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Humans’ daily household activities—such as cooking,
heating or cooling, and using electric appliances—
accelerate the climate crisis and risk public health

by producing substantial greenhouse gas (GHG)
emissions and air pollutants. Meanwhile, a global survey
emphasized that Indonesia is among the countries with
the highest population of climate change deniers, at

18 percent (Hilman and Harvey 2019). Therefore, it

is crucial to establish a locally relevant and practically
accessible platform that can educate and empower
Indonesians to mitigate their households’ contribution
to climate change.

The Indonesia Zero Emissions Application (EMISI) was
developed in 2020 to help the public and organizations
easily calculate and track emissions associated with
land transportation activity in Indonesia. However,

a calculation method for household activity—based
emissions in an Indonesia-specific environment is not
yet available. Serving as technical guidance for EMISI,
this Technical Note aims to extend the current EMISI
platform’s calculator method beyond land transport
emission and into household emissions, which includes
consumption of food, clothing, electricity, and waste.

The EMISI application calculates food and clothing
waste as the most common household waste types for
short-to-medium time frames. A bottom-up approach

is used to calculate the associated GHG emissions and/
or air pollutants, resulting in personalized, science-
driven, and trackable quantitative estimates. To

ensure accountability and precision of calculations
within EMISI, the methodology is adopted from the
Intergovernmental Panel on Climate Change (IPCC).
Emission factors used in the methodology are generated
from various notable and peer-reviewed Indonesian and
international studies.
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The methodology documented in this Technical Note
can be adopted by various stakeholders in Indonesia,
including government, nongovernmental and private
organizations, scientific experts, communities, and
public individuals. This Technical Note aims to
provide an accountable and robust methodology that
such stakeholders could easily apply to their systems
(i.e., employee/customer emission management)

or platforms (i.e., websites or mobile applications),
including to develop their own emission calculators.
Furthermore, data resulting from calculations derived
from this Technical Note could also help improve
Indonesia’s emissions inventory knowledge at the
individual level, as well as add value to other research
and development activities. While this Technical Note
provides estimates using the best available data and
modeling, some limitations—such as the unavailability
of updated emission factors—underline that continuous
improvement of the method is needed when more
Indonesian-specific data and studies become available.

The EMISI application was developed in response to
Indonesians’ need to simplify their climate change-
related actions. Initially launched nationwide in

August 2020, EMISI aims to enable Indonesians to
learn, measure, track, and act on how their lifestyle
impacts climate change through high-quality emissions
calculation, reduction, and sequestration at the personal
level (Rizki et al. 2020). As shown in Figure 1, the current
application only allows users to calculate the emissions
produced from their land transport activities, while
daily consumption of food, clothing, and electricity also
produce significant emissions and pollution.

These household consumption activities significantly
contribute to accelerating global climate change
compared to other sources, at 72 percent (Hertwich and
Peters 2009). This condition is predicted to increase
following the steady growth of world population, which
leads to more consumption at the household level (O’Neill
et al. 2010). Moreover, the global COVID-19 pandemic,
which was occurring during this study, has pushed more
people to stay home more often, consequently increasing
household consumption even further. E-shopping (for
food or daily supplies) and electricity consumption are
among the emissions-generating activities that rise

the most, as people opt to participate in home-based
activities (i.e., for working, studying, leisure, etc.) (Bulut
2020; Rahman 2021).
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While these lifestyle behaviors help prevent disease
transmission and keep the economy running, their
environmental impact should not be overlooked.
Mobility and transportation activities may have been
less intense during the physical distancing periods, thus
emissions and air pollutants released might have been
reduced. However, this situation may instead increase
emissions produced at home. Hence, this calls for EMISI
to enable its users to measure and track their emissions
from lifestyle, including food, clothing, and electricity
consumption, as well as waste resulting from such
household activities.

This Technical Note describes the underlying
methodology used in EMISI to calculate household
emissions, as an extension of land transport emissions.
The methodology follows the notable bottom-up
approach used by the Intergovernmental Panel on
Climate Change (IPCC) to calculate greenhouse gases
(GHGS) and air pollutant emissions (IPCC 1991, 2006)
and considers the life cycle process (Poore and Nemecek
2018; Curran 2017). Nonetheless, with the complex

and unique characteristics of emissions and pollutants
produced in each sector, this Technical Note has its
limitations. The method calculates CO-e for the clothing
and food sectors, CO: emissions and air pollutants (SO-
and NOy) for electricity use, and CO., CH,4, and N-O

for the waste sector. By including these calculations,
EMIST aims to educate more people about the impact of
individual consumption behavior on climate change and
empower people to take even more actions to reduce their
climate footprint. EMISI integrates and accumulates the
collected emissions tracking data for further research
and development purposes, aiming to provide a variety
of transparent, science-based emission facts (transport,
food, clothing, electricity, and waste) derived from
individuals’ lifestyles in households.

Like land transport and mobility emissions, household
emissions have also been calculated by various
government agencies and multinational companies in
Indonesia and abroad, though often segregated by sector.
The EMISI application, however, aims to integrate

food, clothing, electricity, and waste emissions into one
framework and methodological approach that is specific
to Indonesia’s context, such as for its emission factors.
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Figure 1 | 2020 EMISI Application User Interface
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Users need to log in and input transport activities, including location and mode of transport. Then EMISI will measure the emission numbers, followed
by options for how to reduce and sequester these.

Source: Authors.
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The methods in this Technical Note build upon the
preceding EMISI Technical Note for land transport
emissions calculation (Rizki et al. 2020) by adding a
household emissions calculation. EMISI is developed
based on similar, existing carbon footprint calculators
and frameworks, such as the EPA Carbon Footprint
Calculators (EPA 2015, 2020), the GHG Protocol (Fong
et al. 2014), and the IPCC Framework (IPCC 2006) to
calculate GHGs and air pollutant emissions. To ensure
accountability and precision, the estimates are generated
from notable and various international and Indonesia-
specific peer-reviewed papers. This study then classifies
household emissions based on three different sources:
food, clothing, and electric appliances. Moreover, it also
estimates emissions coming from waste due to individual
consumption. Some complications exist regarding the
lifestyle emissions calculation because of the long life-
cycle process (from production to waste).

Figure 2 |

Figure 2 explains the classification and stages of
food, clothing, and electricity usage as sources of
emissions from household activities. The far-left
column represents the stage where emissions occur
and are calculated (i.e., production, consumption,
and waste). On the one hand, the emissions
released from the consumption of clothing and

food are calculated within their production and
waste stages. On the other hand, as the name
suggests, electricity use emissions are limited to
calculation of appliances’ energy consumption and
waste, excluding emissions from production of the
appliances themselves. In addition, other household
consumptions (i.e., food scraps, yard waste, clothing,
papers, plastics, and others) are calculated in the
waste phase post-consumption.

Clothing

Production

Consumption

Note: *after consumption
Source: Authors.

As illustrated in Figure 3, the calculation itself consists of
two components for each source, which generally consist

of data input and an emission and/or pollutants equation.
The following subsection provides an overview of methods

for each sector and its associated waste.

