(This article appeared in Municipal World Magazine, August 2010)

Cleaner & Leaner –
Can New Waste-to-Energy Technologies Keep Their Promise?
by Martin Tampier
Municipal waste incinerators are large, costly, and polluting, or so goes the mantra.
Indeed, whereas they are commonplace in Europe, only a few incinerators are in use
today in Canada. A second generation of thermal waste treatment concepts based on
gasification holds the promise of changing current perceptions of waste-to energy. They
are said to be smaller, competitive with landfilling costs, and cleaner than the first
generation. But can they really live up to expectations?
Canada
Two Canadian companies have profiled themselves through the implementation of
demonstration projects. One of them is Plasco, which is operating a waste treatment facility in
Ottawa since 2008 and is planning to build commercial plants in both Ottawa and Red Deer, AB.
The process gasifies municipal solid waste (MSW) and refines the raw gas at 1,000°C using
plasma arc torches, breaking down long-chain compounds to single molecules. The synthetic
gas is then cooled in the absence of oxygen, avoiding the re-formation of dioxins. The syngas is
then used in internal combustion engines, to drive electrical generators. The facility has no
stacks, apart from engine exhaust pipes. Air emissions are substantially lower than those from
first generation technologies. The process produces an inert slag (150 kg per tonne of
feedstock), which can be used in substitution for aggregate in production of concrete or asphalt.
It also generates sulphur, which can be sold for industrial purposes, as well as 1 kg of residuals
(special waste - mainly heavy metals). The company says it can treat MSW for a tipping fee of
$65 per tonne of waste, and a tariff of at least 11¢ per kWh of electricity produced, creating 45
jobs per 100,000 tonnes of annual throughput. Apart from MSW, the process can also treat tires,
carpets, or other solid waste. PyroGenesis Canada, Montreal, and Calgary-based Alter Nrg also
offer plasma arc technology.

Figure 1

Plasco’s Ottawa Demonstration Facility. It is a 4 MW system, able to process up
to 85 tonnes of waste per day.

The other well-known Canadian gasification company is Montreal-based Enerkem. Having an
operational small-scale plant using plastics as a feedstock in Spain since 2003, as well as a pilot
plant in Sherbrooke, QC, Enerkem is currently developing commercial-scale projects in
Mississippi, Westbury (QC), and Edmonton (AB). At an estimated capital cost of $87 million, the

