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Chapter 3

Chapter 3

Environmental Costs Assessment for Improved

Environmental-Economic Accounts for Indonesia

Abstract

The overall purpose of this study is to assess priorities for new environmental
accounts in Indonesia. We use environmental costs related to air pollution and
resource extraction in Indonesia as a measure for priority. This study uses the
damage costs approach to estimate the environmental degradation costs value
and the Net Present Value (NPV) approach to obtain the environmental cost
of natural resources depletion of several natural resources that are most
important for the Indonesian economy. Our estimate of the total environmental
costs amounts to around 13% of GDP in 2010. Environmental costs are mostly
due to depletion of energy and mineral resources, followed by environmental
degradation cost from air pollution, and the use of forestry resources and
related depletion of ecosystems. The Indonesian Central Bureau of Statistics
(BPS) has already published damage costs data related to resource depletion,
which we find is a priority. However, the BPS should consider completing its
data with additional information on the depletion costs of ecosystem services
related to forestry. Moreover, the BPS could expand Indonesia’s economic-
environmental accounts by including environmental degradation costs due to
air pollution. We found that from a substance perspective, the priorities are
SOx, NOx, CO,, CHa, and particulate matter. At the same time, from a sector
perspective, the priorities are electricity, manufacture of basic iron and steel
and of ferro-alloys and first products thereof, mining of coal and lignite, and
extraction of peat, because if the national accounts included the external costs
of air pollution and the depletion of natural resources, these sectors would
create a negative value-added.

Published as Pirmana, V., Alisjahbana,A.S., Hoekstra, R., Yusuf, A.A., and Tukker.
A. (2021) Environmental costs assessment for improved environmental-economic
accounts for Indonesia, Journal of Cleaner Production, Volume 280, Part 1, 2021,
124521,ISSN 0959-6526, https://doi.org/10.1016/].jclepro.2020.124521.
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3.1 Introduction

Achieving the Sustainable Development Goals (SDGs) requires that economic
development, particularly in developing countries, ensure that adverse effects
of economic activities to the environment are minimized (also compare
WCED, 1987 pp.12). For monitoring progress towards SDGs, environmental
and economic accounts are needed, but many low-income countries still have
problems developing such accounts (Pirmana et al., 2019).

A starting point of proper environmental management concerning economic
development is to recognize the cost of environmental impacts due to
economic activities and to include them in the decision-making process
(World Bank, 1994). Studies have calculated and valued not only the natural
resource depletion but also the environmental degradation as a side effect from
economic activities (World Bank, 1997; Alisjahbana and Yusuf, 2000a; Bolt
et al., 2002; Anielski and Wilson, 2005; Asici, 2013; Obst and Vardon , 2014).

To ensure that the development process proceeds well, Indonesia also needs
to develop an accurate and comprehensive environmental-economic account.
Indonesia is one of 17 countries with an extraordinary biodiversity (OECD,
2019). Indonesia is well known as the country with the largest area of tropical
forests in the world, and it has a very rich coastal and marine ecosystem. The
abundance of natural resources has made Indonesia one of the largest
producers and exporters of minerals, energy sources, woods, and agricultural
products. At the same time, the country still faces challenges in reducing
environmental impacts due to economic activities. Indonesia was the fourth-
largest emitter of greenhouse gas in the world in 2015 (Chrysolite et al., 2020),
due to emissions from deforestation and peat forest fires, as well as from
burning fossil fuels for energy. Other challenges comprise unwise behavior in
natural resources extraction, high pollution, and environmental degradation.

In Indonesia, the Central Bureau of Statistics (BPS) has conducted several
studies on establishing economic-environmental accounts (including the
Green GDP measurement). Those publications are still limited to specific
accounts, for instance, forest, energy and mineral accounts. Meanwhile,
Indonesia is in the process of expanding its work on environmental accounts,
for example, on CO; emissions. However, since the collection of new
environmental statistics can be costly, it is useful to analyze which kind of
environmental accounts are relevant to the respective economic sectors.

Generally, the purpose of this study is to assess the priorities for improving
and expanding environmental accounts in Indonesia. We used environmental

64



Chapter 3

costs related to emissions and resource extraction in Indonesia as a measure
for priority. Based on this background, the present study intends to answer the
following research questions: (i) How high are the total environmental costs
in Indonesia? (ii) What part of these environmental costs is caused by the
environmental degradation cost from air pollution? What sectors and types of
air pollutants have the highest environmental degradation cost in the
Indonesian economy? (iii) What part of these environmental costs is caused
by natural resource depletion from resource extraction sectors in Indonesia?
(iv) Which sectors and types of environmental interventions are hence of the
highest priority to be covered by environmental accounts?

This chapter is broadly structured as follows: Section 2 contains literature
reviews on environmental cost accounting methods. Section 3 introduces
earlier work on environmental costs accounts for Indonesia and the
methodology used throughout this paper. Section 4 presents the results of this
study on environmental degradation costs and the costs of natural resource
depletion from resource extraction sectors in Indonesia. Section 5 provides a
discussion of the findings and the conclusion of the study.

3.2 Methods for environmental cost calculations

Figure 3.1 summarizes the most widely used approaches in environmental cost
accounting. Usually, two broad groups of costs are discerned: (a) costs related
to environmental degradation caused by emissions (with impacts on the
ecosystem and on human health), and (b) costs associated with the use of
natural capital and the depletion of natural resources (Alisjahbana and Yusuf,
2004; Wang et al. 2018).

The costs of the first category can be estimated via two main approaches: the
damage-based approach and the cost-based approach. The damage-based
approach calculates pollution costs due to pollutant discharge, which can
cause environmental deterioration (Wang et al., 2018). On the other hand, the
cost-based approach calculates the costs required to abate pollutant discharge
in the production and consumption processes, the result of which is called
maintenance costs.

