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Crop residues are subjected to open burning in Indo-
nesia. These farming practices were studied to
determine the proportion of open burned and their
contribution to air pollution based on crop and air
pollutant specific emission factors. On an annual
basis, it was estimated that 45 million tonnes of crop
residues are open burned. This leads to emission of
greenhouse gases and toxic pollutants. On an average,
CO; and CO dominate the overall emissions with 90%
and 8% respectively. The remaining 2% are contri-
buted by CH,4, SO,, NO,, NH3, N,O, NMVOC and par-
ticulate matter. Climate charging emissions were
assessed to contribute 12-14% towards global warm-
ing potential by the global crop residues open burn-
ing.
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BIOMASS burning is defined as the combustion of world’s
living and dead vegetation, including grasslands, forests
and agricultural lands following the harvest for land
clearing and landuse change. It is not limited to one area
but is a global phenomenon and has been recognized as a
key driver for global change'. Biomass burning is one of
the major sources of gaseous and particulate emissions to
the atmosphere’ and studies on climate change have
shown that it is more frequent during dry season’. It con-
tributes to global environmental change by affecting
local, regional and global air quality as well as by dis-
rupting rainfall patterns. Most of the world’s biomass
burning occurs in the tropics and includes among others,
tropical forests, savannas and agricultural land after the
harvest’. A study on air quality in Asia indicated that
biomass burning constitutes a major source of air pollu-
tion, particularly in China, India, Indonesia and countries
of the Mekong River Basin Sub-Region’.

Air pollutants emitted from biomass open burning
whether forest fires or crop residues, include common
greenhouse gases (GHGs) such as carbon dioxide (CO,),
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carbon monoxide (CO), methane (CH,4) and nitrous oxide
(N,O) as well as volatile organic compounds (VOCs),
ammonia (NHj3), sulphur dioxide (SO,), nitrogen oxides
(NO,) and particulate matter (PM). Agricultural residues
burning also releases a huge amount of pollutants to the
atmosphere, which apart from the above includes aerosols
and hydrocarbons®’. Haze formation is one of the major
impacts of open burning. It is a recurrent issue of concern
in Southeast Asia where biomass-burning haze has
become an important source of tropospheric ozone and
the aerosols resulting from such events have contributed
largely to the formation of atmospheric brown clouds'*"".
Vegetation fires in Sumatra and Kalimantan Islands in
Indonesia have caused trans-boundary haze pollution
events affecting the entire Southeast Asian region; the
most well-known event occurred in 1997-98 (refs 12,
13). In October 2015, vegetation fires in Kalimantan re-
sulted in the pollution standard index (PSI) reaching a
level of 2400, the maximum hazardous level being 1000.
The daily GHG emissions from Indonesia’s fires in Octo-
ber 2015 were estimated at 15.95 million tonnes COxeq
which comparatively exceeded the emissions from the
entire US. If Indonesia could curtail open burning of
biomasses, it would be able to meet its stated target of
reducing GHG emissions by 29% by the year 2030 (refs
14, 15).

Indonesia is an agrarian country consisting of more
than 17,000 islands. It is composed of five major islands
namely Sumatra, Kalimantan, Java, Sulawesi and Papua.
FAO'C revealed that 30% of Indonesia’s land is dedicated
to agricultural production. The major food crops pro-
duced in the country based on harvested area are rice,
corn, cassava, soybean and peanut. Oanh ef al. 7 indicated
that post harvest, a proportion of crop residues is used by
farmers as composting material and animal feed, for roof
thatching, and as fuel for domestic use. However, for a
number of reasons including limited access to labour and
enhanced access to modern energy, large amount of resi-
dues remain unused in the field and subjected to open
burning. Such a practice has become an issue of growing
concern as responsible for various adverse impacts such
as air pollution, climate change and health and economic
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impacts. These also affect bilateral relationships with
neighbouring countries'®2°. Although area-wise forest
fires dominate with about 70% of its surface subjected to
open burning, the largest emissions (~80%) are observed
from agricultural burning followed by forest fire and
Municipal Solid Waste (MSW)>. Several studies have at-
tempted to assess potential emissions from crop residues
burning using satellite data (fire hotspots), default activi-
ty data and emission factors™'***?'** However, the results
were characterized by lots of uncertainties. Hence results
should be refined using country- and crop-specific informa-
tion in particular with regard to the proportion of residues
subjected to open burning and the emissions factors used.

