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ABSTRACT 

The purpose of this study is to assess mechanisms to foster sustainable electricity generation 

technologies (Sustainables) under cornpetitive electricity markets. Sustainables are those 

technologies which have environmentaiiy desirable attributes when compare.. to conventionai 

market-driva electricity generation technologies. The electricity sector is undergohg fundamental 

restnicturing f h n  direct goverment intervention and conttol to a more market-oriented approach. 

In particular, governments are introducing cornpetition in electricity generation and, in some 

jurisdictions, r d  supply, and imposing fiuictionai or wrporate separaîïon of vertically-intepmi 

utilities to enhance campetition and transparency. Some of the traditional mechanisms which 

governrnents have used to fiJster Sustainables rnay no longer be compatible, or rnay have to be 

supplemented, in this new market aivironment. 

This study has identifid and evaiuated mafket-oriented policy mechanisms for fostering 

Sustainables under cornpetitive elecûicity markets. These policies include: (1) a sustainable energy 

portfolio standard (SPS), whicti guarantees that a minimum share of electricity generated by 

Sustainables be inciuded in the wholesaie supply of electricity; (2) the collection of a non- 

bypassable System Benefits Charge (SBC) on electricity sales to establish a fund which subsidizes 

the developmat of Sustainables; and (3) the application of revenue-neutral environmental adders 

(EA) to generator bids into the electricity market which will affect their wmpetitiveness. 

The poiicy mechanisms were wmpared under several d u a t i v e  criteria in a simuIation mode! 

called the Cornpetitive EIectrkity Market Policy Analysis (CEMPA) model. Simulations were 

conducted of electncity dispatch and investment behavior in B.C. and Alberta fiom 1995 - 2025 

assuming implementation of those mecbanisrns. 

The results indicate that the SPS mechanisrn tends to maximize the instaiied capacity of 

Sustainables because it is designed to support the most cost-effective technologies or resources. 

The SBC mechanism, by design, enhances the diversity of Sustainables supported, and maximizes 

the cost ieductïon of mierghg ~~stainablar. The SPS S minMUacial impacts due to a 

phasing-in of the requirement, and a continuous cost-minimiZation pressure on the market. The EA 

minimizes the C a  abatement cost because the poiicy mechanism is set-up as a CO2 tax, thus 

driving the market to reduce emissions at the least cost. Finally, the SPS is the most simpIe to 

operate and admlliister because it relies on the market to achieve the policy objectives. 
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1. INTRODUCTION 

The purpose of tbis study is to assess mechanisms to foster enWonmentally desirable electricity 

generation technologies under cornpetitive electricity markets. This study quantitatively auaiyzes 

three energy policy mechanisms which foster those technologies under competitive markets. 

1.1 Background on the Study 

This section includes a description of a current energy policy issue, fiamed as a problem statement 

for the study, a description of the study purpose which is an aûempt to address the policy issue, 

and a brief overview of the methodology undertaken to demonstrate the application of policy 

mechanisrns to respond to the p r o b l d i u e .  

SusbinabIe electricity generation technologies, r e f e n d  to as Sastainables throughout this study, 

are those technologies which have enWonmentally desirable attributes when wmpared to 

conventional market-dnven electricity generation technofogies. The term renewables is ofka used 

to describe these technoIogies because they are mostly powered by renewable resources such as 

flowing water, solar radiation, wind, or biornass matter. 

The electriciw sector is undergohg fundamentai rest~~cturuig from direct government intervention 

and control to a more market-oriented approach. In particular, governmeats are introducing 

cornpetition in elecnicity generation and, in some jwisdictions, retail supply, and imposing 

fiinctional or corporate sepration of vertically-integrated utilities to enhance cornpetition and 

-Pamcy* 

Some of the traditional mechanisms which governrnents have used to foster Sustainables may no 

longer be compatible, or may have to be supplemeated, in this new market environment. These 

mechanisms include gwemment regdation of electncity resource acquisition by distributors or 

direct government or public invrstmeat in sustainable energy. 

This study has identified and evaiuated market-onented policy mecbanisrns for fostering 

Sustainubles under competitive electricity markets. Several evaluative criteria were applied for 

cornparhg the policy mechanisms, including cost, market development, and environmental cntena. 



The hypothesis of the study is that environmentally desirable eleceicity generation technologies 

(Sustaimbles) can be efféctively fwtered in cornpetitive electricity markets. The hypothesis is 

demonstcated and tested h u g h  the following steps: 

Simulations were conduchi of electricity dispaîch and investment bebavior in B.C. and 

Alberta fiom 1995 - 2025 assuming împlementation of di&rent polis, mechanisms for 

fbstering Sustainables. 

For the puiposa of the study, Sustai~bles were defbed as: wind genedon systans, so1a.r 

photovoltaic cells, small m ~ f k i v e r  hydroeiectric and tidal generaton, biornass and waste- 

fuel themial generators, and biomass cugeneration systerns. 

Thne marketaienteci policy maehanisms were teste& iacluduig a tradable Sustainables 

podolio standard or market purchase requimnent, a wire charge with subsiciized support for 

Sustainables, and the establishment of a revenue-neutral environmental cost adder which gives 

Sustai~bIes a cornpetitive advantage over less environmentally desirable resources. 

The policy mechanisnu were compared accordhg to the foliowïng evaluative criteria: 

1. Marka share of Sustainabla (MW capacity and GWh production). 

2. Degree of diversiîy of Sustainables (number of technologies fostered). 

3. Impact on the tedudon of the unit cost of Sustainables ($/kWh). 

4. Total expendinire on electricity productiozt ($1, and wholesale spot prices (!§/GWh). 

5 .  Annual carbon dioxide emission abaternent cost ($1  tonne CO2 reduced). 

6. Administrative and operational simplicity. 

The first criterion was sel& to demonstrate the achievement of the primary objective of the 

study, which is to analyze policy mechanisms to foster Sus ta id la .  The capacity 

development and energy production are the most obvious ways of demonstrating that. The 

second and tbird criteria illustraie specific impacts of policies on the sustainable energy 

industq itseifl the divenity of techn010gies developed, and the cost reduction achieved through 

econornies of scale and manufacture. Technologid diversity has a benefit of minimieng 

reswrce risk - so that if one mource (Le. aatural gas) is short in supply or high in price, then 

other resources wïIi have a sufacient market share to partially replace thier loads. With 

sufEicient cost reduction, the hdustry may be able to compete without aay preférentiai policies 



driving it. The fourth criterion dernonstrates the impacts of the sustainability poiicies on the 

financial heath of the elecmcity sector, both in t e m  of price impacts (spot price) and the total 

cost of operating the electrid system. The fïfth is a measure of environmental impacts of the 

electricity and the hancial performance of various policies to meet an environmental objective 

(CO2 reduction). The sixth is a qualitative assessment of the relative administrative burdw of 

the various policies. 

1.2 Cornpetitive Electficity Markets 

The electncity industry in Canada is k i n g  a transformation that wili foster greater competition for 

electricity supply and potentiaiiy mod* the structure of current regulated vertically-integrated 

utilities. This transformation is o h  called elech.icity market reform or electricity market 

resmtctrtring. Poiicymakers amund the world are investigating or undertaking electricity market 

refonn initiatives. 

One restructuring outcome is the adoption of a wholesale cornpetition market which maintains 

regdateci, naairal monopoly conîrol over the transmission and distribution of power and retail sales 

to comauners, but the supply of elecrricity is o p e d  ta competition. The short-term wholesale 

price of electricity is determined like a commodity, according to the supply and wholesale demand 

for electricity in a spot market', rather than through regulatory mechanisms. n i e  mil for regulated 

transmission and distribution u&D) services is determined tbrough rate hearings, encompassing 

the cost of providing those services and aüowing the T&D utility a fàir rate of return. In some 

cases, T&D tous v a q  by the location of the generator andior consumer, to provide an incentive for 

generators to locate in areas with high margiaal transmission or distribution costs. Also, the cost 

of ancillary services2 is o f h  bundled in T&D tous, although in some jurisdictions a separate 

cornpetitive ancillary services market bas been created. 

Beyond wholesule cornpetition, r e t d  competition aiiows end-use consumers to contract directly 

with producers or marketer intexmediaries for the electricity commdty, which is deiivered by a 

1 A dynamic commodity market structure whereby the "spot price" of elecaicity is determined at 
reguiar intervals based on available supply and instautaneous demand The "spot pricen is set 
h m  the highest bid of the selected leastast generators required to meet demand for that penod. 

