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« The US Experience

« HDR’s World Facility Tours

— Review Technology Options
 Thermal Conversion (EfW, WTE, RDF)
e Gasification
« Anaerobic Digestion
o Composting

e The European Model
;| essons Learned




e Open Dumps
* Incinerators (volume reduction only)
— Discontinued due to Clean Air Act and cost

e Sanitary Landfills

e Environmental movement of 70s and 80s

— Symbols of the movements/subtle influences (think
peace, ecology, don’t waste)

— Initially focused on drink container deposits (glass
pottle reuse)

& — Minimal recycling (primarily aluminum some metals)

9, — Reduce consumption of raw materials and reduce
{5 "™ feliance on landfills

» "' — Technologies to recover resources (recyclable
-, materials, energy) HR




e European and Japanese Influences

—-Refuse-Derived Fuel (RDF) — processing MSW to
recover combustible fraction; combusted in converted
coal stoker-fired power plants

— Waste-to-Energy - mass-burn MSW with energy
recovery (steam and/or electricity)

— Modular WTE, mostly US

e Subtitle D, Industrial Waste and Ash Landfills

— 90s, some added methane recovery/electrical
generation

» Composting
!" _.w— Source-separated organics (yard waste, food waste,
1 42 industrial residues or by-products)

— MSW
= HR




 Waste-to-Energy
—=-Has Increased recycling programs/quantities/markets
— Greatly reduces waste volume (~ 90%)

— Issues with public acceptance (i.e., dioxins/furans;
ash alleged hazardous; hauler opposition; cost

— Refuse-Derived Fuel (RDF) — higher O&M; limited
power plants that could be converted; worker safety

— Reliable source of electricity to the grid or steam to
district heating

— Steady revenue stream
— Long facility life; ~30 years or more

"L & — Requires large capital investment but also provides
| vy - ¢ long-term economic and environmental sustainability

HR




¢ Aerobic (with oxygen) Composting

— Yard waste
« Relatively low capital cost
e Odor potential - lack of moisture control and low O&M effort
e Compost contamination
e Little to no revenue stream
 Widespread use

— Source-separated organics composting (food waste,
iIndustrial residues or by-products)
e Higher quality compost
g e Odor potential unless higher capital costs and O&M costs
1 ¥ <y m+ Collection adds to cost
B




e Aerobic MSW Composting

— Low technology (e.g., outside, minimal preprocessing,
Inadequate O&M, inadequate aeration)
» Generally not successful; most facilities closed (odor, compost
quality)
— Higher technology systems
* Proven European technologies
* Higher capital costs; Cost/ton more similar to WTE
* Lower revenue potential compared to WTE

e Compost quality varies (value may be in revenue or cost
avoidance)

« Some failed; some still operating
e Most failures primarily due to:

— Fantasy technologies/misrepresentation of system performance
e 2 — Odors/poor maintenance/unskilled operators

B - — Loss of waste supply and economics following federal courts
et Interstate commerce clause rulings

—l.oss of political support ER



e Thermal Conversion

— First RDF plant in US (~1976) still successfully
operating. Many others since mid-1980s

— Many large field-erected WTE plants operating for more
than 20 — 25 years

— State-of-the-art APC systems
— Little ash recycling

_»_Anaerobic composting and gasification in infancy
\-* "Have become landfill dependent
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o Early 1900’s Cholera outbreak; mandatory
Incineration of MSW

e Densely populated, land resource value not
favorable for landfills

o Air quality emissions (1970s - 1980s); public
opposition
o Alternative technologies developed

.+ APC technical advances (early 1990’s); emissions
“ resolved, restored public trust

1 4-EU Landfill Ban (2005) on unprocessed waste




e 13 countries
— Belgium
— Canada
— Czech Republic
— Denmark
— France
— Germany
— Israel
— ltaly
— Japan
— Netherlands
1 4'-‘ L — Spain
S — Switzerland
' — Taiwan ER




e Understand waste management hierarchies

 Determine philosophies about waste
management

e Determine status of EfW and Alternative
Technologies

 What can be applied in the US?

e \What's best for our clients that want to maximize
landfill diversion




 Energy from Waste (EfW)




o Facility located In residential area

e Bottom ash used in road
construction

* Five recycling centers

 Energy recovery provides
residential hot water

 Recycles C&D
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Claim highest energy recovery
efficiency for any EfW facllity

High use of recycled materials
IN construction

SCR with re-heat for NO,,
ofe]plife]

Tonnage = 220,000 tons/yr or
670 tons/day at 90% capacity

Adding a new process train
(220,000 tons/yr)




