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ABSTRACT
When a new fuel is introduced in a large geographical area with many different industries,
methods for demand assessment based on the netback value for individual consumers can not
be applied. The energy demand forecasts that result from economic models, are not detailed
enough to be of any help either. A solution is the formulation of production processes that
cover the total energy demand by the manufacturing sector, provided that these processes can
be regarded as representative processes. For these production processes the netback value
analysis can be applied. Two problems have to be solved: (i) how can a minimal set of
production processes be formulated?, and (ii) how can they be linked to national statistics
data based on the International Standard for Industrial Classification of economic activities?
For both problems a solution is formulated, and this solution is applied to the manufacturing

sector of Java in Indonesia.

1 Introduction

Indonesia is one of the newly industrializing economies in Southeast Asia, with a rapidly
growing manufacturing sector [23]. The main part of the non-oil industry in Indonesia is
concentrated on the island of Java. For their energy supply, most factories use fuel otl or
industrial diesel oil from domestic oil production. However, Indonesia also has coal and
natural gas reserves. For three reasons the Indonesian government wants to replace the oil
products used by the manufacturing sector by natural gas. First, oil products have a higher

value at the international market than natural gas has, and can be traded more easily. As the



economy grows, domestic energy consumption increases, and efficient use of resources
becomes more important. Second, natural gas is less hazardous for the environment, and the
environmental problems due to industrialization are growing rapidly on the densely populated
island of Java. Third, there are gas reserves in the vicinity of Java that remain unused
otherwise. For these reasons the Indonesian government asked Gasunie Engineering in The
Netherlands to conduct a feasibility study for gas transmission and distribution on Java. One
of the problems encountered during this feasibility study is the estimation of the potential
market for natural gas; the major part of this market is potential demand by the manufactur-
ing sector. For the planning of investments in gas transmission and distribution, the
Indonesian government needs a realistic assessment of the demand for natural gas after its
introduction. For this assessment it must be known which subsectors of the manufacturing
sector offer the best marketing opportunities.

An approach often used in case new gas reserves are discovered, is to look for a
limited number of large gas based industries that can bear the initial investment COSLs. By
building in some spare capacity, the local market can be served too. However, for a large
area such as Java, this concept will not work. Furthermore, in the past several gas based
industries (one direct reduction steel plant, and two fertilizer plants) plus some cement
production have been constructed, as cheap gas from Liquified Petroleum Gas production
became available, and industrialization was at a low level; this gas would otherwise have
been flared.

We have to add that, compared with fuel oil substitution, natural gas has a low value
in these applications: the fuel oil parity price for natural gas is 154.5 Rupiahs per m’ (2.50
U$ per million BTU (MMBTU)), whereas the steel plant pays only 38 Rps/m’ (0.65
U$/MMBTU), the fertilizer industries pay 60 Rps/ m’ (1 U$'MMBTU), and the cement sector
can afford 133 Rps/m? (2.25 U$/MMBTU). In 1990 the steel plant together with the fertilizer
plants used 81 % of all the natural gas available; if the cement industry is added 95.8% of
the total gas consumption by the manufacturing sector on Java is covered, The share of these
industries in the total energy consumption on Java is approximately 50%. Industrial growth
is expected to take place in other less energy intensive subsectors of the manufacturing
sector.

To forecast energy demand, economists use either economic (normative) or

descriptive models that are empirically tested. The consumption model approach is well
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known in economics [8, 19], but it is not suitable for our problem since it focusses on final
energy consumption and has no direct link with the economy’s primary energy inputs. The
production function and the related cost function approaches are well known economic
models that have primary energy as input [3, 9]. However, these approaches do not allow
the introduction of a new fuel that can replace (part) of the energy used. In contrast to what
the term production function suggests, this approach is not based on a description of the
production process, but only links the inputs for production in a mathematical form that
allows easy calculation of elasticities. Furthermore, these models assume a constant economic
stnicture, and require many data for estimation; these conditions are not met by a rapid
developing economy as Java’s.

Descriptive models are often based on energy intensities. Energy intensity is defined
as the amount of energy used, divided by production; this production is represented by the
gross domestic product or gross value added [1, 2, 14, 17]. If analyzed at a detailed level
(e.g. per fuel and per production process), the energy intensities represent the energy
intensities of the actual production process [15]. Compared to economic models, descriptive
models draw less heavily on data. However, energy intensity models for energy demand
forecasts should be treated with caution, because the intensities do in general not take into
account changes in the economy’s structure [18). A major drawback of descriptive models
is that intensities have no structural relationship with changes in fuel prices, whereas the
economic approaches do.

The netback value (or willingness to pay) approach links the demand for natural gas
to energy prices at the production process level. The netback value of one fuel compared to
another fuel, is defined as the fuel price for which the Net Present Value (NPV) of costs
avoided due to the new fuel becomes zero. A netback value larger than the market price of
the new fuel, is equivalent to an Internal Rate of Return (IRR} that is larger than the required
discount rate. So the netback value of gas with respect to other fuels indicates whether
application (in existing and new establishments) is profitable, when gas becomes available.
Note that this microeconomic approach requires no data on past gas utilization, whereas the
economic and the descriptive approaches do; these data is not available at the moment of
planning the introduction of natural gas. What is needed is a description of the roles and

costs of energy in the production processes. Note that the energy intensities at the individual



production process levels mentioned earlier, are related to the role of energy in the netback
value analysis.