2 Transmission support s e ~ c e s  necessary to ensure integriîy of the transmission network. 
including voltage control, reactive power, load following, l o s  compensation, energy imbalance, 
scheduling and dispatch services, and system protection (operating reserves). 



regulated natutal monopoly through T&D lines. In sorne jwisdictions, those customers who mm 

to altemative suppliers may have to pay an "exit fi&' to pay for theu share of any stranded costs 

in generation fkcilities, those costs which result h m  the devaluation of utility generation assets as 

the market is opened to competition. 

The main objective of fostering wholesale competition in the elecmcity generation market is to 

maxunize the economic 6ciency of investment and operation decisioas so tbat electricity is 

provided at the least cost to wnsurners. With retail competition, a firtùer objective is to provide 

greater choice to consumers in the types of pricing and services they receive. Additional objectives 

for both models rnay include stmmbng or eliminating redundant regulatory mechaaisms and 

diversifying the electricity sector by involving more players, such as independent power producers 

on the supply side and power marketers and brokers on the retail side. 

Several factors are contributing to the momentum of eiecaicity market restxucturing in British 

Columbia and elsewhere (BCUC, 1995). 

U.S. vade requirements which dictate market access reciprocity - if Canadian producers want 

market access into the US., then U.S. producers have to have the same rights in Canada. 

Technological change and Limitations of large-scale centralized generation technologies have 

contributed to the erosion of the rationale for rnaintaining vertically-integrated utilities, which 

wntrol the generation, transmission and distribution of electricity within one organization. 

Increased global cornpetition is forcing industrial elecûicity consumers to cut wsts to th level 

that their cornpetitors pay, hence pushing for a North-America wide cornpetitive market. 

Public policy is emphasizing economic efficiency more than before - also favoring fke markets 

and private ownership. 

Alberta was the k t  junsdiction in North America to restructure its electncity market by 

establishing a rnandatorypowerpool in January, 1996, and appointhg an independent 

trunsmission administrator (TA) in late-1997. The former is an independent, non-profit entity 

which coordinates di electricity trading in the province; and determines the short-terni market price 

of electricity. An Irish company has been selected as the TA, as it bas no hancial interest in the 

Alberta electricity market as a buyer or seller. The role of the TA is tu determine how transmission 

fhcilities are operated and developed. Eventuaiiy, when pre-restructuring contracts between 



generators and purcbasers are pbased+ut, a fiill wholesale competition market wili develop and 

the powerpool WU act as a spot market h r  short-terrn electricity trading in the province. 

A small number of jurisdictions have adopted the refail cornpetition model, including the United 

Kingdom, New Zealand, Chile, and parts of Auset.alia. Several U.S. states wiii adopt a retail 

cornpetition market mode1 in 1998. It is expected th& many other jurisdictions will adopt this 

model over the next decade. The retaif competition market model is the one that is considered in 

this study. 

1.3 Environmental Threats under Retail Cornpetition 

The deveiopment and utilization of electricity generation technologies and resources wi have a 

significant impact on environmental quality. The investment behavior of electricity generators 

affects environmentai quality through their choice of energy resourceç. The mode of operation of 

existing generation facilities cm also enhance or reduce the environmental impacts of the sector. 

Existing environmental regulations or regdatory mechanism which foster Sustainables, or cause 

generators to operate their îàcilitiw in a manner that is environmentally desirable, may be affecteri 

by electricity market reforrns, as  outlined in the followiag sections. 

1.3.1 Changes in Regdation Over Invesûnent in New Generation Technologies 

in certain jurisdictions with regulated electricity markets, genemtors have been required by 

regulators or governent to include environmental considerations in their invesûnent decisioos 

through such mechanisms as Inkgratexi Resource Planning (IW) and Social Costing. IRP is a 

utilrty p l h g  process which requins the consideration of aii k n o w  resources for meeting the 

demand for a utiiity's produ6 including those wbich focus on traditional supply sources, and those 

which focus on the conservaiion and management of demand, referred to as Dernand-Side 

Management @SM) (BCUC, 1993). in some cases, regulators have required generators to 

quanti@ non-monetary environmental and social impacts of electricity generation through Social 

Costing policies, attaching a monetary or index value to impacts such as air emissions, job creation 

potential, or changes in land-use. Both IRP and Social Costing have potential environmental 

benefits through the promotion of DSM which reduces the wnsumption of electricity or delays the 

construction of new capacity plants, or by fostering new environmentally desirable electricity 



generation technologies that would not have been cornpetitive without the inclusion of 

eavirollfnental cons ideratio m. 

These types of mechanisrns require regdatory ovenight by governments or utility commissions 

over the sales of elechicity nom generaton to consumers as has been the case in many electricity 

markets composed of vertically-integrated utilities. Under elecaicity marks n f o m  which 

establish wholesale cornpetition, whereby the eleztricity generation sector is deregulated, 

regulatory oveaight is d l  maintained, as  resource acquisition deeisioas of elecüicity distribution 

companies are scnitinized. However, under market reforms which stabiish remil competition, 

whereby a consumer has the abiiity to contract directly with a generator for power acquisition 

unâer a deregulated markes the ability of the qulator to require IRP or Social Costing ceases 

(BCUC, 1995). Thus. in order to maùitain the inclusion of environmental considerations in 

resource wuisition decisions of ~enerators under retail comoetition. current TRP or Social 

Costing mechanimis desimed for remilated monowlv rnarkets will need to be mlaced by other 

policv measures which foster Sustainables. 

The d o m  of electn'city markets towards greater cornpetition in North Arnenca is ex- to 

hcrease investment in natural gas generating technologies, because of their low capital costs, 

forecasted low resource cwts, and short development lead-tirnes relative to other technologies 

(Jaccard, 1996). Natural gas combustion has several environmental impacts incluciing greenhouse 

gas emissions, emissions of nitrous oxides and volatile organic compounds which can contribute to 

the creation of ground level ozone (smog), emissions of particulate matter &ch af fea~ human 

heaith, and land and water impacts associated with the exûaction and transportation of naturd gas. 

The impact of increased naturd gas utiliration on the environment can be positive if it is replacing 

cd-thermal fàcilitiw as they retire, resulting in smaller levels of greenhouse gas and smog causing 

emissions. However, in those jurisdictions that cumntly generate a large proportion of their 

electricity h m  non carbon based resources such as hydroeIecüicity, increased natural gas 

consumption can exacerbate environmmtal impacts, particularly with respect to air quality and 

greenhouse gases emissions. 

In summary, under retail competition electricity markets, electricity regulators are unable to 

require gaierators to incorporate environmental considerations into their technology investment 

decisions, resultmg in potaitki aegative environmental impacts, particularly in those junsdictions 



where a Iarge proportion of the existing electricity supply is hydru based, and where natural gas 

technologies are gaining market share through new investments in supply. 

13.2 Chauges in Reguiation Over the Operation of Generation Facilities 

Electic utiiities are currently subject to environmentai regdation. n i e  operaiion of any power 

plant in British Columbia requires an air emission permit as set out under the provincial 

environmental assessrnent p r o u s  and the Waste Management Act, in addition to any municipal 

requirements. The B u d  Thermal (natural gas) plant in Vancouver fias strict guidelines to 

foUow with respect to local air quality impacting pollutants. These requirements wiii not change 

d e r  ampetitive markets. 

However, greenhouse gas emissions are c u m t l y  not regulated, and they are directiy related to the 

operation of fossil fuel facilities. Greenhouse Bas ernissions h m  existing facilities are e x p u  to 

incmse in some jurisdictions due to the introduction of competition into the market. For example, 

excess capacity wiii be exported on the open market throughout North America, and those 

cornpetitive fâcilities that currently operate at less than their hl1 capacity due to limitations in 

domestic demand will eventualiy find new markets for that power, resulting in increased ualimtion. 

This argument is particularly persuasive with respect to coal hilities, which have low operathg 

costs, and are cunently operathg at less than full capacity in many US. jurisdictions, and in 

Alberta and Ontario. The 1991 average capacity factor for coal kilities in the U.S. was 44% 

(NARUC, 1995), and under competitive markets it is expected that tbeir utilizaîion could almost 

double, depending on other environmental constraints. 

1.4 Sustainable Electricity Generation Technologies 

Sustainable electricity generation technologies (Sustainables) have aivironmentallyd~irable 

characteristics when compared to conventional marketdriven electricity generation technologies. 

The focalpoint of this research project is the assess the costs and benefits of fostering Sustainables 

in r e t d  competition electricity markets. It is assumed that Sustainables are not sufEiciently cost- 

effective to be competitive with conventional technologies (i-e. combined cycle natural gas 

turbines), and as such an expiicit poiicy mechanism is required to hilitate their market 

penetration. 



