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USDN Waste Innovation Research - Purpose 

• Identify technologies 

• Look at costs  

• Assess Greenhouse Gas impacts 

• To produce general guidelines for implementing an integrated 
waste management strategy 



| CITY of HOUSTON | 4   

The Tool 



| CITY of HOUSTON | 5   

What the tool presents 

• A list of suppliers relating to the following technology groups: 

- Materials Recovery Facilities (Single and Mixed Stream) 

- Advanced Thermal Treatment Systems 

- Anaerobic Digestion 

- Composting 

- Waste to Fuel 

• A set of hypothetical waste management scenarios for each city 

• A hypothetical interactive flow diagram for each city 

• GHG Emissions Assessment 

• ROM Cost Benefit Analysis 
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What the tool is intended to do 

It’s a guide to help: 

• support your decision making process  

• assess how you can maximize landfill diversion 

• you assess what technologies are right for your situation 

• you target individual goals   

• you assess the rough costs associated with waste technologies 

• you assess the Greenhouse Gas impacts associated with waste 
technologies  

• you talk to technology suppliers with increased knowledge 
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What the tool should not be used for 

• As a basis for a final decision on which technologies/scenarios 
would be suitable for your city. 

• As a substitute for the advice of a qualified waste management 
professional.  

• As a complete mass balance assessment tool for assessing waste 
flows.  



| CITY of HOUSTON | 8   

The Tool 

Click here 
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Single Stream Materials Recovery Facility 75-750 

At what scale do they optimize? 
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Mechanical Heat Treatment 

Mechanical Biological Treatment 
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Pyrolysis  

70-200 

Gasification  5-525 

Plasma Gasification  

2-200 

Compost Bins 0.4-1 

Catalytic Thermo-chemical  5-1,000+ 

Not proven technologies at 

scale using MSW 
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First Costs 

+++ 
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Mechanical Heat Treatment  

160-480 (+) 

Mechanical Biological Treatment 

400-800 (+) 
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Pyrolysis 720-1,000 (-) 

Gasification  720-1,000 (-) 

Plasma Gasification  800-1,300 (-) 

In-Vessel Composting  240-400 

Single Stream Materials Recovery Facility 50 - 180 

Open Windrow Composting 130-160 

Anaerobic Digestion 320-560 

Key 

+++ Well proven technology. Used widely, versatile and flexible.  

++ 
Well proven technology but limited in either capacity or potentially to 

be superseded by another better technology. 

+ Proven technology but still finding its feet in many places.  

- 
Not yet a proven technology. Plants are in operational but none have 

reached large commercial scale and many are still very expensive.  
++

+ 
Compost Bins 30-100 

Catalytic Thermo-chemical  340 (-) 



| CITY of HOUSTON | 11   

Operational Costs 
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In-Vessel Composting  25-100 
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Mechanical Biological Treatment 

75-150 
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Pyrolysis 75-120 

Gasification  75-120 

Plasma Gasification   

95-135 

Compost Bins 10 

Open Windrow Composting 45 

Single Stream Materials Recovery Facility 15 

Mechanical Heat Treatment 34-60  

Catalytic Thermo-chemical  90 
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Land Requirement 

Single Stream Materials Recovery Facility 0.20-3.22 
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In-Vessel Composting 0.20-4.3 
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Mechanical Heat Treatment 1.0-3.7 

Mechanical Biological Treatment  

2.15-4.3  

1.0 2.0 3.0 4.0 5.0 6.0 7.0 0 

Land Requirement (sq ft/ton) 
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Pyrolysis 0.32-3.0 

Gasification  0.32-3.0 

Open Windrow Composting 6.45-10.8 

Compost Bins 0.065-.2 

Plasma Gasification  1.83-3.0 

Catalytic Thermo-chemical  6.5 
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Materials Recovery Facility 
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Mechanical Biological Treatment  
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0 200 400 600 800 1000 1200 1400 

