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Course Objective:  

To equip you with understanding, strategies and decision 
making tools for advancing toward sustainable waste 
management. 
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III. Evaluation Tools 
      Section Objective 

To present a brief introduction to tools that are available 
to assist with planning integrated solid waste 
management systems. 

 

 

“If you want to teach people a new way of thinking, don't 
bother trying to teach them. Instead, give them a tool, the 
use of which will lead to new ways of thinking.” Richard 
Buckminster Fuller 

 



III. Evaluation Tools 
      Overview 

• Material Flow Analysis 

• Greenhouse Gas Accounting 

• Life-Cycle Assessment Models 

– EASEWASTE (DTU) 

– WARM (USEPA) 

– SWOLF (NCSU) 



III. Evaluation Tools 
      Material Flow Analysis 

Source: The Weight of 
Nations, WRI (2000) 



III. Evaluation Tools 
      Greenhouse Gas Accounting 

• International Standards (not source specific) 

– ISO 14064 Stds for Greenhouse Gas Accounting & Verification 

– “GHG Protocol” Accounting Framework (WRI/WBCSD) 

• Standards Specific to Waste Management 

– EpE Protocol for the Quantification of GHG Emissions from 
Waste Management Activities (fully compatible with the 
international standards listed above) 

– USEPA’s GHG Reporting Program, Subpart HH for Municipal 
Solid Waste Landfills  (40 CFR 98.340) 



III. Evaluation Tools 
      LCA Models - Overview 

Life-Cycle Assessment Process: 

• Define the system boundary 

• Inventory inputs and outputs 

• Evaluate environmental impacts 

• Interpret results 



III. Evaluation Tools 
      LCA – Los Angeles County Example 

By Dung Kong, Ray Huitric, Mario Iacoboni and Grace Chan 



III. Evaluation Tools 
      LCA Models - EASEWASTE 

• Environmental Assessment of Solid Waste 
Systems and Technologies (EASEWASTE) 
developed at the Technical University of 
Denmark (DTU) 

• “Global Warming Factors Modelled for 40 
Generic Municipal Waste Management 
Scenarios,” Christensen, Simion, Tonini and 
Moller, Waste Management & Research, 2009. 
 



III. Evaluation Tools 
      LCA Models - EASEWASTE 

Source: Christensen, Simion, Tonini, Moller (2009) 



III. Evaluation Tools 
      LCA Models - EASEWASTE 

Source: Christensen, Simion, Tonini, Moller (2009) 



III. Evaluation Tools 
      LCA Models - EASEWASTE 

Source: Christensen, Simion, Tonini, Moller (2009) 



III. Evaluation Tools 
      LCA Models - WARM 

• USEPA Waste Reduction Model (WARM) 

– Available at www.epa.gov/warm 



Source: 
www.epa.gov/
warm 



Source: 
www.epa.gov/
warm 



Source: 
WARM.xls 
screenshot 



Source: 
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Source: 
WARM.xls 
screenshot 



III. Evaluation Tools 
      LCA Models - WARM 

Example presentation of WARM results: 

Source: 
WARM.xls 
screenshot 

avoiding 



III. Evaluation Tools 
      LCA Models - SWOLF 

North Carolina State University’s  
Solid Waste Optimization Life-Cycle 
Framework (SWOLF) 



Solid Waste Optimization Life-cycle Framework (SWOLF) 

 Evaluate system performance (i.e., economical, environmental) while 
accounting for changes to waste composition and generation, SWM 
policy, the U.S. energy system, and potential future GHG mitigation 
policies 

Research objective 

Energy System 
Optimizable 

Integrated SWM 
System Model 

• Cost 
• Emissions 
• Energy Use 
• Impacts 

Impact Assessment 
Model 

(e.g., Global Warming, 
Smog Formation) 

LCA Model 

GHG Policy 

SWM Process Models 

Waste 
Generation and 

Composition 

SWM 
Policy 

Courtesy of:  
Dr. Mort Barlaz 



How can net present cost be minimized over time? 

While meeting diversion or greenhouse gas constraints 

Considering existing infrastructure 

How can environmental benefits be maximized? 