Tbe definition of what constitutes Sustainables is a value-based judgment, dthough certain 

~ o l o g i e s  clearly fit hto tbat category and others clearly do not. ï he  definition also changes 

over t h e  as difirerent environmental and social priorities dictate the bouods of the definition. 

Current environmental priorities in B.C. and elsewhere point towards those technologies wfiich 

have tow net greenhouse gas emissions, minimal locally-impacthg air emissions, minor impacts on 

watersheds or landscapes, and no contribution to toxic waste buiidup. Those technologies are 

generally based on renewable resources, and are reIaîiveIy srnd in scale. 

n i e  d h i t i o n  of Sustainables used throughout this study assumes those attniutes. The specific 

technologies which fit into those bounds include: wind grneration systerns (including wind famis), 

so1a.r thermal coliectors and photovoltaic celis, srnall m-of-river hydroelectric and tidal 

generators, biomass and waste-fiel thermal generators, and waste fiel cogeneration systems. 

Biomass technologies produce greenhouse gas and other emissions, but are assumed to be 

connected with a forestry or agricultural operation which grows au quivalent amount of biomass 

resources as it consumes, hence mitigating the Ca emissions. Also, it is assumed that the location 

ofthose fàciiities is outside of urban areas due to the nature of the resource, such that local air 

quai@ impacting emissions such as particulaies, NOx, and volatile organic wmpounds (VOCs) do 

not have a significant environmental impact on communities3. 

Waste &el cogeneraîion systems have minimal net CO2 emissions because the heat rate4 of 

pducing both steam and electricity fiom a cogenerator is similar to the heat rate of producing 

stem fiom a boiler (for water, space, or process heating), hence providing electricity with a 

minimai increment of fiel conmmption. As a resulî, the conversion of an existing boiier in a 

commercial or indusûial fâcility is environmentally desirable. 

3 Although the Lower Mainiand region (Greater Vanmuver) has a substantial agriculhual 
res0u.m. Iocal air quality. considerations would preclude the dcvelopment of new biomass plants. 

4 The amount of fuel rquited 10 produce a GJ of heat, or a kWh of elecuicity, indicative of the 
fim-law dkiency ofenergy conversion h m  chernical energy to t h e d ,  electrical or 
mechanid energy. 



The private cost of generating e l e c b i c ~  h m  Sustainables is t y p i d y  higher than fkom 

conventional technologies (Le. naturai gas turbines), despite the fact that their social cos? may be 

lower. Sustainables are capital intensive, with relatively low operation, maintenance, and fteI 

COStS. 

However, Sustainables o f i r  several emiironmental, tecimical and economic benefits which have 

often been ignored within cornpetitive electricity markets despite their recognjtion by energy 

policymakers and regulators. 

Sustainables are environmentally benign, a characteristic which may becorne si@cant in the 

future if environmental legislation requires energy companies to pay for environmental 

externalities6 through taxes, emissions caps or madetable emissions permits. Although the 

perceived threat of future environmentai regdations is caushg some e l d c i t y  companies to 

dewelop Sustainables capacity, the rnaj&ity di do not r e m p h  their environmental benefits. 

Conventional energy systems are generaiiy based on Iarge-scale cenmihd technologies 

characterized by long development lead times. The smail sale of Sustainables also makes the tirne 

required fkom design to operation short, so that needed irnprovements can be ident5ed by field 

testing and quickly incorporated into modified designs. Sustainables can advance at a fimer pace 

than conventional technologies, and it is easier to apply modern manuiàcturing techniques that 

faditate capital wst reducbon, The dynamics of Sustaidles development will have more in 

common with the rapid technologid process and sharp price reductions that are characteristic of 

microprocessor-based technologies, pharmaceuticals, than with the experience for conventionai 

energy technologies (Williams, 1993). The fact that many of îhese technologies are relatively new 

rneans that the potenîiai for capital wst reduction is stdi great reIative to many conventionai 

technologies whkh have already exbausted rnany cost reduction opportunibes. 

5 Social cos is defined as the private financiai cost plus the monetized value of environmental and 
social externaiities. 

6 Impacts that occur whenever a third party receivts, benefitî or bears cos& arising h m  an 
eamomic vansaction in which she or he is not a dires participant (McGuigan and Moyer, 1989). 
An example would üe the effects of pollution h m  a coal plant on area redents. 



Sustainables are increasingiy marketed as technologies which have 1- financial risk because tbey 

are based on abundant mewable resources, multing in low or zero fuel msts, and not subject to 

global prie volatility. In conttasf a large proportion of the cost of gas turbines is based directly 

on fbel prices, and resource pice volatility substantially affects the operating costs of those 

technologies. An important caveat to this argument is that volaality in interest rates wiil affect 

capital intensive technologies such as Sustainables greater than gas turbines. 

Finally, Sustainables can increase the reliability of electrical systms, leading to technical and 

hanciai benefits. Some of these b e n e  have been recogmzed by utilities to a limited extent, 

althougb they are o h  not mnicient to ofEset the high capital costs of Sustainables. Many of 

these benefits also apply for other distributeci technologies. 

Distributed Sustainables can help to provide power to a region that has been c u t d f  fiom the 

main grid in time of firilure (due to weatber, vandalism, etc.), giving transmission and 

distribution (T&D) control systems more options to route power through distributed generation 

pattis @id.). 

Distributed Sustainables have cost advantages over centralized technologies due to avoided 

T&D capitai and maintenance costs. A Pacific Gas & Electric company study priced the value 

of disuibutexi technologies at S89US per Howatt-year of avoided T&D development (Ibid.). 

Supply of e l d c i t y  h m  Sustainables is sometimes correlatai with peaks in customer 

eIectricity demand at certain times of the day or year. For example, PV generation peaks at a 

tirne when air wnditioning loads are greatest. Tbis simplines system control fllnctions, and 

can help to reduce the m q i m i  wsts of meeting increasing capacity requirernents by 

"shaviag" peaks in electricity demand. 

The excess capacity needed to maintain a given level of electricity supply reliability declines as 

size of individual uni& declines. A system made-up of plants which have a capacity of 

lOOMW or les, require only an 11% s a f i  margin capacity to maintain system reliabiiity, 

while one with lOOOMW plants needs a margin of 25% - 33% (Johannson et.al., 1993). 

Howwer, this argument bs become partiy outmoded because of increased electricity trading 

between utilities, wùîch inherentiy gives more options to system wntroiiers during system 

ELilure periods. 



1.5 Traditional Mechanisms fo foster Susfainables 

This section describes several traditional mechanisms to support Sustainables. 

1.5.1 Set-Asides or Purehise Rcquirwnents 

in some jurisdictions, the govemment has provided explicit support for Sustainables through 

legislation that requires electricity distributors to purchase Sustainables' generated electricity. 

The Alberta Smll  Power Research and Development Act (1988) established a renauable set- 

aside ofup to 125MW of capacity through the promotion of a variety of technologies, including: 

wind, biomass, smail-hydro, each with a capaciiy of less than 2.5MW. The Act required that 

investoravned utilities purchase this electricity at a guaranteed rate of 5.2 cents / kWh, and 

recover those revenues fiom their ratepayers. The initiative resulted in the developrnent of 22MW 

of wind capacity, the only signifiwit wind generation facilities in Canada today, in addition to 

several srnail-hydro and biomass plants. 

In recent y m ,  Germany has been a very active supporter of wiad power and other Sustainables 

with its 1990 Electriciy Feed Law (Stomeinspeisungsg) which demands that any e l h c i t y  

generated fiom wind, solar, hydro, waste fiels or biomass be bought by the public electricity utility 

at iïxed rates equivalent to 80% (90% for whd and solar) of utility rates (Groscurth, 1996). This 

mechanism is designed to foster the development of Sustainables without seriously impacting on 

consumer rates, although utiiities in one State have been ailowed to increase rates by up to 1% as a 

result of this Iaw. Germany fe~ently surpassed the U.S. for total installai wind energy capacity at 

1,675 MW (Wind Power Monthly, 1997). 

15.2 Utility and Market Based Initiatives 

A Vanety of electric utility and market-based initiatives have supported Sustainables. 

In some jurisdictions, governrnent owned e l e d c  utilities have undertaken initiatives to support 

Sustainables, leveraging h d s  from ratepayers to cover any cost premium required. For example, 

Hydro Québec is planning to develop up to 150MW of wind capacity over the next decade under 

this type of arrangement. 



A more cornmon app& has been to initiaîe ~RXII marketing initiatives where a portion of the 

custorner base voluntady pays a cost premium to sustain a small amount Sustainables 

development and operation. 

