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TECHNOLOGY OPTIONS 
 
The tri-regional study presents a summary of three representative, viable technologies that may be 
considered for a WTE facility: conventional combustion (also known as mass burn), gasification and 
plasma gasification. 
 
 
The technology for mass burn WTE facilities is well established worldwide, with 800 facilities currently in 
operation.  Conventional combustion systems can handle a variable waste stream with no pre-
processing; the system is relatively simple and modern mass burn facilities with sophisticated air pollution 
control systems have no significant impact on the environment.  Mass burn facilities generally cost less to 
build and operate than most advanced systems such as gasification or pyrolysis; however, public 
opposition to this technology can be significant.  
 
The gasification process involves the combustion of solid waste where a synthetic gas is created, cleaned 
and used for some other process, such as a chemical process to make ethanol or a thermal process to 
make electricity.  Gasification facilities are usually built with a fixed capacity, with module sizes ranging 
from 40,000 to 100,000 tonnes.  Because they have the potential for smaller-sized units, they can be 
sited close to a feedstock source and used in decentralized applications.  Gasification systems typically 
require homogeneous feedstock and, therefore, extensive front-end processing is required.  Few full-
scale gasification facilities are in operation; the only successful ones are in Japan.  Three North American 
communities are pursuing gasification technologies to produce ethanol and heat, including Edmonton. 
 
Plasma arc gasification processes are similar to gasification but use extremely high temperatures to 
gasify the waste.  The process also produces a syngas which can in turn be used to create electricity.  
The technology involves relatively high capital and operating costs.  This technology is still at the 
developmental stage, with only two commercial plants operational in Japan.  Ottawa and Calgary are 
pursuing plasma arc gasification facilities for their municipal solid waste. 
 
The technology options evaluated for a stand-alone facility are not directly comparable to the tri-regional 
options.  Because the volume of waste for a CRD facility is half of a joint facility, it places the mass burn 
technology at the lowest range it can handle.  A two-stage combustion process would be more suitable; 
however, compared to mass burn, this technology is less efficient which means it produces less electricity 
and heat per unit of waste processed and produces more ash to be landfilled.  For the more advanced 
processes, gasification and plasma gasification, most of these systems use modular designs and only 
minor adjustments are required to scale these processes down. 
 
FINANCIAL IMPLICATIONS 
 
A tri-regional WTE facility is projected to receive 200,000 tonnes per year of residual solid waste.  This 
volume includes dried biosolids and accounts for diversion of kitchen scraps and recyclables.  The 
financial analysis indicates a fairly large variation in unit costs for the different technologies: 
 
 Mass burn would cost $84 to $98 per tonne, depending on the extent of district heating.  
 Gasification to ethanol would be $136 per tonne. 
 Plasma gasification to electricity and district heat would be $152 to $155 per tonne; and 
 Private mass burn facility in Gold River is estimated at $42 per tonne. 
 
Note that the above costs, other than for Gold River, include debt servicing of capital, operating costs and 
are net of revenues for recovered resources.  Transportation costs must be added to the above unit costs 
and for a lower island facility have been estimated to be between $21 and $31 per tonne, depending on 
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the facility location.  Costs to transport waste to Gold River are much higher at $68 per tonne.  For each 
option, transportation costs have been assumed to be applied as a total system cost, shared equally by 
each regional district.  
 
Because the majority of the waste is generated in the CRD, the most economical tri-regional option is a 
mass burn facility in the CRD at a site where district heating opportunities could be realized.  Total system 
costs for this option are estimated at $105 per tonne.    
 
For a CRD stand-alone facility, costs vary between $107 up to $154 per tonne depending on the 
technology and the degree to which resources are recovered.  Although unit capital and operating costs 
for a stand-alone facility are higher, the overall system transportation costs are not included, which results 
in generally lower costs compared to a tri-regional facility.    
 
The economics of a WTE facility are highly sensitive to the amount of heat that can be sold and to the 
market price for this heat.  District heating infrastructure costs are not included in the above analyses.  
Additional revenues may also be realized through sale of carbon credits. 
 
Current disposal costs at Hartland for operating the landfill are $37/tonne.  All options presented in both 
studies exceed current disposal costs; however, once capital is amortized over 25 years, net disposal 
costs for all options are lower than current costs. 
 
ENVIRONMENTAL IMPLICATIONS 
 
The tri-regional study presents an analysis of the GHG emissions for each technology compared to 
landfilling.  Even with landfill gas recovery and utilization, landfilling produces more GHG than WTE.  The 
technologies that generate fuels used to offset fossil-based natural gas or diesel, such as gasification and 
plasma gasification, present the greatest benefits.  GHG emissions from transportation are not significant 
in any of the options. 
 
