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Topic 6: Optimal Waste Management Pathways 
 

RESEARCH QUESTION(S)  

 Which materials flow pathways provide the greatest greenhouse gas (GHG) reduction benefit or 

make end-use markets most viable? (Pathway evaluation could compare, for example, managing 

food compostables and green yard and wood wastes separate from municipal solid waste (MSW), 

versus managing yard and wood waste in one stream and merging food compostables into the 

MSW waste stream for segregation).  Include technologies such as anaerobic digestion, pyrolysis, 
gasification, etc. 

Note:  Given time and budget constraints, the literature review for this topic was limited to 

research that addresses GHG reduction benefits, not how different pathways could influence the 
viability of end-use markets.   

 How sensitive are the results (identification of optimal vs. sub-optimal pathways) to different 

local conditions as well as different modeling assumptions (e.g. energy displaced by waste-to-

energy, treatment of land-use related fluxes including carbon storage in landfills, use of 20-year 
vs. 100-year global warming potentials, etc.)? 

 How do the costs of the various materials flow pathways compare, both for recyclers and local 

governments? 

 What market factors drive the cost effectiveness of various materials flow pathways in a given 

location/situation? 

 

SUMMARY OF KEY FINDINGS 

Waste Management Hierarchy 

The solid waste management hierarchy generally holds true when examining optimal waste management 
pathways for GHG reduction benefits. 

 Source reduction (e.g. drinking water from a glass versus purchasing bottled water) and recycling 

were confirmed at the top of the hierarchy. Recycling tends to provide the most benefit in terms 

of net energy. 

 Recycling of some materials such as paper and plastics is generally favored over waste-to-energy 

(WTE) and landfilling, however the end use of plastics as a wood substitute makes incineration 

more favorable. So recycling can potentially fail against WTE in some life cycle analysis (LCA) 

categories in certain conditions. 

 WTE is generally favored over landfilling, except in certain instances (e.g. the waste is 

transported over long distances). 

 A pathway’s environmental impact depends on both the properties and the life cycle impacts of 

the product being substituted. 

 There were quite a few studies on which organics diversion strategies (e.g. anaerobic digestion 

(AD), gasification, hydrolysis) maximized GHG reduction. Anaerobic composting and AD seems 

to give better results than WTE or landfill gas-to-energy (LFGTE). 
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 One study found that pyrolysis was better than WTE on four LCA categories. 

 Another study found that on a global scale, landfilling ranked the worst, behind WTE and 

material recovery when considering energy and material balance factors. 

 
Life Cycle Analysis 

Life cycle analyses (LCAs) are being used to assess GHG emissions of different solid waste management 

pathways. 

 Some LCA’s were used to compare the landfilling of waste to the WTE option.  Some studies 

show WTE to be the superior method relative to GHG emissions while another LCA 
methodology yields results that indicate varying results which are determined by a series of study 

factors. 

 If upstream considerations of MSW as fuel are calculated, MSW is a very GHG intensive fuel. 

 Many robust (e.g., peer-reviewed) free and proprietary LCA tools are being used for this purpose, 

however there are few studies available that compare the results of lesser-known models with the 
results of the more publicly available models (e.g. EPA’s  Waste Reduction Model (WARM)).  

Local boundary conditions and inputs vary greatly from study to study including but not limited 

to waste composition, electricity conversion efficiency, scrap metal recovery and LCA time 
horizon. 

 Using a GHG lens may mask other environmental opportunities/impacts such as abiotic (soil, 

minerals, etc.) depletion, human toxicity potential etc. Many LCA studies seemed to use some but 

not all LCA categories in their evaluations. 

 
Specific Waste Streams 

 Domestic end uses for PET plastic seem to have slightly smaller impacts when compared to 

shipment to end markets abroad. Compared to other scenarios, remanufacture into clothing at end 

markets abroad generates the highest impacts. 

 Studies of paper and plastic film packaging were also evaluated. 

 Recovery of scrap metal from MSW is consistently cited because of its upstream high water and 

energy footprint. 

