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EXECUTIVE SUMMARY 

The rise in consumption of food has undeniable, overreaching, environmental 
and social impacts. However, current policies in several cities and countries, 
including in the context of Bangalore and Manila, are based on very little 
empirical research grounded in the local context. This report aims to inform 
policies focused on food production and food waste management, in the 
context of Bangalore and Manila. For this purpose, we have extracted context 
specific information from a comprehensive review of the overall environmental 
impacts of alternatives for food production (organic vs. conventionally 
cultivated), and for treating food waste (anaerobic digestion, composting, 
incineration, landfilling, etc.) from studies that use the Life Cycle Assessment 
(LCA) approach. A Life Cycle Assessment (LCA) is a systematic and 
comprehensive methodology to assess environmental impacts associated with 
all the stages of a product's life cycle right from raw material extraction through 
to materials processing, production, distribution, consumption, repair and 
maintenance, disposal and recycling. 

A review of over 300 published reports showed that of 18 environmental impact 
indicators (C02, N20, CH4, NH3, soil structure, soil erosion, nitrate leaching, 
pesticide residues, nutrient use, water use, energy use, soil organic matter, soil 
biological activity, floral diversity, faunal diversity, habitat diversity, and 
landscape diversity) organic farming systems performed significantly better in 12 
and performed worse in none. Therefore, the overall environmental impacts of 
organic agriculture are much lower than that of conventional agriculture in 
diverse contexts. Furthermore, studies are also showing that there is no reduction 
in yield of organic produce, as was previously demonstrated. Therefore, countries 
should implement policies to encourage and mainstream sustainable food 
production. 

In the context of Bangalore our recommendations, to the ‘Organic Farming 
Policy, 2005’, are to: (i) reduce wastage of food during storage and transport to 
reduce the prices of organic produce so as to make it affordable and 
widespread, (ii) increase budget allocation for the promotion of organic 
agriculture, (iii) focus on water conservation in agricultural policy, (iv) include 
livestock management and animal husbandry in the organic agriculture policy, 
(v) include major crops, such as rice, wheat, pulses and dairy, in its organic 
agriculture mandates, and (vi) frame and implement ecological based planning, 
zoning and management of cities and towns, to include organic agriculture in 
public kitchen gardens and peri-urban farms. 

In the context of Manila our recommendations, to the ‘Organic Agriculture Act 
of 2010’, are to: (i) include livestock management and animal husbandry, 
especially after examining the use of GM crops as animal feed, (ii) check 
fraudulent certification and corruption, (iii) enhance the inclusion of organic 
agriculture in its urban planning and management policy. 

Food waste generated during different stages of its life cycle has a significant 
environmental impact not only due to the methane, nitrous oxide and leachate 
that it generates during its decomposition, but more significantly due to the 
embedded environmental impacts that have already occurred in life stages 
prior to the stage at which food is wasted. A review of life cycle assessment 
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(LCA) impacts of waste processing technologies, establishes that anaerobic 
digestion of food waste with biogas production has the least environmental 
impacts followed by wet feeding, dry feeding, composting, incineration and 
then landfilling. Exact environmental benefits of biogas extraction depend on the 
environmental profiles of the fuel that it substitutes viz. transport fuel, natural gas 
for heating or cooking, or fuel for electricity generation.  

In the context of Bangalore, our recommendations, to the ‘Karnataka Municipal 
Corporations (Amendment) Act, 2013’, which imposes fines on non-segregation 
and dumping of waste are to: (i) focus on reducing the generation of waste, (ii) 
ensure implementation of source segregation, (iii) ensure effective 
implementation of waste management by the city corporation, and (iv) frame 
and implement a decentralized waste management system for Bangalore based 
on localized data about the quantity and composition of waste. 

In the context of Manila our recommendations, to the ‘Ecological Solid Waste 
Management Act of 2000’, are to: (i) ensure implementation of source 
segregation, (ii) ensure effective implementation of the act by Local 
Government Units, (iii) use compost generated from organic waste for public 
organic farms in and around the city, (iv) discourage the commissioning waste to 
energy plants, that incinerate mixed waste, to systems that implement source 
segregation followed by biogas extraction from organic waste and recycling of 
non-biodegradable materials, (v) implement biogas extraction from current and 
old landfills, and (vi)  investigate ways to get excess food from restaurants, 
canteens and hotels to poor communities who currently consumed leftover food 
called ‘pagpag’.  

Food is a vital and basic human necessity; it is also the largest and oldest cause 
of land use and anthropogenic environmental impacts. Our universal 
requirement of food and our cultural and traditional attachment to food should 
be harnessed by policies that call for and enforce more sustainable practices in 
our consumption of food and in the generation and management of its waste. 
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INTRODUCTION  

Emerging countries in south and  south east Asia, considered to be the epicentre 
for the “new consumer” 1  phenomenon, are experiencing an increase in 
consumption like never before (Myers and Kent, 2004). This rise in consumption, 
including that of food, has undeniable, overreaching, environmental and social 
impacts. Despite these undeniable impacts, current policies are usually based on 
past global trends and very little empirical research in the local context. Deeper 
understanding of the challenges and opportunities that these new consumption 
trends bring and on how policies in agriculture, food distribution and food waste 
management can positively influence the sustainability of the region, are 
imperative. 

The research project on ‘(Un)Sustainable Food Consumption Dynamics in 
South/Southeast Asia’ focuses on understanding food consumption trends in the 
context of the rising urban middle class populations in two of southeast Asia’s 
fastest growing cities – Bangalore and Manila. The project then proposes to 
highlight findings that will be pertinent in the policy context for these two cities 
and that will offer insights for a deeper understanding of sustainable 
consumption dynamics. Preliminary findings from the survey on food 
consumption in Bangalore and Manila indicate that a subset of residents are 
keen on consuming fresh and/or organic food produce for a variety of reasons 
ranging from perceived health benefits to lowering environmental foot prints and 
that both cities Bangalore and Manila need to frame and enforce 
comprehensive, far sighted and sustainable policies to manage their food waste 
and in general municipal solid waste (Ganguly et al., 2014). Therefore, the focus 
of this report is to provide a review of the environmental impacts of alternatives 
for food production (organic vs. conventionally cultivated), and treating food 
waste (anaerobic digestion, composting, incineration, landfilling, etc.) using the 
Life Cycle Assessment (LCA) approach. 

Undertaking a full LCA for these two life stages of food (production and waste 
management) in the context of Bangalore and Manila is premature at this point 
in time, as very little background life cycle inventory data exists in these two 
countries. Therefore, performing a review of LCAs on food production and food 
waste treatment will allow us to evaluate general and broad trade-offs between 
the environmental impacts of different alternatives during these two life stages of 
food. In addition, the recent popularity of LCA in the policy context (Wardenaar 
et al., 2012, Gerasimchuk et al., 2012) highlights it’s need in comprehensively 
assessing environmental impacts during the entire life cycle of a product (in this 
case food). It is important to note that while using LCAs to recommend changes 
in policies and practices, it is vital to take into account a large number of 
regional and local factors and provide an overall understanding of the situation 
taking social and economic impacts into consideration. Therefore, LCAs on food 
production and food waste management undertaken in other part of the world 
can offer powerful insights on the environmental impacts of these two life stages 
of food for the context of Bangalore and Manila and provide a meaningful first 
meaningful step in the undertaking of a full LCA in a given specific context. 

 
1 A “new consumer” is defined as an individual typically from a four member household with a purchasing 
power of more than USD $ 10,000 per annum in 2000 (Myers and Kent, 2004). 
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Environmental impacts of food production and food waste need to be 
understood in the context of the rise in consumption in these two cities Bangalore 
and Manila. Both cities include a large population of urban, middle class “new 
consumers” who are known to be responsible for CO2 emissions that are far 
greater than the rest of population in that region (Myers and Kent, 2004). Despite 
their growing environmental footprint, in 2000 in India, new consumers (132 
million), accounted for in terms of purchasing power parity (PPP), represented just 
13% of its population whereas in Philippines the 33 million of them represented 
43% of the country’s total population (Myers and Kent, 2004). These new 
consumers who primarily reside in cities also have significantly changed their 
diets over the past few decades, driven by rising incomes, greater consumption 
of fast foods, trade liberalization, higher commodity transport, expectations for 
seasonal products throughout the year, and multinational food industries 
(Padfield, 2012). In fact, over the past 5 decades human diets around the world 
have grown more similar, by a global average of 36 percent and show no signs 
of reducing (Khoury et al., 2014). Currently wheat is a major staple in 97.4 percent 
of countries and rice in 90.8 percent2; many crops of regional importance, such 
as cereals like sorghum and millets have lost ground (Fig. 1). 

 
Figure 1: Global diet change over the last 50 years [Source: (Anonymous, 2014); Source of data: (Khoury et al., 
2014) 

 
2 The study includes 152 comparable countries comprising 98% of the world’s population across the period 1961-
2009 (Khoury et. al. 2014). 
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This increased consumption and diet convergence coupled with the growing 
throwaway culture may have adverse impacts on human and environmental 
health. Therefore, these trends demand an in depth understanding in terms of 
environmental impacts in the local context. The world over, today’s agricultural 
systems are the single largest source of human-induced environmental change 
and therefore in turn are a source of threat to future food production. The arrows 
of causation run in two directions. On the one hand environmental change 
threatens food production and at the same time, agriculture as it is currently 
practiced, seriously impends the natural environment (Sachs, 2014). One of the 
most comprehensive systematic methods for the assessment of environmental 
impact of a product is the Life Cycle Assessment (LCA) method.  

LCA APPROACH 

A Life Cycle Assessment (LCA) is a method to assess environmental impacts 
associated with all the stages of a product's life cycle from raw material 
extraction through materials processing, production/manufacturing, distribution, 
consumption/use, repair and maintenance, disposal and recycling (Fig. 2) 
(Baumann and Tillmann, 2004). It is a product-oriented approach which means 
that all environmental impact is calculated per unit of the product delivered 
(Sonesson et al., 2005a). 

 
Figure 2: Life Cycle of Copper [Source:(ROI, n.d.)] 

This powerful tool helps in identifying the most significant causes of environmental 
impacts along the entire life cycle or supply chain of a product (Wernet et al., 
2011). In addition, it allows us to evaluate trade-offs between the environmental 
impacts of different alternatives during the production, consumption, 
maintenance and disposal of a product (Schmidt et al., 2007). Therefore, an LCA 
can help in identifying critical areas for improvement by reducing adverse 
environmental impacts. 

