 10 RUN THE RESOURCE HMODEL ( YES/NU )
BE5

k%X%%x LEAFP RESOURCE MOLEL  #a%xX

COUNTRY FILES ARE:

KENYA LANIATA Al
ENTER COUNTRY NAME T
henvs
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(Continued)

SCENARIO FILES. ARE?}

BASE RSCENE Al
RAUO RSCENE Al
RF1 RSCENE Al
LS1A RSCENE Al
LS1E RSCENE Al
LE2A RSCENE Al
LS2ER RSCENE Al
LLS3A RSCENE Al
LS3E RSCENE A1
LS4A RSCENE 41
LS4k RSCENE (3

ENTER SCENARIU- NAME 7

+Das56E

DEMAND OQUYFUT FILES ARE:

TABLE 23

KENESY ODMOOUT Al
KENIE1 DMDOoUT Al
KENIN1 aoMoouT Al
KENUOA11 OMLUUUT Al
KENOEY1 oMoouT Al
KENOI11 DMODOUT Al
KENSW1 ODMOouUT Al
KENSW1R DUMLUUY - At
KENSWiUu oMOouUT Al
KENSW2 oDMLouUT Al
KENTE1 OMLOoUT Al
KENTE2 DMLOUT Al
KENTF1 aoMoouT Al
KENWA11 UMDOUT Al
KENWa21 aMoouT Al
KENWA31 LMLOUY Al
KENWA91 [OMOUOUT Al
KF1 oHMoouTY Al
KEASE DMOOUT (51
ENTER DEMAND FILE NAME ¢
+kbhase

DMSLIO?7401 EXECUTION BEGINS., .
REGIONS: 7 ZONESY 4 LANU 1YFES: 4
DUTFUT FILE 1S3 RESOURCE LISTING
D0 YOU WISH 10 EXAMINE THE OUTFUT REFURTS ¢ YES/NU ) 7

eHa35
OMSLIOY40I EXECUTYT1ON BEGINS ...
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TABLE 23
(Continued)

THE FOLLOWING REFORTS ARE AVALILAERLE!
1. LANOUSE AREA REFUORTS
2. NATIONAL AGRICULYURAL REFORT
3. WOOD PROOUCTIUN REFURTS

¥X ENTER YOUR SELECTION (1-3) 7

ird

SELECT?: 1=UNE .REGIONs 2=ALL REGIUNS,» S=NATIUNAL
’?

.1 ' .

SELECT ONE OF THE FOULLUWING REGIONS:
WESTERN FROVINCE

NYANZA FRUV1INCE

RIFT VALLEY FROV
CENTRAL/NA1RORI

EASTERN FROVINCE

NURTHEAST FROV.

COAST FRUVINCE

N R+

THE FOLLOWING REFORTS ARE AVAILAEBLE?
1. LANDUSE AREA REFORTS
2, NAT10HAL AGRICULTURAL REFURT
3, WUOO FPRODUCTIUN REFURTS

%% ENTER YOUR SELECTION (1-3) 7
7

OO0 YUOU WISH 70 PRINYT 1HE RESULIS ¢ YES/NU 3 7

L 110
R T1=9,26/12,23 11148133
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