 Successful recycling of televisions can be maximized in the design phase by minimizing the 

usage of plastics, such as PVC.  This approach advocates mechanical recycling of plastics, which 

yields lower GHG emissions when compared to WTE. 

 Upstream considerations including material design and selection can provide significant 

downstream environmental benefits. 

 Wood fiber environmental impacts can be influenced by forest management practices, fuels used 

and discard management. 

 Recycling, incineration and landfilling, is the generally preferred pathway for paper (multi-aspect 

lenses). 

 
Zero Waste Strategies 

 Existing LCA models to various degrees inform the zero waste approach as a policy solution but 

may not account for all environmental and economic impacts of a proposed action. A few studies 

used MEBCalc
TM

 (Measuring Environmental Benefits Calculator) to summarize its results to 
estimate costs to human health and ecosystems in dollar values. 

 Some environmental problems must be solved step by step due to technological, economic and 

social constraints.  Achieving reuse and approaching the ideal target of zero emissions may 

require that we have to first make decisions at the state or local level which may appear to some 
to contradict the zero waste approach (e.g., issuing a permit to continue operations of an existing 

landfill for five more years). 
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Government Actions 

Policies and regulations can drive and shape strategies: 

 Waste diversion is a powerful policy tool, but results require a long lead time. 

 Methane recovery for historic waste is important to capture GHG emissions and may provide 

economic benefit. 

 Policy options are available to prevent waste from entering landfills including Extended Producer 

Responsibility and landfill bans on specific materials. 

 If strong diversion policies do not exist, then a stronger methane recovery program can 

developed. 

 

Other Key Findings 

 Several sources offered proposals to integrate end-of-life EOL strategies in the early design 

phases of specific products, such as electronics and electrical equipment. 

 Some sources were devoted to the theory and methodology of select LCA models. While these 

sources give useful yet very technical background knowledge, there appears to be little research 
on what are the barriers to more widespread acceptance or usage of LCA models in planning (e.g. 

incorporation into state and county Integrated Solid Waste Management (ISWM) plans) or in 

more ministerial applications (e.g. how they can better inform the state solid waste permitting 
process).  

 None reviewed gave attention to impacts of ISWM actions on an individual or personal scale. The 

sources reviewed focused on either a model, evaluated life-cycle impacts of several ISWM 

methods, and/or were case studies of towns, cities, counties, a few states, or even on a global 

scale. 

 

STATE OF KNOWLEDGE AND INFORMATION GAPS 

LCA Modeling 

While some tools for measuring GHG emissions and reduction benefits are available, there seem to be 

few studies available that compare the results of lesser-known models with the results of the more 

publicly available models (e.g. WARM). 

 

LCA tools need to be enhanced to have the capacity to account for local conditions including MSW 

processing & separation infrastructure, WTE facilities, and local markets for reuse and remanufacture 
(reman). 

 

Perhaps further research is needed on what are the barriers to more widespread acceptance or usage of 
LCA models in planning activities (e.g. incorporation into state and county ISWM plans) or in more 

ministerial applications (e.g. how they can better inform the state solid waste permitting process). 

 

Furthermore, there appears to be a dearth of research on the LCA impacts of ISWM actions on a more 
personal scale (e.g. home composting). Of course there are exceptions, such as EPA’s iWARM 

(individual Waste Reduction Model), but iWARM was not among the list of sources reviewed.  

 

Optimal EOL Strategies 

There is a lack of research showing the benefits from a carbon standpoint on different recycling end uses.  

For instance, what is the GHG emission difference between turning glass into glasscrete locally versus 

shipping out-of-state for reman; or local reman of tires into playground surfacing versus delivery to the 
local WTE plant or shipment to mills abroad.  

 

Optimization studies should also be conducted for hard-to-recycle wastes such as auto-shredder residue 
(ASR), aka “fluff,” and sterilized contaminated sharps.  
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End use evaluations for individual material types are needed to better understand processing and 
economic development options.   

 

Better understanding of pros and cons for single-stream and multi-stream recycling is needed. 