The objectives of this study were: (1) to determine the
proportion of crop residues subjected to open burning in
Indonesia based on farming practices, and (2) to estimate
the corresponding emissions of air pollutants and poten-
tial contribution to climate change in the form of global
warming potential (GWP).

Methodology

Assessment of farming practices

In order to study farming practices that represent the situ-
ation in Indonesia, an island with the highest crop pro-
duction potential was selected. For the year 2015, based
on the data from the Indonesian Ministry of Agriculture
(IMA)*, Sumatra was identified as the suitable island.
Similarly, using the same data®*, the Lampung province
in Sumatra, with a significant crop variety and production
potential was considered for the field survey. The field
survey was conducted using a questionnaire to study
farming practices, including open burning of crop resi-
dues. The sampling size (n) for the survey was deter-
mined based on the Yamane equation® as

N

" 1+ N(e)*~ W
where N is the population of farmers and e is the desired
level of precision, also called sampling error, and was set
at 95%. It represents the range in which the true value of
the population is estimated to lie. Based on eq. (1), a
sample of 400 farmers was selected for interview spread
over 13 areas in the province.

The questionnaire for the field survey was designed as
detailed by Andini et al.?®. It consisted several sections,
including locations of agricultural production sites and
types of crops cultivated and detailed information about
the farming practices followed by farmers. From the sur-
vey, information about the proportion of crop residues
burned in the field and proportion used for other purposes
was identified. The data collected from the survey was
divided into two groups, i.e. crop residues unburned and
crop residues burned. Concerning the fraction of crop

2260

residues unburned, the data was further subdivided into
two groups, namely crop residues used and crop residues
unused. Regarding the utilization of crop residues, there
were five main areas, such as animal feed, fertilizer,
fuel, food and other purposes. In case of open burning of
crop residues, there were three main areas, such as soil
enrichment (nutrients), pest control and elimination of resi-
dues.

Assessment of crop residues open burned and
emissions

Based on data collected from the field survey, the amount
of crop residues subjected to open burning was estimated
for each of the crops studied, using eq. (2) as

O=PxRxB, 2)

where for a specific crop, Q is the quantity of crop resi-
dues subjected to open burning (mg/year) and P is the
crop production (mg/year). The data was obtained from
IMA*; R the residue-to-product ratio and refers to the
amount of crop residues produced per amount of product
(on a dry mass basis). Crop-specific values for this
parameter were estimated based on data from Permadi
and Oanh?’; B is the proportion of crop residues subjected
to open burning. Values for this parameter, which is
country- and crop-specific, and mainly influenced by
farming practices, were determined through the question-
naire survey performed with farmers.

As reported in Gadde et al.'®, the approach to quantify
air pollutants emissions from biomass open burning is
based on the methodology proposed by the Intergovern-
mental Panel on Climate Change (IPCC) guidelines 2006
(ref. 27), except for the step to quantify the amount of
crop residues subjected to open burning. Air pollutant
emissions from specific crop residues field burning were
quantified using eq. (3)

E,=0xnxEF, (3

where for a particular crop residue, E, the emission of a
(mg/year) and 7 the fraction of biomass oxidized during
combustion. Biomass specific values were collected from
Turn et al.*®; EF the emission factor of a of dry crop resi-
dues (g/kg). Crop-specific values were obtained from lite-
rature review; Q the quantity of crop residues subjected
to open burning (mg/year) (for a specific crop); a the pol-
lutant species.

Results and discussion
Proportion of crop residues subject to open burning

Information from IMA** shows that rice, corn, cassava
and sugarcane are the top four main crops produced in
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Figure 1. Proportion of crop residues burned and unburned.
Table 1. Crop production, residue generation and coefficients used for inventory

Crop P (10° tonnes year )" R® B (%) Q (10° tonnes year ')
Rice 70.85 1.49 18 19.30
Cassava 23.44 1.42°¢ 56 18.50
Corn 19.01 0.80 44 6.70
Sugarcane 2.58 0.21 76 0.40
Total 115.88 44.90

*Ministry of Agriculture of Indonesia®*; "Permadi and Oanh®’; “Koopman and Koppejan**.

