Invited Paper

NATIONAL ENERGY PLANNING IN SRI LANKA
Part 1 - Development of Computer Models

A Abeywardena

Abstract : This paper describes the formula-
tion and use of a set of micro-computer based
models for Emergy Planning and Policy Analysis
in Sri Lanka. It describes the three-tier
hierarchical modeling framework. The overall
Erergy sector amalysis is carried out by using
RESGEN, a physical Emergy Balance model and
Erergy Network and EFAM, its fipancial coun-
terpart, which provides information on corres-
ponding economic and financial flows. The
three principal Energy sub-sectors, electri-
city, oil and biomass, are analysed by means
of appropriate sub-models. ENMAC is a multi-
sector simulation model at the top level of
the hierarchy which captures the chief intera-
ctions between the Erergy sector and other
important sectors of the macro-economy.

THE BACKGROUND

The Energy Planning and Policy Analysis
Task Force (EPPAV) of the Ministry of Power
and Energy, Sri Lanka was formed in 1982. This
Task Force, and its working group on Energy
Modeling have been largely responsible for the
Integrated National Energy Planning (INEP)
exercise conducted during 1983-1985. The obje-
ctive of INEP was to formulate a long-term
National Energy Strategy for Sri Lanka. Micro-
computer models were developed by EPPAN staff
for detailed investigation of the National
Erergy situation and policy options.

The micro-computer models described in
this paper were developed by the working group
of the EPPAN with the assistance of an over-
seas consultant. The project was funded by the
Asian Development Bank (ADB).

THE MODEL FORMULATION

The key design feature of the modeling
system is its hierarchical structure. Instead
of developing a large, comprehensive model, a
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series of smaller models have been developed.
Each model is capable of being run on its own,
but also could be linked to each other. Diff-
erent models were developed for different
levels of detail, resulting in the hierarchi-
cal system depicted in figure 1.

At the Energy supply sub-sector level, two
models have been developed. The first is a
Lirear Programming (LP) model for the Petro-
leum Refinery. This model determines crude
type and throughput to meet the petroleum
product demand at minimum foreign exchange
cost, subject to existing refirery configura-
tion. The second sub-sector model is for the
fuelwood sector.

At the next level are the Energy Sector
Models. The first is an Energy Balance Model
(RESGEN) that is designed for construction and
analysis of Natiomal Energy Balance Tables.
The model has the flexibility to configure
the Energy Balance in many dif ferent formats
(such as O0ECD, World Bank or UN format) with
foreign currency transactions for imports,
exports and burkers. The Energy Financial
Analysis Model (EFAM) keeps track of Erergy
demand, prices and investment. Finmally, at the
top of the hierarchy, stands the Energy Econo-
mic Model that provides the macro-economic
linkages.

RESGEN, based on the Reference Energy
System (RES) Framework, provides a complete
progression, in network form, from Energy
demand through distribution, transmission and
conversion to supply. The pictorial format for
RES is a nmetwork diagram which indicates Ene-
rgy flows and the associated conversion effi-
ciencies of the technology employed in various
stages of the Energy system. For each Energy
resource a complete RES specifies the techno-
logies employed in extraction, refining, con-
version, transmission, distribution and uti-
lization in an end-use device. RESGEN is fully
interactive, with data entry programmes that
free the user from concem about format. It is
particularly suited to scenario analysis.
Scenarios can be structured and their impact
evaluated with great ease and speed.
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Figure 1 - The hierarchical modeling system

The computational sequence and the flow of
information at the sector and macro levels are
dore at different stages. GOP growth rates,
exchange rate and world oil prices are given
in separate data files in RESGEN analysis.
This information provides the basis for RESGEN
to carry out Energy Demand Projections.
RESGEN then provices an analysis of the Energy
Balance, and the projects that are necessary
to meet the estimated demands. Such project
specific information is necessary to estimate
the aggregate investment requirements, const-
ruction outlays and debt service for the sec-

tor. This information is in turn passed back
to the macro-model together with the Energy
related transactions on current account oil
imports and exports, bunkers and Erergy inves-
tment related capital goods imports. It then
returns to Macro Model to superimpose the
Energy sector transactions on those of non-
Energy sectors to produce an overall picture

of the resource gap and financing requirem-
ents. In this way consistency is attained
between the overall macroeconomy, Energy Sec-
tor and the external balance of payments.