 

Cost Studies 

Only a few studies by economists were found that link ISWM decisions to monetary values, or that 

estimate the environmental results of an LCA model in terms of dollars. 
 

BIBLIOGRAPHY 

ARI. "Evaluation of Municipal Solid Waste Conversion Technologies." Prepared for City and County of 

Santa Barbara, California by Alternative Resources, Inc. (ARI). April 2008. 

Bahor B.; Van Brunt M.; Weitz K.; Szurgot A. "Life-cycle assessment of waste management greenhouse 

gas emissions using municipal waste combustor data." Journal of Environmental Engineering, v136, n8 

(749-755). 2010. 

Bogner, J., M. Abdelrafie Ahmed, C. Diaz, A. Faaij, Q. Gao, S. Hashimoto, K. Mareckova, R. Pipatti, T. 

Zhang. Waste Management, In Climate Change 2007: Mitigation. Contribution of Working Group III to 

the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, O.R. 

Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, Cambridge, United 

Kingdom and New York, NY, USA. 

CIWMB. "Evaluation of Existing Municipal Solid Waste/Life Cycle Assessment Tools." Prepared for 

California Integrated Waste Management Board by RTI International. February 2007. 

CIWMB. "Life Cycle Assessment and Economic Analysis of Organic Waste Management and 

Greenhouse Gas Reduction Options." Prepared under contract for California Integrated Waste 

Management Board (CIWMB) by RTI International, R.W. Beck, Sally Brown, and Matthew Cotton. 

October 2009. 

CM Consulting. "Measuring the benefits of composting source separated organics in 

the Region of Niagara." Prepared for The Region of Niagara. 2007. Available at: 

http://compostingcouncil.org/admin/wp-content/uploads/2011/03/Measuring-the-benefits-of-composting-

source1.pdf. 

Cherubini, F., S. Baragigli, S. Ulgiati. "Life cycle assessment (LCA) of waste management strategies: 

Land filling, sorting plant and incineration." Energy, 34(12):2116-2123. 2009. 

Cherubini F.; Bargigli S.; Ulgiati S. "Life cycle assessment of urban waste management: Energy 

performances and environmental impacts. The case of Rome, Italy." Waste Management, v28, n12 (2552-

2564). 2008. 

Dodbiba G.; Takahashi K.; Sadaki J.; Fujita T. "The Recycling of Plastic Wastes from Discarded TV 

Sets: Comparing Energy Recovery with Mechanical Recycling in the Context of Life Cycle Assessment." 

Journal of Cleaner Production, v16, n4 (458-470). 2008. 

http://compostingcouncil.org/admin/wp-content/uploads/2011/03/Measuring-the-benefits-of-composting-source1.pdf
http://compostingcouncil.org/admin/wp-content/uploads/2011/03/Measuring-the-benefits-of-composting-source1.pdf


5 
 

EPA. 2006. Solid Waste Management and Greenhouse Gases: A Life-Cycle Assessment of Emissions and 

Sinks; 3rd Edition.  September 2006.   

Edelmann, W., Baier, U., & Engeli, H. "Environmental aspects of the anaerobic digestion of the organic 

fraction of municipal solid wastes and of agricultural wastes." Water Science and Technology, 52 (1-2), 

203-208. 

Eriksson, O., et al. "Municipal solid waste management from a systems perspective." Journal of Cleaner 

Production, 13 (3), 241-252. February 2005. 

Farrell, M. and D.L. Jones. 2009. Critical evaluation of municipal solid waste composting and potential 

compost markets. Bioresource Technology, 100(19): 4301-4310.  

Finnveden, G., Johansson, J., Lind, P., & Moberg, A. "Life cycle assessment of energy from solid waste - 

part 1: general methodology and results." Environmental Assessments and Waste Management, 13 (3), 

213-229. February 2005. 

Gehin et al.  "A tool to implement sustainable end-of-life strategies in the product development phase." 

Journal of Cleaner Production, 16:5, 2008.  

Gustafson, Rick et.al (2009). "Organic Waste to Resources Research and Pilot Project Report: Converting 

Washington Lignocellulosic Rich Urban Waste to Ethanol". Washington State Department of Ecology. 

