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ABSTRACT

In the past decade, a small but growing body okaesh has drawn attention to the
environmental concerns of rising greenhouse gasstoms associated with the consumption
and production of food; this is an issue of inchegsmportance in Southeast Asia where rapid
population growth is leading to year-on-year inse=ain food demand. To date, countries in
Southeast Asia have shown little interest in adidngsgreenhouse gas emissions across the
whole life cycle of food—production, processingartsportation, retailing, consumption, and
final disposal—despite a growing awareness of dinchange andits effects. This paper serves
as a starting point to explore the relatively undsearched topic of greenhouse gas emission
trends and the production and consumption of foo8autheast Asia, with particular focus on
the Malaysian food sector. Previous research dootinte greenhouse gas emissions from
specific food products and components in the fagapk/ chain has been used to determine the
likely greenhouse gas ‘hotspots’ in Malaysia. Thapgr concludes by recommending the
development of an overarching framework for Sustalie@ Food Systems in Malaysia and
identifies specific areas of research to suppastfthamework.
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1. INTRODUCTION

In recent years, it has been increasingly recognibat food, notably its production and
consumption, is making a significant contributianglobal greenhouse gas emissions (GHG).
Recent studies have argued that the food and ¢R&HL), transportation, and construction
industry sectors are regarded as the most signtficantributors to GHG emissions (European
Commission, 2006; SEI et al., 2006; UNEP, 2008)ABia, it is reported that these three
sectors combined contribute between 70-80% of tmdireent’s total GHG footprint (UNEP,
2008).

Global food production systems—particularly thoseding populations in the developed
world—are far more complex and energy intensive ttheey were a century ago. As countries
develop, there is a greater demand for processgd@venience food and greater expectations
throughout the year for seasonal products, whi@h aiten imported over large distances.
Significant changes in food production and increase food transport have resulted. The
production of food on farms has become increasingdghanised, large-scale, and specialised;
and food supplychains have become more compliaatddransport-intensive (Roelich, 2008).
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Allowing for continued growth in the global poputat and the need for increased food
production to avert the present day food crisis ftighly likely that GHG emissions from food
will remain constant or increase over the comingades unless there is a move towards more
sustainable food systems (Garnett, 2008). Addrgstia requirement for an increase in the
production and supply of food while tackling assted GHG impacts in the F&D sector is
therefore, an issue of global concern.

The rise in funded research on this topic in thet pecade, most notably in Europe and North
America, demonstrates the importance of this is$Me. believe that the focus of funded
research should be widened to include food prodacetconsumed in Asia, one of the most
rapidly growing regions of the world (UNEP, 2008dahe producer of a significant proportion
of the world’s food (Nellemann et al., 2009).

2. METHODOLOGY

To date, research examining GHG emission trends fitee production and consumption of

foodhave relied on a methodology known as life eyassessment (LCA), a standardized
method (e.g. 1ISO 14040, ISO 14044) for the evadmatof the environmental resources
consumed during the life cycle of products, whiokludes the extraction of raw materials,
manufacture of goods, their use by final consunoens the provision of a service, recycling,

energy recovery, and ultimate disposal (Europeami@igsion, 2007). This method allows for

a detailed analysis of the GHG impact of food paguwhich has become an important factor
in European policy development. In the UK, for exdan Audsley et al. (2009) used LCA to

investigate GHG emissions from the UK food systefisey examined detailed inventories of
emissions from a wide range of foods and applied\ liGethods to examine the effects of
measures. As the authors clearly set out in thertspgForeword, the aim of the report findings

was to influence UK policy makers to consider hovathieve more sustainable food systems.

The majority of LCA and food-related research ttedsas been largely concentrated in Europe,
North America, and Australia, with very little takj place in Southeast Asia. While LCA was
not under taken in this preliminary research, wepaéed a life cycle perspective that considers
the GHG impact of the Malaysian F&D sector in itgieety: from agriculture, manufacturing,
transport, retailing, and consumption to final disg@ of food waste. Previous research, industry
reports, and publicly available reports have beseduto identify the likely GHG emissions
trends. Because there is limited LCA research talptace in the Malaysian F&D sector,
certain assumptions have been made in this papedk@an previous studies examining related
or similar food products from different countrigSonsequently, the trends identified in this
section are not the only GHG trends in the foodouphain, but indicative of the likely GHG
‘hot spots’. A summary of the main findings andopity areas can be found in Table 2 at the
end of this section.