Food

Emissions from food are calculated based on weekly
consumption per household, as this is the most common
interval by which Indonesians purchase food and

beverages. The calculation begins by asking users to input

the number of household residents, followed by food
type and mass or weight of food per week. This is then
multiplied by emission factors corresponding to each
food type to estimate the CO.e emission for the entire
household. Emission factors vary for each food type and
are stored in a database. After that, food emission per
person is calculated by dividing the total emission per
household by the number of household residents.

~
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Household Emission Sources

Appliances Others

X X
X

Clothing

Emissions from clothing are calculated by asking users
to input the quantity of new purchases per garment type
whenever they buy new clothing. As each garment type
has a different weight (Peters et al. 2015), mass will be
used as a variable in calculating emissions. The mass
per garment type is then multiplied by the number of
new purchases made by users. The total mass will then
be multiplied by the emission factor (van der Velden

et al. 2014) derived from raw material extraction to
garment production process (cradle-to-gate). The
emission factor will depend on the garment’s mix of
material to produce the total emissions from each user’s
clothing consumption. Garment material affects the
emission factor (cradle-to-gate) as a multiplier. For
example, a shirt made from 100 percent cotton has a
greater emission impact than a shirt made from 100
percent polyester (although cotton fabrics are easier to
decompose because they are made of natural fiber).
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Electricity

Emissions from household electricity are calculated

by asking users to input the number of residents who
utilize electric appliances. As part of the activity-based
method calculation requirement (IPCC 2006), data on
appliance type (i.e., refrigerator, air conditioning, lamp,
laptop, television, etc.) and hours of usage are collected.
To calculate CO- emissions and pollutants (i.e., NOx and
S0.), the calculation combines data input by users with
the emission factor, the electricity consumption factor for
each appliance, electricity transmission and distribution
losses, the thermal efficiency of the power plant, and the
power plant fuel mix from various literature (EPA 2020;
NEC 2019; Unbound Solar n.d.; Wijaya and Tezuka 2013;
Damayanti and Khaerunissa 2018).

Figure 3 | Household Emission Calculation Framework

Waste

Emissions from corresponding waste from each sector
are calculated from users’ data input on waste mass and
its correlated composition. The composition categories
are simplified into organic (food scraps and yard waste)
and inorganic waste (i.e., clothing, paper, plastic, and
others). Emissions from waste disposal is based on the
waste processing method used to deplete the waste. After
waste mass and composition are identified, the potential
waste management systems could be estimated, where
users would be required to choose their city characteristic
(rural/urban) as EMISI’s chosen proxy to portray the
difference in waste treatment methods. These would
result in the corresponding CO., N.O, and CH, emissions
from disposal of waste (IFEU 2009).
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Box 1 |

EMISI will allow users to calculate their carbon footprint from each sector and enable users to compare the emission from each type of food
purchase, clothing purchase, electrical appliance usage, and waste produce. The comparison may lead users to change their lifestyle choice

to one with a smaller carbon footprint.

Below are three scenarios if users change their lifestyle in one sector and comparison of avoided emission to another sector.

CASE1

IF A USER CHANGES THEIR FOOD FROM

S P

"
BEEF CHICKEN BEEF

WILL AVOID

189.8 KG COze

WHICH IS EQUAL TO EMISSIONS
FROM PURCHASING

24 TOPS &
2 NIGHTWEAR

A A RAR K,
wrxwxnwll
A AR K
A b A Al

Global food production and consumption have driven
land and water ecosystem degradation, water scarcity,
and climate change (Poore and Nemecek 2018; Cucurachi
et al. 2019; Balogh and Jambor 2020). Food production
and consumption emit GHGs (COZ, CH,, and N.O),
sulphuric compounds (SO-:¢), and phosphoric compounds
[PO,]3e, which drive climate change, terrestrial
acidification, and aquatic ecosystem eutrophication,
respectively. At the same time, excessive use of water and
land resources lead to water and forest depletion (Poore
and Nemecek 2018).

IF A USER CHANGES THEIR FOOD FROM

WILL AVOID

WHICH IS EQUAL TO EMISSIONS
FROM PURCHASING

CASE 3

IF A USER REDUCED THEIR AC USAGE
FOR 14.53 HOURS

TOFU

WILL AVOID

20 KG CO:

WHICH IS EQUAL TO EMISSIONS
FROM PRODUCING

192.1 KG
OF ORGANIC WASTE

A Life Cycle Assessment (LCA) is widely used to assess

a product’s overall environmental impact, from its
production to final consumption—in other words, from
cradle to grave (Roy et al. 2009; Poore and Nemecek
2018; Cucurachi et al. 2019). For the food emission
category, this Technical Note focuses on estimating GHG
emissions from food production by compiling studies
conducted for diverse food products in Indonesia and
other countries. Using LCA, the global food system
would emit between 10.8 GtCO-e and 18.1 GtCO-¢e, which
accounts for 22—37 percent of global anthropogenic
emissions (UNEP 2020; Rogissart et al. 2019).
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LCA can be used specifically to calculate climate
impacts standardized under ISO 14064 (ISO 2018).
This standard has classified LCA method by four major
stages (Cucurachi et al. 2019):

1. The definition of goal and scope: this involves
defining the purpose, question and question context
of study, the limits and boundaries of the system
considered, and the functional unit used (kg, ha,
protein, etc.) at the product level.

2. Life Cycle Inventory (LCI): this involves data
collection, relationship identification, and input and
output quantification for the system as defined in
stage 1.

3. Life Cycle Impact Assessment (LCIA): involves
accounting the climate change impact in different
life cycle phases, which is translated in the same
unit. The impact score can be normalized internally
or externally.

4. Interpretation: interpret results into useful and
accessible conclusions for decision-makers.

Figure 4 |

Different studies have used LCA to estimate

climate impact at the product level, yet results vary
by location. These disparities can be caused by
inconsistently defined study scopes (Rogissart et

al. 2019; Cucurachi et al. 2019). Most LCA studies

for food products stop at the farm gate, while the
assessment of food products from cradle-to-plate

and cradle-to-grave are considerably less prevalent
(Rogissart et al. 2019). This is explained by variability
in post-farm emissions (depending on transport

type used) and by the strong influence of consumer
behavior on emissions in the post-sales stage (R60s et
al. 2014).

Figure 4 shows several possible scopes of product-
level LCA. Scope selection is explained by variability

in post-farm emissions, such as the transport type
used to distribute food to consumers and variability in
consumer behavior in the post-sales stage (R606s et al.
2014). This Technical Note estimates emissions of food
products from production to retail.

Production of inputs
(fertilizers, fuel,
pesticides, etc.)

On-farm activities

Food production

Cradle-to-farm gate

Cradle-to-retail

Wholesale and retail

Waste handling

Cradle-to-plate

Full life cycle of food (or cradle-to-grave)

Source: Rogissart et al. 2019,
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Moreover, variability or disparities in LCA results can be
partly caused by different practices of food production
and consumption of a product. This can be controlled
by using the same practice typologies for the same
product. Like any method to estimate GHG emissions,
LCA results are characterized by uncertainty and can be
originated from emission factors. Also, the difference in
methods pertaining to modeling of direct and indirect
land use change (LUC) often emerge (Rogissart et al.
2019). In this Technical Note, the estimation of carbon
footprint using the LCA method conducted by several
studies includes the LUC impact, hence the emission
estimation is presented with a wide results range.