-‐	
  1	
  -‐	
  

Edmonton facility will produce 12 MW of
electricity and an additional 12 MW of heat. It
is expected to be operational by the end of
2010.
For the Enerkem process, incoming MSW is
first shredded and dried. It is then gasified in a
bubbling fluidized bed at 700°C – a much
lower temperature than that used by Plasco.
This reduces capital costs for the gasifier
because cheaper, less heat resistant
materials can be used. On the other hand,
further gas cleanup steps are required
downstream. Contrary to Plasco, Enerkem’s
concept is not to produce electricity but
ethanol, a liquid fuel, and the residue is not a
slag but ash, which is landfilled.
International
The 100,000 (dry) tonnes East London
Sustainable Energy Facility uses an Enerkem
gasifier but will, unlike those in North America,
generate 18-20 megawatts (gross) of
electrical power and approximately 10
megawatts of thermal power. Its feedstock will
largely be made up of paper, textiles, wood
and plastics, and will be pelletised before
being fed to the gasifier. The process will
produce a char residue amounting to 15-17%
of the original input, which is landfilled, as well
Figure 2 Enerkem’s Westbury Plant, above, as some wastewater from the scrubber used
uses decommissioned power
for gas conditioning. The facility may have a
poles as feedstock
stack for the steam boiler, as well as a cooling
tower, but the use of gas engines is also
being considered. The facility will also generate some extra truck traffic from deliveries of
process ingredients, such as lime, alumina, and caustic soda.
New Earth Energy (UK) is also pursuing the production of syngas from waste, to be used in
engines to produce electricity. The company is planning to build several 5-10 MW size plants,
but had not realized any of the planned projects when this article was written. Nova Fuels of
California is working on a process resulting in liquid biofuels but also does not have any project
on the ground yet. U.S.-based Nupower Inc. pursues a plasma arc technology, as does the UK’s
Advanced Plasma Power. Finnish company Condens Oy is working on a gasification process
using gas engines to produce electricity, and a small demonstration plant was built in Kokemäki
(Finland) in 2005. Swiss company Thermoselect’s gasification technology is licensed in Canada
by Quebec-based 3R Synergy Inc. It gasifies with pure oxygen, at a temperature of around
2000°C, using some natural gas. With a tipping fee of €140 per tonne (Karlsruhe, Germany –
plant is now closed), it is costlier than some other systems.
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Scale
The good news is that gasification plants are smaller than conventional incineration facilities.
Most companies are aiming at processing about 100,000 dry tonnes per year – about the MSW
generated by a city of 200,000 inhabitants. Some others aim even lower, such as Plasco with
68,000 tonnes or Advanced Plasma Power with 50,000 tonnes per year. Waterloo, Ontariobased OE Gasification is marketing Norwegian gasification technology that produces steam and
can handle even smaller amounts of MSW, starting at around 5,000 tonnes per year. Systems
are usually modular, i.e. several units are combined if larger amounts of waste need to be
processed. At these low annual throughputs, many Canadian municipalities could implement
these technologies.
Technology and Economics
Technical problems still exist with these technologies, as can be expected at this stage. For
example, Plasco’s demonstration plant in Ottawa only treated some 1,800 tonnes (890 hours of
operation) during its first year of operation and 2,800 tonnes in the second. Fundamentally, each
technology provider needs to decide how to gasify the waste: using air to gasify the waste
introduces high amounts of nitrogen (air is 80% nitrogen) into the process. This dilutes the
energy content of the syngas produced and in the worst case, it cannot be used in an engine to
produce electricity. Using pure oxygen or steam instead of air are possibilities to increase the
energy content of the syngas, but increase capital or operational costs and may negatively
impact on the energy balance of the process. Examples of these three modes of operation are
• the TPS Termiska Processer circulating fluidised bed reactor (partial oxidation with air),
• the Proler rotary kiln or the Biomass Canada Ltd. (Edmonton, AB) gasifier (partial
oxidation with oxygen),
• and the SilvaGas circulating fluidized bed reactor by Future Energy Resources (FERCO)
or U.S. company Range Fuels (using steam).
Many other companies are developing similar technologies. Not all of them are targeting MSW,
and all are still at bench, pilot or demonstration stage.
Municipalities also have to decide whether they want to own and operate these facilities, or
leave that up to a private company, as is e.g. Plasco’s business concept. The latter has the
advantage that no expertise or investment is required from the municipality, but tipping fees will
have to be paid. Likewise, the cost of making refuse-derived fuel (RDF) from MSW has to be
added to those tipping fees. Technologies using engines instead of steam turbines have the
advantage that no steam engineer is required, reducing operational costs.
A potential problem for the economic viability of these technologies can be power pricing: in
many provinces, obtaining $0.11 or more per kilowatt hour of electricity sold may still be a
challenge. Of course, a lack of income from power sales could be compensated by higher
tipping fees. Indeed, these fees are usually determined as a function of the specifications of the
waste to be treated and other local conditions.
Another problem for new technologies to be accepted may be stringent requirements on their
‘proven’ status to qualify for power purchasing agreements with utilities and grid operators in
Canada. Enerkem’s gasification facility has been deemed "proven" by the City of Edmonton but
BC Hydro requires that a technology must have been operating for three years in three locations
to connect to its grid. Metro Vancouver seems to have adopted the same approach. Since
second-generation thermal waste treatment technologies can usually not comply with these
conditions yet, they may not be adopted quickly throughout Canada.
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Energy Balance & Material Recycling
There is an on-going discussion between industry experts as to whether plasma gasification can
physically yield surplus electricity. Plasco says that in over than 1,000 hours of operation it has
generated more than double the amount of electricity than their process consumes. Advanced
Plasma Power claims that over 60% of total power produced can be exported to the grid. In
reality, the expert community is still waiting to see the long-term results. In any case, the energy
balance will heavily depend on feedstock energy content. Plasco bases its claims on en energy
content of 16.5 GJ per tonne. Table 1 shows that this is only possible when the organic fraction
has been reduced or dried, to increase its energy content. Indeed, the standard fuel for these
facilities is RDF, i.e. not the material as it comes out of the waste truck. Waste with high water
content, such as sewage sludge, is often not a suitable feedstock.
Table 1
Higher Heating Values of Waste Fractions
Waste Type
Energy Content, per
metric tonne
Unsorted MSW
10 GJ
Refuse-derived fuel
18 GJ
Mixed plastics
33 GJ
Green tonne (biowaste)
4-6 GJ
Sustainability
A municipality opting for a thermal waste treatment facility will have to sign a contract to provide
waste for at least 10-20 years (Enerkem’s contract with Edmonton specifies 25 years). Such
long-term contracts reduce the flexibility to opt for other waste management options. The
Guardian (Sept. 20, 2006) noted about the East London plant mentioned above that "to burn
well," the plant will need significant amounts of paper and plastic. "The argument against it has
always been that it will undermine recycling." This is not entirely true, since a MSW gasifier
could also operate without the plastics fraction if the material is pre-dried. Essentially, thermal
waste treatment is compatible with blue box and green bin recycling. But would a ban on plastic
bags or increased recycling reduce the waste energy content too much to operate the facility
cost-effectively? These are questions a municipality has to answer when evaluating its options.
Another issue that should be evaluated is cooling water demand. Plasco’s Ottawa demonstration
plant uses water, but commercial facilities are expected to use air cooling, which means the
plant actually produces water (about 300 litres per tonne of waste) as a process by-product, and
is then able to operate without mains water.
Finally, thermal treatment never reduces the waste to zero. First, RDF only constitutes between
50 and 85% of the original MSW – the remainder consists of inert material (e.g., glass) and an
organic fraction that must still be disposed of or otherwise treated. And at the end of the
process, one will either get ash or at least some filter residue that must be landfilled. The
residual amounts will vary by technology and by waste type.
Conclusion
There are no easy solutions to waste management. Second-generation thermal waste treatment
technologies hold the promise of offering fairly low-cost treatment for smaller amounts of waste
than the first generation, and with lower costs and environmental impacts. To many
municipalities where increased recycling would be very costly, and new landfill sites are difficult
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to develop, these technologies may be an attractive option. Some caution is recommended,
however, to rely on them as the ultimate solution as they still have to overcome some
technological problems. At this time, several technology providers are looking for demonstration
sites to show that their concepts are working in practice. This is a necessary step towards
commercialization and communities are encouraged to consider hosting such projects. Whether
they will be part of a community’s future, however, will depend on other factors as well, including
local support for the technology and municipalities’ general waste management preferences.

Martin Tampier of ENVINT Consulting (www.envint.ca) is an energy consultant advising the
energy industry and government across Canada. A professional engineer, Martin works on
alternative energy issues, including policy, emissions, economic aspects, and technology
assessments.
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