A problem js that the netback value analysis is nonﬁally applied for a single
investment project, by the company that could gain from it, or for a limited number of
factories with a similar production process; for instance, the cement industry. In case a new
fuel is introduced in a large area (the i1sland of Java), an analysis per establishment is no
longer feasible: the number of establishments is too large.

A generalization of netback value analysis can be achieved if we can link the energy
intensity ratios per production process and the netback values for natural gas. Then the
descriptive approach becomes an economic approach, and can be used to assess future
demand for natural gas. Given the fact that the profitability argument on which the netback
value approach is based, is also a convincing marketing instrument, it is worthwhile to look
for ways to generalize the netback value calculations so that it covers the total manufacturing

sector.

Apart from the netback value approach, none of the other approaches takes into
account that not every form of energy is suitable for every application in production. As
Girod [12] emphasizes, the diagnosis of the role of energy in a system or economy has to
take into account the technical (and other) restrictions for the supply and use of every form
of energy. The netback value approach does this, since this approach is based on a
description of the production process. In this paper we try to link the technical opportunities
for natural gas, with the economics of gas utilization at the production process level. We will
also show that a limited number of production processes are sufficient from an energy point
of view, to analyze the opportunities of natural gas for the total manufacturing sector. Our
results can be linked to economic forecasts, to obtain long term forecasts of primary fuels;
see [22].

An obvious problem is the data needed for the netback value calculations (these data
are not readily available), and their linkage to available statistical sources. Economists mostly
use national statistics, which in most countries are based on the International Standard
Industrial Classification of all economic activities (ISIC) by the United Nations [20, 21]. ISIC
is also the standard for data definition and data collection by the Indonesian bureau of
statistics (BPS). The data for the manufacturing sector cover the total sector. ISIC data are

categorized according to economic activities, and comprise the different inputs and outputs



of production. We will link ISIC data to production processes. Per production process we
determine the netback value of natural gas with respect to its main competitors. Through the
link between ISIC data and netback values we can determine the profitability of natural gas,
in all existing and new production factlities.

This paper is organized as follows. In Section 2 we discuss the ways energy is used
in production, and the part that can be replaced by natural gas. In Section 3 we review
netback value definitions for different market situations, and the possibilities for more energy
efficient techniques. In Section 4 we review the data available from statistical sources, and
the extra data that must be gathered for the netback value calculations. The netback data are

then linked to the ISIC data, to generalize the approach. Section 5 contains conclustons.

2 Energy Application in Production

A factory can apply energy for four purposes: (i) for transport, (ii) for captive power, (iii)
as feedstock in production, and (iv) for the production of heat for the production process.
Not all of these applications are of interest for our fuel choice problem.

Sub (i) For transport mainly diesel and gasoline are used, but there are opportunities
for alternatives like Liquified Petroleum Gas (LPG) and Compressed Natural Gas (CNG)
also. The economics for the application of gaseous fuels are such, that only transport with
a high annual milage is of interest; this is especially true for CNG. Note that the transport
sector that might meet the requirements for gaseous fuels is not included in the manufacturing
sector,

Sub (ii) Captive power consists mainly of electricity, but we do not exclude other
power applications, such as shaft power for compressors. Electricity is mainly bought from
the power company. A factory produces its own electricity, only because of a lack of reliable
supply. In regions where electricity supply is unreliable we do consider own electricity
production. However, with the increase in reliability of the Java-Bali power system
(especially in industrialized areas) the captive power system is used only as back up for
power failures.

Other power applications are considered, whenever there are favorable conditions for
combined production of heat and power, better known as cogeneration. Cogeneration can be

applied, when heat and electricity are used simultaneously and the operating time is more



than 3,500 hours per year. When possible, cogeneration has clear advantages over separate
heat and power production. Because of economies of scale the efficiency of primary energy
use can be improved with 30 to 35%. The advantage of cogeneration is its utilization of the
exhaust heat of power generation; this would otherwise be wasied. The application of
cogeneration installations is commercially viable if based on gas turbines with a capacity of
3,6 MW or more, and with a shaft-efficiency of the gas turbines of 30% or more. Smaller
installations are available, but their power efficiency is too small to be of real interest, unless
these installations are subsidized for environmental reasons. We consider only gas turbine
installations with heat recovery for steam and heat recovery for hot water.

Cogeneration has become popular lately, because it improves energy efficiency and
as a result reduces the emissions of carbon dioxide, sulphur dioxide and nitrogen oxides. In
some developed countries cogeneration is applied, to meet the emission standards agreed
upon during the Rio de Janeiro summit. However, cogeneration is also an additional
instrument to reach a least cost solution for national energy supply [6]. The reductions in
emissions depend on the fuels used in the separate heat and power productions. If natural gas
is a substitute for oil, the reduction is less spectacular than in case of coal [14].

Sub (iii) Natural gas as feedstock is only of interest for a limited number of products,
such as ammonia, nitrogen fertilizers, direct reduction steel production, and basic chemicals.
These applications are relatively easy to assess, because the energy needs and the economics
of the processes using a fossil fuel as feedstock are relatively well known; see [5] for
fertilizer, and [16] for steel. These are also typically processes were only one or a few
factories exist in a large area. In these cases netback value calculations can be applied per
factory or at the industry level. The technology used in feedstock applications depends
heavily on the fuel used, and the products produced are sold on competitive international
markets (steel, fertilizer, etc.), so the netback calculations can no longer be based on cost

comparison; instead they have to be based on the market price formulation of the netback

value,

Sub (iv) Nearly all production processes require keat, and this application is the most
promising one for natural gas. We distinguish two main systems: (i) utilities to transport
forms of energy and utilities to convert one form of energy into another, such as fuel oil into

steam or hot water (Figure 1, utilities), and (if) equipment for the application of energy

(mostly in the form of steam or hot air) in the production process (Figure 1, production
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processes). Both, the utility system and the heating equipment in the production process
require investments that depend on the fuel chosen.