RESGEN

RESGEN uses three types of files. Every
'network' file,
which is the tasis for ewvery application. Any
analytical problem that can be formulated as a
retwork can be translated in to RESGEN struc-
ture. The process of bresking down a network
into a eries of individual steps in our net-
work has been illustrated in figure-Z. For
example, in the simple retwork of figure 2,
the three steps in the network would require
three data tables in the network file.

RESGEN structure requires a

Summary Tables (Energy Balance and Foreign
Exchange Transaction Tables) can be generated
in RESGEN by moving information from the out-
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Figure 2b- The transfer capability of NETWORK FILE

put of each computation step to a particular
row of a Summary Table. At each step in the
calculation, the valwes can be transferred up
to two different raus.

RESGEN provides for a number of generic
matrix operations including addition, subtra-
ction and multiplication. These could be used
for all network calculations. However, many of
the manipulations necessary for an accurate
representation of the electric sector are
performed by special purpose operators, such
as optimal dispatch algorithm. These will be
described later.

Calculation Process

The Network starts with base year demand
of 33 sectors defined in annmex I. These sec-
tors were selected not because they are the
most appropriate but for the availability of
data. It was also planred to launch some acti-
vities to collect the necessary data to link
Energy demand with macro economic parameters

SLEMA Journal, Vol 2 No 1, Sept 1988

in future analyses. Next the i-elasticity
operator is used to represent constant annual
growth rates after adjusting the demand for
income elasticity. RESGEN automatically com-
pounds the growth rates over the proper inter-
val, depending on the scemario year.

Income elasticity operator makes an adjus-
tment of the type,

d.(t OLJ'
J.( ) = dj(O) (1+9)

where g is the GDP growth rate and « is |,
the elasticity defined by

log[g(SECTOR )]
S R, [

log[g(CEB)]

The objective is to adjust the Ceylon
El-ctricity Board (CEB) sectorial projections
in a consistent way for GDP growth rates that
are different to CES's GDP assumntion.




For some Energy demand sectors, functional
equations using grouth rates are not appro-
priate. This is because Energy demand increas-
es in the manner of step functions with neuw
capacity. This demand is included by using a
special operator that adjusts the network
Energy flow accurately to a plant capacity
expansion plan that is contained in an exter-
nal file. This file contains a 1list of proj-
ects and their impacts. The Energy impact may

be negative to represent a conservation or’

fuel substitution project.

Next step is to implement price elasticity
operator to adjust demand according to follow-
ing model.

e

n n-1

where B is the price elasticity of demand and
Xt is the price at time t.

However, since,

t
A - (1+gy)

where g.is the rate of price escalation, the
above equgiion can be rewritten as:

Bt

)

X.(t) =

: X,(0)+ (149,

The escalation factor 9\ is taken from an
extermal file.

If the model is being run for a conser-
vation scenario, the demand is adjusted for
conservation goals given in the network table
after the price adjustment. At this point,
all the Energy demand is known except for
electricity gemeration and the sectorial dema-
nd is aggregated according to the fuel sou-
rces. The next step is to calculate the actual
electricity genmeration and petroleum products
requirement, taking into account the trans-
mission and distribution losses of electricity
and the transportation losses of petroleum
products, anticipated during the scenario
period.

Flectric Sector Optimal Load Dispatch Model

The next step in the simulation exercise
is to calculate Electric Sector fuel consump-
tion for the projected electricity demand and

a.capacity expansion plan given in a separate
file in accordance with CEB's gereration exp-
ansion model (WASP) run. The annwal load dura-
tion curve is lirearized into three blocks;
peak, intermediate and base. The shape of this
curve is entered in a separate file (LOAD.DAT)
and applied to the total annual Energy demand
from the demand projection to produce the
Energy and power requirements for gach verti-
cal load curve block for the scenario year.
The algorithm used in RESGEN to dispatch plan-
ts is based on minimizing total fuel costs.