A study by Poore and Nemecek (2018) consolidated data
on multiple environmental impacts using LCA models
to estimate carbon footprint from the food system

and to find discrepancy in LCA results and balances in
emission estimation. This study used 38,000 farm cases
that produced 40 different food types around the world
to estimate its carbon footprint. This technical note uses
the averaged carbon footprint calculated by the Poore
and Nemecek (2018) study as the emission factors in
the EMISI application.

EMISI calculates GHG emissions from individual food
consumption based on user data input. These data
consist of food type, food mass consumed per food type,
and number of household residents consuming the food.
The formula to calculate GHG emissions (CO-¢) for
individual food consumption is:

N
M.

Total food emission per person (TFEP,) = Z F_lx EF; (1)
=1 '

wherei(i=1,2,...N)is food type (i""); Miis mass
of food type (kg) per household; and P: is number
of residents per household. EF: is emission factors
for GHG (CO-¢) based on food type (7). The total
food consumption per person is the sum of the total
emissions produced per kg of food multiplied by
emission factor.
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The emission factors per food type are presented in
Table 1. The mean, 5%"—95% percentile range, and 9ot
percentiles for these emission factors are generated
based on the average emission of each food type across
global LCA studies, which estimate GHG emissions with
climate carbon feedback (IPCC characterization factors),
as compiled by Poore and Nemecek (2018). For each
food type, the emission factor used is at 9o percentiles,
to ensure the results are not underestimated, as the
emission range from food product is wide enough. Table
1 also shows that emissions released for different food
types vary considerably, meaning that the choice of food
type consumed significantly influences the emissions
released from food sectors. The same table also shows
that animal-based food generally produces larger
emissions than plant-based food.



Table 1 |

Starch-rich
food

Protein-rich
food

Beverages

Fruit and
vegetables

Food type

Wheat and rye
Maize

QOats

Rice

Potatoes
Cassava

Peas

Other pulses
Nuts
Groundnuts
Tofu

Cheese

Eggs

Poultry meat
Pig meat
Lamb and mutton
Beef

Fish (farmed)

Crustaceans
(farmed)

Barley
Wine grapes

Milk

Soybean milk
Berries and Grapes
Bananas

Apples

Citrus fruit
Tomatoes

Brassicas
(cabbages)

Onions and leeks
Root vegetables
Other fruit

Palm oil
Soybean oil
Qlive oil
Rapeseed oil
Sunflower oil
Cane sugar
Beet sugar
Cocoa

Coffee

Mass/volume function unit

1kg of bread (variable protein wheat)

1kg of meal (for polenta)
1kg of rolled oats

1kg of full-grain white or brown rice

1kg of soil-free tuber

1kg of soil-free tuber

1kg of dry pea without pod
1kg of dry pulse without pod
1kg of shell-free, dry nut
1kg of shell-free, roasted nut
1kg of tofu (~16% protein)
1kg of cheese

Tkg of eggs

1kg of fat and bone-free meat
and edible offal

1kg of edible fish

1kg of head-free meat
(shell-free for large shrimp)

1liter of beer
1liter of wine

1liter of pasteurized milk
(4% fat, 3.3% protein)

1liter of soymilk (~3.3% protein)

1kg of fresh fruit or vegetable

1kg of soil-free tuber

1liter of refined/filtered oil

1kg of raw/refined sugar

1kg of dark chocolate
1kg of ground, roasted beans

Source: Processed by the authors, based on Poore and Nemecek 2018.

5t-g5t percentile of

emission estimation
(kg COze/kg)

0.7-31
0.7-35
0.8-4.3
12-10.3
01-0.7
0.3-2.2
0.5-19
0.9-4.0
-40-10.8
14-6.2
14-13
10.2-58.8
2.9-85
40-20.8
6.9-23.8
23.7-60.2
376-269.2
54-326

74-1151

06-18
0.7-47

15-70

05-17
06-2.9
0.6-13
0.3-0.6
0.0-0.7
04-12.6

0.2-12

0.3-0.8
0.2-0.6
0.3-3.0
2.8-131
2.2-18.8
21-10.8
2.2-12
2.2-49
0.6-5.6
10-2.6
-4,0-2575
44-857

Mean of emission
estimation
(kg CO2e/kg)

239
47
99

406
995
13.6

269

12
18

3.2

10
15
0.9
04
04

05

05
04

13
6.3
54
38
36
3.2

46.7
285

Estimated emission at 90"
percentile used as emission
factors (kg C0:¢e/kg)

23
2.3

88
06

17
3.8
3.8
58
56
39.3
84
201
223
544
2099
265

521

08
06
29
120
134
76
46
46
5]
24
1347
84.9
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Table 2 illustrates emissions calculations for three the user eats seafood such as prawn, crab, and fish,

different food consumption scenarios. The first scenario also combined with cooking oil, vegetables, and fruits
shows a typical meat-eating user who consumes beef in a week. The last scenario demonstrates a typical
and chicken combined with cooking oil, vegetables, vegetarian who eats tofu and egg as protein sources,
and fruits in a week. The emission from this scenario combined with some vegetables and fruits. It is shown
is highest compared to the other two, mainly because that emissions from this scenario are lower than in the
emission factors from beef are significantly higher second scenario, because emission factors of plant-
than any other type of food. In the second scenario, based food are mostly lower than animal-based food.
Table 2 |

User Food type No. of household | Food consumption | Emission factor | Total emission | Total emission per person
scenario residents per household (kg CO2¢) (kg CO2€) (TFEPp) (kg CO:€)

(kgorL)

Beef 1 2099 2099
Chicken 3 201 60.3
Rice 5 8.8 44
] Palm oil 4 2 12 24 88.65
Onions and leeks 1 08 08
Milk 3 48 144
Apples 2 0.6 1.2
Total emissions 354.6
Crustaceans 2 521 104.2
Fish 3 265 795
Potatoes 5 06 3
; Cabbages 5 3 1 3 45.47
Bananas 1 12 1.2
Olive oil 2 76 15.2
Coffee 0.25 84.9 21225
Total emissions 227325
Cassava 5 21 105
Tofu 4 56 224
Eqg 2 84 168
Root vegetables 3 4 0.6 24 38.38
] Cane sugar 05 5] 2.55
Soybean oil 2 134 268
Dark chocolate 0.25 134.7 3368
Total emissions 115.13