2.1. Agriculture

Within the F&D sector, agriculture is most notalite its GHG impact (Garnett, 2008),
especially due to livestock rearing and crop prédac (IPCC, 2007). While difficult to
measure and accurately quantify, especially whesmgiting to measure over large areas with
varying soil compositions and different farming grees, it is estimated that approximately
10-12% of total anthropogenic emissions of GHGs directly generated from agriculture
(Garnett, 2008). If indirect emissions from the tifer industry and emissions from
deforestation and land conversion are added, tta ¢ontribution of the agricultural sector
could be as much as 26-35% (IPCC, 2007). The WBadk (2007) estimates that 80% of
these emissions come from developing countries.
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An abundance of space, consistently high humiditsells, and rich fertile soils have helped
Malaysia’s agricultural industry become one of thegest in Southeast Asia. In 2009, the
country’s agricultural industry contributed 9.5%it® total Gross Domestic Product (GDP) and
provides employment for 16% of the country’'s work® (Wong, 2007). Within the

agricultural sector, palm oil, rice and meat prdadug particularly beef and poultry, are
identified as the three largest contributors of Géf@ssions.

2.1.1. Dairy and livestock

Rearing livestock for food production is one of thmst significant contributors to global

carbon emissions (IPCC, 2007), and cattle is thetm®HG intensive of all livestock types
(FAO, 2008). Methane generated as a by-produchefdigestive processes of livestock is
believed to be the most important source of anttgepic methane internationally (Watson et
al., 1992).

Whiledairy products tend to be less favoured by ayisians, beefis one of the main meat
staples in the national diet. Malaysia imports 8@%its beef requirements (Malaysian
Industrial Development Authority, 2008), meaninge thrast majority of GHG emissions
associated with beef production are actually geéedrautside the country. Other than a small
number of large-scale cattle farms, the majoritgattle, buffalo, sheep, and goats are farmed
as a side activity of small holder farmers; itherefore unlikely that these small farmers can
take advantage of economies of scale to implemevit@mental practices. It is important to
focus on consumption as well as production whenloexy GHG emissions across the
different components of the supply chain. Eightseghpercent of Malaysia’s beef imports are
from India (Business Monitor International, 200@)aning that Malaysia contributes to India’s
GHG emissions. There are also GHGs associated théhtransportation of the cattle to
Malaysia, which should also be considered whensagsgthe full extent of GHG impact.

Malaysia is self-sufficient in the production ofre@nd eggs; it is the third largest producer of
poultry meat in the Asia Pacific region. In 200Q35million broiler day-old-chicks were
produced, with approximately 40 million birds exigal to neighbouring Singapore (Business
Monitor International, 2009). The sheer scale ofldaysia’s poultry industry, especially when
considering energy use and feedstock, implies aiderable GHG hot spot.

A further issue to consider is the anticipated dlowof Malaysia’s Halal market; the

contribution of the Halal industry to Malaysia’'s BDs expected to grow to 5.8% by 2020,
from less than 2% currently (Malaysia Business Ne@d 1). Poultry is one of the principal
meat types for Halal products and therefore anytiran the Halal market could result in an
associated increase in the production of poultialaysia.

2.1.2. Palmail

Palm oil dominates the agricultural landscape inaylsia and, as shown in Table 1 below,
utilises just under two-thirds of total agricultudland use. Remaining agricultural land is
divided up between rubber (17.1%), rice (6.5%)it$r(8%), vegetables (1.4%), cocoa (0.7%),
and tobacco (0.1%).