As LCA are science based it is therefore extremely data intensive; detailed 
production inventories (life cycle inventories) of all processes along the entire life 
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cycle need to be collated and evaluated in performing an LCA (Wernet et al., 
2011). An LCI is a detailed inventory of flows from and to the environment, in 
terms of gaseous, liquid and solid materials, for a product. These inventory flows 
include inputs of water, energy, raw materials and emissions to air, water and 
land. Once all relevant LCIs are compiled an impact assessment methodology is 
used to systematically calculate the environmental impact of the various flows of 
inputs and outputs.  This step allows us to assess the impacts of a product on 
human health, ecosystem quality, and climate change and resource constraints 
via various midpoint and damage categories (Fig. 3). 

 
Figure 3: Impact Categories of an LCA [Source: (SolidWorks, 2014)] 

Recent popularity of LCA in the policy context (Wardenaar et al., 2012, 
Gerasimchuk et al., 2012) have led to initiatives in developing countries to 
compile comprehensive databases of local background data. The LCI initiatives 
in India and Philippines commenced by the EcoInvent centre (Swiss centre for 
Life Cycle Inventories) have collated around 100 (including jute production, 
irrigation, electricity from photovoltaic, natural gas, coal, hydro and nuclear fuel) 
and 10 (coconut oil production, and irrigation) LCI datasets for India and 
Philippines respectively (Ecoinvent, n.d.). These inventories include those for the 
production of electricity, textiles, and some crops and for irrigation. However, 
they are not sufficient to carry out a full LCA of food production and food waste 
management systems in Bangalore and Manila. 

Despite the advantages of comprehensiveness, it should be kept in mind that, 
LCAs involves a number of technical assumptions, value choices and their results 
describes impacts as potential impacts not specified in time and space (Guinée, 
2002). In addition, most LCA studies analyse only a few environmental indicators 
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such as GHG emissions, energy consumption etc. (Müller-Lindenlauf et al., 2010). 
Therefore, results of LCAs are extremely context specific and cannot be always 
directly extrapolated for other locations or similar products.  

LCA OF FOOD 

The entire life cycle of food involves it’s: (i) cultivation, (ii) processing, (iii) 
packaging and retail, (iv) consumption, (v) waste generation, (vi) waste 
management and (vii) transport of produce, packaging, packaged food and its 
waste from farm to shop to home to landfill, composting site or biogas plant (Fig. 
4). 

 
Figure 4: Life cycle of food [Source: (Hill, 2014)] 

As mentioned earlier, preliminary findings from the in depth and large scale 
survey on food consumption in Bangalore and Manila, done as part of this 
project on ‘(Un)Sustainable food consumption dynamics in South/Southeast Asia’ 
indicate that a subset of residents are keen on consuming organic food produce 
and that both cities Bangalore and Manila need to frame and enforce 
comprehensive and sustainable policies to manage their food waste and in 
general their municipal solid waste (Ganguly et al., 2014). Therefore, this report 
will provide insights from a comprehensive review of the environmental impacts 
of alternatives for food production (organic vs. conventionally cultivated), and 
alternatives for treating food waste using the Life Cycle Assessment (LCA) 
approach. Before focusing on these two life stages some broad impacts of the 
all the stages in the life cycle of food are summarized below. 

A comprehensive review of over 150 LCA studies of food products, from all over 
the world largely from industrialized countries, has identified certain broad 
strategies for reducing environmental impacts of food: the most impactful ways 
to reduce one environmental impact, in general, due to food is to refuse air-
transported products, prefer organic products and reduce ones meat 
consumption (Jungbluth, 2000b, Jungbluth et al., 2000). The total impacts of 
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produce (vegetables and meat) may vary by a factor of nine or seven 
respectively, depending on different geographical, climatic, soil characteristics, 
crop rotation cycles, and different sorts of inputs for cultivation. In general, 
produce grown locally and organically have less impacts compared to those 
that are flown from overseas, deep frozen, pasteurized, packaged in glass or 
plastic vacuum, similarly meat that is grown organically and chilled instead of 
deep frozen or pasteurized has lower environmental impacts (Jungbluth et al., 
2000, Gomiero et al., 2011). Grazing animals have higher environmental impacts 
compared to poultry and pork, as the overall impact of meat products is 
primarily governed by agricultural production of feedstock and the efficiency of 
conversion of this feedstock to animal mass. (Jungbluth, 2000a). 

Although, consuming locally grown food, often causes less impacts due to those 
caused by transportation of food, Born and Purcell (2006) caution against falling 
into the “local trap”3, as a growing body of research is showing that in some 
cases local-scale food could result in environmental degradation and increased 
economic inequality. Furthermore, consuming locally grown organic food limits 
their export and thereby limits income of poor farmers who opt for sustainable 
farming practices (Gomiero et al., 2011). These valid concerns highlight the 
importance of assessing alternatives by taking context specific social, economic 
and environmental impacts into consideration. In fact, in some cases locally 
grown produce may release more CO2 than transporting produce from far away; 
in one case transporting roses cultivated in the Netherlands to the UK was found 
to emit 6 times the CO2 than growing roses in Kenya and transporting them to UK 
(Williams, 2007). 

Despite these exceptions, transportation of food (food miles) is a rising and 
significant source of GHGs due to an increasing demand for seasonal produce 
all year round and globalization of the F&B industry (Garnett, 2008, Padfield, 
2012). In one case, when organic wheat was shipped 420 km farther to market, 
organic and conventional wheat systems had similar GHG impacts (Fig. 5) 
(Meisterling et al., 2009).  

 
3 Assuming that eating local food is more ecologically sustainable and socially just (Born and Purcell, 2006). 
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Figure 5: Organic wheat transported 420 km corresponds to the equivalent GHG impacts of conventionally 
grown wheat. Transport considered is a 50/50 truck/train modal shared [Source: (Meisterling et al., 2009)] 

 

In terms of impacts of different life stages, literature 
reviews on the LCA of several food products have shown 
that the cultivation or agricultural production life stage is 
the hotspot in the life cycle of food (Roy et al., 2009). 
Nearly all of the total global anthropogenic methane 

emissions, 2/3rds of nitrous oxide emissions, and 5% of CO2 emissions are due to 
agricultural activities at the cultivation stage (IPCC, 2000, IPCC, 2007). 

The next life stage of food processing has high impacts. 
In general, processed food has higher environmental 
impacts compared to fresh produce. For food that has 
to be industrially processed at the pre-retail stage 
impacts can be extremely high; for example processing 
of bread contributes up to one third of its total impacts 
(Andersson and Ohlsson, 1999). Despite generally high 
food processing impacts the chances and amounts of wastage from fresh 
produce in some cases may be more than processed food. For example waste 
meat from the processing stages is minced and used in nuggets and sausages. 
Therefore, processing impacts are context specific depending on avoidance of 
wastage, means of processing, etc.  

In general, food packaging is seen to be of minor 
importance in terms of environmental impacts for both 
vegetables and meat (Jungbluth et al., 2000). Even in 
developed countries, such as in Switzerland, where 
packaging is higher, food packaging is measured to 
make up only about 7% of the weight of sold food 
(Faist et al., 2001). Food packaging in USA contributed 

to 10.3% (22.3 million tons) of the total MSW generated in 1997 of which 30% was 
recovered (Heller and Keoleian, 2000). Packaging, however, can play the most 
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important role in changing consumption practices as clear indication of 
environmental impacts and details such as origin, agricultural practice (organic, 
greenhouse, conventional) and mode of transport and storage characteristics 
along with growing awareness of environmental footprints can influence 
consumer behaviours (Jungbluth et al., 2000).  

Impacts due to post retail processing such as cooking and 
consumption, at the home, are extremely context and 
culture specific depending on the mode of storage of food, 
cooking fuel and amount of food wasted at the level of the 
household. Very little work has been done to elucidate the 
impacts of this life stage of food. In terms of energy 
requirements, in Switzerland, Faist et. al. (2001) found 

agricultural production and private households to account for most of the 
systems energy requirements (Fig. 6); of the food related primary energy 4 
consumed by a household 40% was found to be consumed for cooking, 34% for 
refrigeration and 26% for freezing. 

 
Figure 6: Primary energy requirements in relation to the total (2800 TJ/year) for a region in Switzerland (Swiss 
lowland region inhabited by 185000 people) [Source: (Faist et al., 2001)] 

In cities such as Bangalore and Manila, like in Malaysia, the rise of super markets, 
growing demand for larger domestic refrigerators and freezers coupled with 
annual increases in food consumption are likely to be important GHG sources for 
years to come (Padfield, 2012, Wong, 2007). 

 

 

 
4 Primary energy is calculated on the basis of efficiency factors for the conversion of energy into electricity (31% in 
Europe) and for fossil fuel production (80%). Therefore, primary energy depends on the country-specific mix of 
production technologies (e.g. hydroelectric power or coal). 
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Food wasted at the consumer level can have significant 
impacts due to methane generated from its anaerobic 
decomposition and due to loss of the embedded energy and 
footprints of the produce. In 1995, it was estimated that 94% 
(by weight) of all food loss was lost at the food service 
(restaurants, canteens, hotels, etc.) and consumer stage, 

amounting to 26% of the edible food available for human consumption in the 
U.S.; largest losses were in fresh fruits and vegetables, milk and grain products 
(Fig. 7) (Heller and Keoleian, 2000, Kantor et al., 1997).  

 
Figure 7: Food losses vary by commodity: largest losses were in the fresh fruits and vegetables, fluid milk, and 
grain products sectors in 1995. Other includes eggs, peanuts, tree nuts, dry beans, peas, and lentils, and dairy 
products other than fluid milk [Source: (Kantor et al., 1997) and Economic Research Service, U.S. Department of 
Agriculture]. 

The next two sections of the report will focus on the LCA impacts at the 
production and waste life stage of food. Specifically compiling information on 
LCA impacts of organic vs. conventionally grown food and comparing 
alternatives for food waste management (composting, biogas extraction, and 
landfilling). Using information from the review and an understanding of the local 
context in Bangalore and Manila specific recommendations for policy and 
practice will be made. 