Source: Authors.
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consumers keep most types of apparel only half as long
as they did 15 years ago (Remy et al. 2016). Therefore,

the increasing popularity of assessing the climate change
With more peop]e in emerging economies movjng into contribution of the ClOthil’lg industry is also something
the middle class, followed by the continued growth of to be expected. To further understand this industry, the
fast fashion, the contribution of such sectors to global apparel and footwear value chain are often described in
emissions is likely to grow.! Global apparel production is tiers, as shown in Figure 5.
estimated to have doubled between 2000 and 2014, and
Figure 5 |
RAW MATERIAL RAW MATERIAL MATERIAL FINISHED OFFICE, RETAIL,
EXTRACTION PROCESSING PRODUCTION PRODUCTION DISTRIBUTION CONSUMER USE END OF LIFE
ASSEMBLY CENTERS
Cultivation and Processing of Production and Consumer care: Reuse, recycle,
extraction of raw raw materials finishing of materials Assembly and Corporate washing, drying, landfill
materials from into yarn and (e.g. fabric, trims) manufacturing of real estate dry cleaning. etc.
the earth, plants, other intermediate that go directly into final products. not involved in
or animals. products. finished product. production process.
LOGISTICS
Shipping of materials and products across value chain.
Source: Sadowski et al. 2019,
The distribution of GHG emissions across the apparel expression in LCA is cradle-to-gate, indicating that raw
and footwear value chain is difficult to generalize, materials are included but end use and disposal are
due to variation in material type, product design and excluded. This is similar to cradle-to-plate, used in food
category, sources, manufacturing country, and other LCA (Peters et al. 2015).
factors that create personalized emissions profiles for
different producing companies. However, raw material Based on the LCA approach, calculating emissions
extraction, dyeing and finishing, yarn preparation, and from clothing consumption is based on the clothes
fiber production (tiers 2 to 4) tend to be the most carbon material, number of clothes, and their emission
intensive and can account for more than 50 percent factors. The LCA refers to the activity-based method
of the sector’s life-cycle emissions (Quantis 2018). suggested by the IPCC (2006). Calculating CO-
Another important phase in terms of energy use and from clothing consumption, which uses the activity-
carbon dioxide emissions is the use phase. It is difficult, based method, requires estimating the number of
however, to determine the way consumers wear and clothing consumptions per person per year. Clothing
care for different clothing products. Therefore, EMISI consumption is limited to new purchases, not recycled
limits its focus to calculating emissions from the clothes or second-hand products.
production phase.
The formula for calculating the clothing emission CO-e
Like food, LCA has recently been used to measure the is as follows:
textile industry’s environmental impacts. LCA stages N GxM.
: : : : : Total clothing emission per person (TCEP ) = X EF; (2)
in clothing consist of resource extraction, material P P i

production, component production, final clothing
production, and management functionality after the
product is consumed—either by being re-used, recycled,
or discarded (Curran 2017). The all-inclusive system
analysis from raw material extraction to the end-of-life
product is known as cradle-to-grave. Another common

=1

where i (i =1, 2, ... N) is the material/textile type (i)
of garment (i.e., cotton, polyester, nylon, etc.); Gi is the
total new purchase (pieces) for the i garment; M; is the
mass of garment type (kg); and P: is number of persons
who used the i" garment, which is determined as 1.
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The total clothing consumption per person is the sum of
the garment’s material, type, and number of purchases,
while the EFiis emission factors for CO.e based on the
garment’s material/textile type. The total emission

per person is the clothing consumption per person,
multiplied by the EF: that is calculated based on cradle-
to-gate LCA of each garment’s material/textile type.

The emission factors for clothes are based on the type of
garment and its material/textile component. A study of
LCA benchmarking on textiles by van der Velden et al.
(2014) attempted to offer insights into the environmental
burden of textiles made from the base materials cotton,
polyester, nylon, acryl, and elastane. There are two
commonly used fibers in the textile industry: natural
and man-made. While the former is derived from plant
or animal sources such as cotton, wool, flax, and silk,

the latter is made from plastic or polymer, such as
rayon, nylon, polyester, etc. Cotton is the most widely
utilized natural fiber in the world, accounting for over
82 percent of global natural fiber consumption (FAO
and ICAC 2015). The calculation itself is presented by
four single indicators, including CO, equivalent (carbon
footprint), as shown in Table 3. Van der Velden emission
calculations are made for cradle-to-grave; however,

for EMIST’s purposes, only cradle-to-gate processes of
the production chain from raw material extraction to
manufactured fabric are included.

Table 3 |

. | Emission factor (kg CO:e/kg of materials)

Type of material
Cotton | Acryl | Nylon | Polyester | Elastane

Fiber 3474 - - - -
Polymer pellets - 3.04 8638 2698 4836
Pre-treatment 1.261 - - -
Weaving 70 dtex 10667 10667  10.667 10.667 10.667
Spinning 70 dtex 7281 - - -
Heat setting
and washing - 0908 0908 0908 0.908
synthetic fabrics
Texturing polymer 0505 0505 0505 0505
fibers
Extruder spinning - 0896 0896 0.896 0.896
Total 22683 16016 21614 15674 17812

Note: The data comes from European countries and may not accurately represent
Indonesia’s emission factor.
Source: van der Velden et al. 2014.
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Clothes attributes—in this case, clothes mass—is
important to model calculations for clothes emission.
Clothes mass will be used as a multiplier of emission
factor to obtain the total emissions of a garment made
by a certain type of fabric or combination of fabrics.

As a multiplier, this aspect greatly influences the
magnitude of emission. A study of a typical garment’s
mass is provided in Table 4 (Beton et al. 2009). The
determinant of clothing mass is the sum or total mass of
new purchase clothing product per person.

Table 4 |
Tops 388
Underwear, nightwear, and hosiery 129
Bottoms 568
Jackets 821
Dresses 1125
Suits and ensembles 921
Gloves 52
Sportswear 475
Swimwear 140
Scarves, shawls, ties, etc. 98

Note: The data comes from Western countries and may not accurately represent garment
mass in Indonesia.
Source: Peters et al. 2015.

Calculating emissions for clothing consumption,
however, has the following assumptions: (i) due to the
complexity of material composition in each garment
type, it is assumed that all product is made from 100
percent cotton (mono-material), and (ii) although there
are many types and capacities of textile manufacture
plants in Indonesia, studies on those plants’ emissions
are limited; hence, it is assumed that all plants have the
same production flow and emission factor, as shown in
van der Velden et al. (2014).

An illustration of clothing emission calculations is
provided in Table 5. The table presents three scenarios
of users with different clothing consumption behaviors.
In these cases, the type and amount of garment
consumed affect the total emissions.



Table 5 |

Total

mass (k) Emission factor
9 (kg COse/kg)

Total emission per person (kg C0:e)

. Garment type | Clothing consumption (pieces)
User scenarios
Tops 2
Bottoms 1
1 Underwear 2
Jackets 1

Total emission per person (F) = X (E)

Tops 3
Bottoms 2
I Jackets 1
Sportswear 1
Nightwear 2
Total emission per person (F) = X (E)
Tops 1
Underwear 2
3 Bottoms 1

Total emission per person (F) = X (E)

Source: Authors.

The first scenario describes a clothing consumption
pattern of middle-class people, whereby the types of
garments purchased are those commonly used for daily
needs, but are also designed with some elements of
style in mind. The second scenario shows the clothing
consumption pattern of upper-class people with a
higher clothing consumption pattern—a greater number
of purchases, more varied types of garments, and

high desire for style. The emission from this scenario

is highest compared to the other two, because the
consumption pattern is mostly driven by desire for style,
so the quantity and type of clothing purchases are more
than what is needed. The last scenario expresses the
clothing consumption pattern that adapts to basic needs
of life, whereby functionality drives consumption of
clothes. It is shown that emissions from this scenario are
lowest compared to the other two, because the quantity
and type of clothing purchases are intended to fulfill the
basic need to cover and protect the body.