The scale of palm oil production in Malaysia, ahérefore, the corresponding GHG impact
should not be underestimated. In 2009, Malaysiecoegd 15.8 million tonnes of palm oil,
earning the country an estimated RM49.6 billion amdploying approximately one million
workers (MPOC, 2009). Major exporting countriesl aagions include China (25%), the EU
(12%), Pakistan (11%), and India (8%). The climaticl soil conditions of Southeast Asia are
well suited to supporting high yields; it is notrgusing that Malaysia and neighbouring
Indonesia produce 45% and 44%, respectively, diajlpalm oil needs (MPOC, 2009).
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Table 1 Agricultural land uses in Malaysia, 2010ofwy, 2007)

Crop Proportion of total Land
type (%) (hectares)
Oil, Palm 66.1 4555
Rubber 17.1 1179
Rice 6.5 450
Fruits 8 555
Vegetables 1.4 100
Cocoa 0.7 45
Tobacco 0.1 7
Total 100 6891

The major sources of GHG emissions are associait&dtive growing and processing of palm
oil, changes in carbon stock during developmemtent planting, and planting in peat soils (see
Box 1). The GHG impact of changes in carbon stawuk planting in peat soils have been the
source of considerable debate in recent years. @igsp emphasize the efficiency and high
yielding nature of the crop (Basiron, 2007; Lanalet 2009); other commentators point towards
the loss of important carbon sinks (primary andaédary forests, peatlands) and biodiversity
as highly valued rain forests are cut down for pranpurposes (Friends of the Earth, 2010).
Furthermore, emissions associated with palm oil effluent (POME), particularly uncaptured
methane from palm oil mills, is regarded as anothejor contributor of GHGs, especially
since very few mills currently have the resouraesuccessfully capture methane and turn it
into a renewable energy source (Padfield & Han2eh0).

Box 1: Sources of GHG emissionsin palm oil production
* GHG emissions arising from operations during pailhgmwing and FFB processing
or more precisely:
* Emissions related to the use of fossil fuels fanpdtion internal
transport and machinery
* Emissions related to the use of fertilisers
« Emissions related to the use of fuels in the palml, and the use of
palm oil mill by-products
* Emissions from Palm Oil Mill Effluent (POME).
* GHG emissions arising from changes in carbon stlocing the development of new
plantings
* GHG emissions from peat (only when plantings arpest).

Adapted from: Brinkmann Consultancy, 2009

Current debates are characterised by uncertainty caiculating GHG emissions associated
with palm oil, especially with regard to indireeind use change. For example, recent research
suggests that palm oil is environmentally prefezatiol other oils, assuming that new oil palm
plantations are not replacing primary forest ort pead (Schmidt, 2010).

However, the conclusions can go both ways depenaingssumptions and data sources. The
point here is that scientifically and internatidpalecognised databases are needed to capture
environmental palm oil data and obtain a satistgctalculation for the GHG impact of palm
oil. International initiatives, such as the Redgcimissions from Deforestation and Forest
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Degradation (REDD) project, are attempting to taddme of the issues related to indirect land
use change. REDD aims to create an incentive feeldping countries to protect their forest
resources in a process whereby developed coumtaigsleveloping countries ‘carbon offsets’
for their standing forests (United Nations, 2008Bhis initiative is especially pertinent for
Malaysia, where there is mounting pressure fortexjdand, including areas of high ecological
value, to be developed into palm oil plantations.

2.1.3. Rice

Studies examining the impact of agriculture on elienchange have shown that the cultivation
of rice is a major source of methane (LEnd nitrous oxide (D) (Cai, et al., 1997). Methane
and nitrous oxide are both important greenhousesgdbke latter is 300 times more potent than
carbon dioxide, while the former is 21 times moatept than carbon dioxide (IPCC, 1995).
The IPCC (1994) estimates global methane emissan fice fields as 37 Tg/year; totab®
emissions from overall cultivated area is estimatiet.8—5.3Tg tonnes/year.