The computation of fuel requirements by
dispatching power plants into a lirearized
load duration curve (see figure 3) is compli-
cated and detailed, but technically more cre-
dible. In any event, a plant-by-plant approach
is recessary for Emergy sector investment and
debt service calculations. For this, the spe-
cial operator ELECTRIC has been developed,
which inwokes the optimal dispatch algorithm
described in detail below.

Once the fuel requirement for electricity
generation is knouwn, the total fuel require-
ment by source 1is calculated by using an agg-
regate operator.

PEAK

INTERMEDIATE

BASE

hours/year

Figure 3 - Linearised load-duration curve

In a strictly thermal system, dispatching
available plants into this curwe is fairly
straight—formard, since dispatch by strict
merit orcer (i.e. in order of marginal costs)
provides the optimum dispatch. In such a case,
it could be readily shown that optimality
requires,




Where X is the dispatch of plant into the
peak, intermediate and base block. In other
words, this means that a plant that is dis-
patched in the base period block must be dis-
patched to at least the same level in the
intermediate block and a plant dispatched into
the intermediate blodk must be dispatched to
at least the same level in the peak block.
This is true also when considering the avail-
ability rates, because the peak period avail-
ability is almost always higher than of f-peak
as scheduled maintenance is presumably conduc-
ted in the of f-peak periods.

Thus, if X(Inst) is the installed capa-
city, and AV, is the availability rate in the
j-th load ckve block, and X. the dispatch
into the j-th block : 4

X. < X(Inst).AV,
J J

In a mixed thermal-hydro system, optimal
dispatch is a much more complicated matter
because of the presence of Energy limits on
hydro plants. For each hydro plant, the condi-
tion,

Y X, *h. < E(max
50 (max)

where E(max) is the annual Energy limit, X,
the dispatch in the j-th load curve block, ana
h. the hours in the j-th block, must always be
mgt. An iterative procedure has been designed
to provide a reasonable, and in almost all
cases, an optimal dispatch pattern to minimize
total fuel costs.

One begins with a strict base load dis-
patching of hydro plants, with all plants in
their strict merit order. Thus hydro plants
are dispatched first and fossil plants last.

In such base load dispatching, the dispatch
level of the hydro plants can be taken to be
given by:

Next step is to check whether peak load is
met by this strategy and if not, increase the
peak period hydro dispatch until the peak load
is exactly met. With these increases in peak
hydro dispatch, a solution is feasible. This
solution, whilst feasible, may be far from
optimal. Next step is to check whether the
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total Energy for hydro in the solution is less
than the upper limit. If so, by increasing the
peak period hydro, one pushes out part (or
all) of the most inefficient thermal plants,
and adding what is taken away from the base
period (since more peak means less base for
hydro plant) by any hydro Energy slack, or,
more commonly, by the next most efficient
thermal plant. The objective of the algorithm
is thus to displace relatively expensive pla-
nts from the peak period by increasing the
dispatch of relatively efficient thermal pla-
nts in the base period. It tekes 5 to 10 iter-
ations to obtain the optimal solution and the
sequence of tables at the end of each itera-
tion could be monitored. Finally, it should be
noted that the total fuel cost should decline
monotonically at each step of the iteration.
If not, the merit order, or the sequence of
plants used, is mot consistent with the actual
marginal costs.

Next step is to start a side chain to the
main network to project charcoal exports and
local demand in the scenario year, using base
year charcoal demand and anticipated grouwth
rates. Then the wood requirements for charcoal
production are calculated. Using the addition
operator, this demand is linked to the main
network. At this point of the model run, the
domestic resource reguirements by fuel source
are projected.

At this point, the total petroleum prod-
wts reguirement is known and this information
is fed into the Refinery Model, uwhich deter-
mires the crude throughput, yield pattern of
finished products and other vital information
on refirery operation at a minimun foreign
exchange cost to the country. These calcula-
tions are made subject to existing refirery
configuration, product specifications and
matching the demands projected by RESGEN wto
this point. Once the Refinery LP Model run is
completed, information is stored in an exter-
nal file called REFINE.DAT to be accessed by
RESGEN. It then becomes possible to continue
the RESGEN analysis. The refimery input out-
put information is read from- REFINE.DAT for
calculations as well as to be uwritten into
Summary Tables.