Cost calculations for the second category usually discern two main types: (1)
renewable (biotic) natural resources, such as crops, timber and fish, and (2)
non-renewable (abiotic) natural resources, such as metals and non-metal
minerals, and fossil energy resources, including water (Hertwich et al., 2010).
Renewable natural resources are, in principle, self-regenerating, making use
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of solar energy. They can be harvested to yield ecosystem goods (such as
wood). Non-renewable natural resources cannot be regenerated. Mineral
deposits and fossil fuel are the best examples. These resources generally yield
no services until extracted. Overexploitation of biotic resources can lead to the
collapse of resource stocks (e.g., forests and fisheries) and cause complex
environmental problems. Methods for measuring the depreciation/depletion of
natural resources can be categorized into three broad groups of approaches: (i)
The Market Price Approach, (ii) The Income Approach, and (iii) The Cost
Approach.

Environmental cost accounting seeks to monetize the various forms of
environmental pressures shown in figure 3.1. Monetization makes it possible
to prioritize such pressures and to calculate how environmental costs are
related to the Gross Domestic Product (GDP) of a country—for instance, by
calculating a “correction” of the GDP. The next section will provide a more
detailed discussion of the available methods and approaches for monetizing
environmental degradation and natural resource depletion, with an emphasis
on the Indonesian context.

Environtmental Cost
Accounting

Environtmental
Degradation Cost (eg.
air and water pollution)

Depletion/ Depretiation
of Natural Resources

Physical Accounting | | Pollution Level | Non-Renewable Natural

. Resources (eg. Energy and
(eg. Forest and Fisheries) " & 8y
Mineral Resources)

Cost based Damaged based l
approach approach
| v
—
Maintenance Degradation
Cost (MC) Cost (DC)
Resource rent
; l
Environtmental l
Protection
Expenditure (EPE)
A Eco-Domestic Product (EDP) and
Percentage of EPE Percentage of Degradation
to GDP Cost/ Depletion of Natural
Resources to GDP

Figure 3.1. Approaches to environmental cost accounting
Source: Authors, inspired by Alisjahbana and Yusuf (2004); Wang et al. (2018)
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3.2.1 Environmental degradation cost

Environmental degradation is defined as a decrease in the quality of the
environment due to development activities. Its value does not include the
actual cost of economic activities under the market economy framework
(World Bank, 2006; Perman et al., 2011). There is no consensus on the "best"
method of valuing environmental damages from economic activities. In
practice, several approaches and methods are used to measure environmental
degradation costs.

Among others, (Wang et al., 2018) pointed out that the environmental costs of
pollution can be assessed in two ways, namely by calculating the expenditure
on environmental protection and by calculating environmental degradation.
The first approach calculates the sum needed to reduce pollutant discharge
from production and consumption activities with the Best Technology
(treatment) currently available (BAT). The United Nations Economic and
Environmental Account System (UN SEEA; see UN, 2003; UN, 2012) defines
prevention costs such as 'maintenance costs'. The second approach is to
calculate what damage is caused by pollutant disposal (e.g., for human health,
or environmental degradation). UN SEEA refers to these costs as 'costs of
environmental degradation', or 'damage value'.

The damage costs approach is more complicated than the maintenance cost
approach (Schoer, 2007). However, the damage costs approach provides a
better insight into the dangers of pollution for human health and for the
environment (Xia et al., 2000).

Table 3.1 provides an overview of authoritative studies that calculated these
damage costs in different contexts. We observed that few studies specifically
examine these costs in developing countries. As we will explain further in
section 3, we opted for using the studies in Table 3.1 by adjusting them to an
Indonesian context, rather than estimating damage costs via complex
emission-effect calculations in the Indonesian situation, for which no data are
available.
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3.2.2 Depletion of natural resources

The theory and literature on environmental costs accounting generally base
the valuation of natural resource depletion on market prices. The assumption
is that a market price represents a revealed preference and shows how
economic decisions are made and can be compared. Several approaches have
been used to estimate the depletion of natural resources (Motta and Amaral,
2000; UN, 2005; Domingo and Lopez Dee, 2007). Domingo and Lopez Dee
(2007) categorized these approaches into three categories: (i) the market price
approach, (ii) the income approach, and (iii) the cost approach.

3.2.2.1 The market price approach

Environmental assets are tradable, and their value follows the prices prevailing
in the market. Domingo & Lopez Dee (2007) pointed out some advantages
and limitations of using the market price approach. Data on quantities, prices,
and costs are relatively easy to obtain, especially in established markets. On
the other hand, one of several limitations of using this approach is the
availability or lack of market data for non-traded resources. Due to policy
failures or market imperfections, market transactions may not fully reflect the
actual economic value of these goods and services. Moreover, researchers
must consider factors affecting prices and seasonal variations. Domingo &
Lopez Dee (2007) also pointed out that the market price approach may
overstate benefits since this measurement does not subtract the market value
of other resources that are necessary to bring ecosystem products to market.

3.2.2.2 The income approach

An alternative to the market price approach is the income approach, which is
an indirect way of using market value or considered a proxy measure of market
value where, in reality, a true market does not exist. Four approaches fall into
this income approach group: (1) the Net Price Method, (2) the Net Present
Value (NPV) method, (3) the El Sherafy/User Cost method, and (4) the
Appropriation method. Each approach has advantages and limitations.

Table 3.2 below presents each approach's advantages and disadvantages for
concisely measuring natural resource depletion.
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3.2.2.3 The cost approach

This approach is an alternative measurement for valuing natural resource
assets, such as mineral resources. The advantages of this method are reflected
in the availability of technical data and specific information on exploration
costs (Domingo and Lopez Dee, 2007). On the other hand, the disadvantage
of using this method relates to the experience assessments that are needed to
distinguish past expenditures that are considered productive from those
estimated to make no contribution to the value of the property and to predict
what will be reasonable exploration programs and costs in the future.

3.3 Estimation method for Indonesia

Several attempts have been made to measure environmental costs and to adjust
the conventional GDP for the case of Indonesia. These attempts have been
initiated since the early 1990s, both by individuals and by local and
international institutions. Table 3.3 below summarizes the most critical studies
on environmental cost measurement for the case of Indonesia.