INTERGOVERNMENTAL IMPLICATIONS 
 
The RDN has a regional landfill with approximately 20 years of life remaining and a waste disposal cost of 
approximately $50/tonne.  The CVRD does not have a regional landfill site; its waste is currently exported 
to Washington State for $115/tonne.  Both regional districts are open to continued dialogue around WTE. 
 
INTEGRATED RESOURCE MANAGEMENT PLAN IMPLICATIONS 
 
The CRD has recently commenced a formal, two-year review process of the Solid Waste Management 
Plan, which is to be renamed the Integrated Resource Management Plan.  Within this revised plan, it is 
envisioned that the long-term plan around when and how the CRD will move from landfill disposal to WTE 
will be articulated, including the financial modelling to support such a facility.  Public engagement around 
WTE would be incorporated into the broader public consultation process for the plan revision. 
 
CONCLUSION 
 
Siting a tri-regional facility will ultimately depend on many factors including political and social preference 
to be a host community, availability of land, transportation access, ability to utilize district heat and 
minimizing transportation costs and GHG emissions.  Because the majority of the waste is generated in 
the CRD, the most economical tri-regional option is a mass burn facility in the CRD at a site where district 
heating opportunities could be realized.  Although economies of scale are lost to a certain degree with a 



Environmental Sustainability Committee – 22 June 2011 
Re:  Results of Feasibility Studies on Waste to Energy 
Page 4 
 
 

840387 

CRD stand-alone facility, overall costs are more favorable compared to a tri-regional facility as system 
transportation costs are not included.  It is proposed that the results of these studies be incorporated into 
the Integrated Resource Management Plan review process. 
 
RECOMMENDATIONS 
 
That the Environmental Sustainability Committee: 
 
1. receive for information AECOM’s Tri-Regional District Solid Waste Study (May 2011) and 
 technical memorandum (14 June 2011); 
2. direct staff to incorporate the findings of these reports into the Solid Waste Management Plan 
 review process and to continue dialogue with Regional District of Nanaimo and Cowichan 
 Valley Regional District; 
3. forward the reports to both the Solid Waste Advisory Committee and the Core Area Liquid 
 Waste Committee for information; and 
4. direct staff to report back to committee at the end of 2011 with an update on further developments 

in Canadian waste-to-energy projects. 
  
 
 
 
 
 
  
Larisa Hutcheson, PEng  
General Manager, Environmental Sustainability 
 
 
LH:cl 
Attachments:  2 
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It is prudent and good waste management practice to allow for at least 20% for additional future 
recycling and diversion to cover seasonal and economic fluctuations. Therefore, the amount of CRD 
waste proposed to be available for a WTE facility is 100,000 tonnes per year.  This is half the amount 
of waste that was used to evaluate the options in the Tri-Regional District study.  
 
WTE Facility Siting 

Similar to the Tri-Regional District study, the location of the WTE facility is presumed to be in the 
Core/Saanich area.  For planning purposes, it was assumed that there would be little difference in the 
delivery distances for local collection vehicles.  
 
Currently, the potential market for industrial steam and low grade residential heat (i.e. for district 
heating) in the Core/Saanich area is low.  However, this should not preclude the possibility that 
industrial and residential end-users could be developed close to the WTE facility in the future.  To 
examine the financial implications of district energy, this assessment includes scenarios for 0% and 
50% district energy recovery for the options where this is possible (i.e. conventional combustion and 
plasma gasification technologies). 
 
For the export of waste to the Gold River WTE option, a new transfer station/barge loading facility is 
required, likely along the industrial waterfront area. This transfer station would be smaller than the 
one proposed in the Tri-Regional District study as the processing capacity has been reduced by half.  
Similar to the transportation cost considerations above, there should be an added benefit to locating a 
transfer station/barge loading facility closer to the area where most of the waste is generated.    
 
 
TECHNOLOGY IMPACTS 
 
Conventional Combustion (Two-Stage Combustion) 

By reducing the waste stream quantities to 100,000 tonnes per year, the mass burn technology is 
placed at the lowest range that it can handle. While mass burn is by far the most common technology 
which is well proven and for which adequate data exists, most plants in Europe are in the 300,000 
tonne per year range and in North America closer to 500,000 tonnes per year. This is where the 
economies of scale can help with overall financial performance. At 100,000 tonnes per year, the 
capital and operating costs would extract a fairly heavy efficiency penalty. 
 
