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Objectives

� Examine waste composition data for two 
northeast U.S. WTE projects

� Derive elemental composition using literature � Derive elemental composition using literature 
survey data

� Calculate HHV from elemental composition 
(Boie method using published Ultimate 
Analysis data)

� Compare with Specific Steam Correlation 
calculation (Covanta methodology)
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Waste Characterization Study Design 
Considerations

Waste composition involves applying basic 
statistical sampling principles to the generation of 

waste (incl. refuse, recyclables, residuals)

� # of Samples
� Seasonality

– 2 or 4 season

� Geographic coverage 
of waste shed

� Manual sorting
– Or visual surveying
– Or modeling

� Stratified Sampling by 
Generator Class

– Residential
– Multi-family
– Commercial
– Institutional
– Industrial
– C&D
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Waste Composition Analysis
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Interpreting Results

Material 
Categories

Mean Standard 
Deviation Lower Upper

OCC/Kraft 3.8% 0.4% 3.1% 4.5%

Other Paper 0.7% 0.1% 0.6% 0.9%

90% Confidence Interval

� Sample mean :  most likely estimate
� Standard Deviation :  measure of how widely values within the data set are dispersed from the 

sample mean
� Confidence Intervals :  reflect the upper and lower range within which the population mean can 

be expected to fall (to the stated confidence level)

Other Paper 0.7% 0.1% 0.6% 0.9%

Paper Subtotal 4.5% 0.5% 3.7% 5.3%

PVC Pipe 0.1% 0.0% 0.1% 0.2%

Plastic Film 0.3% 0.1% 0.2% 0.4%

Vinyl Siding 0.1% 0.0% 0.0% 0.1%

Other Plastic 0.6% 0.1% 0.5% 0.7%

Plastic Subtotal 1.1% 0.1% 0.9% 1.3%
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Northeast Facilities Included in This 
Study 

� Northeast Maryland Solid Waste 
Authority/Montgomery County DEP 
– 1,700 tpd mass burn WTE– 1,700 tpd mass burn WTE
– Waste composition study by SCS

� Bristol Resource Recovery Facility
– 600 tpd mass burn WTE
– Waste composition study by DSM, Cascadia, and 

MidAtlantic Solid Waste Consultants

� Both operated by Covanta Energy
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Connecticut Statewide (2009)
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Montgomery Co, MD (2009)
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U.S. EPA MSW Characterization 
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Source:  Municipal Solid Waste Generation, Recyclin g, and 
Disposal in the United States (2008), U.S. EPA
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HHV Determination
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Gold Standard – PTC 34

� ASME Waste Combustors with Energy 
Recovery (“Boiler as a Calorimeter”)

� Requires careful measurement of waste � Requires careful measurement of waste 
throughput, flue gas flow and constituents, 
temperature measurements, EPA reference 
Methods , feedwater and steam 
flow/temp./pressure

� Expensive and complex, requires technical 
expertise to monitor and control operations 
and instrumentation

� Laboratory analysis, QA/QC critical
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Uncertainty in HHV Determination

Parameter ½ hr Deviation Duration of test

Stream flow 10% 4%

O 4% 2%

• ASTM bomb calorimeter 
standard 270 J/g

• ~100 BTU/lb (~2% of range for 
MSW)

Uncertainty—PTC 34
• Thermal efficiency 1.2%-2%
• Thermal capacity 2.4%-3.6%
• HHV 5%-9.6%

O2 4% 2%

Steam temp 20 F 10 F

Steam pressure 4% (25 psi) 3% (40 psi)
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Indirect Method of Calculating Higher 
Heating Value

Dulong

Chang

Boie
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Bristol Composition and Ultimate 
Analysis

Weight
Component Name Percent Moisture

Paper, Mixed 15.05 1.54
Newsprint 4.05 0.24
Brown Paper 0.50 0.03
Trade Magazine 1.55 0.06
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Trade Magazine 1.55 0.06
Corrugated Boxes 5.55 0.29
Vegetable Food Waste 14.80 11.59
Mixed Garbage I 9.05 6.52
Green Logs 1.80 0.90
Demolition Softwood 6.55 0.50
Lawn Grass I 7.55 5.68
Brush 0.65 0.26
Polyethylene 2.25 0.00
Polystyrene 0.90 0.00
Polyvinyl Chloride 0.45 0.00
Ashes 0.50 0.05
Glass 4.10 0.08
Plastics 6.00 0.90
Plastic film 4.55 0.00
Textiles I 0.70 0.00
Textiles II (Magrinho) 8.45 0.85
Ferrous 4.55 0.00
Non-ferrous 0.45 0.00