Table 3.3. Summary of previous studies of environmental cost and related
adjustments of Indonesia’s GDP

Authors Coverage Valuation Results
Methods (Adjustment
of GDP,%)
Repetto et al. - Resource depletion: Oil, soil degradation Net price 17.9 (1984)
(1989) and forest (including deforestation) method
Pearce and - Resourcedepletion: Oil, soil degradationand ~ Market price 17.9 (1984)

Atkinson (1993) forest (including deforestation)
BPS (1996-2011) - Resource  depletion: — Forest, mineral Net price 11.7 (1996)
resources (oil, gas, coal, gold, silver, nickel ~method
ore, bauxite)
Vincent and  Resource depletion: several mineral resources, Hotelling rent 2.5 (1992)
Castenada (1997)  forest, and sub-soil resources.
Hamilton (1999) - Resource depletion: oil, gas, broad coverage Net  present 14.7 (1994)

of minerals, forest; Value (NPV)
- Env. degradation: damage due to emission method
of COz.
Alisjahbana and - Resource depletion: petroleum, natural gas, User cost  5.2(1995)
Yusuf (2000a) several of the most important mineral method

resources, forest resources
- Env. degradation: pollution damage from
local and global sources

Alisjahbana and - Resource depletion: petroleum, natural gas, Net price  10.5(1997)
Yusuf (2000b) several of the most important mineral method, the
resources, forest resources maintenance

Env. degradation: pollution damage from cost approach
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local and global sources’

Yusuf and  Resource depletion: Forest, oil, natural gas, Net price  4.27 (2007)
Pirmana (2009) and several of the most important mineral method, the
resources maintenance

Env. degradation: pollution damage from cost approach
local and global sources

Yuniarti, P. Irma  Resource depletion: crude oil, natural gas, Net price 4.2 (2007)
(2013) forest, several of the most important mineral method,  the
resources maintenance

Env. degradation: pollution damage from cost approach
local (NOx) and global sources
BPS (2012-2016) - Resource depletion: forest, crude oil, Net  present 6.74 (2016)
natural gas, and several of the most Value (NPV)
important mineral resources method
- Land cover and land use

Source: Author’s compilation

The table shows that in most studies, the measurements of environmental costs
only focus on the calculation of natural resource depletion. A few studies
attempted to include the calculation of environmental degradation cost caused
by emissions, and they usually concentrate on a small number of emissions,
such as BOD, CO», NOx, etc. Furthermore, most of these studies are quite
dated. There is hence a need to highlight how significant the environmental
degradation costs of emissions are in comparison to those of resource
extraction. The next section will discuss and elaborate on how environmental
costs were estimated in this study.

3.3.1 Estimation procedures

This sub-section will explain in more detail the methodologies used in the
present study for calculating environmental costs for the Indonesian context,
divided into the procedures for calculating the costs of (i) environmental
degradation due to emissions, (ii) destruction of ecosystems, and (iii) depletion
of natural resources.

3.3.1.1 Environmental degradation due to emissions

Damage costs usually are calculated by estimating damage cost values per unit
discharge of a specific pollutant, multiplied by the volume of emission
discharge. The formula used to arrive at environmental degradation costs in
this study is as follows:

s All types of pollutants classified into local sources of pollution except for CO, emission.
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ED = Y Xon Pmn- UCn (3.1

Where ED is the environmental degradation costs resulting from the sum of
environmental degradation costs by type of pollutant and by sector, pux is the
volume of pollutant m produced per unit output of sector n (pollution
intensity), and uc, is the unit cost of pollutants m in sector n (environmental
price, Rp/kg)

The environmental degradation cost calculation in this study is limited to air
pollution. For calculating the environmental degradation costs related to air
emissions and resource extractions by sector, two main data sets are needed:

a)

b)

The volume of air pollution emissions by type of air pollutants and by
economic sector. Due to the limited availability of data from official
sources in Indonesia, this study utilizes emission information from a
Global Multi-regional Environmentally Extended Input-Output (GMRIO)
database, EXIOBASE, which was developed by a consortium consisting
of the Institute of Environmental Sciences (CML), the Netherlands
Organisation for Applied Scientific Research (TNO), the Norwegian
University of Science and Technology (NTNU) and other partners (Stadler
et al., 2018). This consortium estimated emissions by sector for a large
number of countries, using, for instance, information of the International
Energy Agency (IEA) on fuel use by sector in combination with emission
factors. While this information is not official, this source provides a good
proxy for emission data by type of air pollutants and by economic sectors.
A problem is, however, that EXIOBASE uses a different sector
classification than the Indonesian system of national accounts.

Several studies/ publications are based on environmental prices, primarily
obtained from academic institutions and NGOs in Europe (see table 3.1).
Publications or studies on environmental damage costs of emissions in
developing countries are absent or very rare. We conducted an extensive
analysis of available studies on damage costs of emissions, including
emissions of CO2, Pb, PM10, and CH4, and we reported our findings in
table 3.1. We decided to base our present study mainly on damage costs as
indicated in the Environmental Prices Handbook EU28 publication version
CE Delft, the Netherlands (De Bruyn, S. et al., 2018). This decision was
based on the consideration that in comparison with other publications, the
environmental price data published by this institution are up to date and
provide the most detailed data based on the type of air pollutants. This data
set is also compatible with the classification of types of air pollutants in
EXIOBASE. The use of this data set poses various problems, however.
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For instance, the currency is different, and the data are for a different base
year (2015) than the year we used in this study (2010). Finally, there may
be a different valuation of the same level of damage in Europe than in
Indonesia.

To solve the problems posed by using emission data given in the EXIOBASE
classification and by using damage cost data that are sourced for the year 2015
in Europe and calculated in Euro, we used the following approach:

1. Align EXIOBASE and Indonesian data. We first created a correspondence
between EXIOBASE and the sector classification in the Indonesia Input-
Output Table (IIOT). In this study, a mapping of the two-sector
classification of the dataset was carried out by making a concordance
matrix. The EXIOBASE data are categorized into 163 sectors, while the
2010 IOT distinguishes between 185 industries. By aggregating both
EXIOBASE and the IIOT, both were converted into a standard
classification of 86 sectors. Furthermore, EXIOBASE itemizes highly
specific emission extensions, differentiating, for instance, CO, emissions
by fuel type and other sources. We aggregated the original 417 emission
extensions to 34 substances.