The number of technologies for fuel application is limited (see Figure 1); for a more
comprehensive review see {11]. The general starting point for an energy system for
production is either central heat production or in-situ heat production (Figure la and 1b).
Central heat production is almost always applied for solid and liquid fuels, which are
combusted in a boiler or a generator. In-situ heat production is feasible for gaseous fuels,
since these fuels be easily transformed near the point of application (intermediate heaters,
Figure 1b) or in the production process (burning equipment in the production process, Figure
ib). The main advantage of in-situ over central heat production is that it reduces the
investment costs and the heat losses due to heat transportation. The total heat losses in case
of central heat production are 30% to 70% of the gross heating value, whereas in-situ heat
production reduces these losses to 5% to 30%.

The arrows in Figure 1 represent energy flows, so an arrow going into a block is a
form of energy. If there are no blocks preceding the block, the arrow represents primary
energy (coal, oil products, natural gas); otherwise the input is a secondary or tertiary form
of energy, such as steam or hot water. In central heat production there are two main steps.
First, the fuel is combusted in a boiler or generator to produce a secondary form of energy
(say) steam (Figure 1a, block B1). Then this steam is transported to and used in the produc-
tion process through one of the gas based technologies depicted in Figure 1a (steam injection
(F1), mantle heating (F2), steam coil (F3)) for heating liquids, or for heating gases (heat
exchanger (G1)). In the same way heat application can start with the production of a hot
liquid (block B3; mainly hot water). In some cases the secondary heat carrier is not used
directly in the production process, but is fed into an intermediate heater (C1 and C2 in
Figure 1a) to heat a tertiary energy carrier. Note that, although technically feasible, some
paths are normally not followed; for instance, starting with a hot liquid (say B3) and then
producing a hot gas (block C2) is usually not applied; it is only possible if the liquid is
thermal oil.

In case of in-situ heat production the fuel is combusted either very close to the place
where the heat is needed (intermediate heaters, blocks H and I in Figure 1b) and the hot gas

or liquid is used in the production process in the same way as described for Figure la, or



the fuel 1s used directly in the production process (blocks J through M in Figure 1b). Figure
1 1s used to classify heat application systems on Java.

Figure 1 shows that the technologies for heat application are relatively loosely coupled
to the rest of the production process. This is especially the case for central heat production,
in which case conversion of an existing plant to another fuel is simple. In case of in-situ heat
production, however, conversion to a solid fuel is more complicated.

Since steam can be applied for purposes up to 200 °C only, in-situ heating must be
applied whenever higher temperatures are required (Figure 1b option L). Our characterization
suffices to describe all heat applications on Java (and in many other places); if necessary it
can be easily augmented.

Note that several technologies in Figure 1 can be subdivided further. For instance,
immersed combustion (H2) comprises immersed combustion in tubes and immersed
combustion with spray heaters; direct heating equipment (L) can be further subdivided

according to temperature ranges [11]. We use the more detailed descriptions.

J Netback Value Definitions
Conversion of an existing production process to natural gas is profitable if the NPV of the
cost reduction is positive. The netback value of natural gas based on avoided costs is defined

as the price of gas that makes NPV zero, The formula for the netback value for conversion

of existing facilities to natural gas is

T-t N-(m-t)s T8 | f ANE frn

- (1+1) (-I- + (O, -0;) + P.D,)

(1) NBc ¢ = =mt_ - m T i
DEY I (1+1) ™ OTI (1+ p )

f and g denote the current fuel and natural gas respectively, I stands for investment, O for
operation and maintenance costs, D for the amount of fuel needed, P for the fuel price, i for
the discount rate, and T - t is the evaluation period. The product term in the denominator

reflects the effect of anticipated changes in the price of gas. For most production processes,

energy is only a minor input; the choice of fuel is then based on an evaluation period of three

years or less (T -t < 3). Notwithstanding much criticism, a maximum payback period is still



widely used to evaluate small investments; in all cases it is a constraint to be met before
evaluation by means of other criteria takes place [13].

The formula for new investments (say) NBIltf * is obtained by replacing -I# in (1) by
(I' - I¥). The evaluation period for new investments is not restricted to three years; in most
of our calculations we used ten years. Note that the actual values of the symbols in case of

conversion differ from the values in case of a new investment.
To evaluate the choice of fuel we can apply (1) for most heat applications. For

feedstock applications or whenever energy costs are a substantial part of the total input costs
(rule of the thumb, 7% or more), the netback value of a fuel depends on the market value
of the sales (instead of the avoided costs), assuming that the market price of the final product
can not be set (there is competition). The formula based on the market value of sales (say
PS) minus the operating and maintenance costs of total production (including material cost)

minus the investment costs is

L DR -0, + 1))

Dme (1+ )OI (1+ )

2) NB? =

If this netback value is smaller than the price of natural gas, then production is not feasible
without (explicit or implicit) subsidies. We will apply (2) for the feedstock applications. For
other energy intensive subsectors (for instance, cement) the validity of (1) s checked by also
calculating (2). In most cases, however, the share of energy costs in the total costs is small
and (1) suffices. (See for a discussion on when to apply which netback value definition [7].)