Again, a new chain is started from the
main retwork to calculate bunker requirements
after adjusting for world oil prices, similar
to i-elasticity. The price operator is used to




calculate the value of bunkers using external
file containing the bunker prices. This res-
ult is put into the second summary table that
represents the Energy related foreign exchange
transactions. The next step is to calculate
the Imports/Exports requirement for the petro-
leum sector. For all the petroleum sources,
the following calculation is dore.

Imports/Exports = Refinery production -
Local Demand - Bunkers

If the value is positive for a fuel source
it goes to the Imports row of the Emergy bala-
nce, otheruwise automatically moves to the
Exports row. Agein using the price operator,
the value of imports and exports are calculat-

(i) Income Statement
(ii) Balance Sheet
(iii) Sources of funds
(iv) Uses of funds

for the institutions of the Energy Sector and
their related transactions with the banking
and non-Energy sector of the domestic economy,
financial institutions and Energy markets
overseas. The model keeps track of both dome-
stic and foreign currency flows, and is parti-
cularly suited to the analysis of pricing and
tariff issues.

The fundamental concept underlying the
model is its correspondence of a money flow to

every Emergy flow. Thus, each link in RESGEN
that captures a particular Energy flow (or
conversion) also represents, in most cases, a
sale and purchase among dif ferent instituti-
ons. The starting point for application of the
model, therefore, is an analysis of the insti-
tutional structure among uhom such transac-
tions occur. Figure 4 illustrates this struc-

ed for the second summary table. This compl-
etes the analysis for the two summary tables.

THE ENERGY FINANCE ASSESSMENT MODEL (EFAM)

EFAM is for the analysis of Energy pri-
cing, finance and investment. It provides a
year-by-year simulation of the

ture.
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Figure 4 - Institutional structure for Sri Lanka
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EFAM distinguishes between 'primary' and
'secondary' institutions. Primary institutions
are those whose finances are determinmed entir-
ely by their activity in the Energy sector,
such as refinery, electric utility and LPG
distributors. The financial accounts of these
can therefore be simulated by an analysis of
Energy transactions. Secondary institutions
are those whose participation in the Energy
sector represent only a part of their owerall
business. Such institutions include banks, the
Government Treasury etc. For these institu-
tions ore canmnot simulate financial state-
ments based solely on Energy sector related
transactions. However, because of their impor-
tance to the Ermergy sector, enumeration of
their Energy sector transactions is still
important.

Because EFAM is dependent on RESGEN for
its inputs, it cannot be run independently.
The software is therefore designed as an add-
on to the RESGEN software. As RESGEN does the
Energy rnetwork calculation, information is
transferred to a set of files, which could be
read directly by EFAM.

MINISTRY OF FINANCE AND PLANNING (MFP)
OVERALL MACROECONOMIC
PROJECTIONS (1)

A
SUBTRACT MFP ESTIMATES OF
ENERGY SECTOR TRANSACTIONS (2)

\
ADD RESGEN/EFAN ESTIMATES

OF ENERGY SECTOR TRANSACTIONS (3)

ASSESMENT OF ENERGY SECTOR
IMPACT ON THE MACROECONOMY

THE ENERGY MACRO-ECONOMIC ACCOUNTING FRAMEWORK

(ENMAC)

The macro-economic accounting framework
was designed to meet three primary criteria.
First, the framework was to provide consist-
ency between RESGEN and EFAM models and the
overall macroeconomy. Secondly, the framework
had to serve as a means for evaluating the
first order macro-economic impacts of Energy
policies, Finally, the framework was to recog-
nize the institutional realities and the poli-
cy making process, which emphasizes the colla-
boration of the institutions involved at work-
ing committee level.

The overall approach -

The overall approach is illustrated in
figure 5. The base line for the model is the
macro-economic projection of the Ministry of
Finance and Planning (MFP), which covers the
immediate five-year planning horizon. The
estimates of GDP are passed down to the Enmergy
models where they are used as a basis for
Energy demand projections.