100.00 29.50
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HHV = 6,438 BTU/lb
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Montgomery Co. Composition and 
Ultimate Analysis

Weight
Component Name Percent Moisture

Paper, Mixed 16.27 1.67
Newsprint 5.62 0.34
Brown Paper 0.00 0.00
Trade Magazine 1.91 0.08
Corrugated Boxes 2.81 0.15  ����
��.����
��
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Corrugated Boxes 2.81 0.15
Plastic-Coated Paper 0.40 0.02
Vegetable Food Waste 19.68 15.41
Mixed Garbage I 14.06 10.12
Demolition Softwood 4.92 0.38
Lawn Grass I 1.00 0.76
Brush 1.00 0.40
Mixed Greens 1.00 0.62
Polyethylene 1.91 0.00
Polystyrene 1.31 0.00
Ashes 3.92 0.00
Glass 2.61 0.39
Plastics 4.42 0.05
Plastic film 6.73 0.66
Textiles II (Magrinho) 6.53 0.00
Ferrous 2.61 0.65
Non-ferrous 1.31 0.00

100.00 31.70
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HHV = 6,253 BTU/lb
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Sources of Uncertainty & Error
Waste Composition-based HHV

Method Parameter Source of Error Uncertainty

Ultimate 
Analysis

Relating waste type 
(e.g., paper, organics, 

Literature reports uncertainty as low 
as 1.5%, however studies rely on 

Chang, 
Dulong, 
Meraz, 
Channiwala,
others

Analysis (e.g., paper, organics, 
inerts) to elemental 
composition

as 1.5%, however studies rely on 
relationships between composition 
and ultimate analysis which have 
not been verified in the past decade

Sample Size Too few samples or 
sample size too small

See discussion regarding Organics

Elemental
Composition

Does not account for 
manufacturing, 
technology changes

Unknown

Moisture Reported values may 
deviate significantly 
from as-received

Relative error > 10%
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Moisture Adjustment

� NYC Residential Study found 
moisture that was, on 
average, 13% higher than 
suggested in published suggested in published 
sources

– Paper Expected:  10-25%
– Paper Actual: 25-28%

� Film Plastic weights routinely 
overestimated

– High surface-to-volume ratio

� Spring of 2010:  record 
precipitation in northeast
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Relative Contribution of Residential 
Waste to Total
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Monthly HHV Frequency Distribution
5 yr Monthly Data for Bristol Facility
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Monthly HHV Frequency Distribution
Bristol and Montgomery County Facility
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Sources of Uncertainty & Error
SSCM (Covanta) HHV

Method Parameter Source of Error Uncertainty

Waste input Imprecise month-end inventory; 
differences in stacking

Est. > 4%

Stream flow Instrument error (orifice meter) Est. 5%

Specific
Steam
Correlation

Stream flow Instrument error (orifice meter) Est. 5%

Flue gas 
moisture content

No adjustments made in calculation 
for moisture differences

Excess air Relatively small adjustments to 
formula are made with wide variation 
in excess air, potentially ignoring 
widely varying boiler efficiencies

Unknown

Heat transfer Variations I heat transfer surface area, 
impact of inconel cladding

Unknown

Unburned carbon Factored into the underlying SSR 
correlation, but not periodically 
sampled

> 200 BTU/lb depending upon 
combustion conditions and controls

Change in waste 
composition

Relies on assumed constancy of C:H 
elemental composition

1% change in H content yields 200 
BTU/lb change in theoretical HHV
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Composition Analysis:  A Tool for 
Facility Owners

� Facility planning (new and 
expansions)

� Fine tuning of recyclables � Fine tuning of recyclables 
processing bids

� Incineration and conversion 
properties

� Ready for Extended 
Producer Responsibility 
(EPR)?
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Conclusion

Waste characterization analysis supplies 
data that is critical to comprehensive, data that is critical to comprehensive, 
effective waste management systems 
featuring source reduction, diversion, 
recycling, and/or energy recovery or 
conversion.
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Questions

Mark Bobman, Assistant Director
BRRFOC & TROC

(860) 585-0419(860) 585-0419
mbobman@brrfoc.org

John Culbertson, Principal
MSW Consultants

407-380-8951
jculbertson@mswconsultant.us