Other technologies using conventional combustion processes are more suitable for this capacity. The 
most common is a two stage combustion system, sometimes also referred to as close-coupled 
gasification system (in the first stage the waste is gasified and in the second stage it is burned). One 
such technology is used at the Region of Peel WTE plant and is supplied by Consutech from the 
USA.  Another firm offering this technology is Energos which has several plants in Norway and the 
United Kingdom.  Little operating and efficiency data is available about these facilities; however, the 
technology is proven. Generally, this technology is thermally less efficient than state-of-the-art mass 
burn systems, but should be able to meet all of the same environmental and emission parameters. 
Capital costs from some Energos facilities in Europe are known from published data, and have been 
escalated by 20% and used in the financial calculations. This brings them to within 10% of the costs 
for Consutech systems. 
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Conventional combustion using a steam cycle to recover electricity and heat can generally achieve a 
thermal recovery efficiency of about 27% for a state-of-the-art large scale mass burn plant producing 
electricity only. For smaller facilities, this efficiency drops to closer to 20%. Thermal efficiency 
increases typically to about 40 to 50% if steam is extracted from the turbine and used for industrial 
processes in addition to making electricity (i.e. combined heat and power). If the low grade heat at the 
end of the process is used for district heating/cooling, then thermal recovery efficiencies can rise well 
above 60% and can even be above 90%. 
 
Gasification and Plasma Gasification 

Most of these systems use modular designs that process between 50,000 and 100,000 tonne per 
year of waste.  There can be a slight economy of scale penalty if the throughput to a facility is smaller, 
since similar common components would have to be built, regardless of the size, but the actual 
gasification modules would not be affected. The calculations from the original study are carried 
forward where applicable with only minor adjustments. 
 
One significant change from the Tri-Regional District report is that the most proven of the gasification 
systems, the Thermoselect technology, is generally of a larger capacity and because of its complexity 
would likely not be competitive in the smaller size range.  Therefore, this technology should not be 
considered for this application.  However, there are positive developments with other technologies. 
The City of Edmonton is installing an Enerkem gasifier to ethanol facility and expects it to be in 
operation by the end of 2011 or early 2012. Plasco (plasma gasification) has also announced that a 
facility in Red Deer, Alberta has been signed, and that another contract to build a gasification facility 
in California was recently won.  While this does not take away from the risk of using these 
technologies at this time, it holds promise for their commercial maturity in the near future. 
 
If only electricity is produced, then a true gasification system that burns the syngas in reciprocating 
engines can achieve energy recovery efficiencies of 35% and more. Greater system efficiencies are 
possible (over 60%) if district heating is applied. Gasification that produces a liquid fuel has a good 
chance of achieving overall thermal efficiencies of over 60% but is highly dependent on the 
conversion efficiency of the process and the end use of the liquid fuel. This would have to be 
researched on a case by case basis. 
 
 
FACILITY COSTS 
 
Conventional Combustion (Two-Stage Combustion) 

Based on two-stage combustion, or close-coupled gasification system, the capital and operating costs 
are shown in the table below.  Capital costs are estimated at $1,200 per tonne of installed annual 
capacity (as opposed to $1,044 for larger scale mass burn), and energy recovery efficiency for 
electricity (and district heating when applicable) has also been assumed to drop from 27% to 22%. 
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Two Stage Conventional Combustion 
Description     Comments 
Plant capacity 100,000   tonnes per year 

Chute to stack equipment with 
building $120,000,000  $1,200   per tonne of installed capacity 

Land costs $0   Land already owned by District 

Site work $2,400,000 2% of plant cost 

Permits and approvals $1,200,000 1% of plant cost 

Total capital cost $123,600,000     

Assumed average cost of capital  6% interest rate 

Amortization period 
 

25 years 

Annual capital costs $9,752,040     

Annual Operation and 
Maintenance costs $6,500,000  $65  per tonne 

Residue disposal (20% of 
feedstock) 

$1,250,000 $50  per tonne 

Revenue from electrical energy  ($5,695,000) $100  per MWh (75% efficiency for electricity) 

Revenue from district heating 
sales 

($867,000) $6  per GJ (assume 50% of heat sold) 

Revenue from sale of metals ($240,000) $80  per tonne for scrap metal 

Net annual cost (w/ DE) $10,700,040     

Cost per tonne (w/ DE) $107.00    With district energy 

Net annual cost (w/o DE) $11,567,040     

Cost per tonne (w/o DE) $115.67    Without district energy 

 
 
