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ABSTRACT / The increased concern about environmental
problems caused by inadequate waste management, as
well as the concern about global warming, promotes ac-
tions toward a sustainable management of the organic frac-
tion of the waste. Landfills, the most common means to
dispose of municipal solid waste (MSW), lead to the con-
version of the organic waste to biogas, containing about
50% methane, a very active greenhouse gas (GHG). One
unit of methane has a global warming potential of 21 com-
puted for a 100-year horizon or 56 computed for 20 years.

The waste sector in Israel contributes 13% of total green-
house gases (GHG) emissions for a time horizon of 100
years (for a time horizon of 20 years, the waste sector con-
tribution equals to more than 25% of total GHG emissions).
The ultimate goal is to minimize the amount of methane
(CH4) by converting it to CO2. This can be achieved by
physicochemical means (e.g., landfill gas flare, incineration)
or by biological processes (e.g., composting, anaerobic
digestion). Since the waste in Israel has a high organic ma-
terial content, it was found that the most cost-effective
means to treat the degradable organic components is by
aerobic composting (investment of less than US$ 10 to re-
duce emission of one ton CO2 equivalent per year). Another
benefit of this technology is the ability to implement it within
a short period. The suggested approach, which should be
implemented especially in developing countries, could re-
duce a significant amount of GHG at relatively low cost and
short time. The development of a national policy for proper
waste treatment can be a significant means to abate GHG
emissions in the short term, enabling a gain in time to de-
velop other means for the long run. In addition, the use of
CO2 quotas will credit the waste sector and will promote
profitable proper waste management.

The threatening global climate change calls for in-
ternational efforts to reduce emissions of greenhouse
gases (GHG), mostly CO2, CH4, and N2O. The extent
to which the emissions of different GHG contribute to
the global warming are calculated in CO2 equivalents
(CO2 eq.), using the global warming potential (GWP)
of the different gases as proposed by the International
Panel on Climatic Change (IPCC 1995, 1996). Since
different GHG have different efficiencies in heat ad-
sorption and different lifetimes in the atmosphere, the
GWP for every gas depends on the chosen planned
time horizon. The GWP of CH4 for a time horizon of 20
years is 56 (compared with CO2 over the same period of
time) and 21 for 100 years. The Kyoto Protocol of 1997,
signed by more than 60 countries (Morrissey and Justus
1999), calls for specific steps to be taken by the differ-

ent parties involved. The developed countries (contrib-
uting about 80% of global GHG emissions) that have
signed the protocol have committed to reduce CO2 eq.
by an average of 5.2% by 2008–2012 as compared with
1990 emissions. This commitment calls for a reduction
plan in consultation with all target groups including,
among others, the country’s starting point and basic
inventory (Bohringer and others 1998), time for imple-
mentation, time horizon of the anticipated effect, tech-
nologic feasibility, and costs. It was estimated (Weyant
1993) that reduction costs could go as high as 2.5% 6
1% of world GDP, a significant part of the world econ-
omy and a very significant expense for less developed
nations. A global effort is devoted to the development
of means to reduce GHG emissions.

The range of alternatives to mitigate GHG emissions
is rather wide, yet several drawbacks should be noted.
For example, the use of renewable energy sources de-
mands research and development and high invest-
ments; this solution is anticipated to play a significant
role in the long term. Changes and improvements in
the industry and power plants demand technological
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changes as well as a supply of alternative fuels (e.g.,
natural gas). Changes in transportation and in energy
demand in residential and commercial buildings are
associated with social changes as well as massive invest-
ments. These examples demonstrate the urgent need
for short- and medium-term solutions, as well as the
need for cost-effective ones.

The waste sector in Israel contributes 13% of total
CO2 eq. emitted in Israel (Avnimelech 1999) for the
100-year time range. This significant contribution is
due to the fact that most of the waste, containing a high
percentage of degradable organic material, is being
landfilled without any methane recovery. It is expected
that changing the technology of waste treatment could
lead to a substantial GHG reduction with relatively low
marginal costs and within a short time. In addition,
better waste management is associated with other envi-
ronmental benefits, i.e., reduction of surface waterbody
and groundwater contamination, preventing waste of
land and resources, etc. The time gained by the
changes in waste management practices could be de-
voted to the development of alternative innovative so-
lutions. We believe that the principals demonstrated
here are relevant worldwide and could be implemented
in other countries as well.