« Faclility built with recycled
windows & doors

 Garden waste composted,
most C&D Is recycled

e 2006 - 91.7% recycling rate
Including 45 to 50% of the
total is EfW, considered
recycled

e Food waste sent to the
WWTP facility




Heating & hot water for
80,000 Swedish homes




 Front — end shredding/processing

e Partial composting system for drying
fuel

« Highly automated crane systems

« Patented regenerative VOC
destruction

 Produces RDF - high Btu, low
moisture fuel for energy production

* Fuel storage due to lack of demand

« Tonnage = 110,00 tons/yr or 335
tons/day at 90% availability

e 6,880 - 7,740 Btu/lb with less than
15% moisture



Facllity Schematic
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o Stack height 3 meters above
building, barely visible

« 30 meters below grade

e On Seine River within 3 km of the
Eifel Tower

e Green roof
o Start up late 2007
e Emissions ¥2 of EU standards

« Energy recovery from 506,000
tons/yr

 Recycle 22,000 tons/yr various
materials

* Process 38,500 tons/yr of bulky
waste









o Gasification Facilities
— Europe
— Japan
— Canada




Fluidized bed
gasification with
Immediate combustion
of sysgas

Steam drives turbine

5.5 MW electricity
Slag is vitrified (like
glass)




e 110 tons/day MSW

 Produces syngas to
generate 4 MW electricity

e Operated since 2007
e Minimal air emissions

e Slag recycled as roadway
aggregate

e Supported by Canadian
National Research Councll
and Ontario Ministry of

the Environment (MOE)



 Anaerobic Digestion
— Middle East Europe Japan




e Transfer station and
wet pre-processing

 Several hours In
digester

e Digester produces
NEERENER




Methane combusted In
on-site engine/
generator produces
electricity

Compost bagged for
sale as soll
amendment

Some odor concerns

Recover 85%







e Started as MRF and
completely refurbished
and expanded/added
technologies

 Added anaerobic
digestion (Valorga®
technology)

 Added composting

« Combustible fraction
converted at adjacent
EfW plant



 Recycle ferrous metals,
aluminum, paper,
cardboard, PET, HDPE,
plastic film, and mixed
plastics

e Glass and compost sold
as markets available

e 180,000 tons/yr

 Nearest residents ~ 400
meters (moved In after
facility operational)

e NoO odors/lawsuits
EETETETETETESESLSL—S——






e Composting (aerobic/anaerobic)




e Composting (anaerobic)




Compost food & green waste 70,000
tons/yr of vegetative waste

Just vegetative waste; paper and
plastics recovered for incineration

Indoor composting building
Some compost sold

On-site transfer station and MRF for
other materials

495,000 tons/yr in; 132,000 tons/yr
RDF

Bio-Filters for odor control




Indoor process, helps moisture
ofelplife]

Uses single wheel for compost
turning

Few odor complaints

Minimal contaminants in
compost

Slow nutrient release compost




Unprocessed waste disposal
In landfill banned by EU In
2005-2008
ISWA 2008 goal was

— 3% landfill

— 26% incineration

— 65% recycle

Maximum landfill abatement

Emphasis on energy
recovery and recycling

Widespread public
awareness/acceptance

Contemporary architecture




State-of-the-art air emission
controls

Continued improvements in
energy recovery efficiencies

Continued advances in
Integrating waste processing
and recovery technologies

WERCREVER

— Highest - landfills (~$63/ton)

— Recycling comprehensive
materials ($0/ton)




 Energy recovery is considered recycling

* Public highly supportive of recycling including
energy recovery

* Public acceptance - EfW and waste processing
facilities in/nearby residential areas

* Energy recovery Is primarily for district heating
(including homes) and electricity generation

e Bottom ash is commonly processed and recycled
as aggregate in construction

e EU air emission standards more strict than US




An Almost World-Wide Look
at Approaches to Landfill
Diversion

Presented by: Jeff Turner
Senior Professional Associate
HDR
816.360.2769
jeff.turner@hdrinc.com







 Trend to combine technologies and systems
— Source reduction
— Recycling and materials recovery
— Composting
— Thermal conversion to steam and/or electricity
e Opportunities for US Improvements
— District commercial and residential heating
— Ash recycling
— Improve compost quality and markets
— Greatly increase materials and energy recovery
— End dependence on landfills



 Many jurisdictions adopting greater landfill

diversion goals

— State of Florida — Recycling goal of 75% by 2020
— State of California — Pointing toward 75% diversion

« Landfill capacity concerns, increasing costs and
ong-term considerations

e Favorable economic climate (renewable energy,
tax credits, etc.)

e Climate impacts & environmental impacts
e Concern for future landfill cleanup costs

* Vendors offering “low risk” approaches

e Looking for the silver bullet solution







Source: ECN, 2002, Duurzame Energie en Ruimte, M. Menkveld, Deloitte