Minimize greenhouse gas emissions 

Minimize fossil energy use 

Maximize landfill diversion 

 Impose a budget constraints 

Optimization model to explore solid waste management 
alternatives using life-cycle analysis 

Courtesy of:  
Dr. Mort Barlaz 



 Process level life-cycle assessment models form the foundation of 
this work 

 Process models are developed “bottom-up” to determine the 
costs, emissions, and environmental impacts associated with each 
process in consideration of waste quantities and composition 

 Process models are then linked using mass balance equations to 
develop full system models 

 Included Processes 

 Collection 

 Transfer Stations 

 Material recovery facilities 

 Anaerobic Digestion  

 Composting 

 Landfills 

 Remanufacturing 

 Waste-to-energy 

 

Process modeling 

Courtesy of: Dr. Mort Barlaz 



Generic process model for cost and life-cycle emissions 
estimation 

Generic Process Model 

Physically 

Separated 

Materials (e.g., 

recyclables, 

residuals) (Mgout/ 

Mgin) 

Direct Emissions (kg/Mgin) 

Equipment Fuel Use (L/Mgin) 

Electricity Use (kWh/Mgin) 

Capital Cost   ($/Mg-yr-1) 

Operating Cost ($/Mgin) 

Incoming Waste 

Materials (Mgin) 

User Inputs 

Biologically/ 

Chemically 

Transformed 

Materials (e.g., 

ash, compost)  

(Mgout/ Mgin) 

Stored Mass 

(Mgstored/ Mgin) 

Transportation Use (kg-km/Mgin) 

Courtesy of:  
Dr. Mort Barlaz 



Illustrative system - potential mass flows 

Single 

Stream 

MRF

Composting

WTE

Soil 

Amendment

Mixed 

Waste 

MRF

Remanufacturing

Ash 

Landfill

Landfill

Mixed Waste Recyclables Combustibles Organics Ash
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Digestion
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Residual 

Collection

Comingled 

Recyclable 

Collection

Organics 

Collection

WTE-Waste-to-Energy    MRF-Material Recovery Facility

Courtesy of:  
Dr. Mort 
Barlaz 



Existing system 

 Single stream MRF with 
12,000 Mg/yr capacity and 
20 years of remaining life 

 

 Composting with 6000 
Mg/yr capacity and 20 
years of remaining life 

 

 Existing landfill has enough 
capacity to accept all 
generated waste over the 
decision horizon 

Single 

Stream 

MRF

Composting

WTE

Soil 

Amendment

Mixed 

Waste 

MRF

Remanufacturing

Ash 

Landfill

Landfill

Mixed Waste Recyclables Combustibles Organics Ash

Anaerobic 

Digestion

Mixed Waste/

Residual 

Collection

Comingled 

Recyclable 

Collection

Organics 

Collection

WTE-Waste-to-Energy    MRF-Material Recovery Facility

Representative SWM system 

Courtesy of:  
Dr. Mort Barlaz 



 Analyze how SWM strategies are affected by future changes to waste 
generation, composition, and the energy system 

Illustrative SWM analysis 

Cases Description 

Business-as-usual (BAU): No new facilities 

Min Cost Minimize net present cost 

Max Diversion Minimize landfilled waste 

Min GHG Minimize 30-year cumulative GHG emissions 
 

Courtesy of: Dr. Mort Barlaz (modified) 



Representative SWM 
system 
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 Mass based on city of 100,000 
with annual population growth 
of 4% 

 Model considers 30 waste 
materials 

 Waste composition and trends 
developed from EPA 2012 MSW 
Facts and Figures1 

 System changes and decisions 
made in 5 year increments 
 Population 

 Waste generation and composition 

 SWM policy 

 Energy system 

 Greenhouse gas policy 

1Municipal solid waste generation, recycling, and disposal in the 
United States: Tables and figures 2010; United State Environmental 
Protection Agency: Washington, DC, 2011. 

Courtesy of: Dr. Mort Barlaz 



 The energy model considered changes to electricity cost ($/kWh), electricity GHG 
intensity ($/kg CO2e), diesel cost ($/L) and heavy duty vehicle fuel efficiency 
(L/km) 

Energy modeling 

Courtesy of: Dr. Mort Barlaz (modified) 



Min GHG 
 Min GHG: 

MWMRF and 
landfilling 
dominate. 

 

 Min Cost: 
Landfilling 
dominates. 

 

 Max Diversion: 
MWMRF and 
WTE dominate. 

 

Courtesy of: Dr. 
Mort Barlaz 
(modified) 



Base results 

82 

-30 

29 

79 

-37 

24 

139 

-24 

99.9 
113 

-79 

54 

-100

-50

0

50

100

150

200

Cost (Million $) GHG (10,000 MTCO2e) Diversion (%)

BAU Min. Cost Max. Diversion Min. GHG

 Negative GHG emissions are due to electricity generation offsets (AD, landfill, 
WTE), material recovery offsets, and carbon storage (AD, composting, landfill) 

 Min Cost reduces cost and GHG emission compared to the BAU case by eliminating 
yard waste composting 

 Min GHG case reduces cost and GHG emissions compared to the Max Diversion 
case by eliminating WTE combustion and more selective recycling and landfilling 

 

Courtesy of:  
Dr. Mort Barlaz 
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Courtesy of: Dr. Mort Barlaz (modified) 



A single stream MRF was selected in every scenario . 

earns net revenue 

 reduces GHG emissions 

  increases diversion 
 

The materials recovered vary based on the objective. 
 