 
Gasification with Liquid Fuel Conversion 

For conventional gasification, data was obtained from the gasification to ethanol facility currently 
being built in Edmonton, Alberta, using the Canadian Enerkem technology. This information indicates 
that capital and operating costs can be lower than for the larger Thermoselect technology used in the 
Tri-Regional District study.  The estimated costs for the Edmonton facility have been escalated by 
10% to account for unforeseen increases, since the plant is still in the early stages of construction. As 
can be seen from the table below, there is a financial benefit to making and marketing liquid fuels, 
since the revenues from this product are higher than from the sale of electricity. They are partly offset 
by disposal costs for ash and residue. 
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Gasification with Liquid Fuel Conversion 

Description     Comments 
Plant capacity 100,000 

 
tonnes per year 

Chute to stack equipment with 
building 

$114,008,400 $1,140   per tonne of installed capacity 

Land costs $0   Land already owned by District 

Site work $2,280,168 2% of plant cost 

Permits and approvals $1,140,084 1% of plant cost 

Total capital cost $117,428,652     

Assumed average cost of capital 6 6% interest rate 

Amortization period 25 25 years 

Annual capital costs $9,265,121     

Annual Operation and Maintenance 
costs 

$12,800,000 $128  per tonne 

Residue disposal (25% of feedstock) $1,250,000 $50  per tonne 

Revenue from ethanol production 
(~43.7 ML/yr) ($9,217,825)  $0.53  per litre (ethanol) 

Revenue from sale of metals ($240,000) $80   per tonne scrap metal 

Net annual cost $13,857,296     

Cost per tonne $138.57     

 
 
Plasma Gasification 

The values for plasma gasification remain largely unchanged. The higher capital and operating costs 
of a plasma system (compared to conventional combustion) cannot be offset by the higher efficiency 
of electricity generation. The revised values are shown in the table below: 
 

Plasma Gasification 
Description     Comments 
Plant capacity 100,000   tonnes per year 

Chute to stack equipment with 
building $140,000,000 $1,400  per tonne of installed capacity 

Land costs $0   Land already owned by District 

Site work $2,800,000 2% of plant cost 

Permits and approvals $1,400,000 1% of plant cost 

Total capital cost $144,200,000     

Assumed average cost of capital 6 6% interest rate 

Amortization period 25 25 years 

Annual capital costs $11,377,380     

Annual Operation and Maintenance $10,675,411  $107  per tonne 
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costs 

Residue disposal (2% of feedstock) $100,000 $50  per tonne 

Revenue (electricity) from 
reciprocating engines fueled by 
syngas 

($6,502,500) $100  per MWh (85% availability and 90% 
efficiency for reciprocating engine) 

Revenue from district heating sales ($780,300) $6  per GJ (assume 50% of heat sold) 

Revenue from sale of metals ($240,000) $80  per tonne for scrap metal 

Net annual cost (w/ DE) $14,629,991     

Cost per tonne (w/ DE) $146.30    With district energy 

Net annual cost (w/o DE) $15,410,291     

Cost per tonne (w/o DE) $154.10    Without district energy 

 
 
Export to Gold River WTE 

The values for the mass burn facility at Gold River remain unchanged, since they will not be impacted 
by the reduced volumes under consideration.  The estimated cost to process waste at Gold River is 
estimated at $42 per tonne.  However, the cost associated with bringing CRD’s waste to Gold River 
has changed as the barging cost and transfer facilities would be born solely by the CRD.   
 
The cost to transport waste to Gold River using the barging system established for Metro Vancouver’s 
waste stream should not significantly change as it would be a slight detour to drop off a partially filled 
barge in Esquimalt and to pick up a barge that has been filled with waste from the CRD.  As the 
waste from the CRD would represent about 16.7% of the waste going to Gold River, it is reasonable 
that the CRD would be charged at least 16.7% of the barging costs which equates to about $27 per 
tonne.   
 
In addition to the barging costs, a new transfer station along the waterfront would be needed and 
should be similar in cost to a transfer station in the Saanich/Core area.   Operating costs would 
require an additional expense of $3 per tonne to account for processing and baling the waste in a 
plastic wrap.  Estimated total unit cost for a CRD transfer station is $40 per tonne.  This includes 
purchase of approximately 3 hectares of waterfront property and additional foundation requirements 
for building along the shoreline.   
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Cost Summary 

Costs are summarized in the table below: 
 

OPTION DESCRIPTION 

CAPITAL 
COSTS 

($ million) 
UNIT COSTS 
 ($ per tonne) 

TRANSPORT 
COSTS 

($ per tonne) 

TOTAL 
COSTS 

($ per tonne) 

1a Two-Stage 
combustion without 
district energy 
recovery 

$120 $116 0 $116 

1b Two-Stage 
combustion with 
district energy 
recovery 

 $107 0 $107 

2 Gasification with liquid 
fuel conversion 

$132 $138 0 $138 

3a Plasma gasification 
with electricity 
production only 

$140 $154 0 $154 

3b Plasma gasification 
with electricity 
production and district 
energy recovery 