Materials Recovery Facility 

Compost Bins 

Windrow Composting 

In-vessel Composting 

Anaerobic Digestion 

Mechanical Heat Treatment 

Mechanical Biological Treatment  

Catalytic Thermo-chemical  

Pyrolysis 

Gasification 

Plasma Gasification  
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* Produces 80-160 gal/ton of hydrocarbon fuel 
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What is happening around the world 

Leaders  

- Western 
Europe 

- West Coast 
America 

- Japan 

- Canada 

- Australia 

- New Zealand 

 

Changing  

- East Coast 
America 

- Eastern Europe 

- Russia 

- China 

- India 

- South Africa 

- Nigeria 

- Kenya 

- C40 cities 

Thinking  

- South America 

- Other African 
nations 
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Possible ways forward - Options 

Waste Treatments Waste Treatment Technologies 

Landfill • None 

Collect the waste  

Disposal • Landfill with landfill gas electricity 

Pre-treatment/Fuel Preparation • Mechanical Pre-treatment 

• Mechanical Heat Treatment 

• Mechanical Biological Treatment 

Biological Treatment • Composting 

• Anaerobic Digestion 

• Mechanical Biological Treatment 

Advanced Thermal Treatment • Gasification and Pyrolysis 

• Plasma Gasification 

Combination of Technologies • Integrated Waste Management Facility 
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Integrated solution 
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Integrated solution 
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Ensure you have a market for the materials 



| CITY of HOUSTON | 

Integrated solution 
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Integrated solution 
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Materials Recovery 

 Recycling in sites 

 Separation of residual fraction: 

- Metals 

- PET 

- HDPE 

- PP 

- Paper / card 

- Plastic film 

- Solid recovered fuel to thermal treatment 

- Compost of fine fraction 
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Integrated solution 
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Integrated solution 
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Integrated solution 
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So what can you do with the residual? 
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So what can you do with the residual? 

• Remember matter 
cannot be created or 
destroyed 

• And its the contents 
of your garbage bin 

• You just decide on 
the products you 
make and the routes 
/ markets 
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Options depend on local conditions, markets for 
products and your view of risk.  

Japan 32 streams (zero?) 

- Imaging that in a City 

Recycle 

- But market for dirty paper / plastic and fine fraction 

Soils  

- Accept the contamination risk for years 

Fuel from Energy 

- Ash and public perception 

Repository 

- How 
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Interactive Index 
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Waste Treatment Scenarios 

Key Strategies:

Mixed waste would be sent through a MRF 
to recover recyclables.

The residual waste component would be sent 
to an ATT facility to decrease the disposal of 
waste at landfill.

Source Separation Pre-Treatment Treatment Outputs

Mixed Waste

Organic Waste

Mixed Waste MRFMixed Waste

ATT

Landfill or Reuse

Recyclables

Energy

Slag and Ash

Revenue/offset generating products

Scenario 1
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Waste Treatment Scenarios 

Scenario 2a - Bio-composting

Key Strategies:

Mixed waste would be sent through a MRF 
to recover recyclables.

The organic fraction (primarily yard and 
food waste) will be recovered by MRF and 
sent to biocomposting facility.

The residual waste component from the 
MRF  would be sent to an ATT facility to 
decrease the disposal of waste at landfill.

Source Separation Pre-Treatment Treatment Outputs

Mixed Waste

Organic Waste

Mixed Waste MRFMixed Collection

ATT

Landfill

Recyclables

Energy

Slag and Ash

Revenue/offset generating products

Bio-Composting
Compost like 

material
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Process Flow Diagrams 
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Technology Summary 
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Technology Overview 
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Technology Overview 
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Technology Overview 
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Technology Overview 
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Technology Overview 
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Technology Overview 
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Technology Overview 
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Technology Overview 
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Technology Overview 
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GHG Emissions Calculator 
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GHG Emissions Calculator 



| CITY of HOUSTON | 54   

GHG Emissions Calculator 
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High-level Cost-Benefit Analysis 
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Thank you for the opportunity 

Adam Friedberg (adam.friedberg@arup.com) 

Alex Mitchell (alex.mitchell@arup.com) 

Laura Spanjian (laura.spanjian@houstontx.gov) 

Brian Yeoman (byeoman@c40.org)  