Reverse metering7 is the practice of using a single meter to measure the ciifference between the total 

generation and total consumption of electricity by customers with on-site generation kilities by 

ailowing the meter to m backwards. Reverse metering can increase the econornic value of 

investing in Sustainables. It ailows the customers to use the utility grid to '%ank" self-generated 

electricity for later consumption. By using the existing meter, the utility is in essence buying 

Sustainables-generated electricity at fiill r d  rates. Several utiiities also buy power in excess of 

the total consumption of the customer in a b i h g  period at the utility avoided wst. Currently 17 

U.S. States have reverse metering programs and Toronto Hydro bas a srnail trial program. These 

initiatives have not had many subscribers to date, possibly due to the high capital costs of many 

Sustainables. 

ûther mechanisms include tax rebates, such as those established under the U.S. Energy Policy Act 

of 1992 for wind power, or accelerated capital cust aiiowances for Sustainables, as was recently 

implemented in the Canadian taxation system, including the special CCA Class 34.1, and the 

Canadian Renewable Energy and Conservation Expenses (CRCE) writei>ff category. Advocates 

of sustainable energy in Canada have wetcorned these recent changes in the Canadian taxation 

laws, but have cautioned policymakers that tax incentives are not sufficient to foster additional 

investment in the majority of Sustainables, as c u m t  electncity rates are too low to rnake 

sufficient profits to gain the taxation &enefits. 

1.6 Market lnstnrments to Foster Sustainables under Retail Competition 

Some of the policy mechanisms presented in the previous section are only suitable under 

monopolistic electricity markets, particularly the ones that entail government intervention in the 

electricity market. They would not be appropriate for application under cornpetitive markets, as 

traditional monopolies wili be broken and governent intemtion in the electricity generation 

sector wiii be kept to a minimum to avoid stifiing the fke market. nie green marketing, reverse 

metering and tax rebate mechanisrns are compatible with cornpetitive electricity markets, but are 

7 Sometimes referred to as Net Metering or Net Billing. 



not expemed to have a sigdlcant impact on increasiug the market share of Sustainables. On green 

marketing programs, Nancy Rader, a renewaôle energy advocate in the U.S., staîed tbaf "... 
utility-sponsored programs have not been very successfiil, supporting very sxnaii instaliations that 

would not sustain existing renewable energy producers, even if repeated by many utilities" (Rader, 

1996). As such, this shidy excludes an analysis of green marketing initiatives because they will not 

saîisfy the policy evaluative criterion of "enhancing the market share of Sustainables". 

Several policy mechanisms have beeo proposed and implernented which provide substantid 

support for Sustainables under cornpetitive electricity markets. Three of these mechanisrns form 

the foundation of the analysis for this study. They are pre~eflted below. 

1.6.1 Tradable PortfoIio Staadard or Market-based Set-Asidc 

A Renewables Portfalio Standard (RPS), advocated in several jurisdictions in the U.S., requires 

that every retail power supplier acquire renewable energy credits equivalent to some percentage of 

its total annual energy sales (Rader et.d., 1996). The credits are cmted for kWbs of elecüicity 

generated fiom renewable energy resources or Sustainables. Power retaiiers could generate 

Sustainables power through their own fàcilities or purchase it fiom separate wmpanies to then 

resell. The govemment or regulator must predetermine the level of portfolio requirement in the 

market based on a variety of eumomic, environmental and social criteria. The RPS mechanism is 

ideally suited for cornpetitive market conditions, as it is sufficiently flexible to enable invesment in 

the most cost4Fective Sustainables. If the mechanism is applied across several jurisdictions and 

trading of credits is enabled, then further cost-effdveness gains may be possible. 

The U.S. Congressman Schaefér's proposed "Consumers Power to Choose Act" of 1996 wodd 

establish a naîionai Renewablw Portfolio Standard of 4% of aU GWh sold by the year 20 IO, 

excluding large Eydro. A recent T e h  institute study (Bernow et-al., 1997) estùnates the 

electricity rate impact of the Schaefer proposal to be about 0.03 #/kWh in 20 10, wiîh an increase 

in generation h m  Sustainables of 56 W y r ,  and resultant COz emissions reductions of about 9 

million tonnes/year. The data are outlined in Figure 1.1. 

Two U.S. Senate biIls, 'The Elecüic Consumers' Protection Act of 1997" (Sen. Bumper), and the 

"Electric Systan Public Benefiîs Protection Act of 1997" (Sen. Jeffords), include larger portfbtio 

standards (the latter has a requirement of 20% by 2020), and the former includes Iarge hydro as an 

eligible source to meet the requirement. 



Figure 1.1 - Costs and Benefits of a Renewable Portfolio Standard in the U.S. 

(Source: Bernow et-al., Quontifing the Impacts of a Nationul, Trahble Renewables 

Portfoiio SIanciard. In The ElecmPciv Joumai, May, 1997, pp.42-52) 
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1.6.2 Non-Bypassrble System Benefits Charge with Subsidy 

Another mechanism for fostering Sustainables under cornpetitive markets is to subsidize their cos& 

through the collection of a non-bypassable wires c h g e  on aiI d e s  of electricity in the 

jurisdiction, also refend to as a "System Benefits Charge". nie wires charge is wiiected over a 

p e r d  of t h e  to build a pool of h d s  used to support the dedopment of Sustainables. The fun& 

wuid be distribumi as direct subsidies to existing or new Sustainables Eacilities on a per-kWh 

basis (contmcts-for-differences) or through capital grants via a cornpetitive bidding system for new 

tàcilities. 

The State of California, in its restnicturing bill (AB1890), directs reiaiiers to collect fiinds through 

wires charges for a variety of "public purpose prograrns", including a minimum of $540 million 

between 1998 and 2001 for Sustainables. The wires charge for energy ef?ïciency, renewable 

energy development, and low-income services is estunated to be about 3% of revenues for investor 

owned ualities. The docation of the $540 million for Sustainables was detennined by the 

California Energy Commission through a public consultation process, resulting in a decision in 

Mar&, 1997 to distribute 45% of the h d  among existing Sustainables developed under the 

PUMA program, 30% to new technologies through production credits, 15% for customer rebates 

for green power purchased and public education programs, and IO% for "ernerging technologies". 

See Figure 1.2 for a more detaiied description of the allocation of AB1890 sustainable energy 

fun& in California. 

A similar proposal bas been made in the Finai Report of the "Comprehensive Review of the 

Northwest Energy System" a i h g  for a 3% non-bypassable wires charge to fiditate the 

development of costeffective conservation and appropriate renewable resource options, and 

sustaining appropriate low-incorne energy services. 



Figure 1.2 - Anocdon of AB1890 Renewables Funds in Caiifomia from Wires Cbarge 

(Source: Catifornia Energy Commission. PoIicy Reporr on AB1890 Renewobles Funding - 
Report to the Legislatrrre. Mar& 1997. pg. 13) 
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In the U.K, the restmcturing of the electricity sector in 1990 included a minimum 1.3% wires 

churge on the retail rate under the Non-Fossil Fuel Obligation (NFFO) to subsidize Sustainables 

(Wiind Power MonMy, 1997). A series of five "Renewables Orciers" have been made by the 

governent whereby the local distribution companies signed fixed-term contracts with competitive 

Sustainables' wrnpanies to provide elearicity h m  a variety of techn010gies, induding wind power 

fkcilities, 4 hydro, municipal wasfes and biomass. The program has a development m e t  of 

1500MW of SuJtainabla capacity by the year 2000, and has contributed to the development of a 

mbust Sustainables indu* that was virbially nonzxistent prior to rstnicturing. In addition, 

Sustainables producers in the UX. are planning to establish a "green power pool" to market their 

non-NFFO power. 

1 .  Revenue-Neutra1 Environmental Adders on Power Pool Bids 

The Enviro~mental Adder (EA) mechanism affects the dispatdi order of technologies as directed 

by the electncity systern operator, by addiog a charge to the bidloffer pria of generation Iacilities 

into the market tbat is reflective of eavironmentai impacts. EnvuOnmentallyiindesirab1e 

technologies will be at a competitive disadvantage, and the mechanism may lower their dispatch 

rankiag8 in the market The mechanism fàvoa Sustainables by potentidy irnproving their dispatch 

rankjng and by increasing the spot pnce of electricity. In order to m h b i z  consumer rate impacts 

of the mechanism, it could be design4 to be 'Creven~e-neutral", meaning the h d s  quivalent to the 

total value of the E h  are transferred to consumen througb a reduction in the wholesale pnce of 

electricity . 