Role of Waste Sector in GHG Emissions
Inventory

The total annual emissions of GHG in Israel, accord-
ing to IPCC (1995) mass balance guidelines, are 62
million tons (Mt) CO2 eq. (Koch and Dayan 1998). Of
this, actual CO2 emissions are 51 Mt/yr; CH4 (meth-
ane) was estimated to contribute 8.9 Mt CO2 eq./yr for
the 100-year time horizon, where 7.8 Mt is due to solid
waste and 200 kt are from wastewater treatment (the
remaining contribution of CH4 is related to the agri-
cultural sector); N2O makes up 2 Mt CO2 eq./yr.

MSW in Israel contains 72% (on weight basis) de-
gradable organic material, including food waste, yard
waste, disposable diapers, and paper products (IEB
1997). Most of the MSW in Israel is disposed of in
landfills. Such values are typical for many other coun-
tries where fresh, unpacked organic food is common.
Degradation of organic matter in landfills is an anaer-
obic process, leading to the generation of biogas (land-
fill gas, LFG) containing roughly 50%–60% methane
(CH4) and 40%–50% CO2 (EPA 1989). Factors such as
waste composition, physical factors (i.e., moisture con-
tent, pH, temperature) and waste disposal practices
(i.e., waste compaction) are the most significant factors
influencing methane generation in landfills.

The contribution of the waste sector, 7.8 Mt CO2 eq.

for the 100-year time horizon, comprises 13% of the
total CO2 eq. emitted in Israel. According to the IPCC
guidelines, the GWP for methane is 21; nevertheless,
using the GWP of 56 for the 20-year time horizon makes
the waste sector a contributor of more than 25% of the
emissions. This point is very important and will be
discussed shortly.

It is reasonable to combine the contribution of MSW
with that of sewage sludge, since the later could be
treated using the same means as MSW. The annual
contribution of wastewater treatment plants is equiva-
lent annually to 200 Kt CO2 eq. for a 100-year horizon
factor, i.e., 0.5% of all GHG emissions. It should be
noted that the potential addition of this sector could go
as high as 1.2 Mt of CO2 eq. The significant difference
is due to the fact that not all 6 million inhabitants of
Israel are connected to central sewage treatment plants
and not all domestic wastewater and sludge is being
treated.

Wastes could be treated by several means, such as
landfilling, composting, incineration, anaerobic degra-
dation, and recycling. A summary of the means and
effects of different waste management alternatives that
lead to GHG emissions mitigation is given in the ap-
pendix. Different waste management alternatives could
lead to a significant decrease of GHG emissions. In
order to reduce GHG emissions, the aim is to convert
CH4 to CO2 (e.g., by incineration). It should be noted
that some of the methods could be applied to the entire
amount of the waste (incineration or landfilling) and in
some methods only the organic part of the waste could
be treated (e.g., composting, anaerobic digestion). In
addition, each method has other benefits (e.g., crop
yield increase due to compost use) and drawbacks (e.g.,
possible N2O emissions in incineration plants, presence
of heavy metals and other impurities in the compost).
Some of these benefits have direct influence on GHG
emissions and they are stated, qualitatively, in Table A
in the appendix. Full conversion of CH4 to CO2 will
reduce the GHG emissions from the waste sector to 2.3
Mt, comprising only 4% of total emitted GHG, as com-
pared to the present 13%.

Economic Evaluation of GHG Emission
Abatement and Alternatives Assessment

There is a need to assess the environmental, eco-
nomic, and social aspects of the alternatives to manage
waste in order to abate GHG. The assessment will not
concentrate solely on the amount of CO2 eq. mitigated,
but also on local conditions such as availability of land,
waste composition, feasibility of implementation of
each alternative, direct and environmental costs etc.
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(Ayalon and others 1999). The chosen integrated waste
management should deliver both economic and envi-
ronmental sustainability.

In order to appraise the abatement costs of GHG
emissions, the investment cost of each alternative was
evaluated. Operating and maintenance (O&M) costs
were not included in this valuation because they are site
specific, highly variable, and a function of factors such
as salaries, transportation, insurance rates, taxes and
prices obtained for recyclables or energy sales, etc. It
should be noted that there is a rough correlation be-
tween investment costs and O&M costs. As a rule of
thumb, O&M represent ca. 40% of the costs of landfill-
ing (Glebs 1989) and 35%–40% of incineration cost
(excluding revenues from energy sales).