LCA IMPACTS OF FOOD PRODUCTION: ORGANIC VS. CONVENTIONAL 
AGRICULTURE 

Agriculture is most notable for its GHG impacts especially due to crop production 
and livestock rearing (Garnett, 2008, IPCC, 2007). Although its total impacts are 
difficult to measure due to the large expanse of land used in agriculture (50 
million sq. km, roughly 40% of the world’s total land area (Sachs, 2014)), varying 
soil compositions, farming practices and efficiencies in the use of resources 
(water, energy, chemicals, organic inputs, etc.) it is estimated that, if indirect 
emissions from the fertilizer industry and emissions from land conversion and 
deforestation are added then, the total contribution of the agricultural sector 
could be as much as 26-35% of all anthropogenic GHG emissions (IPCC, 2007). 

Of this 50 million sq. km only 0.37 million sq. km (including in conversion areas) is 
documented to be under organic agriculture globally (Willer, 2011), accounting 
for only 2% of global food in retail. It is important to keep in mind that this 
extremely small economic scale could contribute to lower efficiencies in 
collection, distribution and processing thereby exaggerating the potential 
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negative environmental impacts (Scialabba and Müller-Lindenlauf, 2010) and 
cost organic produce. 

Growing awareness on the environmental and human health impacts of 
chemical inputs in conventional agriculture have increased the demand and 
supply of organically grown produce. Preliminary findings of the survey on food 
consumption as part of this project on ‘(Un)Sustainable Food Consumption 
Dynamics in South/Southeast Asia’ has found that the urban middle class 
population in Bangalore and Manila are keen on consuming fresh and/or 
organic products due to  its perceived environmental and human health 
benefits. Therefore, a review on the current understanding of the LCA impacts of 
organic vs. conventional agriculture, as a logically valuable component of this 
project, is presented below. 

Organic agriculture is defined, by the IFOAM (International Federation of Organic 
Agriculture Movements), as “a production system that sustains the health of soils, 
ecosystems and people. It relies on ecological processes, biodiversity and cycles 
adapted to local conditions, rather than the use of inputs with adverse effects. 
Organic agriculture combines tradition, innovation and science to benefit the 
shared environment and promote fair relationships and a good quality of life for 
all involved". In order to promote and ensure consistency in the practices of 
international trade in organic food the Codex Alimentarius Commission, a joint 
body of FAO/WHO framed guidelines for the production, processing, labelling 
and marketing of organically produced foods, with a view to facilitate trade and 
prevent misleading claims (FAO, 1999). 

Conventional agriculture systems, on the other hand, vary from farm to farm and 
country to country. There is no inclusive definition for conventional agriculture. 
However, they all share several common characteristics such as extensive use of 
chemical pesticides, fertilizers and external energy inputs, single crops/row crops 
grown continuously over many seasons, use of uniform high-yield hybrid crop 
seeds, large capital investment in production and management technology, 
and high labour efficiency; in the case of livestock most production comes from 
confined, concentrated systems (Gold, 1999). 

In general, evidence is accumulating on the significant reduction in overall 
environmental impacts that organic agriculture brings due to its reduced energy 
use and CO2 emissions, biodiversity enhancement, environmental protection, 
sustainable resource use, and decreased reliance on costly external inputs (Fig. 
8) (Gomiero et al., 2011, Ramesh et al., 2005). A review of over 300 published 
reports (Stolze et al., 2000) showed that of the 18 environmental impact 
indicators (floral diversity, faunal diversity, habitat diversity, landscape, soil 
organic matter, soil biological activity, soil structure, soil erosion, nitrate leaching, 
pesticide residues, C02, N20, CH4, NH3, nutrient use, water use and energy use) 
organic farming systems performed significantly better in 12 and performed 
worse in none (Ramesh et al., 2005). In addition, it is estimated that 25 million 
people in developing countries (mostly farmers and industry workers) are 
poisoned by chemical pesticides each year (Jeyaratnam, 1990). The most 
prominent industrial tragedy – the Bhopal gas tragedy - occurred at a chemical 
pesticide plant in 1984.  
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Most LCA studies report that organic management results are much better on a 
per hectare basis than on a per yield basis. This is because most organic farm 
systems include a variety of crops grown simultaneously and on rotation. Crop 
rotations are known to improve soil quality and reduce nitrogen fertilizer 
requirement. 

Figure 8: Overall qualitative assessment of organic farming systems relative to conventional farming (Organic 
farming performs: ++ much better, + better, 0 the same, − worse, – much worse). The list of indicators has been 
expanded from (Stolze et al., 2000) and (Lotter, 2003) modified according to data presented in (Gomiero et al., 
2011) [Source: (Gomiero et al., 2011)]. 

The primary reasons for the lower environmental impacts of organic farming are 
due to several reasons: (i) lack of synthetic nitrogen fertilizers (synthetic nitrogen 
fertilizers consume a lot of energy during the production and transportation 
stage, that account for more than 50% of the total energy input in a 
conventional farm), (ii) lack of synthetic pesticides and herbicides that are 
banned in certified organic agriculture, (iii) low inputs of other mineral fertilizers 
(to supply phosphorous (P), and potassium (K)), (iv) lower use of foodstuffs 
(concentrates) that are highly energy-consumptive (Pimentel et al., 1983, 
Lockeretz et al., 1981, Pimentel et al., 2005, Refsgaard et al., 1998, Cormack, 
2000, Stockdale et al., 2001, Haas et al., 2001, FAO, 2002, Lampkin, 2002, 
Hoeppner et al., 2006, Kasperczyk and Knickel, 2006, Küstermann et al., 2008, 
Lynch et al., 2011, Gomiero et al., 2011). Moreover, evidence is accumulating on 
the long term gradual decline in productivity due to the adverse effects of 
intensive, agrochemical-based, high-input agriculture on soil health and local 
pollinator and other beneficial fauna populations (Rao, 1999, Stockdale et al., 
2001). The huge adverse impacts that conventional agriculture has caused is a 
major contributor to climate change which is in turn is predicted to increase the 
frequency and intensity of environmental threats making it harder to grow food 
in the future (Sachs, 2014).  

Despite the overwhelming evidence on the reduction in environmental impacts 
due to organic agriculture, Wu and Sardo (2010)argue that in some conditions 
organic agriculture could result in worse environmental impacts. For example, on 
sloping areas erosion could be exacerbated by mechanical weeding compared 
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to spraying with chemical weedicides, mulching with polyethylene sheets 
(permitted in organic farming to enhance soil moisture and quality) could be 
more harmful than use of chemical fertilizers; flame weeders (permitted in 
organic farming) can be more energy and cost intensive than chemical 
weedicides and less efficient in the control of perennial weeds. Therefore, in 
each case the overall environmental impacts could differ depending on 
topology, soil quality, agricultural practices etc. To counter these negative 
impacts, on slopes of organic farms, erosion caused by mechanical weeding 
should be checked by hedges and perennials to ensure long term soil resilience. 

Some critics of organic agriculture argue that the alleged decrease in yield, 
higher costs due to higher labour demands call for future intensification of crop 
production rather than relying on organic agriculture practices (Cassman, 2007). 
However, comparisons in a global dataset of 293 cases found that the average 
yield ratio of organic: non-organic was >1 for studies in the developing world 
(Badgley et al., 2007); another survey of 208 projects in developing tropical 
countries found an average yield increase for organic crops of 5-10% in irrigated 
land and of 50-100% in rain fed land (Pretty and Hine, 2001). Due to its substantial 
yield increase, organic agriculture is especially relevant in arid, semi-arid and 
water stressed regions because conventional agriculture can erode and 
contaminate fertile top soil, which is scarce in these regions, leading to decline in 
fertility over the long term (Pretty, 2002). 

UNDERSTANDING OF THE LOCAL SYSTEMS IN INDIA AND BANGALORE 
AND RECOMENDATIONS 

India with its population of 1.2 billion and land area of 3.29 million sq. km, is a 
globally important agricultural hub. It is the second largest producer of rice, 
wheat, total fruits & vegetable produce, sugarcane, farmed fish, sheep & goat 
meat, tea and cotton. India has the largest cattle herd and is the largest 
producer of milk, pulses and spices (WB, 2012a). Of the 1.95 million sq. km under 
cultivation 63% (roughly 1.25 million sq. km is rain fed, and the remaining 37% is 
irrigated) (GOI, 2013a). The Green Revolution which began after the introduction 
of high-yield wheat seeds by Norman Borlaug in 1968 has been the cornerstone 
of India’s agriculture. Due to the green revolution production of food grains has 
increased four-folds, from 50.82 million tonnes in 1950- 51 (Fig. 9) to 212.05 million 
tonnes on 2003-04(GOI, 2005). 

 
Figure 9: All India food grain production in million tons over the period 1950 – 2000 from (GOI, n. d.) 
[Source:(Gadgil et al., 1999)]. 
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However, excessive and indiscriminate use of chemical fertilizers, pesticides, 
water and energy to pump water has depleted soil quality, contaminated water 
sheds and caused widespread adverse environmental and human health 
impacts. To address this grave concern and due to the increasing global and 
national demand for organic produce, which was expected to reach USD 100 
billion by 2012 (ICCOA, 2013), the Department of Agriculture & Cooperation 
under the Ministry of Agriculture, Government of India in 2005 framed the 
“Organic Farming Policy” (GOI, 2005).  

This policy focuses on reviving traditional agricultural practices that evolved in 
the country’s numerous farming communities over the centuries. The policy 
focuses on dry land/rain fed areas, hilly areas, and north eastern states which 
have been found to be most suitable for conversion to organic farming, as 
average fertiliser use in this area is very low (25-35 kg/ha as compared to national 
average of 89.8 kg per ha) (GOI, 2005, Ramesh et al., 2005). In order to 
implement the objectives of the policy the National Project on Organic Farming 
was allotted INR 57.05 crore (USD 9.5 Million)5 since its operation on 1st October, 
2004. In 2007, an additional INR 101.00 crore (USD 16.8 Million)6 was allotted to the 
project (GOI, 2010, GOI, 2005). The policy does not specifically mention export of 
organic produce. However, this issue has to be carefully studied before any 
policy implementation as exporting organic produce can significantly increase its 
environmental, specifically its GHG emissions impact. 

Since its inception the National Project on Organic Farming (NPOF) has engaged 
in projects for the (i) conversion of 708 MT/day of agro waste into compost, (ii) 
production of 5606 MT/ annum of bio fertilizer, and (iii) production of 69,214 MT/ 
annum of vermin culture and vermin compost. The project has organized more 
than 4700 training programs and over 6750 demonstration efforts to create 
awareness, transfer technology and motivate farmers to adopt organic farming 
practices. It has successfully roped in more than 279,000 farmers and brought 
more than 1.77 sq. km under organic management (ICCOA, 2013). The 
combined effect of this project, farmers’ efforts, work of NGOs and market forces 
has increased the land brought under organic cultivation to more than 9200 sq. 
km under the organic certification process (of which cultivated land accounts for 
1200 sq. km and 8000 sq. km is for wild harvest collection. 