The actual d u e  of the EA is determineci by a poiicymaker or regulator, refiective of the 

environmental impacts of the operation of a particular technology. 

1.7 Report Oufline 

This chapter has outlined the study objectives and methodology, provided background information 

on competitive elecûicity xnarkets, potential enWonmentai irnplicaiions of adopting competitive 

structures, opportunities and constraints for sustaiaable electricity generarion technologies 

8 The dispatch ranking is used to detemine which t~chnologies will operate within a given thne 
priod (usuaüy one hou), with the last cost murces operating fint, and gradually more 
expensive technoIogies king dispatched as the cheaper ones reach capacity. 



(Sutaidles), and golicy mechanisms to foster SustainabIes. Chapter twr, provides detaii on the 

methodology for the quantitative analysis (modeiiing). Chapter three outtines the modehg inputs 

and information on the scenarios. Chapter four outlines uie modeiiing results, and Chapter five 

provides an werview auaiysis and evaluaiion of the policy alternatives tested wîthin the madelhg 

framework. Finally, Chapter six concludes on the effdveness of the study and on the preferred 

poIicy alternatives for application in British Cohmbia and Alberta. 

AU b c i a l  figures in this report are in red 1995 d o l h .  



2. MODELLING METHODOLOGY 

This chapter outlines the methodology for the developrnent and execution of the simulation model 

which is used to meet the research objective outlined in Chapter 1. Section 2.1 provides an 

overview of simulation models which have been used f i r  electricity market forecasting in the U.S., 

and compares them with the approach taken in this shidy. Section 2.2 introduces the model used 

for this study. Section 2.3 provides detail on the technology imiestment sub-model. Section 2.4 

outlines the technology operation sub-model. Finaüy, Section 2.5 outliaes the methodology for 

simulating three sustainability policy mechanisms. 

Assumptious asswiated with each sub-mode1 are outiineù in this chapter, dong with a description 

of parameters that are specifïc to the a& model. Chapter 4 outlines the assumptions and 

parameters that are exogenous ta the model (provided as inputs): that is &el prices, energy deniand 

forecasts, discount rates, aad detaas on competing technologies. Many of these assumptions have 

implications on the aaaiysis of the modelhg results provided in Chapter 6. 

2.1 Ovewiew of Simulation Models for Electricity Supply 

Simulation modeiiing bas been used as a ml by elecûicity planaers and policymakers to forecas 

future market conditions and predict outcomes of policy reforms, dlowing them to make informeai 

policy decisioos base- on a variety of technical, economic, social or environmental considerations. 

A Mnety of simulation models have been developed for electricity markets, including specific 

"resource pIanning modelsn that are used by electric utilities. For example, BC Hydro uses a 

"Stochastic Resource Planning Modei" (Dranuan and Spafhrd, 1987) which incorporates 

unce* on a variety of Ievels in order to pian oa generation expansion, DSM, and opthkation 

of in-service dates for new projects. A probabilistic mudel of this type is usefiil for representing a 

variety of hydro reservoir streamfîow conditions and variatiom in demand and fuel prices. 

The United States Department of Energy, b u g h  its Energy Information Administration, has 

developed an electricity market model (EMM) for its Naiionai Energy Modelling System (NEMS), 

incorporaing a demand forecast sub-model, an electricity capacity planning sub-module, a 

electricity fiel dispatch sub-model, and M y  an electricity finance and pricing sub-model. The 

electricity capacity pianning sub-module determines how best to meet expected growth in 

electricity deman4 given a d a b l e  resources, expected Ioad curves, demands, fiel prices, 



environmaital constraints, and costs for utility and non-utility technologies (EIA, 1994). ïüis type 

of m o d e h g  approach has been adapted into the technology "investmentn methodology describesi 

in Section 2.3. 

Simulation models of the dispatch of generation facities and pricing of power are typicaily bas& 

on either o p t . g  the operation of ex&@ generation Wties based on minimum system cost 

criteria, or optimizing the power flow through transmission Iiues, based on technical and hancial 

criteria. The former are caiied "Unit Commimt  Models" which decide wfüch generation units to 

hm on and off based on least system cost criteria, and when to do if considering significant time 

lags in start-up and shutdown and future values of electricity (Kahn et. al., 1996). The latter are 

called "Optimal Power Flow" modeIs which solve for the least cost set of power injections on a 

transmission system, given a k e d  demand and network parameters. &th of these types of models 

are computationally cornplex, and require a sigdïcant amount of data, fir beyond the scope of this 

mdy. 

In contrast, "Single Area Production Cost" (SAPC) models trait al1 facihties of a certain type as 

having the same financid charactenstics, and neglect explicit representation of the eleccricity 

network. Ifthey treat unit wrnmiûnent, it is through a heuristic approach, rather than an explicit 

optirnization. SAPC models are useful for anaiyzing economic and poiicy problems over long time 

fiames, and are cornputaiion simple. This type of model bas been applied for this study. A 

shortcoming of SAPC models which rely on the l d  duration m e  mode1 of demand (as in this 

shidy - Section 2.3.1) is that significant generation facility operational economies and wnstraints 

are not represented, and regional representation is lacking. One response to this has been to adapt 

the SAPC model to include transmission network Iimits, which has important irnpiication on 

elecîricity trade, transmission congestion costs, and potential market power. However, this detailed 

level of analysis is beyond the scope of this study. 

2.2 ' Intmduction to the Competitive Market Policy Analysis Model (CEMPA) 

The Competitive Electricity Market Policy Analysis m&l (CEMPA) used in this study was 

designed to simulate a cornpetitive electricity market in Alberta and B.C., assuming tbat both 

jurisdictions have adopted a U.K. style retail cornpetition market. The ultimate objective of 

CEMPA is to assess the poteutid fbr ffostering sustainable electricity generation techologies 

(Sustainables) under retail cornpetition electricity markets, and to dent@ the benefits and 



shortcomings of alternative market policies which achïeve this. These policies include: (1) a 

sustainable energy portfolio standard, which guarantees that a minimum share of electricity 

generated by ~ustainabltk be included in the whoiesaie supply of electricjp. (2) the coIiection of a 

non-bypassable wires charge on electncity sales to estabiish a f i d  which subsidizes the 

development of Sustainables; and (3) the application of revenue-neutral environmental adden to 

generator bids into the power pool which wiU affect their dispatch rank order. 

CEMPA assumes that di power is dispatched through a power pool, a hypotheticai point of 

delivery where d eleceicity trades occur in a jurisdiction, and the short-tenn market price of 

eleccricity (spot price) is adjusted accordhg to the instantaneous electricity supply and demand. 

Under a retail competition market, consumers fan contract with any power supplier or marketer to 

guarantee a long-term electrïcity price, but they m i v e  ali their power through the power pool. 

FonnaUy, purchasen and suppliers enter into contracts for d~gerenees, which provide a financial 

hedge against short-temi variaîions in the spot elearicity pria  nom the power pool. Consumers 

cari enter into such contracts direaly with prducers, or deal with a broker, rnarketer, or l d  

distribution Company (aristuig utility). 

The CEMPA mode1 is applied separately to the jurisdictions of Alberta and British Columbia, both 

markets which cumntly have some fonn of competition proposed or adopted, but neither of which 

have adopted fuii retail cornpetition. The simulation period is from 1995 to 2025. 

CEMPA is implernented in several spreadsheets with ail of the market parameten and data 

included, and a senes of Visual Basic macros that implernent the market structure and policies 

associateci with if. CEMPA is comprised of sweral sub-models, an Imesmient Sub-Mode2 which 

determines the annual investment in generating capacity in each of those junsdictions, a Spot 

Mmket S u b - M d  which detemines the wholesale price of electricity and the dispaîch / operation 

of each technology, and three Sustaimzbility Policy Sub-Modek which sirnulate each of the 

previously mentioned sustainable energy policies on the market. The latter sub-models are actudy 

applications of the nnt two, but with additional features (macms and parameten) which mimic the 

policies king simulated. 

2.3 - lnvestment Sub-Mode1 

Invesîment in new generatmg technologies ocnirs on an annual basis in CEMPA following 

standard principles of econornic supply and demand. New generation facilities are developed when 



the capacity of aii existing geaerating units, inciuding a reserve ma@, M s  below the expected 

peak capacity demand for the year. The seIection of new generaîhg technologies is based on the 

annuahxi capital and other fïxed wsts, operating and maintenance costs, and incremental &el 

costs associated with that technology over its expected Iife. 