If cogeneration 1s possible, then (1) and (2) are not sufficient, since they only indicate
if gas is feasible. Demand for gas by the manufacturing sector could increase if cogeneration
1s applied. (In the total demand for gas this increase can be offset by a decrease in demand
by the power sector.) To see whether further search for cogeneration is necessary, we

calculate the simple payout time (SPOT) of investment in cogeneration; the formula for the

case where no electricity is delivered back to the power grid is
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(3)

where the investment costs I are 1n Rupiahs per kWh, h is the number of hours per year that

the installation is used, Pe is purchase costs of electricity (in Rupiahs per kWh), y is the heat

power ratio of the production process, m, is the thermic and n_ the electric efficiency of the
cogeneration plant, n, Is the efficiency of the steam boiler that is the alternative for
cogeneration (all efficiencies are expressed as fractions of the lower heating value of the fuel
considered), 3600 is the conversion factor from kWh to kJ (kilo Joule), LHV is the lower
heating value of natural gas in kJ per mv*, Pg is the price of natural gas per m*, and O are
the maintenance costs (in Rupiahs per kWh).

(3) should be interpreted as a necessary condition to be met before further evaluation

[10]; it only indicates if the application of cogeneration is possible. The feasibility of

cogeneration depends on many factors, which have to be evaluated case by case. For

instance, the most efficient form of cogeneration is a combined cycle, but the minimum
electrical power required is 20 MW (economies of scale). There are many different
cogeneration installations, and an optimal choice can be made only if the exact data of the
production facility are known. Note that the capacity of a cogeneration plant depends on the
amount of heat needed for production, and not on the amount of electricity.

From (1) through (3) we can deduct the necessary data:

(1) Amount of investment in energy utilities and heat application equipment. We need a
blueprint of the production facilities for the calculation of the investment costs in energy
transport, in combustion or intermediate heating equipment, and the kind of heating
equipment needed 1n the production process; also see Figure 1. Furthermore, we need
the current prices of the equipment and appliances needed.

(1) Operation and maintenance costs for the total energy system.

(i11) Amounts of fuel used in the different applications, and their prices. These data are

. needed for the conversion of existing plants to natural gas, and per fuel for new invest-

ments,
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4 Data Available
The Indonesian bureau of statistics (BPS) uses the 1971 international standard industrial

classification ISIC [20] as a basis for its data collection. ISIC 1971 divides the manufacturing
sector into nine two digit subsectors (31 through 39). (The 1990 revision distinguishes more
subsectors (called divisions); but this revision is not yet used in Indonesia.) Every two digit
subsector is divided into three digit subsectors or major groups according to, among others,
similarities in the production process and products produced. For instance, 34 is the
subsector "Manufacture of paper and paper products; printing and publishing", and is divided

into two three digit subsectors or major groups, namely 341: Paper and paper products, and

342: Printing, publishing, and allied industries. The three digit subsectors are divided into
four or five digit subsectors, called groups. BPS uses a five digit description; for instance,
341 is divided into 34111 (manufacture of paper), 34112 (paper board and fiber board),
34120 (containers and boxes of paper and board), and 34190 (articles of pulp, paper and

board, not classified elsewhere).

As the example shows, the five digit ISIC classification for data collection 1s based
on comparable economic activities; for instance, the production of paper. As far as possible
establishments (or kind-of-activity units) form the basis for data collection. The establish-
ments in one five digit ISIC category are relatively homogeneous, since the classification is
based on product character, production technology, and production organization, characteris-
tics that define a production process; see [20, 21].

The question is whether a separate analysis of all ISIC five digit subsectors is
required, if we want to classify energy utilization. Economic models are often based on a
higher ISIC aggregation level (say three digit) to reduce the number of subsectors. The data
of similar economic activities are then added up, but this similarity in economic activities
does not necessarily imply similar energy systems. With respect to energy, other combina-
tions of five digit subsectors may be more appropriate. Furthermore, not all five digit
subsectors are equally important from an energy point of view. For a parsimonious and
manageable analysis of energy demand we would like to combine less important I[SIC five
digit subsectors with the same energy system, whereas we analyze in more detail those
subsectors that use large amounts of energy, and are therefore more sensitive to the energy

technology applied.
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We define a subsector as the set of establishments that have a common production
procéss, from an energy point of view. For each production process we need data for our
netback calculation. This redefinition of subsectors can be achieved, if we realize that not
every production process has a unique energy supply and heat application system. So from
an energy application point of view we can treat as one different products with the same

energy supply and heat application system.

4.1 The Indonesian Bureau of Statistics Survey

BPS distinguishes 120 five digit subsectors on Java, which cover the full range of
manufacturing activities on that island. At the five digit level we have available: total primary
energy and electricity consumption, quantities of the different fuels consumed, energy input
costs, and value added. Not available are the data required for netback value calculations.

The starting point for our analysis is the basic data of the 1987 industrial survey
conducted by BPS, which are the basis for the 1987 five digit data. BPS surveyed all Java’s
establishments that have more than 20 employees.