The National Commission on Farmers has recommended that 25,000 organic 
villages with niche commodities be developed in the hills during the next five 
years (2007-2011), and the local farm graduates and youth be involved in it as 
entrepreneurs (GOI, 2010). The NPOF has initiated the creation of a National 
Centre of Organic Farming in Ghaziabad and six Regional Centres at Bangalore, 
Bhubaneshwar, Panchkula, Imphal, Jabalpur and Nagpur. The policy should also 
focus on certification and measures to impede corruption in this sector. 

The consumption of organic produce is steadily increasing in India. Bangalore 
based NGO “International Competence Centre for Organic Agriculture 
(ICCOA)” has estimated that the organic domestic market is worth around INR 
1400 Crore (USD 233.3 Million)6 in the country and INR 562 crores (USD 93.7 

 
5 Assuming USD 1 = INR 60 
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Million) 6  in the top 8 metropolitan cities (Mumbai, Delhi, Kolkata, Chennai, 
Bangalore, Hyderabad, Ahmedabad, Pune – in descending order of population). 
Owing to this increase in demand and because Bangalore houses a Regional 
Centre of Organic Farming– the state of Karnataka (whose capital is Bangalore) 
on 26 Jan 20009, launched the Karnataka Organic Agriculture Mission allocating 
a budget of INR 1 crore (USD 0.2 Million) towards the promotion of organic 
agriculture and its trade in the domestic and international market (ICCOA, 2013, 
GOK, 2004). The funds will be disbursed by a State Level Empowered Committee 
that is advised by a Mini Mission headed by a renowned scientist. The mission’s 
objectives are to promote organic agriculture in the state by training farmers and 
promoting its consumption by organising periodic organic produce 
melas/exhibitions at cities/towns where growers and buyers of organic produce 
can meet through weekly markets. 

RECOMMENDATIONS FOR INDIA AND BANGALORE 
Recommendations of this report towards policies for promotion of organic 
agriculture in Bangalore and more generally in India are: 

Increase organic agriculture expanse, impact, and research: 
Despite the valuable success of the National Project on Organic Farming, 
organic agriculture is yet to make a major impact on the countries agricultural 
landscape and food production system. The total land converted to organic 
agriculture accounts for only 0.4% of India’s total land under cultivation (ICCOA, 
2013). The government will have to increase the budget available for the 
promotion of organic agriculture and related aspects such as organizing market 
infrastructure for organic produce, building strong institutional capacities and 
human resources for spreading knowledge on best organic agriculture practices 
and promote public awareness on the benefits to human health and the 
environment brought by organic agriculture. 

Regulate prices of organic produce to make it affordable and widespread 
The government will also have to simultaneously regulate food price inflation to 
ensure the affordability of organic produce, so as to increase the reach and 
benefits of organic agriculture. An important contribution can come from 
understanding and implementing opportunities to minimize food wastage during 
production, transportation, storage, and consumption. A significant amount of 
food wastage and food price inflation is due to hoarding by wholesalers and 
agents; measures to curb these will have significant positive effects on food 
availability and affordability (Dash, 2014). 

The National and Regional Centres of Organic Farming and the Universities of 
Agricultural Sciences along with numerous research centres and the NGO sector 
should focus on (i) collation of traditional knowledge on farming practices to distil 
relevant practices to increase yield and lower resource consumption, (ii) 
knowledge exchange with organic agricultural practices from around the world, 
(iii) research to quantify the LCA environmental, social and economic trade-offs 
between alternative organic practices, (iv) carryout extensive dissemination of 
best practices to farming communities to increase access to knowledge on 

 
6 Assuming USD 1 = INR 60 
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organic agricultural practices for e.g. strategies to prevent pest and diseases (v) 
initiate and foster the growth of traditional seed banks and knowledge hubs, (vi) 
create and foster information exchange collectives (help lines, discussion forums, 
seminars, melas, etc.) for farming communities to interact with researchers and 
policy makers. 

Increase budget allocation for the promotion of organic agriculture: 
In terms of budget allocation the amount allotted so far by the Central 
Government of India for the NPOF (INR 158.05 crore = USD 26.3 Million7) over 9 
years from 2004-2012 pales in comparison to the INR 75849 crore (USD 12641.5 
Million) spent in just one year 2008-09 on chemical fertilizer subsidy (Sharma and 
Thaker, 2009). Unsurprisingly, lack of funds and dearth of technical staff is one of 
projects primary reasons for its shortfalls (GOI, 2010). In the future, the Ministry of 
Agriculture will have to focus on reducing its expenditure on subsidising chemical 
fertilizers & pesticides while increasing its budget for the systematic promotion of 
organic agriculture. 

Focus on water conservation 
Currently Indian agriculture is precariously hinged on very high productivity from 
relatively small and highly water stressed regions (Sharma, 2011). In vast areas, 
groundwater is now the dominant means of irrigation (Fig. 10); however, its use is 
ungoverned, and unregulated. Therefore there are no exact measurements on 
the extent of ground water use and its depletion. Land rights in India 
automatically hand over rights of the groundwater under the land to its owner, 
without any regulation on its use. In addition, more than 60% of India’s cultivation 
is rain fed and has an extremely low, variable and vulnerable productivity. 
Climate change is predicted to have serious impacts on rainfall patterns, floods, 
water resources and thus adversely affect agriculture in both rain fed and 
irrigated regions. These pressing issues demand that future agricultural policies 
advocate and incentivize the efficient use of water and prevent its 
contamination by agricultural pollutants (chemical fertilizers, pesticides), industrial 
effluents and sewage. 

 

 
7 Assuming USD 1 = INR 60 
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Figure 10: Land use survey on area irrigated by different sources in India [Source:(Sharma, 2011)]. 

Include livestock management and animal husbandry 
India has the largest stock of cattle herd (buffalo) and is the largest producer of 
milk, goat & sheep meat, and farmed fish. Rearing livestock for food production 
is known to be one of the most significant contributors to global carbon emissions 
(IPCC, 2007) as methane released from cattle is believed to be the most 
important source of anthropogenic methane internationally (FAO, 2008, Watson 
et al., 1992).  

The National and State Policy on Organic farming, in its current form, does not 
include livestock management and animal husbandry. Future policy should 
include this aspect, specifically examining the role of GMOs in animal feedstock 
and its relation to organic certification. Future policies should look for 
opportunities to reduce the environmental impact and promote the humane 
treatment of animals in this sector. 

Include major crops in its mandates 

India is a major producer of rice. In 2011-12 India produced 104.32 million tons of 
rice accounting for 21.24% of the world’s production (GOI, 2013c, GOI, 2013b). 
Rice is also the biggest beneficiary of fertilizer subsidy receiving 32.2% of fertilizer 
subsidy in 2001-02. In addition, the IPCC (1994) report estimates global methane 
emissions form rice fields to be 37 Tg/year. Methane is 21 times more potent in in 
terms of greenhouse gas potential compared to CO2. Rice is also a major source 
of nitrous oxide which is 300 times more potent in terms of greenhouse gas 
potential compared to CO2. Considering its huge use of chemical fertilizer and 
large emissions of GHGs, organic agriculture policy should focus on rice 
cultivation in India to examine opportunities to reduce its environmental impact. 
In its current form the policy focuses only on non-major crops grown in rain fed 
regions. Inclusion of rice and other major crops such as wheat and cotton which 
are major beneficiaries of fertilizer subsidies is imperative for India to reduce its 
environmental impact due to agriculture. 

The Interregional Research Program on Methane Emissions from Rice Fields, 
initiated by the International Rice Research Institute (IRRI), Philippines, in 
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collaboration with National Agricultural Research Institutes and the Fraunhofer 
Institute for Atmospheric Environmental Research, Germany, have set up a 
network of measurement stations in China, India, Indonesia, Thailand, and the 
Philippines to quantify emissions from major rice-growing systems and to identify 
possible strategies for mitigation (Wassmann et al., 2000). The National and State 
Organic agriculture policy should take inputs from these efforts to strategize on 
reducing GHG emissions from rice cultivation. Research has shown several ways 
to reduce methane emissions from rice, such as replacement of chemical 
fertilizers such as urea and ammonium sulphate with rice straw and green 
manure (Wassmann et al., 2000).  

Ecological based planning, zoning and management of cities and towns 

Currently urban planning in India is done without taking any aspects of the 
ecological characteristics of the land, its watershed, its native flora and fauna 
and its landscape into consideration (BDA, 2007). For organic agriculture to be 
truly pervasive and impactful, national and state and city urban planning policies 
should by framed based on an ecological understanding of the landscape to 
conserve its watersheds and to increase the production of organic produce for 
consumption by its urban population in urban and peri-urban organic agriculture 
zones. This will greatly reduce environmental impacts due to transportation and 
urbanization. These policies will have to be holistic to avoid the “local trap” 
drawbacks (Born and Purcell, 2006). Bangalore has around 5000 terrace gardens 
(Dutta and Pallavi, 2014) that can benefit from knowledge transfer from farming 
communities and research organization on organic agriculture practices. 

UNDERSTANDING OF THE LOCAL SYSTEM IN PHILIPPINES AND MANILA 
AND RECOMENDATIONS 

Philippines with its population of 97.71 million and land area of 300,000 sq. km had 
converted 40.6% of its land area into agricultural land (arable land area under 
permanent crops and pastures) of which 9.4% was irrigated (WB, 2011a). Major 
crops in Philippines include rice; 3.4 million ha of land its land is used for rice 
cultivation of which 61% is irrigated while 32% is rain fed (IRRI, 1997). The 
Philippines was the world’s largest importer of rice in 2010 (Reuters, 2011) while its 
own production accounts for 2.8% of global rice production (FAO, 2009b). The 
International Rice Research Institute (IRRI) is headquartered in Los Banos, 
Philippines. The IRRI has been instrumental in developing high yielding rice 
varieties and conducting pioneering research in understanding the 
environmental impacts of rice cultivation and methods to reduce these impacts 
(IRRI, n.d.). Other crops important in Philippine agriculture include coconuts, 
sugar, fruits such as pineapples, bananas and mangoes, corn, rubber and fish. 
The Philippines is the largest producer of coconuts producing 19,500,000 tonnes in 
2009 (FAO, 2009a). 