Table 1 summarizes the investment costs for each
alternative (given as US dollars of investment for a
metropolitan region producing 1 Mt of waste per year).
Investments required to abate 1 ton of CO2 eq. were
calculated using CH4 multiplying factor of 21 for the
time horizon of 100 years.

The investment to reduce one ton of CO2 eq. by
collecting and burning the LFG in landfills is rather
low, less than US$ 20, and more than twice that for a
system containing energy recovery (EPA 1997a,b). Yet,
these systems can recover only 40%–90% of the emitted
gas (White and others 1995). Incineration of MSW is
the most effective technology, yet the investment is the
highest. Another potential energy recovery system is
anaerobic digestion (AD), producing both biogas and

compost. Systems containing energy recovery devices
are credited for selling energy. For example, selling
electricity at $0.05/kWh will reduce the tipping fee
(TF) at the gate of an incineration plant by $9.4/ton of
waste (Enosh Consultants Ltd. 1996); at an AD plant by
$3.5/ton (de Laclos and others 1997), and at a landfill
that recovers energy from LFG by $1.6/ton (DOE
1993). The investment required to reduce a ton of CO2

eq. by aerobic composting, using the windrow technol-
ogy, is the lowest, but the efficiency of this method to
reduce GHG emission is high. Therefore, the lowest
cost alternative to mitigate GHG emissions from the
waste sector in Israel is to construct composting plants.
In this option, all organic waste will be processed, some
of the materials (i.e., paper, plastics, etc.) will be recy-
cled, and only the nonrecyclable waste that does not
produce GHG will be landfilled. By adopting an inte-
grated waste management approach, a reduction of
8%–9% of total GHG emissions could be achieved at
reasonable costs.

As discussed before, the contribution of the waste
sector to GHG emissions for the time horizon of 20
years is more than 25%. In order to assess the costs of
GHG mitigation for a time horizon of 20 years, we have
recalculated investment costs (presented in Table 1)
using multiplying factor of 56 (Table 2).

It can be seen that the annualized abatement costs of
CO2 eq. emissions are reduced significantly, and in all
waste management alternatives except incineration,
they are US$1/ton CO2 and under. This presentation

Table 1. Investment cost estimates for GHG mitigation from MSWa

Alternative

Size of
typical
plant

(t/day)

Plants
needed

(N)

Investment
per plant
(US$106)b

Total
investment
(US$106)

Investment
costs of

reduction
(US$/ton
CO2 eq.)

Annualized
costs

(15 yr)
(US$/ton
CO2 eq.)

Landfilling 1 400 7 2(1) 14 18 1.21
LFG flare 50%
collection
efficiency

Landfilling 1 400 7 5(1) 35 45 3.02
LFG collection
and energy
recovery 50%
efficiency

Incineration 500 6 50(2) 300 194 12.94
Aerobic composting

90% efficiency
250 12 1(3) 12 9 0.58

Anaerobic digestion 500 6 10(3) 60 39 2.59
aCalculated for a representative city (1.7 million inhabitants) producing 3000 tons MSW per day (1 Mt/yr) for 100 years; emission factor of 21.
The plant sizes were chosen following different performance efficiencies. In each alternative, the total investment was calculated according to the
number of plants needed to treat all waste produced.
bSources: (1)EPA, 1997b; (2)Coopers & Lybrand, 1996; (3)commercial entrepreneurs engaged in waste management in Israel that asked specifically
not to be identified.
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emphasizes the fact that proper waste treatment can be
the most significant means to abate GHG emissions in
the short term, enabling one ‘buy time‘ and develop
other means for the long run.

External Credits Related to GHG Emission
Abatement

As discussed above, some of the alternatives of waste
management can produce energy and be credited for
selling it. In addition, an external credit should be
given to these plants since they are replacing CO2

emissions from conventional power plants. In the
present analysis these plants are not credited for it. Our
calculations show (Table 1) that the annualized costs of
reducing 1 ton CO2 eq. from landfills by collecting and
recovering energy from methane are US$3, similar to
the US$2.75–5.5/ton of CO2 abated (Augenstein
1997). The annualized costs needed to reduce 1 ton of
CO2 eq. by a LFG flare or aerobic or anaerobic com-
posting plants are even lower.