2. Align the base year for environmental prices (damage costs). The volume
data of emissions/air pollutants from the EXIOBASE dataset are for 2010,
while the available data on environmental prices are based on other years.
We therefore re-priced environmental damage costs according to the year
and country of origin using the GDP deflator of the OECD National
Accounts Statistics.

3. Convert the 2010 environmental prices by type of air pollutant into
Indonesian rupiah. The sources we used reported damage costs in Euro
and $ per kg emission. For the present study, it was necessary to convert
these values into rupiah/kg. We decided to apply a monetary conversion
for 2010 based on Purchasing Power Parity (PPP) rather than just using
the market exchange rate. For developing countries, the latter would lead
to an underestimation of damage costs, since purchasing power is usually
higher than an income calculated via the market exchange rate.

4. Multiply the emission volumes estimated under point 1) with the damage
costs per kg calculated under point 3. The last step to calculate the
environmental cost value was to multiply the amount of air pollutant
discharge for each sector with the environmental price value for each type
of air pollutant.

These conversion steps are shown in detail in an extensive spreadsheet added
as Supplementary Information (SI). Table 3.4 shows the resulting damage
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costs in Rupiah (Rp)/kg per pollutant for Indonesia for 2010. The total damage
costs of emissions by sector in Indonesia are discussed in section 4.

Table 3.4. Damage cost value by type of air pollutant

Environmental prices/kg (in

No  Air Pollutants Thousand Rp,2010)
1 CO2 0.12
2 CHas-Methane 4.33
3 N2O 36.82
4 SOx 61.95
5 NO« 36.82
6 NH3 43.54
7 CO 0.13
8 Benzo (a) pyrene 13.16
9 Benzo (b) fluoranthene 0.50
10 Benzo (k) fluoranthene 0.50
11 Indeno (1,2,3-cd) pyrene 1.53
12 PCBs-Polychlorinated biphenyls 0.04
13 PCDD_F -polychlorinated dibenzo-p-dioxin and 70,78"
dibenzofuran
14 HCB-Hexachlorobenzene 4.63
15 NMVOC 2.86
16 PM10 66.18
17 PM2.5 96.29
18 TSP 35.56
19 As-Arsenic 2,144.73
20 Cd-Cadmium 1,465.48
21 Cr-Chromium 1.24
22 Cu-Copper 9.65
23 Hg 85,813.91
24 Ni 213.23
25 Pb 13,353.53
26 Se 87.58
27 Zn 16.57
28 PAH 18.77
29 SF6 3,309.15
30 HFC-Hydrofluorocarbons 2,650.72
31 PFC-Perfluorocarbons -
32 Nitrogen 7.74
33 Phosphorus 11.82
34 Emissions n.e.c — Waste -

Source: Author’s calculation based on various sources of the damage cost values by types of
air pollutants, see supporting information. In short, data on damage costs were taken mostly
from the Environmental Prices Handbook for the EU28, produced by CE Delft in 2018, and
were adjusted to the Indonesian context. For other types of air pollutants, we used values from
other sources. The value for CO, was taken from the US EP, the value for PCDD_F was taken
from EEA publication (EEA, 2014), and the values for TSP, Se and HFC were taken from the
Eco-cost 2007 LCA data, the only source providing them. Data for PAH were taken from the
EPS Impact Assessment Method dataset of the Swedish Life Cycle Center.

Notes: ” in Billion rupiah
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3.3.1.2 Value loss of ecosystems

To estimate the value of ecosystems, or more particularly in this study, of
forest resources, we covered two primary sources of destruction: (i) Net
depletion of renewable resources (timber resources), often referred to as
"excess felling" and defined as the volume of wood produced that exceeds its
natural growth. (ii) The loss of ecosystem services from tropical forests due to
deforestation.

To compute (i), the net depletion of timber resources, we use the main sources
available in Indonesia on physical forest accounts published by the BPS,
which cover two types of timber: teak wood and deep forest roundwood.

The stocks (both opening and closing stocks) of timber resources are the stocks
of products assessed at a certain period. Additions to the stocks of this type of
resources include both plantation and natural growth, whereas the decrease in
stocks of these assets covers damages and harvesting or production. We
assume that log values destructed by fires constitute a part of destroyed forests.

In constructing the monetary account for timber resources, a unit rent has to
be estimated. Data of the physical account is then multiplied by its unit rent to
arrive at a monetary account for forest resources.

D* = s,(h;~g)) 3.2)

Where DR is depletion/depreciation of renewable natural resources; sj is unit
rent of renewable natural resources j; hj is the quantity of a renewable natural
resource j, and gj is the natural growth of that renewable resource j.

Equation (3.2) shows how to calculate the depletion or depreciation value of
renewable natural resources. Based on this equation, rather than multiplying
the unit rent by the number of resources obtained, the authors of this study
considered it better to multiply the unit rent by the net depletion or the quantity
of the resource obtained (hj) minus its natural growth (gj).

To calculate (ii) the loss of ecosystem service value of tropical forests, we
multiplied the area of primary forest cover loss (ha) with the unit values of
ecosystem services from tropical forests. Due to the limited availability of data
from official sources, we utilized data for primary forest cover loss for 2010
from Margono et al. (2014). The estimated value per ha of ecosystem services
from tropical forests was taken from Costanza et al. (2014). Since the unit
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value data is only available for 1997 and 2011, with values in int.$/ha/year in
2007 constant prices, we converted the data in the following steps: we first
converted the unit value $2007/ha/year into unit value $2010/ha/year using the
US CPI data. Next, we calculated the loss of value of ecosystem services of
tropical forests by multiplying the unit value with the number of ha of forest
cover loss. We finally converted the value into Indonesian rupiah using the
PPP. The SI shows these calculation steps in detail.

3.3.1.3 Depletion of natural resources

This study estimated the value of non-renewable resources depletion for the
essential mineral and energy resources in the Indonesian economy, i.e., crude
oil, natural gas, bauxite, tin, coal, nickel ore, gold, and silver, in terms of
monetary accounts, based on a physical accounts dataset from the BPS
publication on SISNERLING. After considering and comparing the strengths
and limitations of each of the natural resource depletion measurement methods
in section 2, we decided to use the NPV approach to assess the costs of
resource depletion for non-renewable resources. The use of this approach is
also recommended by the SEEA-CF 2012 (United Nations, 2014).