The IPCC’s Guidelines for National Greenhouse Gas
Inventories (IPCC 2006) classifies residential emission,
which includes household appliances as stationary
combustion sources of emissions. The guidelines
categorize the emission calculation methodology

as either top-down or bottom-up. For the EMISI

0.776
0.568
0.258
0.821

1164
1136
0.821
0475
0.258

0.388
0.258
0.568

(E) = ((C) x (D))

22683 1760
22683 12.88
22683 585
22683 18.62
54.96
22.683 2640
22.683 25.76
22683 18.62
22683 10.77
22683 585
8742
22683 8.80
22683 585
22683 12.88
2153

application, the activity-based bottom-up approach is
used to calculate the emission of electrical appliances

as suggested by the IPCC (2006), considering that users
input their appliance usage data. In EMISI, users are
asked about their electrical appliances data at any given
time. To calculate the total electrical appliances emission,
the total electricity used per type of electric appliance
based on hours of usage and appliance type are multiplied
by the emission factors (Saidur et al. 2007).

The formula to calculate GHG and air pollutant emissions
is as follows:

Total electrical emission per person (TEEF,)

N M

HixW; <O F, 1
_ Py EFsyx——— (3
Z P, XZQP’C *T—7p, &
=1 p=1

14

where the first part of the formula is to calculate the
electricity consumption, where: i (i = 1, 2, . . . N) is the
number of appliance (i captured; Hiis the total duration
used per day (hours) for the i appliance; Wiis electricity
consumption factor for the i appliance (watts); and

Piis the number of persons that used the i appliance.
The total electricity used per person is the sum of the
electricity consumed calculated throughout all the used
appliances. The second part of the formula is to calculate
the corrected electricity emission factor, where: p (p = 1,
2, ..., N) is the power plant that supplies the electricity
grid in Indonesia; F; is fuel mix (%) factor for p power
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plant; Q is power plant net thermal efficiency (%) based
on their fuel type (i.e., coal, gas, oil, hydro, etc.); EFs,

is emission factors (kg emission or pollutant/kWh) for
CO., SO-, and NOx based on type of the p power plant
fuel; and TD: is % of the transmission and distribution
of the electric grid losses. The total emissions per person
is the total electricity used per person in the first term,
multiplied by the EFs which are corrected based on

the Indonesian power plant fuel mix factor and power
plant thermal efficiency in the second term of the TEEP,
formula.

To calculate CO: SO, and NOy, the activity-based
method requires the electricity consumption for every
appliance that users input into EMISI. In EMISI, users
input their appliances’ number of usage hours. The
electricity consumption is calculated by multiplying

the factors of electricity usage for the type of appliance
and the hours of usage. The electricity consumption
factor for appliances is based on appliance type (i.e.,
refrigerator, television, air conditioner, etc.) and

is presented in watts. The value of the electricity
consumption factor for each appliance type is based on
DaftLogic (n.d), Unbound Solar (n.d), and Saidur et al.
(2007), which listed the electricity consumption for all
appliances. However, to simplify the calculation, only
several appliances are used, considering the behavior of
electric appliance use in Indonesia (Wijaya and Tezuka
2013). Such electricity consumption factors are provided
in Table 6.

Table 6 |

Appliance type | kWh* Appliance type kWh*

Air conditioner

(ACK 1.385 Cell phone® 0.007
Fan® 0.06 Personal computer 000
Rice cooker® 0.905 Laptop® 010
Refrigerator® 0.20 Lighting? 0.020
Television® 0.08 Washing machine® 1005
Hair dryer® 150 Iron? 120

Notes: For cell phone, based on cell phone charger; for lighting, refers to a 75 watt LED bulb; *
= total energy consumed for one hour of usage.
Sources: a. Unbound Solar n.d,; b. DaftLogic n.d, c. Saidur et al. 2007
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The EFs for electricity are subject to the type of power
plant (PP) that supplies the electricity to the grid.

This Technical Note uses EFs from the studies of
Damayanti and Khaerunissa (2018), the United States
Environmental Protection Agency (US EPA) (2020), and
the Energy Information Administration (EIA) (1999).
These studies distinguish GHG and air pollutant EFs
based on the fuel types used in power plants (i.e., coal,
natural gas, and fuel oil), provided in Table 7.

Table 7 |
Source of | CO,emission | NO_emission S0, emission
energy (kg/kWh) (kg/kWh) (kg/kWh)
Coal 0.36689° 0.000779° 0.004420°
Natural gas 018104 0.000156° 0.0000017¢
Fuel oil 0.23960° 0.000764° 0.0019142¢

Sources: a. Damayanti and Khaerunissa 2018; b. EPA 2020; c. EIA 1999,

In Indonesia, 1 kWh of household electricity used

is supplied by various PPs (i.e., coal PP, gas PP, oil-
based PP, and renewable energy PPs such as hydro PP,
geothermal PP, etc.). For converting the complex power
mix, EMISI uses Indonesian national-level electricity
mix based on the Indonesia Energy Outlook (IEO) 2019
report by the National Energy Council (NEC 2019). The
electricity mix is summarized in Table 8.

Table 8 |

Power Electricity Power plant net

plant type fuel mix thermal efficiency (Q)
factor (F)

Coal Coal 05° 0.25°

Gas Natural Gas  0.29? 04°

0il Diesel 0.07° 047

Hydro Hydro 0.072 09°

Geothermal ~ Natural heat 0.0315? 0.25°

Biomass Biomass 0.028° 0.25'

Other Solar,wind  0.0105° 0.1135¢

Sources: a. NEC 2019; b. Moran and Shapiro 2010; c. ENGIE n.d., d. Kanoglu et al. 2005; e. Singh
and Singal 2017; f. Maraver et al. 2013; g. Milosavljevi¢ et al. 2015.



The amount of fuel needed to produce electricity per
kWh is also subject to thermal efficiency correction.
Thermal efficiency is the ratio of net heat output for
heating, or removal for cooling, to energy input (the
coefficient of performance) (Moran and Shapiro 2010).
As EMISI considers various PPs in the calculation, the
thermal efficiency in EMISI is also divided based on
type of PP. The description of thermal efficiency for
each PP is described in the far-right column of Table 8.
Moreover, the method also considers 9.35 percent of
electricity losses during transmission and distribution.
This number is based on Indonesia’s MoOEMR data in
2019 (MoEMR 2020). From the second term in the
TEEP, equation, corrected electricity emission factors
could be calculated based on the GHG emission and air
pollutant emission factors in Table 7 and the electricity
fuel mix factor and net thermal efficiency in Table 8. The
calculation of corrected electricity emission factors is
described in Table 9.

Table 9 |

Corrected electricity m
pollutant emission factors
CO2 0.993622 kg CO2/kWh
NOx 0.001968 kg NO/KWh
S0 0.010067 kg SO2/kWh

Source: Authors

This methodology does not take into consideration the
context of local electricity mix specific to each electricity
grid in Indonesia. This is mainly because the disparity
of renewable energy penetration is the result of the local
renewable energy source availability. It was found that

1 kWh of electricity usage in Sumatra is less harmful

to the environment compared to Java. This is due to
higher natural gas and hydropower fuel mix within

the Sumatran electricity grid (PLN 2017) compared

to the Java-Bali electricity network. It is also believed
that environmental impact is the responsibility of each
personal user, hence the nationwide electricity mix
approach is used to normalize disparity in the renewable
fuel mix between electrical grids in Indonesia.