Like most countries in Southeast Asia, Malaysigegebn rice as adietary staple and produces
approximately 72% of the rice it needs, with thenagning amount imported from around the
region. The government intends to increase produgti order to be entirely self-sufficient by
2015 (Bernama, 2011). As shown in Table 1, Makysis approximately 450,000 hectares of
land used for rice cultivation, making upapproxietat6% of total agricultural land. FAO
(2010) noted that rice production in Malaysia reghtly over the past thirty years with 2.3
million metric tons (MT) produced in 2009, compargdth 1.9 million MT in 1990.
Considering the importance of methane and nitraudeoto global climate change and the
expected rise in rice cultivation to meet futurended in the country, the GHG impact from
rice in Malaysia will continue to remain an impat&HG hot spot in the F&D sector.

2.2. Food manufacturing and retail

Various studies have identified energy usage an@sCifom food refrigeration as the major

GHG emission hot spots in the manufacturing of f(@drnett, 2008). Malaysia has a large and
growing food-manufacturing sector; in 2008, foodnum@acturing contributed approximately

10% to Malaysia's total manufacturing output (MID2Q08). Local food analysts also report
that Malaysia’s cold chain sector is expected tpegence growth in the next decade with the
increase in consumption of frozen-refrigerated f@éoaod Business Directory Malaysia, 2010).

Considering the scale and expected growth in tHd cbain sector and a tropical climate

conducive to rapid spoiling of food without adeaqueatfrigeration, it can be assumed that this
component of the supply chain deserves furthematiain to better understand GHG intensities
and sources. Energy usage from refrigeration and @fiissions is likely to be high, especially

since current interest in environmental manageragstems (EMS) in the food manufacturing

and retail sector is low. Minimal adoption of mea&suto curb GHG emissions is anticipated
(personal communication, 2011).

As in the manufacturing sector, the principal GHiarses for the retail and catering sector are
associated with the refrigeration of foods. In Mala, the rise of supermarkets and out-of-town
shopping complexes, as well as the growing demanddmestic refrigerators (Wong, 2007),
are regarded as GHG hotspots. Coupled with annaegases in food consumption, refrigerator
use in supermarkets and the home are likely taripoitant GHG sources for years to come.
Supermarkets use considerable amounts of energymamntain comfortable ambient
temperatures; this is especially critical in thaptcal climate of Malaysia where air-conditioned
stores are increasingly favoured by shoppers. Wniesre is widespread adoption of energy
abatement measures, continued growth in supermaekat will lead to increasing energy
consumption and rising levels of GHG emissions.
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2.3. Transportation

Transportation of food is a significant and growsmurce of GHGs (Garnett, 2008). Factors
such as the globalisation of the F&D industry, ended for seasonal goods all year round, and
concentration of sales in supermarkets have canétb towards increasing food miles. In
Malaysia, road freight is likely to be the most e¢oon form of food transportation because of
heavy government fuel subsidies and Malaysia’srsite road network. Compared with more
sustainable transportation modes such as elea@iost or shipping, motor vehicles are
generally regarded as major pollutants (CER, 20Z8jious reports have drawn attention to the
rising contribution of motor vehicle emissions t@lslysia’s urban air pollution (Awang et al.,
2000).

In addition, the low cost of fuel is less likely emcourage efficient loading of vehicles or
efficient travel routes, especially for shorter noeys. GHG emissions associated with the
transportation of imported and exported foods dditenal factors to consider when analysing
total emissions from Malaysia’s food sector. In 20Malaysia was a net importer of food

products, with annual imports in excess of US$4llbb. The main importing countries were

India, China, Australia, Thailand, and Singaporé&1{B2009). The scale of food consumed
from overseas sources indicates that Malaysia’'sl feector continues to depend on the
transportation of foods produced outside its barder

Total export of food products from Malaysia was B33$billion in 2007; the country doubled

its export of processed food to more than 80 coesin the last decade (BMI, 2009). Two-
thirds of exported food (or US$1 billion) comesnfrgprocessed food (i.e. halal products, fish,
vegetable and snack products, oil-based foods),tlamdnain export markets are Singapore,
United States, Indonesia, Japan, the NetherlamdsThailand (BMI, 2009). It is assumed that
air and shipping will be the dominant transport e®dor imported and exported food, in
addition to overland transfer to neighbouring coiest As Garnett (2008) proposes, it would be
interesting to examine what contribution a countngkes to another country’sfood GHG

emissions, especially considering the scale of yadés food exports.