We use the 1987 data on energy consumption to make a preliminary division of the
manufacturing sector into a number of subsectors (see Table 1). The division is based on
subsectoral energy consumption, and on previous research [4]. Our reasoning 1s that the more
important energy in the production process is, the more detailed the information required 1is.
The result of this preliminary classification is that for some subsectors (for instance,
subsector 31: food & beverages) we start our analysis of energy consumption at the two digit
level, whereas for more energy intensive subsectors we start at a more disaggregated level;
for instance, the analysis of subsector 34 (Paper & Pulp) starts at the three digit level,
because the differences in energy consumption in paper and pulp production and the down-
stream activity of printing are well known. We know in advance that our analysis requires
even more detailed information for other industries; for instance, the subsectors 35120 (two
nitrogen fertilizer factories) and 36120 (five cement factories). Sector 37100 1s divided even
further, namely into the genuine iron and steel factory using natural gas in the reduction

process [16], and all other steel factories producing mainly concrete bars from scrap using

electric arc furnaces.
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For our purpose the energy data contained in the BPS survey have one major
drawback: they are not organized according to the main forms of energy application in

production, mentioned in Section 2.

Table 1: Manufacturing subsectors for gas utilization
No of establ. (3)/(2)

Code  Subsector establish. l
In survey

energy cons.

> 80,000 mge in % .

| 31 Food & Beverages 484 58
32 Textiles 367 46

| 33 Wood & Furniture 32 7
341 Paper & Pulp 40 14
342 Printing 22 4
35120  Fertilizer 2 2

| 351 rest Industrial Chemicals 64 18

' 352 Other Chemicals 87 14
353 Petroleum Refineries - -
355 Rubber products 64 0
356 Plastics 72 0
36120 Cement 5 4 |
36 rest Mineral products 118 16
371A  Iron & Steel 1 1|
371B Rest Basic Metals 15 2

| 38 Metal products 237 44
39 Others 15 .

4.2 The Gasunie Engineering Survey

To obtain information on the data for netback calculation and on the link between production
processes and ISIC five digit sectors, we (Gasunie Engineering) conducted a field survey.
To reach maximum coverage of both energy consumption and energy technologies used in
production processes, we applied the following procedure to select a sample from the 10,167
establishments in the 1987 BPS survey (see the last row in Table 1). First we removed from
the set of all subsectors all five digit subsectors (such as, manufacturing of batiks (code
32114) and production of jewelry (code 39010)) for which we know that the application of

natural gas in the production process can be neglected.
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If we would randomly select a sample from the remaining set of establishments, we
would most likely end up with a selection of small businesses. For our purposes it is
necessary to study the larger energy users; we also expect that they will have more reliable
information for our survey. Therefore we remove all establishments with an energy use of
less than 80,000 m® gas equivalents (mge), after deducting the consumption of electricity
purchased, automotive diesel and gasoline (transport), and natural gas used. This reduces the
set of establishments to 1,527 (see again the last row of Table 1).

Since the industrialization of Java is concentrated in a few geographical areas, and
these areas are also candidates for investing in a gas distribution, the establishments visited
should be in the industrialized areas, that is, JaBoTaBek (Jakarta-Bogor-Tangerang-Bekasi)
and Bandung in West Java, Surabaya-Gresik area in East Java, and in Central Java 1n the
Semarang area. In those three areas 90 to 95% of all current industrial activity 1s concentrat-
ed.

In these areas a total of 318 establishments were visited by a multi-disciplinary team
of energy experts. A total of 241 surveys could be completed successfully. Seven bulk users
(two nitrogen fertilizer plants, four cement factories, and one iron and steel factory) were
studied separately and in great detail, because of their large energy use. The stratification of
the survey over the different subsectors is given in Table 1, column 4. Of the completed
survey forms, 115 were from the JaBoTaBek area, 29 from the Bandung area, 34 from the
Surabaya-Gresik area, and 43 from the Semarang area. The last column gives the number
of establishments successfully visited, as a percentage of the number of establishments
considered.

If a five digit subsector in an area was selected for the survey, we always chose the
largest establishment still in the set. This was done for two reasons. First, we wanted the
survey to cover at least 10% of the primary energy used by a subsector. Second, choosing
the larger establishments will improve the chance that the technology used represents the
current state of the art in Indonesia. In a competitive market, efficient energy use will force
smaller less efficient companies to improve their energy use too. This improvement will be
stimulated by the more restrictive environmental legislation that is currently introduced in

Indonesia.

The survey also gathered information on the physical outline of the energy utilities

and the heating equipment in the production processes in the establishments visited, and on
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the state of the equipment used. The information on the outline of the processes can be used
to estimate (i) the investment cost for new plants based on different fuels, and (ii) the invest-
ment costs for conversion of existing plants to natural gas. For the assessment of the
investment costs we had to gather information on prices of equipment and the construction
COSt 100.

Data on the operating and maintenance costs (O&M) were obtained by including In
the survey a set of figures based on previous experience. For the utilities in Figure 1 the
O&M was set as a percentage of the total investment costs in utilities: 7% for natural gas,
7.5% for diesel fuel oil, and 8.5% for heavy fuel oil. For the heating equipment in the
production processes these percentages were 5% of the costs for the equipment for the
application of gasses (mainly steam), and 3% of the costs for equipment for applying hot
liquids. These assumptions were checked during the survey, and whenever necessary
adjusted. Note that the heat losses are included not in the O&M, but in the efficiencies of the
heat application.

The survey includes information on energy application in production (see Section 2).
For heat in production the survey also contains information on the amounts of and forms in
which energy is used, in the different stages in production processes. Based on Figure 1 we
identified the energy technologies per establishment visited.

Analyzing the data of the Gasunie Engineering survey leads to the definition of a
number of production processes, according to energy utilization. In most cases these
production processes can be linked to one or more of the ISIC five digit subsectors.
Whenever several ISIC five digit subsectors are linked to one energy system, our method 1S
more parsimonious than analyzing all five digit subsectors separately. Not all different
choices will be explained here; we restrict ourselves to two example: one in which a large
number of ISIC five digit subsectors can be described by a single production process, and

one subsector for which cogeneration is possible.