In EMISI, users are asked to input the frequency of
their electrical appliance usage in weekly units (number
of days per week). To avoid biases, if four weeks are
always taken in a month given the variety of number of
days (i.e., 31, 30, 28), the calculation of total electricity
emission is determined for a three-month period. The
three-month period calculation (TEEP,-M) is conducted
by multiplying the TEEP, by total weekly usage frequency
and the assumed 13 weeks throughout three months.
Hence, the calculation of total electricity emission during
a one-year period (TEEP,-Y) is obtained by multiplying
TEEP,-M by four, which represents the total quarters
in a year. Examples of these emissions calculations are
illustrated below. The calculation examples present two
scenarios involving different electricity consumption
behaviors that consider different household appliance
characteristics that typically appear in Indonesian

cities (i.e., metropolitan, medium, and small cities).
While metropolitan cities refer to cities that have more
than 10 million inhabitants, the medium and small
cities have fewer inhabitants with less than 1 million
people. The metropolitan cities also tend to have

more intensive economy activities, more accessibility

to various appliances, higher purchasing power, and
more substantial online activity than small cities.

Table 10 describes the first scenario, which illustrates a
household that uses various electric appliances such as
air conditioner, refrigerator, washing machine, laptop,
and personal computer. The second scenario (Table 11)
illustrates a household that only uses a few appliances
(i.e., washing machine, fan, etc.), which represents
households in smaller cities.

TECHNICALNOTE | August2021 15



Table 10 |

No. of Type of Quantity of | Duration Total usage (kWh) | Corrected | No. of Total CO,emission | Frequency | Total CO, Total CO,

appliances | appliance | appliances | (h/day) emission | personsin | perday (kg CO2) of usage emission emission per
factor (kg | household perweek | per week 3 months
C0:/kWh) (kg CO2) (kg CO2)

-IE-

Fndge 1 0994 1192 8.346 108,504
2 Air - 3 12 1.385 49.86 0994 4 12.386 7 86.699 1127081
conditioner
Washing
3 . 1 3 1005 3,015 0994 4 0.749 3 2.247 29.209
machine
4 Laptop 2 8 01 16 0994 4 0.397 5 1987 25.834
5 Cell phone 4 18 0.007 0504 0994 5 0100 6 0.601 7812
6 Lamp 6 12 0.02 144 0.994 4 0.358 7 2.504 32.551

No. of Type of Quantity of | Duration Total usage (kWh) | Corrected | No. of Total SOz emission | Frequency | Total SOz Total S0:
appliances | appliance | appliances | (h/day) emission | personsin | perday (kg SO2) of usage emission emission per
factor (kg | household perweek | per week 3 months
S02/kWh) (kg S02) (kg SO2)
m-- ?)=©*0)"© m 0=(©) ©)/( (=00 | V=001
Fridge 1 0.010 0.012 0.085 1099
2 Air . 3 12 1.385 49.86 0.010 4 0125 7 0.878 11420
conditioner
3 Washing 3 1005 3005 0010 4 0,008 3 0023 0296
machine
4 Laptop 2 8 01 16 0.010 4 0.004 5 0.020 0.262
b Cellphone 4 18 0.007 0504 0.010 5 0.001 6 0.006 0.079
6 Lamp 6 1?2 0.02 144 0.010 4 0.004 7 0.025 0.330

No. of Type of Quantity of | Duration Total usage (kWh) | Corrected | No. of Total NOx Frequency | Total NOx Total NOx
appliances | appliance | appliances | (h/day) emission | personsin | emission per day of usage emission emission per
factor (kg | household | (kg NOx) perweek | per week 3 months
NO«/kWh) (kg NOx) (kg NOx)
ID- M=0'0'0© |6 |0=@ @)/ (=00 V=013
Fridge 1 0.002 4 0.002 0.017 0.215
2 Al 3 ) 1385 4986 0.002 4 0.025 7 0172 2033
conditioner
3 Washing 3 1005 300 0.002 4 0,001 3 0,004 0,058
machine
4 Laptop 2 8 01 16 0.002 4 0.001 5 0.004 0.051
5 Cell phone 2 24 0.007 0.336 0.002 5 0.000 6 0.001 0.010
6 Lamp 1 24 0.02 048 0.002 4 0.000 7 0.002 0.022

Source: Authors.

16 WRI INDONESIA



Table 11 |

No. of Type of Quantity of | Duration Total usage (kWh) | Corrected | No.of Total COzemission | Frequency | Total CO: Total CO:

appliances | appliance | appliances | (h/day) emission personsin | per day (kg C0z) of usage emission emission per
factor (kg household perweek | per week 3 months
C02/kWh) (kg CO2) (kg C02)

m--- 7)=6°0)° 0 ()= (@ (B (¢ (0=0°0 | V=113
1 Fan 0.06 0.72 0994 4 0179 1252 16.276
2 Washing 3 005 3005 0994 4 0.749 3 2247 29209
Machine

3 Television 1 24 0.08 192 0.994 4 0477 7 3.339 43401

4 Cell-phone 2 16 0.007 0.224 0.994 5 0.045 8 0.356 4629

5 Lamp 5 12 0.02 12 0994 4 0.298 7 2.087 27126

No. of Type of Quantity of | Duration Total usage (kWh) | Corrected | No.of Total SOz emission | Frequency | Total SO: Total S0:
appliances | appliance | appliances | (h/day) emission personsin | per day of usage emission emission per
factor (kg household | (kg S02) perweek | per week 3 months
S0:/kWh) (kg SO2) (kg SO2)
m---m ?)=©"0)"© 0= (©* ) I!!- (=00 | V=011
0.06 144 0.010 0.004 0.025 0.330
2 WaShT”g 3 1005 3015 0010 4 0,008 3 0023 0.296
machine
3 Television 1 8 0.08 0.64 0.010 4 0.002 7 0.01 0147
4 Cell phone 2 16 0.007 0.224 0.010 5 0.000 8 0.004 0.047
5 Lamp 5 12 0.02 12 0.010 4 0.003 7 0.021 0.275

No. of Type of Quantity of | Duration Total usage (kWh) | Corrected | No.of Total NOx emission | Frequency | Total NOx Total NOx
appliances | appliance | appliances | (h/day) emission personsin | per day of usage emission emission per
factor (kg household | (kg NOx) perweek | per week 3 months
NOx/kWh) (kg NOx) (kg NOx)
-- 7= 0)*© 0= (@)* )/ () 0=0"0 V=013
0.06 144 0.002 0.001 0.005 0.065
2 WaSh‘.”g 3 005 305 0002 4 0.001 3 0004 0058
machine
3 Television 1 8 0.08 0.64 0.002 4 0.000 7 0.002 0.029
4 Cell phone 2 16 0.007 0.224 0.002 5 0.000 8 0.001 0.009
5 Lamp 5 12 0.02 12 0.002 4 0.001 7 0.004 0.054

Source: Authors.
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IPCC (2006) generally defines municipal solid waste
(MSW) as waste collected by municipalities or other
local authorities. These MSW residuals are generally
classified as household waste; garden (yard/park) waste;
and commercial/institutional waste (IPCC 2006). For
individual lifestyle emission sources in EMISI, the
MSW calculation is subject to the waste generated by
individuals in a household as well as their necessary yard
waste. Any specific, hazardous, or wastewater residuals
are not covered in the calculations described in the
following section.