MACROECONOMIC
ASSUMPTIONS
GDP GROWTH , EXCHANGE RATE

ENERGY MODELS
RESGEN/EFAM

ENERGY SECTOR

TRANSACTIONS . OIL IMPORTS
INVESTMENTS, DEBT SERVICE

Figure 5 - The analytical approach
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However, the MFP projections must first be
desegregated into Emergy and non-Emergy tran-
sactions: this inwolves subtracting the MFP
estimates of Energy imports, Energy invest-
ments etc. This is because RESGEN provides a
more detailed basis for these transactions,
which are added back at a later stege. The
main source for historical data, and the base
line, is the Annual Review of the Economy
published by the Central Bank of Sri Lanka.

Components of the Model

The accounting framework consists of a
series of tables organised into three LOTUS
1-2-3 worksheets. The following four tables
are contained in the first worksheet :

Table 1 contains the scenario, entered
by the user, for the exchange rate and
the world oil price.

Table 2 provides the projection of
non-Energy exports

Table 3 has non-Energy imports using
the desegregation scheme of the MFP.

Table 4 provides the sectorial decompo-
sition of GDP, again using the MFP
desegregation scheme.

The next four tables are contained in the
second worksheet.
(v) Table 5 provides an analysis of the
total resources and their utilization.
Each row of this table is taken from
some other table or, in the case of
Energy related resources, passed to the
macro-economic accounting framework

from RESGEN.

Table 6 contains the savings and inves-
tment rates expressed as percentages of
GDP taken from the MFP public invest-
ment Report. Consumption is calculated
as a residual, and shows slight differ-
ences to the MFP projection because
RESGEN provides somewhat different
estimates of the Energy sector transac-
tions than those by the MFP report.

(vi)

Table 7 contains the estimates of the
growth in private transfers and non-
factor services, specified as percen-
tage rates over the base year.

(vii)

10

(viii) Table 8 provides a summary of the com-
position of Investment and savings.

The last set of tables are included in the
third worksheet, which produces the balance of
payments.

Table 9 determines the breakdown of the
financing of the extermal resource gap.
The base year entries come from the
Central Bank Report.

(ix)

Table 10 sets the terms for the exter-
nal debt. The base year outstanding
debt is available from the Central Bank
Annwal Report. Howewer, the terms for
both existing and new debt must be
adjusted by the user on a trial and
errar basis in such a way as to provide

(x)

reasonable results.

Unfortunately, the Central Bank makes no
detailed projection of future debt services,
whilst the MFP projections provided are im-
possible to replicate. Therefore, the results
of this table have been arrived at by trial and
error, rather than by a detailed, loan-by-loan
estimate. This was needed for ‘the purposes of
assessing the incremental impact of Energy
sectar policies.

(xi) Table 11 is the centerpiece of the
model, where the external resource gap
is calculated. All the entries in the
top half of the table are transferred
from other tables, and summed to prod-
uwce the year-by-year estimates of the
external resource gap. Iransactions
that do not affect the debt position
are then subtracted. These include
official transfers and direct inwest-
ments. For these categories, the user
must specify the growth rates. The
balance must be financed, or accommoda-
ted by change in reserwes. User sets
the anticipated changes in reserves,
and calculate the required borrowings.
(xii) Table 12 provides year-by-year projec-
tions of the external debt and of ext-
ernal assets. The equation for each
debt category are based on the simple
identity
d(t) = d(t-1) +

new debt(from "borrowings"
in Table 11) - amortization

(from Table 13)
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(xiii) Tables 14 and 15 provide a presentation
of the Balance of Payments.

CONCLUSIONS

The approach taken in scenario analysis is
by making a distinction between events within
the control of Sri Lankan decision-makers, and
those that are mot. For example conservation
and loss reduction efforts, world oil price
and hydro conditions. Among the many types of
policy analysis undertaken over the past years
with this modeling system is a scenario analy-
sis to test the robustness of the conservation
program goals and construction of a series of
scenarios that reflects different market con-
ditions, and then examinme the degree to uhich
alternative policy options are sensitive to
the oil price. The loss reduction programme of
the CEB and the impact due to different hydro
conditions were also considered. However,
detailed discussion of the results of the
analysis is beyond the scope of this paper
and it is hoped to present such information in
a future publication.
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