Qg
uebec Demande R-3731-2010

Distribution

ANNEXE 5

Rapport du consultant externe Merrimack

Energy Group Inc.

The Competitive Cost of Biomass Generated Electricity

A/O 2009-01

Original : 2010-05-07 HQD-2, Document 1
Annexe 5
En liasse






The Competitive Cost of Biomass Generated Electricity

February, 2010

Prepared by
Merrimack Energy Group, Inc.

Merrimack

i1
<

Energy



The Competitive Cost of Biomass Generated Electricity

1. Introduction

In April 2009, Hydro-Quebec Distribution (“HQD”) ssied a Call for Tenders (A/O
2009-01) for Firm Capacity for a Total of 125 MWdaAssociated Energy produced by
biomass cogeneration in order to meet the long-teleatricity needs of its Quebec
customers. Based on the Call for Tenders, the redggt must originate from new

generating facilities located in Quebec. The Cail Tenders also identified the eligible
biomass fuels, which included a wide range of resmoptions.

Hydro-Quebec Distribution has selected 8 bids ftotal of 60.7 MW from the 125 MW
Call for Tenders. Deliveries of the power from ta@sojects are required to come on-line
no later than December 1, 2012. Hydro-Quebec Digion has reported that the average
price of the winning bids is $112/MWh ($2009 Cnhcluding $4.00/MWh for
transmission costs, with a range of approximat&9.@0/MWh to $124/MWh in real
levelized cost terms.

The Régie de I'énergie (Régie) requires that Hy@uebec Distribution undertake a
comparative analysis of the cost of power fromhtius selected through Call for Tenders
A/O 2009-01 relative to the cost of power for semilproducts from neighboring

Northeast markets. Because of widely varying bi@naseedstocks and

generation/conversion processes, it is difficultidentify “typical” costs for biomass

generated energy.

Although it is difficult to conduct a consistentdamquivalent evaluation of biomass
projects, Merrimack Energy has developed a reasermatproach for conducting the
comparative cost assessment required by the Répe.methodology undertaken by
Merrimack Energy assesses the competitive cosbrgd-term power from the winning
bids from the 125 MW Call for Tenders for energyduced by biomass generated
electricity with general industry cost data on alrevelized cost basis over a 20 year
term. For purposes of the analysis, Merrimack Epé&gelying on cost data for biomass
energy technology developed for Feed-in Tariff papgs in Ontario and Vermodnas
well as industry studies on the cost of biomasstetity generation technologies.

! This Call for Tenders is complicated further bg tequirement that energy eligible for the Call for
Tenders must be produced by biomass cogeneratiars, The issue of generation/conversion processes a
unique to the application which creates difficidtidentifying specific benchmark projects.

2 Feed-in Tariffs obligate retail electric utilitiés purchase electricity from eligible renewableryy
producers under standardized arrangements spegifyices, terms and conditions. This standardinatio
simplifies the purchase process, provides revenuaioty to generators, and reduces the cost ahéiimg
generation projects. The standardized rates areafjypreflective of generation costs for a spexcifi
renewable technology, including a reasonable refeerd-in tariff programs are generally promulgdigd
a utility regulatory commission or through legigtat While Feed-in Tariff programs are being depeld

in several states in the US, the Ontario Power éuitthand the Vermont Public Service Board aréhim t
lead in developing and implementing such progrdsmgler these programs, one of the key aspects is to

Merrimack Energy Group, Inc. 1



This report will first present a brief descriptiohthe Feed-in Tariff programs in Ontario
and Vermont, including the tariff rates for biomas®ach program. Following will be a
brief assessment of the capital and operation amdtenance (O&M) costs for biomass
options presented in several recent studies on pgermeration costs, primarily from US
federal and state government sources. In additiciew of the studies also include an
estimate of the levelized costs of power from bissnaptions as the basis for developing
benchmark cost options. Finally, the benchmarkscast developed based on the feed-in
tariff rates and the third-party studies to devedange of benchmark biomass generated
electricity costs from which to compare the realeleed cost of the bids selected in
Quebec.