As in several developing countries such as India, since the 1960s and 70s, the 
Philippines adopted measures of the green revolution and increased its 
consumption of chemical fertilizers and pesticides. In 2010 Philippines was 
consuming 149 kg of nitrogenous, potash, and phosphate fertilizers (including 
ground rock phosphate) per hectare of arable land as compared to the worlds 
average consumption of 132.6 kg/ha and India’s consumption of 178.5 kg/ha 
(WB, 2011b).  
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Heavy pesticide use over the years caused several local adverse impacts such 
as (i) it killed fish and weedy green vegetables that traditionally co-existed with 
rice paddies and which were consumed by Filipino farmers prior to pesticide 
introduction, thereby significantly changing local diets, (ii) reduced the number 
of fish and frog species found in paddy fields (Layosa, 2007). In addition the high 
yield varieties of rice introduced in 1964 were found to have inferior taste and 
texture compared to their native varieties and therefore caused their prices to 
be less than the average market value (Hazell, 2009). Recent studies have found 
paddy fields along the Naboc river to be contaminated with mercury due to 
artisanal gold mining along in the Diwalwal area (Appleton et al., 2006). 

The Philippines is one of the world’s largest livestock producers and consumers. Its 
livestock production index (livestock production for each year relative to the 
base period 2004-2006) in 2012 was 123.7 only slightly below India’s index of 127.9 
and much above the world average of 115.5 and USA’s index of 107.2 (WB, 
2012b). Methane released from reared livestock for food production is known to 
be one of the most significant contributors to global carbon emissions (FAO, 2008, 
Watson et al., 1992, IPCC, 2007). 

Due to the profound adverse effects of chemical fertilizers and pesticides on 
human and environmental health and due to the increasing global demand for 
organic produce the Government of Philippines framed Organic Agriculture Act 
of 2010 (PhilippineGovernment, 2010). The objective of the Organic Agriculture 
Act of 2010 is to “cumulatively condition and enrich the fertility of the soil, 
increase farm productivity, reduce pollution and destruction of the environment, 
prevent the depletion of natural resources, further protect the health of farmers, 
consumers, and the general public, and save on imported farm 
inputs.”(PhilippineGovernment, 2010). The salient feature of this act are: 

• To promote organic agriculture in both the formal and the non-formal 
agriculture and F&B wholesale and retail sectors.  

• To form a National Organic Agricultural Board (NOAB) which will carry out 
the policy and the program provided in this Act. The NOAB is comprised of 
the Secretary of Agriculture, who will be the Chairperson of the board. 
Other members will include secretaries of the following departments: 
Interior and Local Government, Environment and Natural Resources, 
Education, Agrarian Reform, Trade and Industry, Health. In addition, 
representatives of small farmers and NGOs, and or agricultural colleges 
and universities, will be chosen by the Secretaries of Agriculture and 
Science and Technology respectively, from nominees submitted by their 
respective national organizations. Consultations to select these 
representative members was held in March, April and May 2014. 
Guidelines for the selection of new non-government NOAB members for 
2014-2017 term of office has already been approved and signed by 
Secretary Proceso J. Alcala. 

A budget including Fifty million pesos (PHP 50,000,000.00 = USD 1.25 Million8) and 
the existing budget for the promotion of organic farming of the DA is 
appropriated for the initial year of implementation of this Act. Thereafter, an 
amount necessary for the continuous operation of the NOAB and the 

 
8 Assuming USD 1 = PHP 40 
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implementation of the program would be included in the annual General 
Appropriations Act (GAA). 

The budget will be allotted towards certification, education, and promotion of 
organic agriculture. The BAFPS (The Bureau of Agriculture and Fisheries Product 
Standards (BAFPS) of the DA) is hereby designated and authorized to grant 
official accreditation to organic certifying bodies or entities. Guidelines for 
certification of crops, animal husbandry or aquaculture products as organic is 
included in the act. There are two independent private organic certification 
bodies accredited by the Bureau of Agriculture and Fisheries Products Standards 
(BAFPS). These are Organic Certification Center of the Philippines (OCCP) 
accredited in 2001, which has certified 33 farms, and the Negros Island 
Certification Services (NICERT) accredited in 2011, which has certified 20 farms 
(OCCP, 2012, Anonymous, 2011, NAOP, 2014a, NAOP, 2014b). Certification costs 
are subsidized by the NOAB. However, the subsidies are granted only to farmers 
whose produce is intended for local markets. Subsidies shall be given for produce 
intended for export markets only to micro, small and medium enterprises 
(MSMEs), indigenous people and agrarian reform beneficiaries9.  

Other financial incentives include (PhilippineGovernment, 2010):  

• Income tax holiday and exemption for seven years on all income taxes 
levied by the National Government. 

• Exemption from the payment of duties on the importation of agricultural 
equipment, machinery and implements. 

Education on Organic Agriculture includes programs in schools to develop 
holistic courses on agricultural farming systems and for schools to offer organic 
food in their canteens to encourage consumption of healthy, nutritious organic 
produce. In addition, the National Congress meetings and exhibitions and the 
annual agricultural trade show – Agri-link showcases organic farms. 

RECOMMENDATIONS FOR PHILIPPINES & MANILA 

Include livestock management and animal husbandry 
The Philippines is one of the world’s largest livestock producers and consumers. 
The Philippines produced 4438.54 thousand metric tons of livestock (water 
buffalo, cattle, hog, goat, dairy, chicken, duck, chicken eggs, duck eggs) in 2012 
(BAS, 2012). Its livestock production index was much above the world average 
and that of USA (WB, 2012b). Considering that livestock is a large consumer of 
genetically modified (GM) feed stock that include corn, cotton seeds, soybean 
and potato and the high environmental impacts of livestock future versions of 
the policy should include opportunities to reduce its environmental impact and 
promote humane treatment of animals in this sector. 

Include GM crops and future prospects 

 
9 Comprehensive Agrarian Reform Law established in 1988 is a policy to ensure welfare promotion of landless farmers 
and farm workers to bring about equality in terms of opportunities, income and wealth and to enhance agricultural 
productivity. Under this program all lands exceeding seven hectares were bought by the government and sold to the 
landless farmers. Original owners of lands were paid through installment basis for 15 years LAWPHIL. 2009. Republic 
Act No. 9700 [Online]. Available: http://www.lawphil.net/statutes/repacts/ra2009/ra_9700_2009.html [Accessed 12 May 
2014].. 



Page | 22  

 

The Philippines grows genetically modified maize on around 0.5 million hectares 
of its land; they also have significant R&D programs in the biotechnology and 
transgenic crop fields. A large production of GM crops locally grown and 
imported are fed to livestock. The Organic Agriculture Act of 2010 says that 
certified organic produce shall not include GMOs. However, there is no further 
examination of the GMO issue and no mention of certification guidelines for GM 
livestock feed and its consequences for organic certification of livestock. This 
aspect should be clearly elucidated in future amendments of the act. 

Check fraudulent certification 
A significant portion of the budget of the NOAB is appropriated to subsidize 
certification of organic farms and produce. There is widespread speculation that 
the certification process will be a victim of corruption leading to fraudulent 
certifications (Sahakain, 2014). The policy needs to examine this aspect and 
include checks and balances to prevent corruption of the certification process. 

Include organic agriculture in its urban planning and management policy 
The Philippines City Development Strategy (CDS) incorporates a strategic 
approach to urban planning and management (CA, n. d.). The flexible nature of 
this strategy allows for each city to identify unique opportunities and challenges. 
Every city is to develop its own long-term vision statement and plan of action 
which at every stage is deliberated on in a participatory process involving various 
stakeholders from civil society, businesses, academia, local government other 
city residents (CA, n. d.). Some cities such as the City of Puerto Princesa has 
received several awards for environmental management and protection 
following its participation in the CDS (CA, n. d.). This illustrates that the CDS 
includes not just economic issues but also other significant dimensions including 
ecological, cultural, social, institutional and even political dimensions. The CDS 
should include zones for organic agriculture in community parks and public land 
to involve citizens in this activity and promote the production and consumption 
of locally grown organic produce. These policies will have to be holistic to avoid 
the “local trap” drawbacks (Born and Purcell, 2006). 

Programs such as the Food Always In The Home (FAITH), program in Manila have 
enabled people to produce clean nutritious food in their backyards (Lina, 2014). 
This program, adopted by the National Nutrition Council, and others like it should 
be included in the Organic Agriculture Act of 2010 to encourage and spread the 
use of organic agricultural practices in the urban landscape. 

LCA IMPACTS OF FOOD WASTE – PROCESSING TECHNOLOGIES 

Food waste generated during different stages of its life cycle right from wastage 
during the cultivation stage to the storage and transportation and post 
consumption stage has a significant environmental impact not only due to the 
methane, nitrous oxide and leachate that it generates during its decomposition 
but more significantly due to the embedded environmental impacts that have 
already occurred in life stages prior to the stage at which food is wasted 
(Sonesson et al., 2005a). For example, food wasted at the cultivation and harvest 
stage have already caused environmental impact due to their resource 
consumption (water, fertilizer, pesticide, energy etc.), food waste at the 
household level has embedded impacts during the cultivation, storage and 
transportation stage. Therefore, the most effective strategy for reducing 
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environmental impacts associated with food waste is to reduce the generation 
of food waste at all stages of its life. 

Furthermore, the enormous amount of waste generated by urban dwellers is 
making landfilling an unviable means to manage waste due to its associated 
human health and environmental problems. Problems associated with landfills 
include ground water and soil contamination, more and more land used up in 
landfills, its potential disease burden and opposition from landowners and 
residents close to the landfill.  

Cities and towns around the world are seriously evaluating various options to 
manage their municipal solid waste, of which a significant fraction consists of 
food waste (peels, bones, leftovers, food wasted during cooking etc.). The two 
older means to manage mixed municipal solid waste (waste from cities that 
includes food waste, paper, plastic, metal, glass, biomedical waste etc.) is to 
either landfill or incinerate it with or without energy recovery. Current 
technologies to manage mixed waste include landfilling with gas utilization, 
pyrolysis–gasification of MSW, and pyrolysis of MSW, thermal cracking gasification 
of granulated MSW, combined pyrolysis, gasification and oxidation of MSW 
(Khoo, 2009). 