A world market for trading CO2 emission permits
among countries is presently proposed. The details of a
potential trading system as well as the price of these
permits have yet to be negotiated at an international
level (Bertram 1996, Cansier and Krumm 1997). The
anticipated advantages of this mechanism over other
approaches are its potential to minimize the costs of
achieving a given level of GHG abatement and its cer-
tainty in meeting emission targets. A simulation model
to assess the influence of carbon dioxide emission per-
mit prices on welfare costs of several European coun-
tries was based on a tradable carbon permit price of
US$ 8.4–13.13/ton (for the year 2000) up to US$182–
235 (for the year 2020) (Bohringer and others 1998). It
can be seen clearly that this mechanism will encourage
the waste sector that will be credited by the value of the
GHG emission reduced. This mechanism will encour-
age investments in alternatives such as flaring LFG or
composting, regardless of any political decision. Fur-
thermore, producing energy from waste not only re-

duces the need to produce energy from conventional
resources, it can also reduce the need to buy carbon
permits and even create available credits for sale. For
example, the avoided emissions of CO2 by energy re-
covery from LFG, anaerobic digestion, and incineration
are 23.5, 50.1 and 137.6 kg CO2 eq./ton of waste,
respectively (Table A in the appendix). By using a value
of US$100/ton carbon (i.e., US$27.5/ton CO2 eq.), the
benefits from the above alternatives are US$ 0.64$, US$
1.37, and US$ 3.78/ton of waste, respectively, or 0.8
cents/kWh in each of these alternatives.

Discussion and Conclusions

Increased concerns about global warming, as well as
awarenes of the environmental problems caused by
inadequate waste management in developing coun-
tries, provide an important additional rational for a
sustainable management of the organic fraction of the
waste. This international concern is the major driving
force in recent legislation in Europe to reduce the
amount of biodegradable organic fraction of waste en-
tering landfills (EU 1996, Petersen 1997), with Ger-
many leading (Stegmann 1997), as well as in several
states in the United States (Friesen 1999).

The investments required to abate GHG emissions
from other sectors (e.g., switch from coal to natural gas
in power stations, clean and renewable energy sources,
improved energy production and industrial processes,
improvements in transportation) are very high and a
long time period is needed for their implementation.
Reducing GHG emission by proper treatment of waste
is cheaper than the above-mentioned alternatives, and
it is even cheaper than the price of carbon permits (if
an emission trading mechanism is available). There-
fore, on a national basis, there is a clear incentive to
invest in these infrastructures and even possibly create
available permits for international trade. One can visu-
alize the financing of waste treatment facilities by the
industry or the industrial countries, based upon trans-
fer of emission permits. Expeditious reduction in the

Table 2. Investment costs estimates for GHG mitigation from MSWa

Alternative

Efficiency of
CH4 reduction

(%)

Investment costs
of reduction

(US$/ton CO2 eq.)

Annualized costs
(15 yr)

(US$/ton CO2 eq.)

Landfilling with LFG flare 50 6 0.41
Landfilling with energy recovery 50 16 1.03
Incineration 100 67 4.43
Aerobic composting 90 3 0.21
Anaerobic digestion 100 13 0.9
aCalculated for a representative city producing 3000 tons MSW per day (1 million tons per year) for 20 years; emission factor of 56.
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waste sector is needed for an immediate transition pe-
riod as an immediate solution enabling the develop-
ment of long-range environmental changes in other
sectors. The major effects of these steps are aimed at a
short to medium transition period. This fact justifies
the evaluation based on a 20-year time horizon (instead
of the conservative time range of 100 years).

It was found that by comparing the alternatives
within the waste sector, the most cost-effective alterna-
tive to reduce GHG emissions from MSW is to compost
it aerobically. The composting option does not require
high investments, produces a product that can be
readily utilized by the agricultural sector, and seems to
be an available interim solution to mitigate GHG emis-
sion by most countries. In addition, the composting
option carries a positive credit for the production of
compost, an efficient soil amendment, especially in
arid, semiarid, and other impoverished soils. A consis-
tent 10%–20% yield increase over and above the yield
obtained with normal fertilizer additions was found
following the addition of compost (Avnimelech 1995).
It should be emphasized that quality compost that is to
be used freely for gardening and sustainable farming
has to be free of glass, heavy metals, and other hazard-
ous materials. In order to get clean compost, source
separation is required. This requires a suitable infra-
structure and the use of two different containers at
home and at the curb, followed by massive public edu-
cation. It should be emphasized, however, that stricter
regulations regarding open composting plants and de-
mand for closed ones might change the overall picture
and call for further studies. The approach presented
here calls for expanding these efforts, especially in the
developing countries, characterized by a high organic
matter fraction in the MSW. Assuming that changes in
the waste sector are publicly and politically accepted
and technically feasible, the time needed for imple-
mentation is short and the effect is significant.