Indonesia whose residues are also subjected to open burn-
ing. Rice is the dominant crop with a largest area har-
vested, i.e. 12.5 m ha, followed by corn with 3.3 m ha,
cassava with 0.9 m ha and sugarcane with 0.4 m ha.
According to data obtained from the survey and the
corresponding results reported in Figure 1, it is observed
that more than 80% of rice residues and more than half of
all corn residues are unburned and used mainly as ferti-
lizers and animal feed. For sugarcane, the reverse is ob-
served with over three quarters of its residues being open
burned. The remaining fraction is used mainly as fertiliz-
er and animal feed as is the case for rice and corn. The
results obtained for cassava, which is a perennial woody
shrub, are quite different. It is observed that 80% of its
residues are unburned, almost half of which is unused and
consists mainly of stalk and stubbles. The other half of
the unburned residues consist of leaves, which are mainly
used as animal feed and some other unidentified purposes.
Concerning the fraction of crop residues open burned,
some similarities are also observed for rice, corn and
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sugarcane in terms of soil enrichment, next crop prepara-
tion and elimination of residues. For rice and corn, hav-
ing two or three cycles of production and harvest in a
year, open burning is mainly practised to eliminate resi-
dues for next crop preparation. For sugarcane, burning of
crop residues is practised prior to harvesting to eliminate
residues in the case of green harvesting. It is also prac-
tised following harvesting to enrich the soil in nutrients
for the next ratoon (there can be 3—5 ratoons) as well as
to eliminate residues to facilitate for the next production
cycle. With regard to cassava, farmers eliminate residues
via open burning and to avoid fungal contamination from
residues decomposition.

Table 1 shows the details of open burning of rice, corn,
cassava and sugarcane residues. Based on the proportion
of crop residues subjected to open burning, sugarcane
shows the highest amount with 76%, followed by cassava
(56%), corn (44%) and rice (18%). These results are
comparatively lower than that of a study by Seiler and
Crutzen® which reported that 80% of crop residues are
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Table 2. Crop specific oxidation factors and pollutant specific emission factors
Description Rice straw Corn Cassava Sugarcane
Oxidation factor 7a 0.89 0.92 0.68 0.68
Emission Factors (g kg™") CO, 1,216° 2327.14" 1130¢ 1130¢

Cco 179.9¢ 80.3 86.30* 34.66'
CH, 9.59¢ 3.4 4.56" 0.41'
NO, 3.10¢ 3.7 0.70* 2.63
N,O 0.07° 0.07° 0.07° 0.07°
NH; 4.10° 1.6 1.30° 0.95'
SO, 2.00° 0.447 0.216% 0.216%
NMVOC 4.00" 4.40' 4.35k 2.18'
PM,, 9.4¢ 426 8.05* 3.99'
PM, s 42° 413! 3.88! 3.77
EC 0.51¢ 0.95" 0.47' 0.77™
ocC 2.99¢ 2.25" 0.91' 0.91'

“Turn et al.®®; *Andreae and Merlet’’: Default EFs for several types of biomass burning. °Christian et
al.*: Specific EFs for rice straw open burning in Indonesia. “Kadam ez al.**: Specific EFs for rice straw
open burning in California. “Jenkins and Bhatnagar®®: Specific EFs for rice straw open burning. 'US
EPA*: EFs for rice straw from the AP-42 database developed by the USEPA. 2Oanh et al.'”: Specific EFs
for rice straw open burning in Thailand. "Cao et al.’’: Specific EFs for corn residues based on combustion
tower experiment in China. ‘Dennis et al.**: Specific EFs for corn and sugarcane open burning in Texas.
JLi et al>®: Specific EFs for corn stover open burning in China. *Zhang et al.*’: Default EFs for crop resi-
dues open burning in China. 'Reddy and Venkataraman®': Default EFs for crop residues open burning in
India. ™Penner et al.**: Specific EFs for sugarcane at developing areas.

open burned in developing countries. Specifically for
Asia, Chang et al*® reported much lower values (17—
25%) for all types of crop residues subjected to open
burning. However, Yevich and Logan®' reported that in
Indonesia 73% of all types of crop residues are burnt in
the field. Sasongko et al.® who studied more specifically
rice straw open burning in Indonesia, reported that 43%
of rice straw are open burnt on Java Island, while a de-
fault value of 75% was considered for other rice produc-
tion centres in Indonesia.