However, all these technologies result in the loss of valuable recyclable material 
such as glass, metal, paper and plastic. In addition these mixed waste 
technologies have huge initial investment costs. Technologies to treat food waste 
segregated at source include converting it into animal feed (dry or wet), 
composting, vermi-composting and anaerobic digestion with biogas production 
(Bernstad and Jansen, 2011, Kim and Kim, 2010, Lee et al., 2007). 

In order to devise a comprehensive strategy to manage a city’s municipal solid 
waste, which can contain up to 70% organic matter (largely food waste) in 
developing countries (Chanakya et al., n.d.) one has to consider the 
environmental, social and economic trade-offs associated with various waste 
treatment options and the investment in terms of capital, time and effort for 
building and operating these treatment technologies. An LCA is a powerful tool 
that has been used in numerous studies to evaluate the environmental trade-offs 
associated with various waste processing technologies (Bernstad and Jansen, 
2011, Khoo, 2009, Khoo et al., 2010, Kim and Kim, 2010, Lee et al., 2007, Patterson 
et al., 2011, Sonesson et al., 2005a, Sonesson et al., 2005b, Gentil et al., 2010, 
Lundie and Peters, 2005). These studies have shown that an LCA can be used as 
a decision-support tool for waste management authorities and can be used to 
locate hot spots with large environmental impact within the treatment chain, an 
important first step towards, such as incorrect sorting has been found to 
significantly reduce the efficiency and environmental impacts of treating food 
waste (Bernstad and Jansen, 2011). 

A review of life cycle assessment (LCA) impacts of waste processing 
technologies, establishes that anaerobic digestion of food waste with biogas 
production has the least environmental impacts followed by wet feeding, dry 
feeding, composting, incineration and then landfilling (Fig. 11) (Patterson et al., 
2011, Bernstad and Jansen, 2011, Khoo et al., 2010, Björklund et al., 1999, Komilis 
and Ham, 2004, Kim and Kim, 2010). Exact environmental benefits of biogas 
depend on the environmental profiles of the fuel that it substitutes viz. transport 
fuel, natural gas for heating or cooking, or fuel for electricity generation. In the UK 
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and several other countries anaerobic digestion is regarded as the most 
economic and technically appropriate method for treating organic waste such 
as food waste as it simultaneously meets the targets for CO2 reduction, 
renewable energy generation and landfill diversion (Patterson et al., 2011). 
However, a significant impact from anaerobic digestion is the emissions of 
carcinogens due to heavy metals present in the digestate (due to contamination 
of segregated organic matter) applied on agricultural lands (Patterson et al., 
2011). For wet and dry feeding of food waste, proper treatment of the waste is 
needed to prevent the spread of veterinary disease. Due to this threat, in 2002, 
the EU prohibited the feeding of food waste to animals (EC, 2002). Wet feeding 
and dry feeding have been found to have less environmental impacts 
compared to composting and landfilling; however, anaerobic digestion for 
biogas extraction was not included in this particular study (Kim and Kim, 2010). 
Therefore, their impacts when compared to anaerobic digestion could vary 
depending on the specific local conditions and quality of waste. 

 
Figure 11: Total normalized LCA impacts/capita for incinerators (generating 527 kWh/ton), recycling (anaerobic 
digestion – generating 529 kWh/ton energy & composting – generating 178200 tons/year of compost) and 
proposed aerobic composting to generate 25,534.68 tons/year of compost in Singapore for four different 
scenarios with different mixes of the different technologies Scenario 1: Recycling of food waste (Phase I and 
Composting I), with the rest incinerated; Scenario 2: Recycling of food waste (Phase II and Composting II), with 
the rest incinerated; Scenario 3: Recycling of food waste (Phases I–II and Composting I–II), with the rest 
incinerated; Scenario 4: Recycling of food waste (Phases I–II and Composting I–II), with the rest of the food 
waste incinerated (50%) and treated at a proposed aerobic composting plant (50%). Phase I recycling and 
Composting I = Pre-treatment (kWh/ton) 25.0, Energy consumption (kWh/ton) 32.0, Energy output (kWh/ton) 
260.82, Amount of compost (tons/year) 66,000. Phase II recycling and Composting II = Energy consumption 
(kWh/ton) 24.0, Energy output (kWh/ton) 268.27, Amount of compost (tons/year) 112,200 [Source: (Khoo et al., 
2010)]. 

During biogas production leakage of methane during production and up 
gradation can contribute significantly to global warming (Berglund and 
Börjesson, 2006, Bernstad and Jansen, 2011). In addition it is important to ensure 
high quality of the digestate and implement its proper utilization, such as 
immediate tilling of land right after application to reduce ammonia losses (Berg, 
2005). In Singapore the private firm IUT Singapore Pvt. Ltd. has partly funded the 
construction and maintenance of the anaerobic digester by earning carbon 
credits through the UNFCCC’s Clean Development Mechanism (CDM) (Khoo et 
al., 2010, CDM, 2006). 
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Aerobic composting has higher impacts than anaerobic digestion for biogas 
production due to CO2 and ammonia emissions during composting (Khoo et al., 
2010). In addition, if the compost is not mixed and aerated properly or 
oxygenated with the assistance of earthworms then the GHG consequences of 
composting can be very high due to methane emissions (Lundie and Peters, 
2005). The amount of compost required to substitute chemical fertilizers is not well 
established. In some studies this amount is calculated based on the total nitrogen 
content in produced compost (Sundqvist et al., 2002). However, compost is not 
only a source of nitrogen, but is also rich in organic matter. Therefore, more 
research on the contribution of compost vs. fertilizer to yield in the specific 
context is required. 

Landfilling of food waste, even with advanced technologies for leachate 
treatment and gas collection is shown to have significantly high environmental 
impacts due to the necessity to directly flare some of the gas at the gas 
extraction well and high acidification and carcinogen emissions from treated 
leachate(Lee et al., 2007). Unscientific landfills that are common in developing 
countries, such as ones in Bangalore and Manila, can have much higher adverse 
impacts on the environment and on human health, although this has not been 
quantified in total. In designing a waste management system for a city scale 
plays an important role as transport of waste to a few centralized composting 
facilities or anaerobic digesters could cause significant GHG impacts (Bernstad 
and Jansen, 2011, Khoo et al., 2010).  

In order reduce the environmental impacts due to food waste it is extremely 
important to understand the reasons behind why wastage occurs (Sonesson et 
al., 2005a, Sonesson et al., 2005b), not only at the household level but also during 
the production, transportation, storage, and retail stage. In addition, it is essential 
to design a system of treatment technologies taking all environmental, social and 
economic considerations into account. In order to take all environmental 
consideration it is important to carry out an LCA of the complete system and 
assess trade-offs of various scenarios that use a mix of different technologies 
located at different distances from collection points. As many as 50 waste LCA 
models are available to carry out such assessments. A waste LCA is one that 
assesses the environmental performances of a number of interconnected waste 
management technologies based on waste composition and distances 
between points of generation to final disposal (Gentil et al., 2010). Detailed 
information on all activities including collection, amounts of waste generated, 
composition of waste, transport, handling, treatment, energy recovery, disposal 
are needed for such a comprehensive waste LCA.  

UNDERSTANDING OF THE LOCAL SYSTEM IN BANGALORE AND 
RECOMMENDATIONS 

Reports on the amount of waste generated in Bangalore vary hugely, as official 
estimates are bloated by corrupt contractors who are currently paid on a 
ton/day basis for collection, transportation and dumping in open landfills on the 
outskirts of the city. There are 4 landfills: (i) Doddaballapur landfill takes 300 to 400 
tonnes waste/day; (ii) Madur landfill has 2.5 million tonnes of untreated waste 
and takes 2500 tonnes/day; (iii) Bingipura land fill takes 300 to 400 tonnes 
waste/day; (iv) Mavallipura landfill that is closed and has 4 million tonnes of 
untreated garbage. In addition in Hebbal there is a biomethanation plant that 
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processes 2 tonnes segregated waste/day, in Bommanhalli there is a composting 
plant run by the city corporation that processes 300 tonnes segregated and 
unsegregated waste/day, and in Mandur there is a composting plant that 
processes 150 tonnes unsegregated waste/day(Dutta and Pallavi, 2014). These 
estimates vary from 1700 MT/day to 4000 MT/day (Ramachandra and 
Bachamanda, n.d., Ramachandra, 2011, Chanakya et al., n.d.). In 2012 the city 
corporation (Bruhat Bangalore Mahanagara Palike (BBMP)) was spending INR 
400 crores (USD 66.7 Million) annually to collect, transport and dispose of 3500 MT 
of waste from 198 wards.  

Following intense protests and filing of a public interest litigation by villagers 
surrounding the largest landfill in Mavallipura where Bangalore’s Municpal Solid 
Waste (MSW) is dumped – the High Court of the State, in September 2012, 
ordered the city corporation (Bruhat Bangalore Mahanagara Palike (BBMP)) to 
close operations at this landfill and provide a report on its waste management 
operations.  

In addition to looking for other landfills the BBMP then made it mandatory for 
citizens to segregate their waste into recyclables, biodegradables and 
biomedical fractions in accordance with the Municipal Solid Wastes 
(Management and Handling) Rules, 1999 (GOI, 2000).  

In August 2013 the Government of Karnataka brought into force the Karnataka 
Municipal Corporations (Amendment) Act, 2013 which imposed fines on non-
segregation and dumping of waste (Table 1), (GOK, 2013) and uses a waste 
hierarchy principle to reduce environmental and social impacts due to waste. 
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First time 
offender 

Second time 
offender and 
subsequently 

Failure to segregate waste Domestic units INR 100 
(USD 1.7) 

INR 500 (USD 
8.3) 

 
Bulk generators 
or commercial 
complexes 

INR 500 
(USD 8.3) 

INR 1000 
(USD 16.7) 

    

Failure to segregate and hand over 
garden waste, inert waste, sanitary and 
non-biodegradable waste and 
biomedical waste, or similar categories 
to the BBMP 

 
INR 500 
(USD 8.3) 

INR 1000 
(USD 16.7) 

    

Irregular deposit of garbage, filth or 
solid waste 

 
INR 100 
(USD 1.7) 

INR 200 (USD 
3.3) 

    

Allowing filth to flow on to the streets 
 

INR 100 
(USD 1.7) 

INR 200 (USD 
3.3) 

    

Dumping construction waste 
 

INR 1000 
(USD 16.7) 

INR 5000 
(USD 83.3) 

Table 1: Fines to be imposed for non-segregation and dumping of waste in Bangalore [Source: (GOK, 2013) 

Although in several layout separate bins were provided to households there was 
no enforcement of this act. The BBMP also started invested in dry waste 
collection centres and composting yards. However in October 2012, the city was 
in a crisis as waste piled up on roads and payments as the corporation was 
unable to dump waste in landfills and was completely ineffective in its 
implementation of a strategy for segregation of waste at source. Instead of 
focusing efforts on implementation of source segregation, the corporation along 
with the state health minister and a heavy deployment of police extended the 
period of the contract with farmers to dump waste at a newer landfill in Mandur 
(Fig. 12), (Pallavi, 2012). 
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Figure 12: Trucks carrying waste to Mandur landfill (photo credit: Anand Yadwad, Citizen Matters) 
[Source:(Subramanyan, 2014)]. 