2.3.1 Load Duration Curve and Scteenhg Curve Investment Algorithm 

An annual load4uration curve (LDC) is utiIized by CEMPA to represent the expected electricity 

demand, as illustrated in Figure 2.1, showing the number of operating hours required during the 

year (x-axis) for each proportion of peak capacity demand (y-axis). The peak capacity changes 

each year in CEMPA but the shape of the LDC does not. The area under the LDC curve 

represents the muai energy demand (MWh). 

The LDC data were provided fiom BC Hydro, and it is assumai that those data hold in non-BC 

Hydro service areas and in Alberta. Ttris type of data was not available from Alberta due to 

confidentiality constraints. 

The tirne segments on the far left portion of the LDC curve exempliS.peak demand periods of the 

year, typically correspondhg to winter evenings in B.C. and Alberta, d e  those on the right half 

represent of-peak (or baseluad) periods such as s-er nights, with shoulder periods in between. 

A baseload electricity plant p d d e s  power on a wnbnuous basis, but cannot significantly modify 

its power output on short notice. Hence, it is best suited to the of-peak demand segments. A 

peaking plant provides additional electncity most economicaIly for those hours associated with 

peak demand hours on the left side of the LDC. 

The screening curve method of s e l h g  generation technologies for meeting new capacity demaud 

minimizes the total wst of generation in the system by optimizing generation resources accordhg 

to the characteristics of the LDC. Technoiogies which have low operating costs, and often higher 

fixed costs, are mom appropriate for meeting baseload capacity, while technologies with low 

capital costs, but higher operating and fiel costs, are appropriate for meetingpeak demand. The 

CEMPA invwbnent sub-mode1 utilizes the screening curw method to select the least capital cost 

option for the peak operating hours, and successively higher capital cost technologies with lower 

operationai wsts for shouiàer and basefwd conditions. This process is detailed in Section 2.3 S. 



Figure 2.1 - Annuai Loid Duration Cune Appiied in CEMPA 

H w n  of the Ymr 

Source: BC Hydro 

2.3.2 Variation in Investmeat Behivior 

The sub-mode1 aiiows for a predetennined amount of investment in baseload generating 

technoIogies which are slightly more expensive than the Ieastast technology, provided their 

levelj'ed-costsg are within a threshold wst premium over the cheapest technology. This is intended 

to mimk the variation in the installed wsts of the technologies due to geographic or technical 

cOIlSeeaints, and the variation in investment behavior tbat mxrs due to other &ors. Specific 

factors which wuld contribute to this variation in invesîment inchde the hliowing. 

9 The cost per kWh of electncity h m  a technology, including operating and amortized capital 
COstS. 



companies selecting electricity purchases based on an estabiished relationship with a supplier 

that may not offer the cheapest murce.  

specific needs at a consumer site where an IPP project is king developed, or prefèrence for or 

against specific technologies (e.g. woodwaste cogeneration fWities at fotestry operations). 

preference towards technologies which have transmission or distribution beaefits to the utility 

(e.g. srnail scale distributed technologies which help to avoid transmission botîienecks). 

development of generation technologies at sites that are not integrated on the utility network, 

and where the least cost technolosy is not available (rernote locations with no gas). 

geographically caused variation in operation expenses (e.g. &mt gas prices, or variation in 

reliability associate. with climatic conditions). 

An assumption is made that 20% of the new capacity developed each year will be met by those 

technologies that are within the specüïed price threshold. This market share is aliocated e q d y  

among those technologies to keep the modelling simple. The 20% market share figure was selected 

to be representative of the combined effects of aii the factors above that wouId induce an investor 

to purchase technologies that on-average are more expensive than the cheapest technology. 

CEMPA assumes that the variation in investment occurs for those technologies f i c h  have wsts 

no greater than 20% over the levelized-cos! of the leastcost technology. This figure is 

representative of the willingness-to-pay for the criteria Iisted above, some of which have Gnancial 

implications, and others which do not. The ISTUM modelling framework u W  at SFU applies a 

similar investment variation mie, whereby industrial end-use technologies (e.g. boilers) that have a 

life-cycle cost within 15% of the least cost technology will take up to 20% of the market share 

(ISTUM manual, 1996). Non-financial criteria are treated separately in ISTüM through minimum 

or maximum market shares for certain technologies. Based on this information, and assuming that 

non-price criteria are worth up to a 5% hancial wst premium, it was decided to select a 20% 

price threshold in CEMPA as the bais  for variation in inviament behavior. 

233 Development Limits for Particular Technologies 

CEMPA applies a development limit for certain technologies, aven that the resources required for 

their operation may be limited (e.g. wood waste), or due to political or social conditions that dictate 

a limitation on their development (e.g. large hydro developments). The development limits appiied 

are specSed in Chapter 3. 



23.4 Investment Issucs for Sustainables 

Sustainable electricity generation technologies (Sustainables) are treated equally with other 

technologies in the CEMPA inwxtment model, The economic cbaraaenstics of these technologies 

dictate that they be u t W  for basefouci operation, due to their high capital wst and Iow operating 

wsts (no fuel wsts). 

CEMPA applies development Iimits to certain Sustainables, refiective of their resourœ iïmitatioas 

within the jurisdiction, and fbr the purpose of maintaining the power quaiity of tbe electric grid. 

The latter objective is achieved by maintainhg a minimum proportion of disputchable techuologies 

on the system grid. Those technologies are avaiiable for operaîion on wmmand (short notice), 

allowing the grid operator to track variations in elecaicity demand. In contrast, nondispatchuble 

generation technologies, such as wind, tidai, and solar, are limited in their ability to produce 

electncity on short notice. niey are powered by renewable resources which are interni#ent, 

typically dependent on weather conditions, Research indicates that in order to maintain e l d c i t y  

system integrity, the total development of non-dispachble technologies should not ex& 30- 

50% (Johansson etal., 1993) of the total electrical system peak capacity. If several types of non- 

disptchable technologies are developed, and there is diversity in both resource type and 

geographic location, thw their total market share wuld be brought up to the 50% level without 

affecting power quality. in cuntrast, if the development occurs in one location with a single 

resource, then the maximum market share of thai dass of technology should be reduced to the 30% 

level. 

2.3.4.2 Economies of Mmrufacture and Capital Cost Rerfuction of Emerghg 

Technologies 

CEMPA incorporaies e x p d  reductioas in the capital cost of certain emerging Sustainables. 

Capital cost reduction results h m  the achievement of econcnnies of manu-= in the factory 

production and innovations in the design of the technology. Tbe capital cost of a new technology in 

a wmpetitive marketplace ofh decreases as the sales of the technology increase because industry 

r e a h s  &ciencies through increased experience with the technology and with mass production. 



Eventually, the wst of the technology stabiiizes, due to a stasis in tecbological innovation, similar 

to what has happened over the last cenairy with steam turbines and tiydraulic generators. 

Robert Wiams appiies an "experience curve" in bis assessrnent of the cost reduction potential of 

photovoltaic solar technologies. His thesis is that, ".. per unit production costs deche a s  a direct, 

estimable proportion of cumulative production" (Williams, 1993). This type of approach is 

adopted f i r  certain Sustainables in CEMPA, incIuding solar technologies, wind generators, tidai 

generators and fiel cells. 

An assumption is made that the cumulative invesbnent in Sustainables in B.C. or Alberta rdects  

investment patterns across North America, and cost reductions occur in the model that are 

reflective of a market-wide cost reduction. For example, if lOMW of photovoltaic capacity is 

h l o p e d  in B.C., it is assumed that a proportionate amount of capacity is deveIoped across North 

Arnerica, resulting in approximately 100 times the B.C. capacity. Thus, the anticipated capitai 

cost reduction associateci with 1000MW of cumulative capacity investment acms North Amenca 

is applied into the model. 

The capital cost of these emerging technologies is detemiined by an exponential formula which is a 

fiuiction of the starting cost of the technology in year one of the simulation, its cumulative capacity 

in the jurisdiction, and a specik exponent which is refiective of the rate of wst reduction and the 

speczed limit of the cost reduction. This formula is caiibrated against predicted wst reductions 

speczed in the BC Hydro Integrated Elecmmcity Plan, in Appendix E, Resource Options (1995). 

SpecSc details on the formula are presented in Section 2.3.5.4. 

Also, CEMPA simulates some autonomous capital wst reduction as a function of time, not 

dependent on the cumulative capacity in the jurisdiction. It is asmmed that investment in other 

jurisdictions will support tbis, as weîl as innovations in research and developrnent in laboratones 

and universities which is not a fundion of market share. 