Judging from the Israeli case study, it may be as-
sumed that a concentrated effort in this direction may
reduce national GHG emissions by about 10%. This
seems to be an achievable and affordable short and
medium range alternative that deserves concentrated
national and international effort. The dominant effect
of MSW on GHG emissions and global climate change
calls for intensive scientific, economic, and political
efforts in order to minimize the emissions from this
sector. The benefits from proper waste management
will not only contribute significantly to the reduction of
GHG emissions, but it will play a significant role in
other environmental areas, such as sustainable manage-
ment of the waste as well as resource conservation.
Reducing GHG emission by proper waste management

is not the only means, but is the most available and
feasible one. Further technological and scientific ef-
forts should be devoted to the development of other
sustainable, long-term solutions.

Literature Cited

Augenstein, D. 1997. Economics, ‘externalities‘ and landfill
gas energy. Pages 650–658 in T. H. Christensen, R. Cossu,
and R. Stegmann (eds.), Proceedings, Sardinia 97, 6th in-
ternational landfill symposium, vol. II. CISA Environmental
Sanitary Engineering Centre, Cagliary.

Avnimelech, Y. 1995. Agronomic utilization of MSW compost:
principles and application. Page s-32 in W. Bidlingmaier
and R. Stegmann (eds.), Proceedings—First international
symposium—biological waste management: A wasted
chance? University of Essen, Technical University of Ham-
burg-Harburg.

Avnimelech, Y. and others (ed.). 1999. Policy document—
mitigation of GHG emissions. Submitted to the Ministry of
Environment, Israel. The S. Neaman Institute For Ad-
vanced Studies in Science & Technology, 130 pp.

Ayalon, O., Y. Avnimelech, and M. Shechter. 1999. Issues in
designing an effective solid waste policy: The Israeli expe-
rience. Pages 389–406 in T. Sterner (ed.), The market and
the environment: The effectiveness of market based instru-
ments for environmental reform. Edward Elgar, UK.

Bertram, I.G. 1996. Tradable emission quotas, technical
progress and climate change. Environment & Development
Economics 1:465–487.

Bohringer C., J. Jensen, and T.F. Rutherford. 1998. The cost
of carbon abatement in 6 EU countries: Implications of
alternative baseline energy projects. Ministry of Business
and Industry, Denmark. Working paper 1/98, 31 pp.

Cansier, D., and R. Krumm. 1997. Analysis—air pollution
taxation: An empirical survey. Ecological Economics 23:59–70.

Coopers & Lybrand. 1996. Cost-benefit analysis of the differ-
ent municipal solid waste Management systems: Objectives
and instruments for the year 2000. Final report to the
European Commission, DGXI, 53 pp.

de Laclos, H. F., S. Desbois, and C. Stinmuller. 1997. Anaer-
obic Digestion of source sorted waste: results of Valorga
full-scale plant in Tilburg (NL). Pages 25–28 in E. Stenti-
ford (ed.), ORBIT 97. Zeebra Publishing, Manchester UK.

DOE. 1993. Externalities from landfill and incineration. A
study by CSERGE and EFTEL. HMSO, Edinburgh, UK.

Enosh Consultants Ltd. 1996. Analysis of waste management
externalities. Report to the Ministry of Environment (in
Hebrew).

EPA. 1989. Decision-makers guide to solid waste management.
EPA/530-SW-89-072, 153 pp.

EPA. 1997a. Energy Project LFG utilization software (E-
PLUS). EPA 430-B97-006. WWW site: www.epa.gov/global-
warming

EPA. 1997b. Feasibility assessment for gas-to-energy at selected
landfills in Sao Paulo, Brazil. EPA 68-W6-0004.

Epstein, E. 1997. The science of composting. Technomic
Publishing, Lancaster, Pennsylvania, 487 pp.