The BBMP has to ensure segregation of waste at source and invest in 
infrastructure and organizational efforts to ensure its effective management. The 
Bangalore city corporation in 2014 has procured 16 biogas plants to convert 5 
tonnes of kitchen (organic) waste into electricity every day. Cost for each plant 
including a 3 year maintenance contract was USD 200,000/plant (Dutta and 
Pallavi, 2014). 

RECOMMENDATIONS FOR BANGALORE 

Focus on reducing generation of waste 

The most effective way to reduce the environmental impacts of food 
waste is to reduce its generation. This is because of two reasons: (i) the 
largest share of its environmental impact, is due to embedded impacts at 
the agriculture stage which have already occurred (Sonesson et al., 
2005b) and (ii) every technology for processing food waste imposes some 
environmental burden (Lee et al., 2007). Therefore, policies and contracts 
for waste management in Bangalore should focus on reducing the 
generation of waste. One way to ensure this is to make citizens pay for 
waste management services based on the amount of waste they 
generate, like is done in Switzerland where different coloured bags for 
different fractions of waste are charged at a high rate (Manni and 
Runhaar, 2014). One finding of the field research for this project, is that the 
waste management system can be vary significantly between that for 
individual households and for apartment complexes & gated 
communities. Therefore the solution too should vary, in the case of 
individual households, making citizens pay for the amount of waste they 
generate may have an adverse effect as they may dump waste in street 
corners, more so as anti-littering regulations are not enforced. However, in 
apartment complex and gated communities applying a fee for the 
amount of waste households generate could be enforced better. 

In addition, in the proposed changes to the contract between the Bangalore 
municipal corporation and contractors responsible for waste management 
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payments is based on the number of households that contractors cover and not 
on the tonnage of waste handled, as is currently done (Dutta and Pallavi, 2014). 

Ensure implementation of source segregation 
Despite the notifications of the BBMP to segregate waste at source as of 2014, it is 
estimated that only 30% of waste is segregated at source, most of which is then 
being mixed on way to landfills (Dutta and Pallavi, 2014). The BBMP in 
consultation with NGOs, civic bodies and experts enforce the segregation of 
waste at source and ensure segregated waste is treated properly – recycling 
recyclables, composting or extraction of biogas from the organic fractions and 
scientific incineration with extraction of energy from biomedical fractions. 

 
Figure 13: Waste management system in apartment complex of author in Bangalore (Megha Shenoy) after 
source segregation waste (photo credit: Megha Shenoy) 

Fortunately, a small but growing number of Resident Welfare Associations (RWA) 
of the city’s layouts and gated communities in the city, on a voluntary basis, are 
implementing strategies for source segregation of waste followed by composting 
of the organic fraction (Fig. 13). A team of residents usually monitors the whole 
system to ensure segregation at source and high quality of compost and 
recyclables. In some cases, vegetables from these kitchen gardens is given free 
of cost or sold at a low rate to residents. These communities should be 
encouraged with awards and incentives. Furthermore bulk generators of waste 
such as apartment complexes should be fined for non-segregation. 

Ensure effective implementation of waste management by city corporation - 
Bruhat Bangalore Mahanagara Palike (BBMP) 
In the report of the expert committee to the High Court with Guiding Principles to 
handle the SWM Crisis in Bangalore. The expert committee recommends the 
following institutional changes to ensure enforcement of source segregation 
(BBMP, 2013): 
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1. BBMP should have a separate MSW department with staff dedicated 
solely to SWM related work only.  

2. The staff in the SWM unit should have no dual responsibility and be wholly 
dedicated to work relating to SWM only.   

3. Steps be initiated to recruit and fill all vacant posts of 4000 waste 
collecting personnel – (Poura Karmikas (PKs)) etc. 

In October 2012 a workshop was held to develop an organizational structure and 
command chain. The committee recommends following this command chain to 
ensure enforcement (Fig. 14).  

 
Figure 14: Expert committee’s recommendations on institutional changes at the city level, to ensure 
enforcement of source segregation Source: (BBMP, 2013) 

However, these recommendations have not been implemented effectively and 
waste is still not segregated properly.  

Investigate and implement scenarios for least environmental impact from 
waste management  
A review of life cycle assessment (LCA) impacts of waste processing 
technologies, establishes that anaerobic digestion of food waste with biogas 
production has the least environmental impacts followed by wet feeding of food 
waste to animals, composting, incineration and then landfilling (Patterson et al., 
2011, Bernstad and Jansen, 2011, Khoo et al., 2010, Björklund et al., 1999, Komilis 
and Ham, 2004, Kim and Kim, 2010). Exact environmental benefits of biogas 
depend on the environmental profiles of the fuel that it substitutes viz. transport 
fuel, natural gas for heating or cooking, or fuel for electricity generation and 



Page | 31  

 

composition of waste. A thorough investigation of different scenarios with mixes 
of environmentally beneficial technologies for waste management such as 
biogas extraction, composting and recovery of recyclable materials taking into 
account transportation distances and composition of waste is needed to 
propose a waste management system that systematically diverts waste from 
landfills. For example biogas plants can be set up with adequate safety 
measures near markets and areas that generate waste with high organic matter, 
composting facilities can be set up in areas which generate waste with low 
organic fractions. Biogas can be bottled and transported prior to use as cooking 
fuel or for transportation. 

Instead of using its own revenue for the initial capital costs, the corporation 
should fund these biogas plants using the Clean Development Mechanism as the 
IUT Pvt. Ltd. has accomplished in Singapore (CDM, 2006). As the CDM does not 
fund the full capital costs of any project, the corporation can use the revenues 
from selling the biogas to cover part of the capital costs that they would have to 
invest in.  

Ensuring the proper use of digestate, with immediate tilling of land after 
application to reduce ammonia loss, as a substitute for chemical fertilizers is 
important to harness the full environmental benefits of anaerobic digesters 
(Bernstad and Jansen, 2011). Bangalore has around 5000 terrace gardens (Dutta 
and Pallavi, 2014) that can use the digestate as fertilizer, with proper guidance. 

UNDERSTANDING OF THE LOCAL SYSTEM IN MANILA AND 
RECOMMENDATIONS 

In 2000 the Republic of the Philippines, Congress of the Philippines, Metro Manila 
passed the “Ecological Solid Waste Management Act of 2000 (ESWM Act)”. This 
act declares that the “State has the responsibility to adopt a systematic, 
comprehensive and ecological solid waste management (SWM) program” 
(PhilippineGovernment, 2000a). The acts primary objectives are progressive, as it 
includes waste avoidance and volume reduction at source and the adoption of 
environmental management practices. It also calls for government departments 
to be responsible for waste management, to engage with Local Government 
Units (LGUs), NGOs and the private sector to meet the objectives of the act.  

The act announces the formation of a National Solid Waste Management 
Commission (NSWMC) that is responsible for overseeing the implementation of 
the act. This commission is also responsible for coordination with the local solid 
waste management boards at the provincial and city level for implementation of 
the act. 

The act proposes a solid waste management hierarchy of responsibilities, 
partnerships, and preferred options in descending order of waste avoidance, 
reduction, reuse, recycling, recovery, treatment and residual management of 
waste (Fig. 15). 
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Figure 15: Solid waste management hierarchy of responsibilities, partnerships, and preferred options [Source: 
(PhilippineGovernment, 2000b)] 

In order to ensure segregation of waste at source and avoid dumping of mixed 
waste by citizens the act states the imposition of fines - PHP 300 (USD 7)10 to 1000 
(USD 23)11 for littering and dumping of waste in public places and PHP 1000 to 
3000 (USD 69)11 for causing or permitting the collection of non-segregated waste. 
Other fines include those for operation of waste dump, transport of bulk waste, 
manufacture, distribution and use of non-environmentally acceptable 
packaging among others. 

Fines and penalties imposed by this act, proceeds of permits and licenses issued 
under this act, and contributions from domestic and foreign sources are to fund 
a Solid Waste Management Fund in the National Treasury that is to be 
administered by the National Solid Waste Management Commission for the 
implementation of this act.  

The act also states the allocation of financial incentives other than tax incentives 
to encourage industries to manufacture environmentally friendly products, and 
to introduce and undertake community activities to promote and propagate 
effective SWM practices. In fact Proctor and Gamble’s ‘Waste to Worth’ team 
carried out a study in the Philippines to understand the composition and amount 
of different waste streams to design an integrated waste management business 
model (P&G, 2014). In association with the ADB, P&G’s team has recommended 
that refuse derived fuel (RDF) be sent to a cement plant in Antipolo, Rizal 
(Anonymous, 2013). 

 
10 Assuming USD 1 = PHP 43 
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RECOMMENDATIONS FOR PHILIPPINES & MANILA 

Ensure implementation of source segregation 
Despite the Ecological Solid Waste Management Act’s progressive 
recommendation of the waste hierarchy for waste management, the act 
proposes provinces and first class cities to adopt the last set of preferred SWM 
options, namely recovery, treatment and residual management. Therefore, local 
authority is supposed to open a controlled landfill facility rather than ensuring 
segregation of waste at source to reduce the environmental impacts of 
municipal solid waste. 

Therefore, in order to deal with the burgeoning waste problem the NSWMC has 
approved the construction of Waste to Energy (WTE) incineration plants that 
have been opposed by environmental groups such as the Philippine Earth Justice 
Center (PEJC) and the EcoWaste Coalition. The PEJC rightly maintains that “the 
WTE runs contrary to the essential ecological and ‘hierarchical’ waste 
management principles such as source reduction and minimization, resource 
recovery, recycling and reuse of wastes. WTE encourages mixing of wastes, in 
clear violation of RA 9003” (Anonymous, 2013). In 1999, the Philippines 
government banned incineration of waste which was touted as a solution to its 
waste problems. Von Hernandez, was awarded the Goldman Environmental 
Prize for his work to stop the spread of incinerators in developing countries 
(Greenpeace, n.d.). However debates on the benefits of this ban are prominent 
in industry and citizen movements. In 2001 the Supreme Court ruled in favour of a 
corporation that was to set up a waste to energy plant as the facility argued that 
its air emissions would be within the emissions standards for stationary sources as 
listed in Section 19 of RA 8749 (DENR, 2002). 