The formula used to estimate the depletion/depreciation of non-renewable
natural resources in this study is as follows:

D™ =3%"rg, (3.3)

Where DNR is depletion/depreciation of non-renewable or exhaustible natural
resources; i is the type of non-renewable natural resources; ri is the unit rent
(or value) of non-renewable natural resources type i, and qi is the extracted
quantity of non-renewable natural resources type i.

Data on the extracted quantity of each of these natural resources (qi) was
obtained from the publication "Statistics of Oil and Gas Mining" and
"Statistics of Non-Oil and Gas Mining" published by the BPS. For each
resource, the unit rent (i) is estimated by subtracting the extraction costs per
unit from the price.
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3.4 Findings on environmental cost calculation for Indonesia
3.4.1 Total environmental costs

The environmental costs estimated in this study consist of two main
components, i.e. (1) environmental degradation caused by air pollution; (2)
natural resource depletion. Using the approach explained in the earlier
sections, we estimated the total environmental costs at Rp. 915,11 trillion,
broken down into Rp 348,35 trillion (38.07%) due to environmental
degradation by air pollution, Rp 61.43 trillion (6.71%) due to the depletion of
renewable resources (split up into Rp. 33.09 trillion for the value of excess
felling of wood, and Rp 28.35 trillion for the loss of ecosystem service value)
and Rp 505.33 trillion (55.22%) due to non-renewable resource depletion, see
table 3.5.

Table 3.5. Breakdown of environmental costs by type of natural assets (Rp
trillion)

Components Environmental Percentage
Costs (Rp trillion)
1. Environmental degradation costs (air 348.35 38.07
2. Destruction of Ecosystem (forest) 61.43 6.71
- Net depletion/excess felling of wood 33.09 3.62
-Loss of eco-services Value of tropical 28.35 3.10
3. Non-renewable resources (Energy and 505.33 55.22
Environmental costs 915.11 100.00

Source: Author’s calculation

Table 3.5 shows that the principal source of imputed environmental costs in
Indonesia were energy and mineral resource depletion, for which the BPS
already has good statistics. However, the table and figure also illustrate the
major contribution of environmental degradation costs from air pollutants, for
which the BPS has less elaborated statistics.

Table 3.6 shows the top 10 sectors with the highest Total Environmental Cost
/Value-Added Ratio in Indonesia in 2010. The table shows that eight sectors
have total environmental costs that are larger than their value-added (VA):
Waste management and recycling; Other livestocks; Fertilizer; Sea and coastal
water transport; Manufacture of basic iron and steel and of ferro-alloys and
first products thereof; Mining of coal and lignite; extraction of peat; Extraction
of crude petroleum and services related to crude oil extraction, excluding
surveying; Inland water transport. The fact that total environmental costs
exceed value-added implies that if the national accounts included the external
costs of air pollution and the depletion of natural resources, these sectors
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would create a negative value- added.

Table 3.6. Top 10 sectors with total environmental cost (TEC) / value-added

(VA) ratio
No Sector Total Environmental Value- TEC/VA
Costs (Rp. trillion) Added

1 Waste management and 0.26 0.08 3.17
recycling

2 Other livestocks (meat nec) 2.94 1.62 1.82
Fertilizer 13.75 7.77 1.77

4 Sea and coastal water 29.00 18.93 1.53
transport

5 Manufacture of basic iron 35.85 28.81 1.24
and steel and of ferro-alloys
and first products thereof

6 Mining of coal and lignite; 185.10 156.02 1.19
extraction of peat

7 Extraction of crude 196.20 177.46 1.11
petroleum and  services
related to crude oil
extraction, excluding
surveying

8 Inland water transport 7.29 6.70 1.09
Cultivation of sugar cane, 5.71 5.86 0.97
sugar beet

10  Manufacture of cement, lime 17.85 18.52 0.96
and plaster
Other sectors 421.17 6,261.92 0.07
Total 915.11 6,683.68 0.14

Source: Authors calculation

Estimating environmental costs allows us to make adjustments to the GDP.
Such an adjusted GDP is commonly known as “Eco-Domestic Product”
(EDP), where EDP is defined as a GDP that includes elements of degradation
of natural resources and the environment (Li and Lang, 2010). Subtracting the
value of the environmental costs from Net Domestic Product (NDP) yielded
an EDP of Rp. 4,678.54 trillion. The environmental costs constituted 16.36%
of the Net Domestic Product or 13.33% of the Gross Domestic Product, see
figure 3.2.

79



Chapter 3

Gross Domestic Product:
Rp. 6,864.13 billion
) Consumption of Fixed Capital:
N Rp. 1,270.48 billion

h 4

Net Domestic Product: * Degradation of natural
Rp. 5.593.65 billion resources caused by
residual (air pollution):

Rp. 348.35 billion

) . | . ¢  Destruction of
< Environmenta .cgsts. ecosystem (forest):
Rp. 915,11 billion Rp. 61.43 billion

¢ Depletion of resources:

- Energy and mineral
Eco-Domestic Product: resource depletion:

Rp. 4,678.54 billion Rp. 505.33

Figure 3.2. The 2010 Indonesian Eco Domestic Product
Source: Author’s Calculations

3.4.2 Environmental degradation cost by type of air pollutant

As indicated, environmental damage costs due to air emissions are an
important part of the total damage costs in Indonesia. In Table 3.7 and 3.8, we
present the value of environmental degradation cost by sector and by type of
air pollutant. The profile helps to identify the sectors and pollutants with the
highest value in environmental degradation costs, which can be considered a
priority for inventorying improved data on emissions for the Indonesian
situation. Such data also will allow calculating a more accurate Green GDP
by, for instance, identifying the priority sectors whose data must be obtained
by the BPS or related official institutions, such as the ministry of the
environment and forestry.