Hansen, T. L., Bhander, G. S., Christensen, T. H., Bruun, S., & Jensen, L. S. "Life cycle modeling of 

environmental impacts of application of processed organic municipal solid waste on agricultural land 

(Easewaste)." Waste Management & Research, 24 (2), 153-166. April 2006. 

Kaplan, P. O., Ranjithan, S. R., & Barlaz, M. A. "Use of Life-Cycle Analysis To Support Solid Waste 

Management Planning for Delaware." Environmental Science & Technology, 43 (5), 1264-1270. January 

2009. 

Levis, J.W., Barlaz, M.A., "Is Biodegradability a Desirable Attribute for Discarded Solid Waste? 

Perspectives from a National Landfill Greenhouse Gas Inventory Model." Environmental Science and 

Technology (web). 2011. doi: 10.1021/es200721s. 

Lou, W.F., and J. Nair. 2009. The impact of landfilling and composting on greenhouse gas emissions – A 

review. Bioresource Technology. 100 (16): 3792-3798. 

Lu, H.W., G.H. Huang, L. He, G.M Zeng. (2009) An inexact dynamic optimization model for municipal 

solid waste management in association with greenhouse gas emission control. Journal of Environmental 

Management, 90(1): 396-409.  

Mazzanti M.; Montini A.; Zoboli R. "Municipal waste generation and the EKC hypothesis new evidence 

exploiting province-based panel data." Applied Economic Letters, v16, n7. 2009. 

Morris J. "Bury or burn North America MSW? LCAs provide answers for climate impacts & carbon 

neutral power potential." Environmental Science and Technology, v44, n20 (7944-7949). 2010. 



6 
 

Morris, J., H. S. Matthews, & C. Morawski. "Review of LCAs on Organics Management Methods & 

Development of an Environmental Hierarchy." Prepared for: Alberta Environment. February 2011. 

Munster, M; Lund H. "Comparing Waste-to-Energy technologies by applying energy system analysis," 

Waste Management, 30 ( 7, Sp. Iss. SI ): p 1251-1263 July 2010. 

Nakatani J.; Fuji M.; Moriguchi Y.; Harao M. "Life-cycle assessment of domestic and transboundary 

recycling of post-consumer PET bottles." International Journal of Life Cycle Assessment, v15, n6 (590-

597). 2010. 

OECD. "SSM Case Study on Wood Fibres." Organization for Economic Co-operation and Development 

(OECD): Working Group on Waste Prevention and Recycling. 29 September, 2009. 

ENV/EPOC/WGWPR (2009)9. 

Rabl A.; Spadaro J.V.; Zoughaib A. "Environmental impacts and costs of solid waste: a comparison of 

landfill and incineration." Waste Management and Research, v26, n2 (147-162). 2008. 

Solano, E., S.R.Ranjithan, M.A. Barlaz, E. D. Brill (2002) Life-Cycle-based Solid Waste Management. I: 

Model Development. J. Envir. Engrg,128(10): 981-992  

Tellus Institute. "Assessment of Materials Management Options for the Massachusetts Solid Waste 

Master Plan Review." Submitted to Massachusetts Department of Environmental Protection by Tellus 

Institute, in partnership with Cascadia Consulting Group and Sound Resource Management. 2008. 

URS Corporation. 2005. "Summary Report: Evaluation of Alternative Solid Waste Processing 

Technologies."  Prepared for City of Los Angeles Department of Public Works by URS Corporation. 

September 2005. 

Villanueva, Alejandro. "Review of existing LCA studies on recycling and disposal of paper and 

cardboard." European Environment Agency. 2004. 

Wagner, K. & Peterson, T. "Impacts of Comprehensive Climate and Energy Policy Options on the U.S. 

Economy." Johns Hopkins University Center for Climate Strategies. July 2010. 

Zaman, A.U. "Comparative study of municipal solid waste treatment technologies using life cycle 

assessment method." Int. J. Environ. Sci. Tech., 7(2): 225-234, 2010 

 