EMISI measures emissions from household residuals
based on emissions created from treatment processes as
well as the subsequent emissions from corresponding
activities (i.e., transportation, use of machinery, etc.).
This calculation requires a two-step activity data input
by users. The first step involves information on waste
mass and its composition by a certain household. On the
one hand, the mass of waste directly influences larger
emissions for the management process, as well as its
required transport. On the other hand, the composition
determines the specific management process the waste
would potentially experience in the Indonesian context.

The second step is measuring the emissions generated
from the management process that the waste will
potentially experience. These different waste management
processes will vary based on an individual’s location, in
which they are required to input their city type (rural/
urban) as the closest proxy chosen. For example, rural
areas tend to process their waste through open burning
and composting, while urban areas tend to rely more on
landfills and random dumping based on current available
data in Indonesia. Finally, the total emissions from

waste a household would have is expressed through the

Table 12 |

following equation, adopted from Kristanto and Koven
(2019) on estimating waste emissions in Depok City,
Indonesia:

Total waste emission per person (TWEPF,)

- Z:(EFsi ‘m;) + an:(EFst :Z; 'd> )

i=

where the first part of the formula is to calculate the mass
of disposed waste, mi(kg) is the content of different mass
of disposed waste, and EFs; (CO., CH,, and N-O) is the
emission factor for different waste management types (i.e.,
open burning, uncontrolled landfill, etc.). The second part
illustrates emissions from transportation, where EFs: is the
emission factor for transportation, cap is the maximum
capacity (kg) of waste transportation vehicles used in
Indonesia, and d is the average distance (km) between
waste disposal sites and households.

MSW residuals contribute to climate change primarily
through GHG emissions of carbon dioxide (CO.),

methane (CH,) and nitrous oxide (N-0O) in an attempt

to dispose these residuals (IFEU 2009). As different
disposal treatments generate different amounts and types
of greenhouse gas pollutants, identifying which waste
management systems are relevant to the specific individual
is a subject that needs to be addressed. Therefore, the
IPCC approach to calculating GHG emissions from waste
has used a bottom-up, activity-based approach, starting
from identifying prior information on waste generation,
composition, and determining which treatment would

be required to dispose of the household’s residual waste
(IPCC 2006). The waste streams in Indonesia for organic
and inorganic waste based on most updated data (taken in
2009) are illustrated in Table 12.

Rural
Management system

Open burning 33.37% 57.86%
Uncontrolled landfill 445% 1%
Composting 4550% n/a
Recycled inorganics (3R) n/a 550%
Random dumping and discharge  16.68% 28.93%

Source: Normalized data from Ministry of National Development Planning 2010.
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Urban

(%) Organics (%) Inorganics (%) Organics (%) Inorganics

5.86% 562%
4793% 45.98%
2% n/a
n/a 6%
44.21% 42.40%



Indonesia Zero Emissions Application (EMISI): Methodology for Calculating Individual Emissions from Food, Clothing, Electricity Consumption, and Solid Waste

As previously stated, waste streams in Indonesia

are remarkably diverse between regions, but with

such limited information, EMISI acknowledges the
geographical differences of waste management systems
through categorization of urban and rural practices as
the chosen proxy. This differentiation would affect the
value of emissions released by individuals based on
these two categories. For example, local authorities and
communities in rural areas tend to conduct more open
burning, while urban areas rely more on landfilling and

Table 13 |

Transportation®
N20

Waste management type Emission type

CHa
Composting®

N20

CO2
Open burning® CHa

N20
Random dumping and discharge® CO.

€0z
Recycled inorganics (3R)"

N20

CO2
Uncontrolled landfill®

CHa

random dumping disposals. This would result in higher
potential emissions released by individuals in rural areas.

The Determinants of Waste Management System
Emission Factors

Calculating emission factors is possible after the
individual’s potential waste management process has been

identified. The EFs for waste disposal are subject to the type
of waste management process, as illustrated by Table 13.

kg COx/km/kg MSW 00000191

kg COze/km/kg MSW 00000497

kg COze/kg MSW 01000000

kg CO:e/kg MSW 00029944
kg CO:/kg MSW 00333764
kg COze/kg MSW 00067535
kg COze/kg MSW 00018382

kg C0:/kg MSW 07500000
kg CO:/kg MSW -0.0022370
kg CO:e/kg MSW -0,0000001
kg CO:/kg MSW 02100000

kg COze/kg MSW 00750000

Note: Recycling inorganics makes disposing of the waste unnecessary, thereby avoiding emissions. Therefore, the values of recycled inorganics in the 2009 Ministry of National Development Planning

study have been determined as negative.
Sources: a. Kristanto and Koven 2019; b. Ministry of National Development Planning 2010.

While national- or district-level data regarding

waste disposal is commonly available, it is uncertain
whether a specific individual’s residuals will be part

of a certain waste system process. For example, if
national-level data show that 5 percent of inorganics
are being recycled, there is no certainty that a
particular individual’s inorganic trash is included in
this 5 percent. The uncertainty originates from the
inability to control what kind of waste management
system would be implemented to such individual’s
waste. In consideration of this fact, the calculation
uses a statistical approach to quantify the probability
of individuals’ chances of alignment with certain waste
management systems through uncertainty analysis. The

uncertainty analysis that is based on waste system data
from Indonesia (2005) is described in Appendix A.

The calculation implements a +20 percent range from
the default values and Latin Hypercube Sampling
(LHS) (McKay 1992) is chosen to sample the data
within the designated range. For each location and
waste type, 1,000 cases are previously self-simulated
and statistically analyzed. The cumulative distribution
function (CDF) results for each case can be seen in
Appendix A. With a chosen CDF value of 90 percent
in consideration of data quality available, the GHG
emissions on a kilogram-based value between different
data input categories are summarized in Table 14.
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Table 14 |

City category and waste content

kg CHa/kg of waste

GHG emissions and pollutants

kg N-0/kg of waste

Organic content 01m
Inorganic content 0.105
Organic content 0.055
Inorganic content 0.04

Source: Authors.

Direct examples of the calculation method in practice
are illustrated in Table 15. The appendix provides
different cases of waste weight, composition, as well as
other influential factors that create the correlated GHG
emissions and air pollutants. The examples show key
correlations, such as inorganic mass, which has more
pollutants compared to organic ones. Additionally, in
general, higher results are shown from rural locations
due to their management practices that still often
consist of open burning, while residents in urban areas
rely more on landfilling.