Waste Treatment and GHG Mitigation 701



EU. 1996. Strategy Paper for Reducing Methane Emissions
Communication from the Commission to the Council and
the European Parliament COM (96) 557 http://europa.e-
u.int/comm/dg11/docum/96557en.pdf

Friesen, B. 1999. Composting key to meeting landfill organics
ban. BioCycle Vol. 40(2):31–33.

Glebs, R.T. 1989. Subtitle D: How will it affect landfills? Waste
Alternatives 1(3):56–64.

Haug, R.T. 1993. The practical handbook of compost engi-
neering. Lewis Publishers, Boca Raton, Florida, 717 pp.

IEB. 1997. Integrated solid waste management. Israel Environ-
ment Bulletin 20:2–6 (in Hebrew).

IPCC. 1995. IPCC guidelines for national greenhouse gas
emission inventories, 3 vols: Reference manual, reporting
guidelines, and Workbook. UNEP/OECD/IEA/IPCC.
IPCC WGI Technical Support Unit, Hadley Center Meteo-
rological Office, Bracknell, UK.

IPCC. 1996. Climate change 1995: Impacts, adaptations and
mitigation of climate change: Scientific–technical analyses.
In R.T. Watson, M.C. Zinyowera and R.H. Moss, (eds.),
Cambridge University Press, Cambridge, 879 pp.

Koch, J., and U. Dayan. 1998. Inventory of emissions and remov-
als of greenhouse gases in Israel, Part A: Carbon dioxide and
methane. Soreq Nuclear Research Center, Israel.

Meadows, M., F. Franklin, D. Campbell, and P. Riemer. 1997.
Global methane emissions from solid waste disposal sites.
Pages 3–10 in T. H. Christensen, R. Cossu, and R. Stegmann
(eds.), Proceedings, Sardinia 97, 6th international landfill
symposium, vol IV. CISA Environmental Sanitary Engineer-
ing Centre, Cagliary. 3–10.

Morrissey, W.A., and J. R. Justus. 1999. Global climate change.
Committee for the National Institute for the Environment.
http://www.cnie.org/nle/clim-2.html

Petersen, H. 1997. Commission of the European Communi-
ties: Proposal for a council directive on waste landfilling.
Pages 25–46 in T. H. Christensen, R. Cossu, and R. Steg-
mann (eds.), Proceedings, Sardinia 97, 6th international
landfill symposium, vol V. CISA Environmental Sanitary
Engineering Centre, Cagliary.

Speece, R. E. 1996. Anaerobic biotechnology for industrial
wastewaters. Archae Press, Nashville, Tennessee.

Stegmann, R., 1997. German landfill regulations and related
problems. Pages 3–8 in T. H. Christensen, R., Cossu, R.
Stegmann (eds.), Proceedings, Sardinia 97, 6th interna-
tional landfill symposium, vol. V. CISA Environmental San-
itary Engineering Centre, Cagliary.

Weyant, J.P. 1993. Costs of reducing global carbon emissions.
Journal of Economic Perspective 7(4):27–46.

White, P. R., M. Franke, and P. Hindle. 1995. Integrated solid
waste management: A life cycle inventory. Blackie Academic
& Professional, 362 pp.

Appendix: Summary of Means and Effects of
Different Waste Management Alternatives
Leading to GHG Emissions Mitigation

Known and commercially available methods for
waste management are listed in Table A. Indirect ef-

fects are listed in addition to the direct effects. The
direct abatement is achieved through the conversion of
methane to CO2. Indirect effects, positive or negative,
are, for example, reducing electricity production in
conventional power plants, increasing carbon seques-
tration in the soil or producing GHG by hauling waste
for long distances. Some of the indirect, external effects
were quantified (e.g., avoided emissions from conven-
tional energy sources); others are given only in quali-
tative terms (e.g., carbon sequestration).

The present situation in Israel, where about 90% of
the waste generated in 1996 was landfilled, without any
extraction of LFG, serves as the reference point. Extrac-
tion and burning of LFG reduces the emissions of
methane, yet recovery rate efficiencies vary from 40%
to 90% (White and others 1995, Meadows and others
1997). In our analysis we assumed 50% LFG collection
efficiency. When LFG is used for energy production,
CO2 emission is further reduced indirectly due to the
production of electricity and replacement of the equiv-
alent CO2 emissions from conventional power plants. It
was estimated (DOE 1993) that 80 kWh could be pro-
duced from 1 ton of MSW, equivalent to 23.5 kg CO2

emitted from a conventional power plant. It was esti-
mated (Meadows and others 1997) that by the year
2025, only 40%–50% of LFG will be collected in North
America, Western Europe, and Oceania and just 10%
in developing countries. These figures emphasize the
need to implement other waste management technol-
ogies in order to achieve a more significant reduction
in GHG mitigation.