2.34 Methodology for Modelling 

The CEMPA investment sub-mode1 determines the investment in new generaîion technofogies on 

an annuai basis. Investment is determined in megawatts of dependable capacity. The sub-model 

methodology is illustrateci in Figure 2.2. First, the LUad Duration Curve (LDC) is assembled fiom 

the forecast dernand for electricity and the daiiy load profle of consumers Second, CEMPA 

calculates the requirement for new capacity to meet that demand and detemiines the economicaiiy 



optimal mix oftechnoIogies based on the characteristics of the LDC. Third, the mix is converteci 

to megawatts of iastalled m v  capacity. Fourth, the investmait mode1 allocates a small amount of 

capacity to investment in techologies which are more expensive tban the most cornpetitive 

barelwd technology, but within a threshold price premium, intended ta mimic variation in 

investment bebavior. Finally, the mode1 determines if the capacity development lirnit has k e n  

exceeded for any technologies, and adjusts theif invesbnent Ievel accordingly. 

Figure 2.2 - OvcMew of the Investment SubModd Mcthodology 

l Formulate the Load Ouration Cura 
from the forecasted demand for elecaicity. 

- 

Determine the requirernent for new capacity 
developrnent each year, and allocate that 
requirement among peaking and baseload technologies 
according to the shape of the Load Duration Curve 
(Screening Curve Method). 

installed capacity in Megawatts. 

Determine the variation in lnvestment 
behavior, resulting in limited developrnent 
of baseIoad technologies that are 

1 slightly more expensib than the least-cost one. 

-- - - -- - -- 

Reduce the capacity of those technologies 
with resource or technical limits to a 
prespecified level. and allocate that capacity 
deficit to the least cost technology. 

2.3.5.1 b a d  Duration Curve d Screening Curve ' 

The h a d  Duration Ctme (LDC), as outlined in Figure 2.1, is used to determine investment in 

new generation tectinoIogies. The Screening Curve routine selects the technologies which are least 

cost for meeting the LDC. See Figure 2.3 for an illustration. The total annuai wd0 for each 

10 The a40iiatilrA capiîai axt, as weii as the acNmulation of ail variable costs is represenîed. 



technology is represented on the y-axis of the screening curve, and the range of annual operating 

hours dong the xgxis (O to 8760 hours). Each technoIogy is represented by a line on the graph. 

'Ibe least cost technologies for ali operaîiq hours of the year are selected as those that minimize 

the total annual cos mvitching technologies at line intersection points. In the ewmple illustrated 

below, ail three technologies are selected for a segment of the mark% because dl of than are the 

Ieast cost technology for a p a r t i a h  operathg hour range. Howwer, in the CEMPA mode1 with 

up to 20 competing technologies, not all are selected, as severai technologies have s i ~ c a n t l y  

higher capital costs. 

'Ibe screenzng m m  mutine is executed for m r y  ycar of the simulation (30 years). The specinc 

mode1 employed is illustrated in Appendix A. 1. The fixed and variable costs of technologies 

change over the course of the simulation wÏth the shape of the screening curve changhg as wel. 

The capital Msts of certain ernerging technologies declines over t h e  as explaineci previously. In 

other investment routines, CEMPA fiirther accelerates the decline of capital cosis of technologies 

when theu market petration increases (See Sections 2.3 A.2 and 2.3.5 -4 for details). 

The rault of this routine is an indication of the number of operating houn of each new technology 

for each year of the simulation. Wi the example in Figure 2.3, the fint technology would operate 

for 360 hours of the year, componding withpeak houn ody (e.g. simple cycle gas), the second 

for 2800 (e.g. combined cycle gas), and the third for a full 8760 houn (e.g. hydroelectricity or 

cageneration), the latter king baselaad. 

Figure 23 - Overview of the Screening Curve Routine 

Screening Curve 

intersections along base 

360 2800 8760 

Number of operab'ng hours in year 



2.3.5.2 Iitstullld C q c i t y  for Each new Technolgy 

The CEMPA invesbnent sub-model, in a separate routine, next aliocates a specinc cap- to eadi 

technology that has been selected by the screening m e ,  based on their number of operatuig 

hours. It utiüzes the load duration mnte to d*cmune the specinc capacities associated with each 

operating hour. For ewmple, ifthe three technologies selected in the screening nrrw in Figure 2.3 

were applied to the LDC on Figure 2.1, and the 100% mark on the LDC was 1000MW, then about 

l5OMW of technology 1 would be developed (corresponding with p k  loads), 150MW of 

technology 2 (shoulder), and about 700MW of technology 3 (baselwd). 

It is assumed that the new capacity WU corne on line every year with no Iead times required. In 

other words, if a certain technology is required in a particular year, CEMPA assumes the 

constniction of t h .  ficility would have commenced a number of years earlier, as required. 

The CEMPA investment sub-mode1 next sirnulates the variation in investnient behavior for reasons 

s p e d i e d  in Section 2.3.2. It applies only to baselmd technologies. The key parameter for this 

routine is the levdized-cost hction., which is the expected average cost of electricity production 

h r n  a technology per kWh wben aiI investment and operathg costs are included. This lewlized- 

cost calculaiion only applies to bnseload technoIogies because it assumes nill operation of the 

technology for the entire year, uaW<e peaking piants which operate a lot Iess than their capability. 

In caiculating the lewlized-cost, it is assumed that the ijnancing conditions for all technologies is 

identical, that the discount rate is the sarne, and tbat the amortization period is 25 years. Under 

ngulaîed utility markets (such as B.C.), projects are financed on ternis linked to the anticipated Me 

of the project, with debt guarantees in place fiom provincial govemrnents or purchashg contracts - 
Under cornpetitive markets, fkmciag terms for new generation facilities wiii vary according to the 

policies of the investor, although discount rates will probably increase as a result of a higher cost 

of capital and reduced risk toleratlce compared with regulateû markets (see Section 3.1.1). It is 

assumed there tbat the higher cost of capital will lead gaierators to seek a fioaocing Me of 25 years 

or more in order to minimize tbeir debt payments. 

CEMPA calculates the levelized-cost for each technology for each year of the sirnulatian period. 

This is the cost in red 19955 of building and operathg a technology as if it were built in kt year 



and the o p e r a .  maintenance and fuel casts over a 25 year p e r d  are included. Those 

techuologies with longer tban 25 year lives are treaîed in a similar fishion, as the costs/benefits 

associated with those years beyond the 25th are sufficiently d when diswunted to 1995 dollars. 

The equation used for levelized cost is outiined below. The capacty factor is specined 

exogenously, equivalent to the proportion of year that a technology is operating at its maximum 

outpus assuming that it is operating as a baseloud technology. 

Equation 2.1 - Lcvelized Cost Equation 

CapCod = capital cost for ymr X of the simulaiion 

Capa@ Factor (ft) = th proportion of kWH produced per kW capwity 
AnniSty of [... 1 = an amiuni paymcnt for an investment 
NPV(OBt M + Fuel) = Net Pnriait Value of operating and maintcnance costs 

In order to determine variations in market invesmmt behavior (Figure 2.4), CEMPA first 

identifies the least cost technology for each simulation year. It then assesses technologies to 

detexmine iftheir levelized costs are within the prie  ' ~ h o l d "  which investors would accept - a 

20% levelized-cost premium over the least cost technology. The proportion of the market share of 

new developments that is met by those technologies is preset at 20% and is allocated equally 

among them, adjusting other technologies' market share to avoid overcapacity. The result is a 

greater diversity in new technology developments than would be the case if only the strict 

screening m e  method is foiiowed. 

CEMPA also limits the capacity development of technologies acccirdhg to their resource 

limitations or other reasons. Specik detaiis of those development limits is listed in Chapter 4. 



Figure 2.4 - OvcMew of the Invcstment Vuiition and Development Limit Routines 

Determine the least leveliied 
cost technology 

Select technologies which are cost 
cornpetitive vdh the least cost technology 

Reduce the market share of AU, 
previously selected technologies 
(in the screening curve routine) by 20%. 

1 
lncrease market share of those 
technologies within the premium 
threshold by an equal proportion. 

Assess the capacity development 
of each technology to determine if 
1 exceeds the preset lirnit 

Allocate the unmet power 
among other technologies 
according to least levelaed cost 

2.3.5.4 Rerfuction of the Capiral Costs of Emerging Technologies 

As outlined in Section 2.3.4.2, CEMPA sirnulates declinhg capital costs o f  emerging technologies 

according to a the-based function and as a function of  cumuiaîive market penetration. There are 

two levels of implementation of this fiinceion in CEMPA., with the latter applied by both the routine 

that detennines the variation in investment behavior in the market (Section 2.3 -5.3) and the 

Sustainability sub-mode1 mechirnisms (Section 2 3). 