2. Background

There are a number of factors that influence th& ob biomass generated electricity.
These include the capital cost of the equipmeng, ¢bst of financing the project,

operation, maintenance, and other administratiwtscg.g. fiscal environment and other
taxation), the conversion efficiency, relatively ahyproject size, feedstock availability

and cost, transportation costs for delivering teedstock to the plant site, and any
government incentives.

However, since the cost of biomass generationflisganced by feedstock availability and
technology? it is very difficult to consistently and equitabtpmpare the economics of
various projects since each project has a uniquefseocal conditions. Unlike other
generation technologies, such as combined cycleoorbustion turbine facilities that
generally have a standard design and fairly cagrsistost characteristics, the economics
of biomass generation can vary considerably inraber of areas. A presentation of the
estimated capital and operation and maintenands thsstrates the wide variation in the
cost of biomass options.

3. Cost of Biomass Generated Electricity in Feed-in Tariff Programs

Feed-in tariffs establish prices at which a sell#irbe able to sell power to a buyer under
a long-term contract. For purposes of establishimg price, utilities or other buyers
generally calculate the cost of constructing anerajing a renewable energy project plus
a reasonable return over the life of the projectimbst cases, these prices are established
for different technologies and for different sizeojects. Both the Ontario Power
Authority (“OPA”) and the Vermont Public Service &al have established feed-in tariffs
for several technologies.

The Ontario Feed-in Tariff program was launched@gtober 1, 2009. The Ontario
Power Authority (“OPA”) has established tariffs far range of different renewable

establish the target price at which the utilitylywilrchase the power from the eligible renewabkrgy
producer.

3 Biomass technologies can include co-firing witkalda coal plants, direct-fire biomass, biomass
gasification, and biomass plants for combined hedtpower (i.e. cogeneration).
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resource options, including biomass. For biomaasif trates are based on size, with
tariffs established for projects above and belowMM. In the OPA program, biomass
projects under 10 MW have a tariff rate that statt$138/MWh (Cn $) with 20% of the
cost escalating by changes in the Consumer PridexIr{“CPI). Tariffs for biomass

projects over 10 MW start at $130/MWh (Cn $) witheR of the cost escalating by CPI.
The feed-in tariff rates were effective as of Seyier 30, 2009.

The Vermont Public Service Board recently approvenv tariff rates for eligible
renewable technologies, after having originally eéleped interim rates. For biomass
options, the tariff is established at a levelizagerof $125/MWh (US dollars). The
levelized rate was based on an initial year cos$b20.80, with 30% of the cost
escalating by an inflation index. The Vermont Paldervice Board provided a table with
annual costs for various renewable energy techredpmcluding biomass.

The tariff rates for the above programs are used psmary benchmark for evaluating
representative biomass costs in Ontario, New Enigland New York.

4. Public Studies on Biomass Costs

There have been several studies commissioned loegrast few years designed to assess
the costs of electricity generation from variousi@ation technologies, with a focus on
renewable resources. Merrimack Energy has revietede studies and presents the
results of several studies to highlight the estedatosts of electricity generated by
biomass. For purposes of assessing the range tsf easalso present the range of capital
and O&M costs assumed in the various studies alatigthe estimated levelized busbar
costs.

Capital Cost

The capital cost of biomass projects vary widelypetaling on the technology and
process. For example, based on studies and rejhertsapital costs of biomass power
plants range from $2,500/kW to $5,000/kW, dependingize and technolody.

Table 1 presents a summary of the capital costbifomass projects from a sample of
studies prepared on the costs of various techredogi

* This analysis has focused on direct fire biomass@generation options. Technologies such asrimfi
with coal and integrated gasification options weoé considered. Co-firing options are estimatebaee
lower capital costs than other biomass technologibfle gasification technologies would be at tighh
end of the range presented above.
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Tablel

Capital Cost Information for Sample Biomass Projects

Study Technology Size (MW) Cost/kW
Comparative Cost of California Central Biomass 25 $2,899
Station Electrical Generation Technologies
Final Report, Dec. 2007
us DOE Energy Information Biomass 80 $3,766
Administration Annual Energy Outlook
2009
International Energy Agency Energy Biomass Steam 5-25 $3,000 to
Technology Essentials, Dec. 2007 $5,000
California Public Utility Commission GHG Biomass N/A $3,737
Modeling , October 2007
Navigant  Consulting 2006 IEPR Biomass N/A $2,500
Committee Workshop on Electricity Jume
2007
Northwest Power and Conservatipn Biomass 25 $4,000
Council 6" Power Plan, 2009