In terms of transport associated with the consumnptf food, the increasing use of private
vehicles coincides with the growth in supermark&8ong (2007) attributes this growth to

continued urbanization, rising disposable incomeraasing ownership of refrigerators and a
relatively young population willing to pay for tracability, food safety, and branding.

Combined with a reliance on private vehicles, therékely to be a rise in emissions from

people shopping for food at supermarkets.

2.4. Food waste

There are two principle GHG effects arising frorodovaste. First, food waste generates GHGs
when disposed in landfills. Degradation of all kegdadable wastes in landfills produces a
potent GHG, methane; if not managed appropriatetan escape from a landfill either directly
to the atmosphere or by diffusion through the c®k Second, and far more significant from
a climate change perspective, are embedded GHGsiemssassociated with food waste. For
example, it is estimated that householders in tHewaste 30% of the food they buy; of this,
approximately 60% is edible, or would have beenewereaten by its sell-by date (WRAP,
2008).

In Malaysia, the rising level of food waste is ddycbecoming a major environmental problem.
According to government sources, 17,000 tonneswfiapal solid waste (MSW) are produced
every day, of which food waste comprises 45-50%n{dtiy of Local Government and
Housing Department, 2005). To date, weak enforcémkelegislation and limited stakeholder
coordination have hindered the adoption of suskdénevaste management practices (Manaf et
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al., 2007). Furthermore, economic drivers tendoiwd food processors to eliminate waste in
their operations; however, the low cost of foodaagsonsequence of a heavy government
subsidy strategy has fostered profligate attituidegards food, especially by consumers and
within the food service sector (Papargyropoulod,®0

In terms of waste disposal, there are currently fdternatives to landfills. According to
government data, 95-97% of all generated wastesdiaposed of in landfills and illegal
dumpsites, and the remaining fraction is recovetadugh recycling (Ministry of Local
Government and Housing Department, 2005). Moshefl12 landfills on Peninsula Malaysia
are at full capacity, with the vast majority opergtunder old standards; as a result, most of the
landfills are dumpsites that present serious enmmental and social threats (Yunus & Kadir,
2003). While food waste rates remain high and réiieves to landfill do not materialise, the
problem of rising GHG emissions from the decompasiof waste from landfills will continue

to have an impact on the overall carbon footprotT the food sector.

2.5. Summary of GHG emission trends

Table 2 summarizes trends with corresponding pigsriareas (high, medium, low). The
priority areas were designated based upon a comhmamnalysis between the identified hot
spots and current GHG trends, which are expectéé tpplicable in the future.

Table 2 Summary of GHG Emission Trends

Priority
Component of (High, I
Supply Chain GHG HotSpot M edium, Justification
Low)
Agriculture Palm OQil High Various studies underline the high GHG imgfaain palm oil
production production. Principle GHG sources are from changes
carbon stock, planting on peatlands, and operatidasaysia
is 2 largest producer of palm oil in world. Growth in
biofuels markets is also expected.

Agriculture Livestock & High Rearing of livestock is largest contributor @GHG in global

Dairy food production. Malaysia is self-sufficient in goaind eggs
and is ¥ largest producer of poultry in Asia. Despite
importing 80% of beef requirements, rearing of leait
expected to be a significant source of GHG.

Agriculture Rice Medium Rice production is a significant source @faus oxide, an

production important GHG. Malaysia aims to become self-sugfitiin
rice production in next 10 years.

Transportation  Road freight Medium Motor vehicle dominant, with large food manufacturing
base; therefore, GHG impact is expected from trarapon
of food.

Transportation  Imported and Low Regional trading of food is increasing and #iere GHG

exported foods impact from transportation is expected to rise.

Manufacturing, Refrigeration Medium Research in the UK demonefrahat refrigeration is one of

Retail & highest GHG contributors in F&D sector. Malaysias ha

Catering strong food manufacturing base, in addition to awgng
retail and catering sector. Uncertainty surroundse t
performance of refrigeration units; high levels GFCs
emissions are expected.