As was already shown in Table 3.5, the total environmental costs related to air
emissions in 2010 for Indonesia were about 348.35 trillion rupiahs or 5.07%
of the total GDP. Table 3.7 shows the ten sectors with the highest
environmental degradation cost value in Indonesia. Based on table 3.7, these
ten sectors contributed about 73.11% of Indonesia's total environmental
degradation costs in 2010. The electricity sector was the sector with the highest
costs of environmental degradation in the economy: about 47.86 trillion
rupiah’s, or 13.74% of the total value of environmental degradation costs.
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The following priorities are the manufacture of basic iron and steel and of
ferro-alloys and first products thereof, including re-processing of secondary
steel into new steel (10.39%); mining of coal and lignite and extraction of peat
(8.33%); Sea and coastal water transport (8.32%); Cultivation of paddy rice
(7.38%). The remaining five of the ten highest contributors were accountable
for 25.23% of the total environmental degradation costs in Indonesia for 2010.

Table 3.7. Ten highest environmental degradation costs values by sectors

No  Sector Environmental Percentage
Degradation Cost
(Rp trillion)
1 Electricity 47.86 13.74
2 Manufacture of basic iron and steel and 35.85 10.29

ferro-alloys and first products thereof &
Re-processing of secondary steel into

new steel
3 Mining of coal and lignite; extraction of 29.02 8.33
peat
Sea and coastal water transport 29 8.32
Cultivation of paddy rice 25.72 7.38
Manufacture of rubber and plastic 24.49 7.03
products
Livestock and their results 18.43 5.29
8 Manufacture of cement, lime, and plaster 17.85 5.12
Fertilizer 13.75 3.95
10 Construction 12.7 3.65
Other sectors 93.69 26.89
Total 348.35 100%

Source: Author’s calculation (see appendix for detailed results)

Looking at pollutants, the ten types of air pollutants with the highest costs of
environmental degradation in Indonesia are accountable for 326.41 trillion
rupiahs or 93.70% of the total environmental degradation cost value (table
3.8). SOx has the highest environmental degradation cost of about 74.56
trillion rupiahs or 21.40% of the total environmental degradation cost value,
followed by NOx (16.44%), CO2 (13.60%), andCH4 (10.41%).
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Table 3.8. Ten air pollutants with the highest environmental degradation costs
values

No Pollutants Environmental Degradation Costs Percentage
(Rp trillion)
1 SOx 74.56 21.40
2 NOx 57.27 16.44
3 CO2 47.39 13.60
4 CH4 36.28 10.41
5 NH;3 30.50 8.75
6 TSP 20.69 5.94
7 Pb 18.03 5.18
8 PM10 17.01 4.88
9 PM2.5 14.86 4.27
10 Nitrogen 9.83 2.82
Other pollutants 21.94 6.30
Total 348.35 100%

Source: Author’s calculation (see appendix 3 for detailed results)

Table 3.9 and 3.10 show a matrix of the top 10 sectors and pollutants in terms
of environmental degradation cost value. The ten sectors and the ten types of
pollutants are the sectors and types of pollutants that must be prioritized, both
in terms of data availability, as well as in terms of industrial policy-making in
the context of sustainable development. The ten sectors are as follows:
Electricity; Sea and coastal water transport; Manufacture of rubber and plastic
products; Pulp & Paper; Mining of coal and lignite; Extraction of peat;
Manufacture of cement, lime and plaster; Other non-ferrous metal production;
Petroleum Refinery; Manufacture of basic iron and steel and of ferro-alloys
and first products thereof & Re-processing of secondary steel into new steel;
and Chemical. The ten pollutants are SOy, NOx, CO2, CH4, NH3, TSP, Pb,
PM10, PM2.5, and Nitrogen.
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3.4.3 Loss of ecosystem services from deforestation

The environmental costs of the extraction of forest resources and the related
ecosystem depletion consist of excess felling of timber above its natural
growth, forests damage and conversions, but also include the loss of eco-
services of forests due to economic activities?. In Indonesia, many economic
activities involve the conversion of forest areas to commercial areas, such as
estates and transmigration areas. Also, there is a large amount of forest damage
due to both human activities and natural causes. This forest damage and the
effects of conversion should not be neglected in estimating the environmental
costs since they contribute to the reduction of forest products in the future.
Table 3.11 provides an overview of the estimated results of the net depletion
(excess felling) of timber resources. The value of environmental costs is equal
to Rp. 61.43 trillion, almost half of which, Rp. 33.09 trillion, is due to net
depletion (excess felling) of forest resources, calculated as growth minus
felling, conversion, and damages. Meanwhile, the value of destruction of the
ecosystem due to the loss of eco-services of tropical forests amounted to Rp.
28.35 trillion (calculation details provided in supplementary information).

Table 3.11. Environmental cost from the depletion of forest resources, 2010

1. Net depletion (excess felling)

L Deep forest Deep for.est
Description Teak wood roundwood  outside
roundwood on Java Java
Growth (000 M3)* 4,779.74 16,669.30 26,957.10
Conversion and 440.80 385.30 248,573.60
Felling ( (000 M3) 450.03 439.40 53,550.90
Excess felling ( (000 -3,888.91 -15,844.60 275,167.40
Unit rent Rp/cubic 190,137.50 13,381.80 120,237.70
Excess felling in (Rp -0.74 -0.21 33.09
2. Loss of Eco-services Value
Unit value $2010/ha/year 5,568.45
Forest cover loss (ha) 560,000.00
Loss of eco-services Value from the tropical forest ($ million)  3,118.33
Loss of eco-services Value from the tropical forest (Rp trilion) 28.35
Environmental Cost from depletion of Forest Resources (1+2) (Rp  61.43

Source: Author’s calculation
Notes : *) Thousand cubic meters

Most of the destruction resulted from forest fires, either caused by humans or

2 excess felling also known as depletion of forest resources
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by nature. Human-caused forest damage is the result of shifting cultivation
practices, logging damage, or land clearing. Some of the forest fires were
exacerbated by nature (wind, dry temperature, etc.). In this case, it was not
possible to obtain a more detailed account of forest damage due to each of
these causes.