 In the Max Diversion and Min GHG cases, AD, composting, 
recycling, and landfill throughputs change in stages as waste 
composition and generation change.   
 

Min Cost case also adjusted recycling/landfilling based on 
composition and generation. 

Illustrative case study - Discussion  

Courtesy of: Dr. Mort Barlaz (modified) 



The Min Cost case was able to reduce GHG emissions while 
saving money over the Business as Usual scenario by eliminating 
yard waste composting 

 

Changing composition and changes to the energy system can 
affect technology choice 

Combustion minimized cost early with higher paper and lower 
plastic in waste, but was discontinued in later stages.  

 

Results show that GHG emissions may increase with increased 
diversion (e.g., composting branches, recycling office paper or 
magazines) 

Illustrative case study - Discussion  

Courtesy of: Dr. Mort Barlaz 



IV. Case Studies 

Objective: 

To present case studies linked to the levels of the material 
management hierarchy that illustrate the successful 
application of sustainability principles. 

 

“You never change things by fighting the existing reality. 
To change something, build a new model that makes the 
existing model obsolete.” Richard Buckminster Fuller 



IV. Case Studies 

Catawba County EcoComplex 

• Hierarchy Level: 1.Source Reduction/Reuse,   
2.Recycling & Composting, 3. Energy Recovery and                          
4.Landfilling (with Energy Recovery) 

• Key Concept: Industrial Ecology 

• Key Leader: Barry Edwards, P.E. 

• Key Driver: Finding value in “waste” by seeing 
relationships. 

• Tools Used: Custom analyses 



Courtesy of: 
Barry Edwards 
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IV. Case Studies 

Society of St Vincent de Paul of Lane County 

• Hierarchy Level: 1. Source Reduction/Reuse and            
2. Recycling 

• Key Concepts: Waste and Recycling Based Business 

• Key Leader: Terry McDonald 

• Key Drivers: Finding value in “waste” to create jobs and 
affordable housing. 

• Tools Used: Basic economic analyses; no technical. 



IV. Case Studies 

Society of St Vincent de Paul of Lane County 

 

“I’m in this for the money and I want your trash.” 



Courtesy of: 

Terry McDonald 
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IV. Case Studies 

Lamar County Pyrolysis 

• Hierarchy Level: 3. Energy Recovery 

• Key Concept: Energy Recovery 

• Key Leader: Johnny Poore 

• Key Drivers: Finding value in “waste”  and providing 
public services by making good business decisions. 

• Tools Used: Custom analyses, prototyping 



IV. Case Studies 

Lamar County Pyrolysis 

 

 



Courtesy of: 
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IV. Case Studies 

Seneca Meadows Landfill 

• Hierarchy Level: 4. Landfilling (with Energy Recovery) 

• Key Concepts: Ecology, Community Engagement 

• Key Leader: Steve Apfelbaum 

• Key Driver: Finding value in land and how we relate to it. 

• Tools Used: Custom Analyses 



IV. Case Studies 

Seneca Meadows Landfill 

 

 



What If, your landfill was not  

merely a disposal facility? 

1. Improve neighboring property 

values 

2. Improve community esteem 

3. Create outdoor educational 

opportunities 

4. Create recreational 

opportunities 

5. Work with rather than duel with 

anti-groups 

6. Enhance regulator 

relationships 

Courtesy of: 

Steve Apfelbaum, 

Copyright AES, Inc. 



Solid waste professionals are 

proficient  managing previously 

wasted resources … 

 
But, what about the land 

resources they control and its 

connection to your 

community? 

Courtesy of: 

Steve Apfelbaum 

Courtesy of: 

Steve Apfelbaum, 

Copyright AES, Inc. 



Seneca Meadows Wetland, Landfill 
Waterloo, NY 

Courtesy of: 

Steve Apfelbaum 

Courtesy of: 

Steve Apfelbaum, 

Copyright AES, Inc. 



Seneca Meadows 
Waterloo, NY 

Courtesy of: 

Steve Apfelbaum 

Courtesy of: 

Steve Apfelbaum, 

Copyright AES, Inc. 



Elements of Successful 
Sustainability Projects 

• A leader who communicates the vision. 

• A long-term vision coupled with short-term successes. 

• Viewing components as part of a larger system. 

• Regular measurement and evaluation. 

• Effective business management. 

• Interventions at multiple levels of the hierarchy and 
beyond. 
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