Waste Food waste High Minimal programmes are itel® limit food waste. Since

there are currently no alternatives to landfill, GHmpact
from food waste is expected to be considerable.
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3. THE NEXT STEP: A FRAMEWORK FOR SUSTAINABLE FOOD SYSTEMS IN
MALAYSIA

Addressing each of the stated GHG emissions hadk spano easy task; indeed, there is no
single solution to bring about positive change. aapropriate way forward for the Malaysian
F&D sector is to learn from countries attemptingatilress similar food-related environmental
issues. One approach currently being adopted isdévelopment of nation-wide and cross
sector sustainability frameworks. This approacimas limited to countries with high income
economies; developing countries such as Ethiomaalca, and Thailand have all made
ambitious commitments to address sustainable dewedat through holistic framework
development, which support goals of appropriatacgomaking and target setting (UNEP,
2008).

Furthermore, since the early 2000s, the UnitedddatEnvironment Programme (UNEP) have
hosted world and regional forums and provided mipliavailable guidelines advocating
practices of Sustainable Consumption and Produ¢8@#P) — a concept that rests on the notion
of reducing resource use, degradation, and poflutichile improving quality of life.
Developing national and sector-specific framewonklsaetting measurable targets to measure
progress are the pillars of this approach (UNEPB20

Developing a framework for sustainable food systémMalaysia is one way of addressing
GHG emission trends. Currently, Malaysia has ircg@la National Food Security Policy and
National Agricultural Policy, but no overarchingafnework that considers the sustainable
consumption and production of food systems. Sucframework could integrate similar
recommendations and approaches taken by courdaklng this particular issue. For example,
the UK’s National Food Strategy addresses susthrgdyelopment through its stated priorities
of increasing food production through sustainableans and reducing the food system’s
greenhouse gas emissions (Defra, 2010).

As part of a framework for sustainable food syst@milalaysia, it is necessary to establish a
guantitative baseline of GHG impact. Since thetenged available LCA research in this field,
recommendations for priority LCA studies to suppbd baseline are suggested below:

Livestock, with emphasis on poultry and cattle
Agriculture, with emphasis on rice and palm oll

Food miles of food imports and exports

Refrigeration of food and emission of CFCs frafrigeration
Waste generation fromhouseholds and catering/setetors

Other suggestions for non-LCA studies include reseaf indirect land use change (iLUC)
because of food production and consumption. As sdamoves towards developed country
status, it is likely that people’s attitudes, prefeces, and behaviours may change with regard to
food. Understanding these changes in behaviour Welp in achieving more sustainable
consumptive patterns.

Scientifically and internationally recognized ddtases for environmental palm oil data are
needed for satisfactory calculations regarding @#G impact of palm oil. There is still a
considerable amount of uncertainty regarding thmate change impact of palm oil due, in
large part, to a lack of agreed methodology; tbssieé remains a high priority for research and
extends to understanding the impact of palm oibiodliversity.

4. CONCLUSION

This paper has examined the relatively under-rekedr topic of GHG trends and the
production and consumption of food, focusing speailfy on the Malaysian F&D sector.
Across the different components of the supply chéia likely GHG emission hot spots have
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been identified, with production of palm oil andcej and livestock rearing singled out.
Development of a Sustainable Food Systems framevmrkMalaysia is recommended to
establish a baseline to monitor progress.

The overall aim of this paper is to serve as dquiat for further research, with the intention of
stimulating interest in this particular topic amehgesearchers and policymakers in Malaysia.
Drawing attention to the impact of GHG emissionB opefully focus efforts towards creating
a more sustainable food system in Malaysia.

Finally, it is important not to neglect the full veronmental impact of the production and
consumption of food. In particular, loss of biodisiey and water scarcity issues are persistently
associated with unsustainable food production. #aluklly, as we consider how to reduce
GHG emissions from the food sector, we should reizegthat acute climate changes (drought
conditions, extreme weather events, less predietabhther patterns) will create challenges for
food production. An improved understanding of tleéationship between food and climate
change supported by sector frameworks and strutt@search programmes will enhance the
profile of this issue amongst governments acrosgHeast Asia.
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