4.3 Example 1: ISIC subsector 38, Manufacture of Metal Products
How the data of the Gasunie survey can be made to represent a larger set of products is
illustrated for the ISIC two digit subsector 38: Fabricated metal products, machinery, and

equipment. This subsector is divided into five three digit subsectors, and twenty five-digit
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subsectors; see Table 2. Subsector 38 produces a wide variety of products, including wire
(ISIC code 38112), pipe (ISIC code 38130), assembled cars (ISIC 38430), spectacle frames
(BPS code 38500). At first glance 1t might not be expected that all these different kinds of
products can be described by only two energy systems. However, after carefully analyzing
the descriptions of the production processes for these products there appear to be only two
relevant forms of heat application: hot galvanization of steel parts and applying surface
coatings on metals respectively. Note that Table 2 shows that some five digit subsectors are
not surveyed; we left some additional five digit subsectors out. For subsectors 38330 and
38340 we did so, because we can neglect heat application in the production and repair of

toasters, food mixers, ironers, etc. These production processes use electricity.

Table 2: Division of industry group 38

group

fabricated metal products, hand tools, agric. equipment 1
except machinery and cutlery, nails, etc. 2
equipment kitchen app. 3
metal furniture and fixture 1
structural metal products 16
metal containers 2
_ other metal products 1
[ 362 | Wochinery exct. etectrical | 38200 | machinery and repair | :
electrical machinery, appa- storage batteries 2
ratus, appliances, and sup- dry cell batteries 2
plies radio, TV, communication eq., etc. P
electrical apparatus and supplies 0
repair of electrical appliances 0
transport equipment ship building and repair 2
motor vehicles 2
motor cycles and three motor vehicles 1
bicycles 1 |
motor vehicle body and equipment 5
other transport equipment D
measuring and controlling 38500 | scientific, optical, etc. equipment 1
equipment _ |

The Gasunie Engineering survey covers 21.2% of the total energy used by subsector 38; the
shares of the different forms of energy application are 4.6% for transport, 23.7% for

electricity generation, 0.0% for feedstock, and 71.8% for heat production.

For the two production processes hot galvanization and surface coating, the technical

possibilities for heat application are limited. We further restrict this example to hot galvaniza-
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tion, denoted as production process 38A. This production process is basically the same for
all products that require galvanizing. The results of the survey for the galvanization process
are given in Table 3. The data are for a representative establishment, galvanizing 12,000 mt
per year. The yearly amounts of energy needed are 696,000 mge of industrial diesel oil and
1,404 MWh of electricity.

Table 3: Investment, O&M, and energy use for production process 38A.

diesel oil
s’
fuel supply acc. 37.4
heat transport 36.1
steam boiler Bl 261.6 | 61% 457
degreasing Fl 10.9 '
acid pickling F1 21.8
fTuxing il 21.8
drying Gl 23.4
\ galvanizing L2 68.0 100 % 234
guenching Fl 10.9 : |

vroseor | | oou] me] | ow]| | man] wm] | oo
- -

i

fuel supply acc. 14,9 0.4
heat transport

stecam hoiler Bl
degreasing J2 25.6 0.9 8() % 37 Fl
acid pickling J1 53.6 1.8 90 % 65 F1i
fluxing J1 53.6 1.8 90 % 63 Fi
drying K3 39.7 1.4 90 % 33 Gl
galvanizing 1.2 68,0 2.4 100% 239 L2

quenching }2 25.6 (.9 20 % 37 Fl

Total plant 281.0 (5.4

pemercwnt | | me|  os ool [ v o] o

" In million rupiahs.

% Energy efficiency.

» Energy use in 1,000 mge per year.

Y Investment and O&M in 1,000 rupiahs,

The first column of Table 3 contains the different steps in the galvanization process. The first
column per fuel links the production process to the fuel utility system and the heat application
equipment of Figure 1; for instance, Bl for fuel oil corresponds with the box Bl (steam

boiler) in Figure 1a. The technology indication in Table 3 1s the one most frequently used
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in the establishments surveyed. The technology choices in case of natural gas are our own,
and correspond with Figure 1b.

Note that production process 38A is an example of a production process that requires
temperatures over 200 °C, and thus in-situ heating is required. In Table 3 galvanizing is
indicated by L2, which stands for direct heating equipment with a temperature in the range
of 400 to 850 °C.

Based on this survey, we made an outline (not presented here) of a production site
to locate the different production utilities, the energy utilities, transport facilities for fuel and
heat, and the heating equipment within the production process required. This outline of the
plant is used to calculate the investment costs per type of fuel for both a new plant and
conversion of an existing plant to natural gas. The resulting investment costs are displayed
in the second column per fuel ("inv").

The third column per fuel type contains the operating and maintenance costs (O&M),
based on the assumptions of Section 4.2.

The fourth column per fuel type shows the efficiency ("eff") of the heating
equipment, that is, the amount of heat available at the outlet as a percentage of the lower
heating value of the inlet; for instance, a steam boiler with an efficiency of 59% means that
of the lower heating value of 100 mge, 59% is available in the form of steam for heat
applications, and 41% is lost. For in-situ heating we define efficiency as the amount of
energy used in the process, divided by the lower heating value of the amount of energy
combusted. To make the processes better comparable, we give the amount of a fuel needed
for galvanizing (L2) as a percentage of the amount of natural gas needed; so the number
103 % means that 3% more energy is needed in the form of fuel oil than in case natural gas
1s used. Note that the amount of heat used in a part of the production process, can be larger
than 100%, namely, when exhaust heat (for instance, in the form of condense) is utilized.