However, as a valuable fraction of recyclables is lost during incineration the most 
environmentally friendly management option, as proposed by the waste 
hierarchy principles, is to ensure and improve source segregation of waste 
instead of incineration. However, incineration can be examined as an option for 
the millions of tons of waste that is already lying in waste dumps around the city 
of Manila. 

Even after more than 10 years after the enforcement of the ESWM Act the 
Metropolitan Manila Development Authority (DENR) said Metro Manila produced 
about 8,400 to 8,600 tons of trash per day, accounting for about 25% of the 
whole country’s waste generation of some 35,000 tons/day (Alave, 2011). In 2004, 
the ADB reports that of the estimated 6,700 tons/day generated only 720 
tons/day, accounting for only 10%, is recycled or composted. The remaining 6000 
tons is “is either hauled to the city’s dump sites, dumped illegally on private land, 
in rivers, creeks, Manila Bay, or openly burned, adding to the heavily polluted air 
shed” (ADB, 2006).  

The government should ensure that tragedies like the one that occurred in 2000 
in Payatas does not occur again. In July 2000, the Payatas landfill was the site of 
a terrible tragedy when a mountain of garbage collapsed following a weekend 
of heavy rain. Fires spread through the site due to methane emissions. Hundreds 
of people went missing of whom the bodies of 205 were recovered (ADB, 2006). 
In September 2012, in accordance with Ordinance No. 8282, the Philipinnes 
government prohibited the use of plastic bags for dry goods and regulated their 
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use for wet goods. This ordinance was to be effective for a period of 1 year. After 
demands from environmental justice groups this ban was extended (Sauler, 
2013). This ban if implemented effectively can significantly reduce the amount of 
plastic waste generated by the city, although its effect on replacement of plastic 
bags with paper bags and thereby its effect on paper waste needs to be 
examined comprehensively. 

Ensure effective implementation of the act by LGUs 
According to the act, LGUs were required to divert at least 25% of all solid wastes 
from waste disposal facilities through re-use, recycling and composting and other 
resource recovery activities from 2000 to 2003 after which the waste diversion 
goals was to be increased every 3 years thereafter. However, no government 
investigations have been made to ensure that the LGUs ensure this level of 
diversion. Furthermore, there are no measures in the act to ensure that the LGUs 
perform their duties effectively or to unambiguously calculate the 25% goal set in 
the ESWM act. The act should be amended to include rules on enforcement of 
the various objectives of the act by citizens, LGUs and other stakeholders.  

Investigate scenarios for least environmental impact from waste 
management rather than commission WTE plants  
This review of life cycle assessment (LCA) impacts of waste processing 
technologies, establishes that anaerobic digestion of food waste with biogas 
production has the least environmental impacts followed by wet and then dry 
feeding of food waste to animals, composting, incineration and then landfilling 
(Patterson et al., 2011, Bernstad and Jansen, 2011, Khoo et al., 2010, Björklund et 
al., 1999, Komilis and Ham, 2004, Kim and Kim, 2010). Exact environmental 
benefits of biogas depend on the environmental profiles of the fuel that it 
substitutes viz. transport fuel, natural gas for heating or cooking, or fuel for 
electricity generation. A thorough investigation of different scenarios with mixes 
of environmentally beneficial technologies for waste management such as 
biogas extraction, composting and recovery of recyclable materials taking into 
account transportation distances and composition of waste is needed to 
propose a waste management system that systematically diverts waste from 
landfills. 

The  Food Always In The Home (FAITH) program in Manila has enabled people to 
produce clean nutritious food in their backyards (Lina, 2014). Programs like this 
that can utilize compost produced from food waste should be included in the 
assessment of scenarios to elucidate an environmentally, socially and 
economically beneficial system for waste management in the city. 

The current trend of commissioning waste to energy plants and options for 
energy recovery from refuse derived fuel (RDF) will cause significant socio-
economic impacts as it restricts the scavenging and recycling of valuable 
materials from waste. Incineration of mixed waste is shown to have higher 
environmental impacts compared to segregation followed by biogas extraction 
and recycling of non-biodegradable materials (Bernstad and Jansen, 2011, Khoo 
et al., 2010, Kim and Kim, 2010, Lee et al., 2007, Güereca et al., 2006). The 
installation of biogas facilities has be made after thorough consideration of the 
hazards and risks of typhoons and earthquakes to these plants, so as to locate 
them in regions that have the lowest risks. 
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Biogas extraction from landfills 
The installation of biogas extraction infrastructure at the Payatas land fill and the 
conversion of the landfill into an eco-park is an achievement for which the 
Payatas Disposal Facility and its associated rehabilitation program of the Quezon 
City government, have received several recognitions including an award from 
the President of the Philippines and the Galing Pook Foundation (LGQC, 2014). 
After the terrible tragedy of 2000 when a mountain of garbage collapsed which 
buried several hundred people the government and local stakeholders have 
ensured the conversion of this hazardous landfill. Similar investments to ensure 
valorisation of other landfills should be undertaken. 

Food waste consumed by poor (Pagpag) 
The poorest of the poor in Manila scavenge for leftover food from trash. This 
leftover food is sold by the name of Pagpag and is bought by the poor who cook 
it and feed their families. Of this practice Melissa Alipalo, a social development 
specialist and a volunteer at the Philippine Community Fund (PCF) says "It is a 
private humiliation of the poor to have to eat off someone else's plate. But it's a 
survival mechanism for the poorest of the poor” (Lah, 2012) Although the 
government National Anti-Poverty Commission (NAPC) warns that eating 
recycled food may cause food-related diseases and can severely compromise 
children’s nutrition, the government needs to do a lot more to eradicate poverty 
and hunger so that people do not have to eat leftovers from trash. Despite the 
NAPCs recommendation that needy families apply for cash transfers to buy food 
instead of eating recycled food from trash several of the poor derive their 
nutrition from food waste (Cabrera, 2008).  

In addition the Philippine government should investigate ways to get excess food 
from restaurants, canteens and hotels to these poor communities as is done by 
organizations such as the Food Donation Connection in USA, Canada, UK and 
Australia (FDC, 2014). 

Studies on slum biodiversity in Bangalore have revealed that several species of 
fruit and vegetable crops were grown by slum dwellers (Gandhi, 2014, Nagendra 
et al., 2014). Slum dwellers were found to grow medicinal herbs, vegetables, and 
ornamental plants in discarded paint cans, plastic bags and old kitchen utensils 
overcoming space constraints. The Philippine Food Always In The Home (FAITH) 
program that has enabled people to produce clean nutritious food in their 
backyards (Lina, 2014) should be supported by the ESWM Act and should 
conduct programs for people living in poor localities to grow their own food 
either in nearby public spaces or in and around their homes.  

CONCLUSIONS 

Food is a vital and basic human necessity; it is also the largest and oldest cause 
of land use and anthropogenic environmental impacts. Agricultural practices 
since the advent of the green revolution in the 1960s have drastically changed 
the way we use energy, chemicals and water in the agricultural sector. The food 
production life cycle is estimated to be the biggest source of air, water and land 
pollutants (emissions, chemical pollutants to the water and land and emissions 
from conversion of forests to farms). It is therefore imperative for us to holistically 
understand the interconnections between the various stages in the life cycle of 
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food to assess its systemic environmental, social and economic impacts (positive 
and negative).  

Current policies, especially in developing countries such as India and the 
Philippines are carried out in a disconnected manner by departments and 
bureaucracies that are interconnected in the real world through linkages in 
resource consumption and cascading impacts but are disjointed in their 
administrative duties. Realising the need for sustainable development through 
holistic development frameworks that support the goals of policy making and 
target setting, several developing countries such as Ethiopia, Jamaica and 
Thailand have made ambitious commitments to adopt cross sector, nation-wide 
sustainability frameworks (Bentley, 2008). In addition to developing a framework 
for sustainable food systems in India and the Philippines that connects the 
agricultural sector with the wholesale, retail and food waste producing sectors 
(households) linkages between departments that govern industry and agriculture 
need to examine ways to reduce contamination of water and soil by industrial 
and agricultural pollutants. The food processing and packaging industry needs to 
be linked to the waste management commissions/department to reduce their 
impacts by implementing means to sustainably process and package food and 
take on extended producer responsibilities (EPR).  

The Life Cycle Assessment (LCA) approach provides a powerful and systematic 
tool to assess the environmental impacts of complex and interconnected systems 
such as the food system and partitioned sectors such as the waste management 
system. This tool is gaining popularity in informing policies that govern and 
manage multifaceted sections such as waste management, and eco-labelling 
(Björklund and Finnveden, 2007, EC, n.d., Gerasimchuk et al., 2012). The data 
requirements for an LCA are intensive, therefore countries such as India and the 
Philippines need to collate relevant life cycle inventories prior to conducting 
LCAs that can inform policies and strategies for overall reduction of 
environmental impact of food. 

Food is not only a major cause for global environmental impact but is also a 
vulnerable recipient of environmental hazards caused by climate change such 
as floods, droughts, and changing rainfall patterns, etc. (Sachs, 2014). These 
hazards and threats will create unpredictable and dire consequences not only 
for food security but transportation, industrial food processing and waste 
management. An improved understanding of the relationship between food (its 
entire life cycle) and climate change supported by structured research 
programmes aimed at improving climate change mitigation and adaptation are 
needed for the entire and food sector (from cultivation to transport to processing 
to consumption to food waste management). 

Despite the overwhelming need for rational, data driven approaches to inform 
policies that drive sustainable production and consumption, literature in 
economics and psychology have increasingly come to accept that as humans 
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we are largely emotional and not rational (Zammit-Lucia, n. d.). We are driven by 
values, intuitions and emotions; rationalization usually comes after we have 
already made a decision based on emotions and intuitions. The universal 
requirement of food and our cultural and traditional attachment to food should 
be harnessed by policies that call for and enforce more sustainable practices in 
our consumption of food and in the generation and management of its waste. 
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