 $146 0 $146 

4 Export to Gold River 
WTE facility 

 $42 $67 $109 

 
 
Discussion 

The unit capital cost for WTE technologies are higher than in the Tri-Regional District study due to 
smaller economies of scale. However, because the waste is handled locally and there is no extra 
transportation involved, the total system cost per tonne is actually lower than any of the three regional 
district options that bring the waste to any one facility. It should also be noted that the cost data for 
two-stage combustion systems is less reliable than for mass burn systems.  The sensitivities of some 
of the cost assumptions were tested in the Supplementary Capital Cost Verification section below. 
 
The same applies to the gasification and plasma gasification systems.  Handling the waste locally 
reduces economies of scale a little bit, but provides a substantial savings in transfer and 
transportation costs. 
 
The value of ethanol appears to exceed the value of electricity for the energy recovered from an 
equal amount of waste. This makes the conversion of waste to a liquid fuel more attractive 
economically than the generation of electricity. Further, the conversion of waste into refuse derived 
fuel and then further into ethanol via gasification is considered a “bio-chemical process” in Alberta for 
permitting purposes. The BC government has indicated that gasification would be considered 
combustion; however, it is not clear how they would classify the conversion to liquid fuels.  
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For the out of region option, transporting the waste to Gold River by barge is attractive, but the cost of 
building and operating a transfer and barge loading facility brings the costs to almost the same level 
as in the Tri-regional study and makes it almost the same as the local WTE options. However, there 
has been no siting or conceptual design for the transfer station/barge loading facility and the 
estimated costs are conservatively based on other transfer station designs recently conducted in BC.  
 
For the two scenarios that take into consideration district energy recovery, there is currently no siting 
information, therefore several assumptions were made. These can be updated as more local and 
specific information becomes available.   

 Thermal efficiency of the conventional combustion system would be 60% in total, of which 
20% would be achieved by the production of electricity, and 40% by the distribution of heat. 

 Thermal efficiency of plasma gasification could be as high as 75%, with 35% coming from 
electricity and 40% from heat. 

 Costs of land for the WTE facility are not included, nor are costs of district energy 
infrastructure. 

 
The greenhouse gas (GHG) comparison is not substantially affected, since most of the differences in 
GHG benefits come through the efficiencies of the technologies and the end uses of the energy 
recovered. Absolute volumes may be lower, but the comparisons between technologies remain 
similar.  Transportation was shown to have only a very minor effect on GHG and therefore the GHG 
balance was not re-calculated for this sensitivity analysis.  However, for those two scenarios where 
district energy/heat sales are possible, the GHG balance for the CRD improves. 
 
Conclusion 

The inclusion of district energy increases revenues of a WTE operation.  For conventional 
combustion, WTE costs would still be above current internal operating costs for waste disposal at the 
landfill.  A substantial reduction in waste volumes would raise the unit operating costs at the landfill, 
since much of the infrastructure would need to remain in place for the small amount of residual waste 
and ash. 
 
The cost of plasma gasification, even after district energy is considered, remains well above the 
current tipping fee.  
 
Economics are highly sensitive to the amount of heat that can be sold, and to the market price for this 
heat, which would have to include allowances for the district energy infrastructure.  Carbon credits 
can only be crudely estimated at this time. Assuming that carbon is worth about $25 per tonne and all 
of the district energy collected is used to offset natural gas, then total additional revenue from the sale 
of carbon credits for electricity and district energy would be in the order of $440,000. This is a highly 
optimistic assumption and could result in a further reduction of the break-even tipping fee of about $4 
per tonne.  A more precise quantification of the carbon credits will depend on what kind of energy is 
offset by the district energy (e.g. electricity, natural gas, heating oil) and the actual market value of the 
credits. 
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Supplementary Capital Cost Verification 

Capital costs of conventional combustion were verified based on information released through the 
permitting process for the Durham/York Environmental Assessment and are shown in the graph 
below. This was prepared by Ramboll, a Danish consulting firm specializing in WTE and is a 
summary of recently constructed WTE facilities. 
 
 

 
Source: Ramboll. 2007. Memo to MacViro during the Durham/York Environmental Assessment 
 
The above graph shows that a WTE facility processing the equivalent of 100,000 tonnes per year 
(12.6 tonnes per hour) would on average have a capital cost of about $1,100 per tonne of installed 
annual capacity. Escalated to 2011, this would be about $1,210 per tonne of capacity and confirms 
the study estimate of $1,200 per tonne of capacity. 
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