Since data on waste is often limited in nature
(Damanbhuri et al. 2014), the calculation of GHG
emissions from waste in the context of Indonesia
would seem to have some limitations. The identified
limitations include:

Waste composition. The common user may not
possess information on the precise composition

of their waste. In light of this challenge, waste
composition input is simplified into organics (food
scraps and yard waste) and inorganics (cardboards,
plastic, diapers, metal, etc.) for user convenience.
However, the different GHG result calculations from
different waste compositions are still accounted for
in the emission factors of the waste system itself.
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kg CO2/kg of waste

0.45 0.501
0.668 0.0275
0.052 0.045
0.45 0.0004

Waste management process in distinct
locations. The EMISI calculation still
acknowledges different geographical practices
through the categorization of urban-rural practices
as the chosen proxy. While such categorization may
be quite conventional considering various waste
practices used between different areas, the different
practices and results between these two categories
could still be shown.

Vehicle capacity and travel distance. It is

a challenge to accurately estimate the range and
vehicle capacity used between waste systems in
varieties of locations for different individuals.

Our calculation estimates both travel distance

and vehicle capacity based on field surveys across
Indonesia (Ministry of National Development
Planning 2010), with a distance (d) of 25 kilometers
on average and vehicle capacity (cap) of 2,500
kilograms of wet waste.
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EMIST utilizes the most appropriate method and best
available data for emission calculation in the Indonesian
context. Most of the calculations of household emissions
are subject to local aspects such as emission factors, due
to dependency on existing conditions (i.e., availability
of technology, materials, etc.). Therefore, compared
with other calculators, this Technical Note shows
relatively consistent calculation, especially compared

to countries with similar characteristics. For instance,
in electricity emission calculations, this Technical

Note shows insignificant differences from Australian-
related calculators (Carbon Neutral n.d.). This is given
the fact that coal accounts for about 75 percent of
Australia’s electricity generation (Geoscience Australia
n.d.), similar to Indonesia’s. However, compared

with European-related calculators (National Energy
Foundation 2017), the differences are significant due to
the characteristics of European power plants. Such facts
indicate that local factors are important to make this
methodology suitable for Indonesian society. However,
given Indonesia’s conditions, the methodology in

this Technical Note is subject to more limitations, as
explained in the following.

While the formulas for the emission calculations are
quite simple, as demonstrated by the IPCC (2006), in
developing countries such as Indonesia, data availability
has been a barrier. For both food and clothing sectors,
emission factors used to calculate emissions in EMISI
are derived by compiling relevant LCA studies. Yet
comprehensive studies that estimate the climate impact
of Indonesian food and clothing are still limited. Hence,
emission estimations from food and clothing in EMISI
may not always accurately reflect the entire process

of food and clothing production in Indonesia, despite
given the best estimates through optimized utilization of
available data.

Furthermore, the household emission calculation relies
on the accuracy of EFs, which are subject to various
variables. For the electricity consumption sector, the
emission factor depends on the quality of the fuel (i.e.,
coal, fuel, gas) of PP and PP technology that differ based
on spatial locations. Moreover, the methodology uses
average value for appliance electricity consumption,
while in reality it is influenced also by age of the
appliance, which affects efficiency of electricity usage.
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While the waste management system and composition
of waste are fundamental factors for calculating waste
emissions, the type of garment or food is important
for calculating clothing and food emissions. With

the improvement of technology and subsequent
improvements of the EFs, this Technical Note also
highly encourages further localization and updated data
for such determinants in the future. Therefore, EMISI
will continuously revise its technical assumptions (i.e.,
emission factors, energy efficiency factors, etc.) when
updated data are available.

Moreover, emission factors for the food sector are
calculated as kg CO:e by combining all GHG emissions,
including CO., CH,, and N-O, into CO: equivalent,

since most LCA studies provide the results in CO-e.
Also, other emission factors for air pollutants in

the clothing sector, such as SO-, NO,, CO, PM, etc.,
contained in CO.e are generally sourced from chemicals
used in the fabric manufacturing process, and varies
widely depending on the type of textile factory, the

size or production capacity of the factory, the type of
fabric produced, and the type of required treatment.
Therefore, emissions of other pollutants per kg of fabric
production are not reflected in clear details, and are
hence excluded from EMISI’s calculation.

Besides emission factors used in the calculation method,
another limitation of this Technical Note pertains to

the fact that emissions will only be calculated based

on data provided by users. Therefore, there is no
guarantee regarding the accuracy of household activity
data provided, as users may over-or underreport

their consumption and waste. However, this does not
diminish EMISI’s overall goal of educating the public
about the environmental impact of their lifestyle.



Indonesia Zero Emissions Application (EMISI): Methodology for Calculating Individual Emissions from Food, Clothing, Electricity Consumption, and Solid Waste

APPENDIX A: CUMULATIVE DISTRIBUTION FUNCTIONS FROM WASTE STREAM
UNCERTAINTY ANALYSIS

Figure A1 | Uncertainty Analysis CDF Plots for Rural Organic and Inorganic Waste (kg) Based on Waste Stream Data
from Indonesia (2005)
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Figure A1 | Uncertainty Analysis CDF Plots for Rural Organic and Inorganic Waste (kg) Based on Waste Stream Data
from Indonesia (2005) (Cont'd.)
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Indonesia Zero Emissions Application (EMISI): Methodology for Calculating Individual Emissions from Food, Clothing, Electricity Consumption, and Solid Waste

Figure A2 | Uncertainty Analysis CDF Plots for Urban Organic and Inorganic Waste (kg) Based on Waste Stream Data
from Indonesia (2005)
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Figure A2 | Uncertainty Analysis CDF Plots for Urban Organic and Inorganic Waste (kg) Based on Waste Stream Data
from Indonesia (2005) (Cont'd.)

CDF Plots for Urban Organic Waste

CDF for CHs CDF for N20 CDF for CO2
10 10 1.0
09 09 09
08 08 08
0.7 07 f 07
06 06 ' 06
= = =
05 05 05
04 04 04
03 03 | 03
0.2 0.2 02
01 01 01
0.0 0.0 . 00
004 005 006 0003 0004 0005 04 05
Emission per kg waste Emission per kg waste Emission per kg waste

2 < WRI INDONESIA



AC air conditioning 1 Merriam-Webster defines fast fashion as “an approach to the design,
creation, and marketing of clothing fashions that emphasizes making

CDF cumulative distribution function _ . . .

0 carbon monoxide fashion trends gwckly and cheaply avallable.to consumers.’ (See Merlrlam-
Webster Unabridged, http://unabridged.merriam-webster.com/collegiate/

€02 carbon dioxide fast%20fashion.)

C02e carbon dioxide equivalent

CHs methane

EF emission factor

EIA Energy Information Administration

EMISI Indonesia Zero Emissions Application

EPA United States Environmental Protection Agency

GHG greenhouse gas

IEO Indonesia Energy Outlook

IPCC Intergovernmental Panel on Climate Change

ISO International Organization for Standardization

LCA Life Cycle Assessment

LCI Life Cycle Inventory

LCIA Life Cycle Impact Assessment

LHS Latin Hypercube Sampling

LUC land use change

MoEF Ministry of Environment and Forestry

MoEMR Ministry of Energy and Mineral Resources

MSW municipal solid waste

NOx nitrogen oxides

N0 nitrous oxide

PP power plant

S0z sulfur dioxide

TCEP, total clothing emissions per person
TEEP, total electricity emissions per person
TFEP, total food emissions per person

TWEP, total waste emissions per person

UNEP United Nations Environment Programme
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