3.4.4 Depletion of natural resources

This study covers the depletion of non-renewable resources such as minerals
and energy carriers. Table 3.12 shows the depletion value from energy and
mineral resources: the depletion value from oil resources amounts to Rp.
190.40 trillion, the depletion value from natural gas is about Rp. 125.84
trillion, and coal depletion is equal to Rp. 156.09 trillion. Moreover, the
depletion value from bauxite is equal to Rp. 1.36 trillion, followed by tin
(Rp.5,01 trillion), gold (Rp. 25.30 trillion), silver (about Rp. 0.97 trillion), and
nickel ore (Rp. 0.36 trillion). Environmental costs due to the depletion of
energy and mineral resources in 2010 amounted to Rp 505.33 trillion. The
largest contributors to the high value of environmental costs from the
depletion of energy and mineral resources are oil, natural gas, and coal, which
together contribute around 93% (see table 3.12).

Table 3.12. Depletion of energy and mineral resources, 2010

Energy and Mineral Resources Depletion (Rp trillion ) Percentage (%)
Oil 190.40 37.68
Natural Gas 125.84 24.9
Coal 156.09 30.89
Bauxite 1.36 0.27
Tin 5.01 0.99
Gold 25.30 5.01
Silver 0.97 0.19
Nickel Ore 0.36 0.07
Total 505.33 100%

Source: Author’s calculation

3.5 Conclusions
This chapter reports on an initial effort to assess environmental costs for the

purpose of priority setting and as an instrument for assimilating the most
relevant environmental aspects into a framework of sustainable socio-
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economic development. Moreover, compared to other studies on
environmental costs in Indonesia, our research provides the most detailed
coverage of emissions type data for each economic sector. This study will be
beneficial in supplementing Indonesia's existing Environmental-Economic
Accounts, as official publications of the BPS Indonesia are still limited to
measuring depreciation of natural resources, without including measurements
of environmental costs due to environmental degradation.

In order to answer the research questions, two main conclusions can be drawn
from our analysis of the environmental costs in Indonesia. Firstly, the
environmental costs of environmental degradation, destruction of the
ecosystem, and depletion of natural resources in Indonesia for 2010 amounted
to Rp. 915.11 trillion, constituting 16.36% of the Net Domestic Product (NDP)
or 13,33% of the conventional Gross Domestic Product (GDP). These results
do not differ much from the results found in earlier studies, see Table 3.3.

Second, the environmental cost calculation indicates that natural resources are
essential in the context of Indonesia's sustainable development. The
environmental cost structure shows that the largest contributor to Indonesia's
total environmental cost value is the depletion of natural resources from non-
renewable resources (mineral and energy resources), which constitutes around
55.22% of the total environmental costs. The second contributor to Indonesia's
environmental costs, amounting to 38.07%, is the cost of environmental
degradation, which in this study was only from air pollution. In third place,
the destruction of the ecosystem contributes to 6.71% of Indonesia's total value
of environmental cost.

Based on the calculation results, it can be concluded that the BPS is on the
right track by prioritizing the compilation and publication of the economic-
environmental account, which includes regular energy, mineral, and forest
resources accounts. However, the BPS publication on the forest resources
account is still limited to timber resources. The BPS should consider a
complete compilation and publication of this forest account, besides including
the costs of loss of ecosystem services.

Third, we found that the value of environmental cost due to air pollution also
constitutes a significant contribution to the total environmental costs value, as
it is the second largest contributor to the total environmental costs value after
non-renewable resources depletion. The cost of environmental degradation
from air pollution alone, excluding water and waste pollution, amounts to Rp.
348.35 trillion or 38.07% of the total value of environmental costs, and to
around 6.23% of the total NDP.
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The BPS has not yet compiled and published a comprehensive economic-
environmental account that includes the environmental costs due to
environmental degradation. If the BPS plans to expand the scope of
Indonesia's economic-environmental accounts by including data on
environmental degradation costs due to air pollution, we recommend to
prioritize at least the top ten sectors and polluters in terms of the amount of
environmental degradation costs they generate in Indonesia. The ten sectors
contributing the most to the costs of environmental degradation related to air
pollution in Indonesia accounted for around 73.11%. These ten sectors
comprise electricity; manufacture of basic iron and steel and of ferro-alloys
and first products thereof & re-processing of secondary steel into new steel;
mining of coal, lignite, and extraction of peat; sea and coastal water transport;
cultivation of paddy rice; manufacture of rubber and plastic products;
livestock and their result; manufacture of cement, lime, and plaster; fertilizer
and construction. The ten most prominent air pollutants that together generate
93.70% of the cost of environmental degradation from air pollution are SOx,
NOx, CO2, CHs4, NH3, TSP, PB, PM10, PM2.5 and Nitrogen.

This study's results can be used as a guide for policymakers in formulating
environmentally sound economic development policies. However, there
certainly is a need for a follow-up study aiming to overcome the limitations
and weaknesses of this study, including those of the methods used in this
study, but yet able to keep the technique simple, which is especially important
for developing countries like Indonesia.
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3.6 Appendix

This appendix contains the supporting information for this case study and
includes details on the modelled processes, supporting calculations.