The last line per fuel type in Table 3 gives the data per metric ton produced. Note
that the forms of the different products galvanized can vary widely; therefore the amount of
energy per metric ton can vary. A better measure would be the surface of the product
galvanized, since the shape has some influence on the speed with which the process can be
applied. For practical reasons it is not feasible to use the shape as measure. The economics
of the heat application process, however, are only slightly influenced by the form of the

products.
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The ISIC five digit subsectors covered by process 38A are 38190, 38200, 38311,
38411, and 38430, If in the future new technologies or new products will emerge, it might
be that all these subsectors can no longer be presented by one production process only; a

redefinition of subsectors is then necessary. Given our analysis, this redefinition is relatively

simple.

4.4 Example 2: ISIC subsector 341, Paper and Fiber Board

Subsector 341 covers ISIC five digit subsectors 34111, 34112, 34120, and 34190. The
subsectors 34111 and 34112 produce paper and fiber board. The subsectors 34120 and 34190
use paper or board as input, and the production process can be clearly distinguished from
production process 34A. The survey data showed that the subsectors 34120 and 34190 can
be combined with subsector 34200, and can be represented by one production process,
namely 34B (containers from board).

The size of subsector 34111 is large, compared with subsector 34112. The amount
of energy used in subsector 34112 is only 1% of that in subsector 34111. Given this
difference and the fact that from an energy point of view the production of paper and fiber
board is quite similar, one production process (34A) is sufficient to represent the two
subsectors.

The production process is simple, and requires a steam boiler (Figure 1: B1); 1ts
steam is used for steam injection (F1) in the early stage of the process, and for steam heated
cylinders (P1) in the drying section of the production process (drying consumes about 95 %
of all the steam produced, and the temperatures required are 60 to 120 °C). Almost all
production units operate full time; that is 8,500 or more hours per year (a year has 8,760
hours).

Five out of a total of 32 establishments were visited, covering 25.7% of the total
energy consumption. Of the total amount of energy consumed 0.8% 1s used for transport,
21.7% for electricity, and the remaining (77.5%) in boilers. The technologies used, process
34A is the same for all fuels; natural gas does not have specific advantages. The main
investments are in a fuel supply system and two steam boilers (one for back up).

We base our netback value calculations on a plant producing 25,000 mt per year, and

consuming 7,95 million mge for heat and 16.5 million kWh. The costs of the fuel supply
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system for this plant differ with the fuel type, about 4.5% of the total investment costs for
fuel oil, and 1.5% for natural gas. The investment costs for one steam boiler are 883 million
Rupiahs for fuel oil, and 860 million Rupiahs for industrial diesel oil and natural gas. The
amount of natural gas per ton of paper is 316 m’; for diesel oil and fuel oil this amount is
318 mge and 327 mge respectively. The amount of electricity needed is 660 kWh.
Consequently, natural gas in conversion has no advantages, unless the price of natural gas
relative to fuel oil is extremely low. In new investments, however, natural gas has certain
advantages over oil products.

Because of the large amount of energy consumed and because factories produce more
for than 8,000 hours per year, cogeneration might be attractive. If we express all energy
required by process 34A in kJ (318 mge = 11,270 MJ and 660 kWh = 2,359 MYJ), the heat-
power ratio y (see equation (3)) becomes 11,270/2,359 = 4.78. The best technology 1s a gas
turbine with an exhaust gas boiler with supplementary firing. The investment costs I for such
a gas turbine are 2 to 2.5 million Rupiahs per kWe, the operating and maintenance costs O
are 10 Rupiahs per kWh, the price of electricity Pe is 106.6 (Rupiahs per KkWh) and the price
of natural gas (with a lower heating of 35.4 MJ) Pg is 154.5 (Rupiahs per m®). The plants

visited achieve a boiler efficiency n, of 75%. The proposed cogeneration can achieve a

combined thermal and electricity efficiency (n, + n_) of more than 90%. If we substitute

these figures into equation (3), a SPOT of 3.0 years can be achieved. This solution 1s quite

robust; changes of 25% in the variables of (3) still keep the SPOT below five years.

4.5 Overall Results

If we apply the method outlined and illustrated for all manufacturing subsectors in Table 1,
we get Table 4, column 2. All ISIC five digit subsectors are linked to production processes,
and there is a remarkable difference in the number of ISIC subsectors represented by one
production process. One reason is that the larger the amount of energy used in the production

process, the more specific the energy utilization technology will be.
For ISIC two digit subsector 31 (food & beverages) eleven production processes are
needed for twenty nine ISIC five digit subsectors; see Table 4, column 1. Note that

production processes 311 and 31K are used for more than one two-digit subsector.
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The textile industry (ISIC 32) is presented by one production process only (32A); its
fuel profile holds for an integrated plant (spinning, weaving, and finishing). The main energy
utilization is in the wet parts of this production process. The profile for this sector is based
on 44 surveys and covers 35% of the current energy use.

From the start of our study it was clear that five digit subsector 37100 could not be
presented by a single production process. The energy system in the production of genuine
iron differs from the other processes, such as forging and casting. In the latest revision of
the ISIC classification, this subsector is divided into four separate subsectors. If the data were
based on the 1990 revision, the different processes could have been linked to the separate
five digit subsectors, and no lower level classification would have been necessary.