These studies reveal that on a dry mass basis, rice straw
contributes highest amount of residues open burnt with 19.3
million tonnes. This is closely followed by cassava residues
with 18.5 million tonnes, then corn residues with 6.7 mil-
lion tonnes and sugarcane with 0.4 million tonnes. In total,
an annual amount of 44.9 million tonnes of crop residues
were subjected to open burning. Streets ef al.’ reported that
in the year 2000, with 17% of the crops subjected to open
burning, an equivalent amount of 5.8 Tg crop residues were
eliminated by fire in Indonesia. Yevich and Logan®' re-
ported that 73% of Indonesia’s crop residues were open
burned equating to 64.2 Tg. This large gap in the estima-
tion of open burned crop residues is due to a number of
factors like crops considered, residue-to-product ratio,
and the fraction open burned. However, the latter appears
to be the most important factor for estimating the amount
of crops residues burned.

Pollutant-specific emission factors of selected crops

Emission factors specific to air pollutants and the corres-
ponding types of crop residues subjected to open field
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burning are presented in Table 2. The emission factors
are expressed in grams of released pollutant per kilogram
of burned dry matter of crop residues. As mentioned be-
fore, the emission factors were obtained from literature
review. For each crop, emission factors were selected that
are country (Indonesia) or region (Asia) specific. When
crop specific emission factors were not available, default
values for crops in general were used””.

With regard to rice straw, emission factors for CO,,
CO, CH,4, NH; and PM, 5 were retrieved from Christian et
al.*® based on the rice straw open burning in Indonesia.
For NO,, SO, and non-methane volatile organic com-
pounds (NMVOC), emission factors were sourced respec-
tively from Kadam et al.**, Jenkins and Bhatnagar’® and
the AP-42 database developed by the US Environmental
Protection Agency®. Emission factors for PM,, elemen-
tal carbon (EC) and black carbon (BC) were sourced from
Oanh et al.'’ based on the rice straw open burning in
Thailand.

With regard to corn, emission factors for CO,, EC and
OC were collected from a study done in China by Cao
et al.’’. Specific emission factors for CO, CHy, NO,, NH;,
NMVOC, PM,, and PM, 5 were retrieved from Dennis et
al.*® and for SO,, from Li et al.®.

In case of cassava, due to the scarcity of information
on specific emission factors for this crop, default values
were retrieved from different sources, like Zhang er al.*’
for CO,, CO, CH4, NO,, SO,, NMVOC and PM,,
Andreae and Merlet*? for N,O and NH; and Reddy and
Venkataraman®' for PM, s, EC and OC.

For sugarcane, specific emission factors for CO, CHy,
NO,, NH3;, NMVOC, PM,, and PM, 5 were sourced from
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Figure 2.

Dennis ef al*®. Other emission factors were mainly

retrieved from Zhang et al.*’ and Penner et al.**.

Emissions from crop residues open burning

Figure 2 shows that the open burning of all the selected
crop residues contributes largely towards CO, emissions
in the range of 85-96%, followed by CO in the range of
3—13%. The remaining fraction is contributed by the rest
of the pollutants such as CHy, NO,, N,O, NH;, SO,,
NMVOC, PM,y, PM, s, EC and organic carbon (OC). De-
pending on the crop, the contribution towards air pollu-
tant emissions varies. Open burning of rice straw is
observed to contribute the largest emission of all the pol-
lutants as shown in Figure 2. After rice, cassava is the
next crop to contribute most to the annual emissions of
CO, CH4, N,O, NH3;, SO,, NMVOC, PM,, PM, s and EC.
Although sugarcane emissions appear to be the lowest
and much less significant compared to rice, corn and cas-
sava, it is the crop with the highest proportion of crop
residues subjected to open burning (76%). As the gov-
ernment of Indonesia is considering promoting biofuels
such as ethanol for transport in the near future, an expan-
sion of sugarcane plantations is expected to meet future
policy targets. However, this might magnify emission of
air pollutants if open burning practices are not controlled.
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Annual emission of air pollutants from crop residues open burning in Indonesia.