A very effective means to reduce GHG emissions is to
incinerate the waste. This process is assumed to convert
all carbon to CO2 and thus to reduce GHG emissions to
only 4% of Israel’s national emissions inventory. In
cases where energy is recovered, it was assumed (Enosh
Consultants Ltd 1996) that 1 ton of Israeli waste will
produce 468 kWh and thus the process is further cred-
ited by 138 kg CO2 for avoiding electricity production
in conventional power plants.

The third group of options is to compost the waste,
either by using aerobic (Epstein 1997, Haug 1993) or
anaerobic process and subsequent burning of the bio-
gas, generally, with energy recovery (Speece 1996). For
both technologies, about half the organic carbon re-
mains in the compost and is slowly released to the soil
(Epstein 1997). Part of the carbon is sequestered in the
soil for a long time period. Compost is used in farmland
to raise soil fertility and crop yield. In a series of farm-
scale experiments, conducted in several areas in Israel,
it was shown that expected yield increase is 10%–20%
for an application of about 10 tons of compost per
hectare (Avnimelech 1995). These figures are equiva-
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lent to an increased carbon fixation on the order of 2
tons CO2/ton dry compost.

Finally, recycling of industrial raw materials (espe-
cially paper) and/or waste minimization, obviously lead

to direct and indirect reduction of GHG emissions.
These options should be dealt with specifically accord-
ing to each component of the waste and its relative
contribution to GHG mitigation.
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Table A. GHG emissions mitigation means by waste management: quantities calculated for Israel, 1996

Alternative
GHG emissions, considerations and assumptions

(1 5 increase ,2 5 decrease)

CO2 eq.
reduction (kt

yr) a

Landfilling
Without LFG treatment MSW sector contributes 13% of total GHG

emissions in Israel, 1996 using CH4 factor of 21
(100 yr horizon)

baseline no
mitigation of
CH4

2 Credit for long term carbon storage in landfills
1 Transport emissions to landfill

With LFG flare
(assuming 50%
efficiency)

2 CH4 is converted to CO2
2 Credit for long-term carbon storage in landfills
1 Transportation emissions to landfill

2,782 (7,418)

With LFG energy
recovery (assuming
50% efficiency)

2 CH4 conversion to CO2
2 Avoided emissions from conventional energy

sources

2,782 (7,418)
94

2 Credit for long term carbon storage in landfills
1 Transportation emissions to landfill

Incineration
Without energy

recovery
2 CH4 conversion to CO2, total emissions

comprise only 4% of total GHG emissions in
Israel, 1997

5,564 (14,837)

1 N2O emissions
1 Transportation emissions to incineration plant

With energy recovery 2 CH4 conversion to CO2 5,564 (14,837)
2 Avoided emissions from conventional energy

sources
548

1 N20 emissions
1 Transportation emissions to incineration plant

Aerobic composting
(assuming 90%
efficiency)

2 CH4 conversion to CO2
2 Increase in soil carbon storage
2 Increase in crop yield and carbon uptake (1 ton

dry matter 5 2 ton CO2)
1 Transportation emissions to composting plant
1 Compost machinery emissions

5,000 (13,333)

Anaerobic digestion
(assuming 100%
efficiency)

2 CH4 emitted burnt to CO2
2 Avoided emission from conventional energy

sources
2 Increase in crop yield and carbon uptake (1 ton

dry matter 5 2 ton CO2)
1 Transportation emissions to AD plant

5,564 (14,837)
200.4

Recycling 2 In some products: Decrease in energy
consumption due to lower energy requirements
(compared to manufacture from virgin inputs)

Need specific
information for
each component

2 Paper recycling prevent logging and increases
forest carbon sequestration

1 Transportation emissions- to recycling plant

Source reduction 2 Decrease in energy consumption due to lower
production

2 Decrease in process emissions
2 Less consumption of wood & paper products

increases forest carbon storage
2 Avoided transportation emissions

Need specific
information for
each component

aCalculations for 4 million tons of MSW for a time horizon of 100 years. Values in parentheses represent equivalent CO2 for a 20-year horizon.
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