Table 3.13. Environmental degradation cost value by sector

No Sector Environmental Percentage
Degradation
Cost (Rp
trillion)
1 Cultivation of paddy rice 7.38
2 Cultivation of cereal grains n.e.c. 2.62 0.75
3 Cultivation of vegetables, fruit, nuts 9.03 2.59
4 Cultivation of oil seeds 8.26 2.37
5 Cultivation of sugar cane, sugar beet 0.33 0.10
6 Cultivation of plant-based fibers & Crop n.e.c. 5.71 1.64
7 Livestock and their results 18.43 5.29
8 Meat animals n.e.c. 2.94 0.84
9 Animal products including Wool, silk-worm cocoons n.e.c.  0.93 0.27
10  Raw milk 0.74 0.21
11 Forestry, logging and related service activities 0.02 0.01
12 Fishing, operating of fish hatcheries and fish farms; service  0.01 0.00
activities incidental to fishing
13 Mining of coal and lignite; extraction of peat 29.02 8.33
14 Extraction of crude petroleum and services related to crude ~ 5.80 1.67
oil extraction, excluding surveying
15  Extraction of natural gas and services related to natural gas  2.64 0.76
extraction, excluding surveying
16  Mining of iron ores 0.18 0.05
17 Mining of copper ores and concentrates 0.10 0.03
18  Mining of nickel ores and concentrates 0.05 0.01
19 Mining of aluminium ores and concentrates 0.01 0.00
20  Mining of precious metal ores and concentrates 0.00 0.00
21 Mining of lead, zinc and tin ores & other non-ferrous metal ~ 0.22 0.06
ores and concentrates
22 Mining of chemical and fertilizer minerals, production of 1.75 0.50
salt, other mining and quarrying n.e.c.
23 Production of meat products n.e.c. 0.03 0.01
24 Processing vegetable oils and fats 0.02 0.01
25  Processing of dairy products 0.00 0.00
26 Processed rice 0.07 0.02
27  Sugar refining 0.11 0.03
28  Processing of Food products n.e.c. 0.20 0.06
29  Manufacture of beverages 0.02 0.01
30  Manufacture of fish products 0.18 0.05
31  Manufacture of tobacco products 0.37 0.11
32 Manufacture of textiles 1.06 0.30
33 Manufacture of wearing apparel; dressing and dyeing of fur ~ 0.32 0.09
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70
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Tanning and dressing of leather; manufacture of luggage,
handbags, saddlery, harness and footwear

Manufacture of wood and of products of wood and cork,
except furniture; manufacture of articles of straw and
plaiting materials including Re-processing of secondary
wood material into new wood material

Pulp & Paper

Publishing, printing and reproduction of recorded media
Petroleum Refinery

Plastics, basic

N-fertiliser

Chemicals n.e.c.

Manufacture of rubber and plastic products

Manufacture of glass and glass products

Manufacture of ceramic goods, including bricks, tiles and
construction products, in baked clay

Manufacture of cement, lime and plaster

Manufacture of other non-metallic mineral products n.e.c.
Manufacture of basic iron and steel and of ferro-alloys and
first products thereof & Re-processing of secondary steel
into new steel

Precious metals production

Casting of metals

Manufacture of fabricated metal products, except
machinery and equipment

Manufacture of machinery and equipment n.e.c.
Manufacture of office machinery and computers
Manufacture of electrical machinery and apparatus n.e.c.
Manufacture of radio, television and communication
equipment and apparatus

Manufacture of medical, precision and optical instruments,
watches and clocks

Manufacture of motor vehicles, trailers and semi-trailers
Manufacture of other transport equipment

Manufacture of furniture; manufacturing n.e.c.

Electricity

Manufacture of gas; distribution of gaseous fuels through
mains

Collection, purification and distribution of water
Construction

Sale, maintenance, repair of motor vehicles, motor vehicles
parts, motorcycles, motor cycles parts and accessoiries
Wholesale trade and commission trade, automotive fuel
except of motor vehicles and motorcycles

Hotels and restaurants

Transport via railways

Other land transport

Sea and coastal water transport

Inland water transport

Air transport

Supporting and auxiliary transport activities; activities of

0.11

0.10

9.90
0.02
6.47
0.61
13.75
3.37
24.49
0.38
0.55

17.85
4.65
35.85

0.00
0.02
0.11

0.03
0.01
0.02
0.23

1.26

0.06
0.06
2.24
47.86
0.00

0.00
12.70
0.00

1.65

0.06
0.13
3.01
29.00
7.29
3.18
0.75

0.03

0.03

2.84
0.01
1.86
0.18
3.95
0.97
7.03
0.11
0.16

5.12
1.33
10.29

0.00
0.01
0.03

0.01
0.00
0.01
0.07

0.36

0.02
0.02
0.64
13.74
0.00

0.00
3.65
0.00

0.47

0.02
0.04
0.86
8.32
2.09
0.91
0.21



72
73

74

75
76
77

78
79
80
81

82
83
84
85
86

travel agencies

Post and telecommunications

Financial intermediation, except insurance and pension
funding

Insurance and pension funding, except compulsory social
security

Activities auxiliary to financial intermediation

Real estate activities

Renting of machinery and equipment without operator and
of personal and household goods

Computer and related activities

Research and development

Other service activities

Public administration and defence; compulsory social
security

Education

Health and social work

Waste water treatment

Recreational, cultural and sporting activities
Private households with employed persons
Total

0.69
0.11

0.21

0.04
0.03
0.02

0.04
0.03
0.21
0.05

1.38
0.54
0.26
0.09
0.02
348.35

Chapter 3

0.20
0.03

0.06

0.01
0.01
0.01

0.01
0.01
0.06
0.01

0.40
0.15
0.07
0.03
0.01
100.00

Source: Author’s calculation
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Table 3.14. Environmental degradation cost value by type of air pollutant (Rp
trillion)

No Pollutants Value Percentage
1 CO; 47.39 13.60
2 CH4 36.28 10.41
3 N>O 3.75 1.08
4 Sox 74.56 21.40
5 NOx 57.27 16.44
6 NH; 30.50 8.75
7 CO 0.34 0.10
8 Benzo(a)pyrene 0.00 0.00
9 Benzo(b)fluoranthene 0.00 0.00
10 Benzo(k)fluoranthene 0.00 0.00
11 Indeno(1,2,3-cd)pyrene 0.00 0.00
12 PCBs 0.00 0.00
13 PCDD F 0.03 0.01
14 HCB 0.00 0.00
15 NMVOC 2.24 0.64
16 PMIO 17.01 4.88
17  PM2.5 14.86 4.27
18 TSP 20.69 5.94
19 As 2.82 0.81
20 Cd 0.14 0.04
21 Cr 0.00 0.00
22 Cu 0.01 0.00
23 Hg 6.13 1.76
24 Ni 0.05 0.01
25 Pb 18.03 5.18
26  Se 0.01 0.00
27 Zn 0.01 0.00
28 PAH 0.03 0.01
29  SFo6 0.14 0.04
30 HFC - -

31  PFC - -

32 Nitrogen 9.83 2.82
33 Phosphorus 6.24 1.79

34  Emissions n.e.c. - Waste - -

Source: Author’s calculation
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