As mentioned earlier, Streets ef al.’ had assessed emis-
sions from biomass burning in Asia, including Indonesia.
The studies included open burning of crop residues in
general using default values from the literature. In partic-
ular, the proportion of crop residues subject to open burn-
ing was assumed to be 17% and default emission factors
from Andreae and Merlet’” were used. The results
obtained for Indonesia are by using the default values
from Streets et al.’ and the specific values identified in
this study are compared for rice, corn, cassava and sugar-
cane (Figure 3). It is observed that the emissions are un-
derestimated when default values from Streets ef al.” are
used. This is particularly so for a number of climate pol-
lutants. For instance, CO,, N,O, NMVOC, PM, s and EC
emissions estimated using country and crop specific val-
ues from this study are 60% higher than based on default
values from Streets et al.’. In the same way, CO, CH,,
NO,, NH; and OC emissions are about 30% higher while
PM;, and SO, are about 50% and 10% higher respectively.
These findings indicate that the potential contribution of
open burning of crop residues in Indonesia towards air
pollution is underestimated. This also implies that the
contribution of Indonesian open burning of crop residues
to climate change is underestimated and the mitigation of
such practices could lead to larger GHG emission reduc-
tion benefits than expected.
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Figure 4. Contribution of Indonesia’s crop residues open burning to the global agricultural open burning GWP.
The values in parentheses correspond to the net GWP (COx).

Contribution towards global open burning of crop
residues GWP

Figure 4 shows the percentage contribution of GHGs
towards GWP and the short-lived climate changers emit-
ted from open burning of crop residues in Indonesia in
2014. Figure 4 shows the percentage contribution to
GWP of both warming (CO, CHy, NO,, N,O, NMVOC
and EC with positive forcing) and cooling agents (SO,
and OC with negative forcing). CO, is not accounted for
as it is considered as carbon neutral for annual crops as
per the IPCC 2006 guidelines?’. GWP is expressed in the
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form of CO,q. The total GWP for 2014 is estimated at
93 Tg COy¢q (20 year horizon) and 25 Tg CO,¢q (100 year
horizon), while the net GWP is estimated at 49 Tg CO,q
and 13 Tg CO,q respectively. For both time horizons, in
terms of positive forcing, the largest contributors to the
total GWP are EC (38-39%), CO (36—42%) and CH,
(19-24%). These results highlight the importance of such
pollutants to the GWP of crop residues subjected to open
burning. The GWP of global crop residues subjected to
open burning as estimated using data from Global Fire
Emissions Database (GFED) 4 (ref. 43) for 2014 (Figure
4) amounts to about 395 Tg CO,.q (20 year) and 97 Tg

CURRENT SCIENCE, VOL. 115, NO. 12, 25 DECEMBER 2018
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COx¢q (100 year). Therefore, Indonesian open burning of
crop residues contributes about 12—-14% of the GWP of
global crop residues open burning for both time horizons.

Conclusion

Major crops produced in Indonesia include rice, corn,
cassava and sugarcane. It was found that about 45 million
tonnes of these crop residues were open burned on an
annual basis. This represents about 29% of the total
amount of crop residues produced nationwide with rice
contributing 43%, cassava 41%, corn 15% and sugarcane
1%. In terms of emissions, it was found that they were
dominated by CO, (85-96%), followed by CO (3—13%).
The remaining 1-3% of the emissions were found to be
contributed by CH,, NO,, N,O, NH;, SO,, NMVOC,
PM,y, PM, s, EC and OC. However, among those pollu-
tants, agents forcing positive climate change such as EC,
CO and CH, were identified to be the major contributors
to the GWP of open burning of crop residues. Based on
the country, crop and pollutant specific factors identified
in this study, it was estimated that the Indonesian open
burning of crop residues contributed a substantial 12—
14% of the GWP of global crop residues open burning
over a 20 year and 100 year horizon respectively. Such a
contribution to climate change highlights the necessity of
achieving the zeroburning policy that has been committed
by Indonesia through the ASEAN agreement on trans-
boundary haze pollution in 2014. Further studies are cur-
rently in progress to identify processes enabling to utilize
those residues as energy feedstock for industrial applica-
tions.
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