Apart from ISIC subsector 37100, there is only one five digit subsector for which
a direct link between the ISIC five digit data and a single production process is not possible:
see Table 4, processes 35A through 35F. The reason is that the chemical industry is energy
intensive, and the optimal design of production facilities becomes rather specific. In the latest
review of ISIC subsectors [21], subsector 35111 (manufacture of basic chemicals except
fertilizers) is also split into several five digit subsectors, which offer better opportunities for
classification according to type of production processes.

For the basic chemical sector, Indonesia has planned large investments, which offer
opportunities for feedstock applications. Indonesia, however, has abundant naphtha produced
in its oil refineries, and this naphtha will be used as feedstock (instead of natural gas).
Natural gas will be used for heat production, because it is profitable and it 1s less
contaminating in production.

Using a discount rate of 12%, the netback values for conversion and new
investments, based on a price for natural gas at fuel o1l parity (both 154.5 Rupiahs per mge)
are shown per production process in the last two columns of Table 4; the only exception is
the netback value for cement, which is based on coal. For the production processes 35G and
37A the netback values must be based on equation (2) and conversion is not possible; for all
other processes equation (1) suffices.

Column (6) shows that at fuel oil parity pricing, natural gas has clear advantages in
new investments; the only exceptions are fertilizer production (35G) and genuine steel
production (37A). In case of industrial diesel oil, the same picture emerges; however, we

show only the netback values for fuel oil, because fuel o1l is the main competitor for natural
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gas under an efficient pricing policy. Sensitivity analysis showed that the netback values are
quite robust.

Column (5) shows that the potential demand for natural gas is 4,181.7 million m’ per
year;, potential demand is defined as the maximum amount of gas that can be utilized in
existing establishments. From this number we subtract the gas already committed in earlier
contracts (at fixed prices) for steel (1,069.8 million m?®), fertilizer (664.1), and some cement
production (0.319*%908.7 = 289.9). We then get the potential new demand for gas in existing
industries: 2,157.9 million m® per year. This demand, however, will not be realized. The
netback value for conversion of most production processes is below the price of 154.5
Rupiahs per m® (see column (7)). Only the processes 31F, 35A, and 35J (with a demand of
78.3 million m") will convert at that price. Demand can be increased by reducing the price
of natural gas in the first three years (the payback period for conversion). A reduction by 5
Rupiahs per m’ will make natural gas profitable in the conversion of fourteen more
processes; this conversion will increase demand to 821.2 million m’. A further reduction by
5 Rupiahs per m* will increase demand to 1,191.6 million m’. Only a special offer for the
cement industry can increase the last figure substantially (by 618.8 million m’). Note that the
conversion of the cement industry will also have a large environmental impact.

There are favorable conditions for the application of cogeneration in 10 of the 38
processes: 31A, 31D, 31F, 31G, 32A, 34A, 35D, 35E, 35F and 351. The simple payout
times range from about 2 years (for 35F and 35I) to 5,5 years (for 31A).

Note that the energy consumption per production process can be adjusted for energy
saving technical progress by introducing this progress in the characterization of the
technologies used in the processes.

We know that profitability as expressed by the netback value is only one of the
factors that will induce conversion to another fuel. Other factors are also important, e.g. the
share of energy costs in the total costs and the availability of investment capital. A problem
is that even if capital is available, a company in a growing economy is more interested in
investing in new capacity than in improved energy utilization. So to achieve conversion in
case of capital shortage, the Indonesian government will have to reach some form of

agreement with the manufacturing sector.
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5 Conclusions

Our engineering approach has clear advantages over traditional (economic and descriptive)
models, when evaluating the opportunities for natural gas in the manufacturing sector.
Traditional models for energy demand are rather abstract and are based on total energy use,
whereas our method is based on concise descriptions of fuel applications in production
processes. By linking the process descriptions per fuel type to their costs and benefits, we
can calculate the nethack value per fuel to determine the choice of fuel. This netback valuc
evaluation takes imnto account the technical restrictions for fuel application in production.

Furthermore, we require no historical data on gas utilization to apply our model; these data

are not available when gas 15 introduced.

The production process descriptions plus the economics of these processes are (he
basis for the marketing strategy of the Indonesian gas distribution company, upon gasification
of an area. Of course, our general outline of a production process should be adjusted when
applied at the plant level. The distribution company currently uses the process descriptions
to analyze new client’s fuel utilization and to suggest improvements. Qur results show which
manufacturing subsectors are most promising for the distribution company’s general
marketing strategy. For example, we can analyze the effects that a more comprehensive tariff
structure will have on the demand for natural gas, given the prices of other fuels.

Our technical descriptions of the production processes are linked to regional
statistical data at the ISIC five digit level, to obtain the manufacturing’s sector total demand
for natural gas. Because of this link our method is a good starting point for macroeconomic
nolicy evaluations as well. At the macro level, our analysis allows the Ministry of Energy
to evaluate the effects of comprehensive energy pricing policies. The link of the technical
data for the netback calculations with the ISIC five digit subsectors enables easy evaluation
of the effects of pricing policies for all fuels. Furthermore, our analysis can be cdmbined
with a more general least cost approach for energy planning, including the opportunities for
cogeneration in the overall electricity system.

Our analysis shows that 38 significant production processes suffice to analyze the
demand for energy by the total manufacturing sector on Java. In case new production
processes emerge, these processes can be easily added and a complete reevaluation is not

required. Furthermore, information on new technologies can be added to every production
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process. This information will indicate the technological state of existing industries, and set

the path for future energy demand management.
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