Annual Operation and Maintenance Expenses

In addition to the recovery of capital-related spgiroject developers also incur annual
operation, maintenance and administrative costo#émetr operating expenses. Several of
the studies referenced above as well as otherestystiesent the estimated fixed and
variable O&M costs for biomass options. Table Dhepresents these costs estimates in
the first year of the study period. As noted, thexea wide variation estimated for
operating costs as well.

Table?2

O&M Costsfor Biomass Options

Study Fixed O&M Variable O&M

$IKW-year $MWh

Comparative Cost of California Central Station Hieal $134.72 $3.11

Generation Technologies Final Report, Dec. 2007

US DOE Energy Information Administration Annual Eqgge $64.45 $6.71

Outlook 2009

California Public Utility Commission GHG ModelingoD27, $54.04 $3.19

2007

Navigant Consulting 2006 IERP Committee Workshop|on $130.00 $3.00

Electricity, June 2007

Northwest Power and Conservation Coundll Bower Plan, $180.00 $3.70

2009
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5. Methodology/Approach

To assess the competitive cost of biomass geneeddetticity relative to the selected
bids, Merrimack Energy has relied upon the two sétsata identified above to compare
the cost of biomass generated electricity to thes kselected through the Call for
Tenders. These include:

(1) Compare the real levelized cost of biomass gergesctricity based on the
levelized cost of biomass generated electricitynfiéeed-in Tariff programs
in Ontario and Vermont;

(2) Calculate the real levelized cost of biomass gdedralectricity based on the
levelized cost of power as reported in studies loa ¢ost of power from
electric generation technologies

In all cases, the levelized costs estimated hdvgeah adjusted to 2009 and converted to
Canadian dollars to ensure all options are placed level playing field.

The results of the levelized cost analysis and leadlized cost analysis are reported on
Table 3.

Table 3 Real Levelized Cost of Biomass Options

Program/Study/Reort Levelized Cost Real Levelized Cost
2009 $MWh

$/MWh (Cn9)
(Cn9$)

Ontario Power Authority Feed-in Tariff Program

<10 MW $138 $119.42

>10 MW $130 $112.49

Vermont Feed-in Tariff Program $133.75 $115.46

Comparative Cost of California Central Stationdigal $123.74 $103.52

Generation Technologies Final Report December 2007

US DOE Energy Information Administration Annugal $115.33 $96.48

Energy Outlook

Northwest Power and Conservation CountiFbwer Plan $139.67 $116.84

Average $130.08 $110.70

® All options are compared based on 2009 dollarsiaeidde an adjustment for the exchange rate betwee

US and Canadian dollars. We have used an adjuswhé&r®7 Canadian dollars per US dollar.
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6. Analysis Results

As noted, the average real levelized price of thus Iselected through the Call for
Tenders process was $108/MWh (excluding the trassion costs in Quebel)The
average real levelized cost of the bids selectesliggificantly lower than the prices
established in the feed-in tariff programs in Oistaand Vermont and is slightly lower
than the average of the feed-in tariffs and studredyzed. In addition, all bids selected,
with one exception, are competitive with or lowdan the real levelized rates for
biomass included in the Ontario and Vermont feethiif programs.

7. Conclusion

As illustrated in this analysis, the average cdsthe portfolio of selected bids (not

including transmission costs) is generally compatitwith the analysis of biomass

generated electricity costs based on the Feed-iiff fTaograms in Ontario and New

England as well as the costs from power generaéonnology studies. While it is very

difficult to accurately compare the economics abrbass projects due to the unique
nature of the project and locational factors, tlmenpetitive options presented offer
reasonable metrics based on the feed-in tariffsrated other studies and reports on
biomass that have been used in other states asdigions.

® Since the other options represent busbar cosys ibig appropriate to remove the transmissionos
associated with the bids selected to ensure astensiassessment (Hydro-Quebec TransEnergie
reimburses the switchyard costs up to a maximunficgiyle amount).
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