1. A the-based declining capital cost fiinction is appiied into the screening curw function, as 

weU as into the calculation of  levelized-cost. This the-based fiinction calculates the a n n d  

capital cost reduction based on a linear function that bridges the c u m t  leveiized costs with 



the BC Hydro estimate of lewlized cosfs in the year 2015 (BCH EP, Appendix E). Those BC 

Hydro estirnates assume a certain market petrat ion of the technoIogy, and hence declining 

capital costs resulting fiorn economies of manufacture. 

The specific cost reduction formula appIied in CEMPA is based on BC Hydro forecasts of unit 

production wst reduction for emerging technologies @CH EP, 1995) and assumes that  about 

halfof the cost reduction occurs due to innovaîions through technology R&D. The specific 

reductions applied are listed in the nrst wlumn of Table 2.1 

2. A declining capital wst hc t ion  that is based on the market penetration of Sustainables, 

applied iuto the caiculation of the levelized-cosf only (utilized by several CEMPA routines). 

The specific cost reduction formula is based on a simple exponential fiinction outlined in 

Equation 2.2. The capital cost at year zero is the starting point of the equation (assumixig zero 

market share in the h a  year). These d u e s  were given in the BC Hydro E P  (Appendix E). 

The cumulative market share is the key variable drivïng the capital cost reduction. That 

variable is raised to the power of a negative exponent that scales the impact on capital cost 

reduction according to the extent of the market petration of the technology. This causes 

steep capital wst reductions in early phases of the technologid implernentaiion, and g r a d d y  

less impact as the sbare is proportionately increased. 

The key parameters for this methodology are listed in Table 2.1. The capital costs in year zero 

are listed in the second wiumn of Table 2.1 The exponenf listed in the third column of Table 

2.1, was determined through a caiibration process that utilized a target capital cost, and a 

market penetraîion level that wouid result in thai target capital cost being reached. The target 

capital wsts listed in the fourth wlumn of the table, were deterniined based on the figures in 

the BC Hydro EP. The required market penetration lemis also made use of the BC Hydro 

source, but scaied down by a factor of 100 to convert those North America market penetration 

levels to a scale appropriate to B.C. or Alberta. 

Equation 2.2 - Market S b t  B d  Capital Cost Reduction of Emerging Sustainables 

Cost = Co-, (CMS)" 



C*, = the capital cost in $/kW at the start of the simulation (listed in Table 2.1) 

CMS = cumulative market share 

E = exponent (listed in Table 2.1) 

Table 2.1 - Factors Applied for Dedining Capitrl Costs of Emerging Sustainables 

Wid Generaton 

Fuel Cd 

Cogenerators 

Solar PV 

Solar Thermal - 
Parabolic Trough 

Tidal Power 

T i c  B l s d  

Annuai 

Reduction 

0.7% / year 

0.8% / year 

1.7% / year 

1.4% / year 

1.4 % / year 

Market Share Exponent Target Capital Required hl 

Bued Reduction value Cost Share to Re 

Year zero capitai (reai $ 1995) Target 

cost ( r d  S 1995) Reduction 1 

$557 /kW 0.09 $368 / kW lOOMW 

$672 / kW 0.11 $405 / kW 1 OOMW 

2.4 Electricify Dispatch - Spot Market SubModel 

The purpose of the CEMPA spot market sub-model is to illustrate the paüerns of technology 

o p e d o n  in the market, to forecast the wholesaIe price of electncity over the 30 year simulation 

period, and to keep tridc of the revenue that generators receive through market transactions. 

The business functions within a cornpetitive electricity market are typically coordiaated through an 

unlimited-access p e r  pool, which is a cieannghouse fôr aü power trading, and the location of an 

eleceicity spot market. The spot price of electricity varies accordhg to the instantanmus 

electricity supply and demand, typically peaking during penods of high demand or due to 

elecûicity supply shortages or transmission overloading periods. The spot market is closely tied to 

a fonvcrrd murket for electricity &ch is described in the next section. Also, many buyers and 



d e r s  establish 10%-term contracts to guarantee the price of electricity for their transactions and 

hdge against un- in the spot market, A contracf for dtflerences between two parties 

typidy includes an agreed-upon prie for electncity (the sWke price) and a provision that the 

buyer or seller of power compensata the other party for the ciifference between the wntracted 

price and the hourly spot price of electricity. 

The CEMPA mode1 mimics the poiuerpool sbucture that is established in the United Kingdom. 

Aithough the Alberta eIectricity market aiso has apowerpool structure, it is more difncult to 

model because of the existence ofboth dernand and suppIy-side bids, and a variety offonvard 

market options. 

ni;s Section begins by describing the electricity market structure in the United Kingdom, then 

discusses some of the issues associated with ninning Sustainables under apowerpool structure, 

and finaily ouîiines the methodology that is followed by CEMPA in simulating the dispatch and 

business aspects of the ampetitive e l d c i t y  market in Alberta and a hypothetical wmpetitive 

market in British Columbia 

2.4.1 Background on U K  System 

In the U.K., three parailel markets operate for trading electricity - the forward market, options 

market and spot market. Only the forward and spot markets are relevant for the CEMPA model. 

The price of eIectricity that is published in newspapers for half-hour intervals of every &y is based 

on the day-ahead forward market, d e  the price that is a d y  paid to generators is the spot 

price. 

The U.K. market is one of the few in the world with retail access, meaning that some customers 

can contract ditectIy with outside utiiities or electricity marketers, and their local distribution utility 

is required to wheeVtransmit power to them. Cunently, ody industrial customers (100kW+ 

bransmission customers) have retdl access, but in 1998 the whole market wiU be opened up. 

2.4.1.1 Fornard M i k t  - Generation Srcpply Bi&ng 

In the U.K., electricity generators make ofers to the EIecmmcig Pool (synonymous withpower 

pool) one day in advance through a fbnrard market, indicating their ability to produce power for 

each half-hour of the next day and the price they would be willing to produce it for. The 

Elecmëiry Pool authority selects the leastast electricity geneation uni& s a c i e n t  to meet the 



forecast demand for each period, and estabüshes a U-schedi.de or "unconstmined scheduie" for the 

dispatch of those units (Hunt & Shutrleworth, 1996). The most expensive unit th& has been 

selected to run for each half-hour of the next &y (marginal mit) sets the systern m m m i  price 

( S M P )  for the market. In the U.K., the SMP in peak pends bas exceeded that in off-peak penods 

by as much as 20 times over the pst six years (Hamriq 1994). 

The SMP is rdective of the margid cost of generation and does not encompass the amortized 

capital wsts of generating technologies, but rather ody the variable operating, maintenance and 

fixe1 costs. The variable COS& of o p e h g  a generation facility are directly proportional to the 

energy output of the hcility (kWh), d e  the ked or capital costs of the facility are o h  

propartional to its power capacity 0. As su& the S M .  rewards generators for the energy they 

produce, but not for their production capacity. In the U.K., a capacity element is included in the 

price paid to generators, the pool purche  priÊe (PPP), allowing utilities to recover some of their 

hed costs. The PPP is a function of the SMP, the ioss-of-loadprobabiiity (LOLP), and the value 

of los! l w d  (VOLL). The LOLP is defined as, "the probability that demand wi.ü exceed capacity" 

(Ibid. j, which would occur on mure of a large generation technology which has been scheduled to 

operate. Alternatively, this could occur when the demand for electxicity suddenly increases, but the 

system resewe mrgin is designed to protect against short-term changes in demand. The VOLL is 

reflective ofcustomers' willingness to pay for un-intenuptible or füm electricity. in the U.K., the 

average VOLL has been about f2,500/MWh (DUM & Rossi, 1996), equivalent to about f51kWh. 

The LOLP 1 VOLL component of the PPP is refiective of the reliabiIiq of a unit to provide h n  

capacity into the system. The PPP has risen to £1,00O/MWh during p e n d  wben the reserve 

ma- on the system is low (ïbid.), generators a premium for reliable power production. 

The average PPP in the 1995196 year was equivalent to $O.O477/kWh (Canadian), consisting of an 

average SMP of $O.O388/kWh and a capacity adder of SO.OO9kWh (U.K. Stats). 

2.4.1.2 Spot Marker and Upl@ Fees 

The spot market is characterized by immediate deiivery of the product, with the pr ia  vaqing to 

equalize supply and demand at haif-hour intervals. The spot market is also used by generators and 

purchasers to cancel or modify their contracnia arrangements - ifa generator isn't able to produce 

wbat it o&:red in the forward market due to physid or economic constraints, tben it has to buy 

back an amount equivalent to the missing component through the spot market at the spot pnce of 

electricity whicb fluctuates throughout the day. 



The pool selling price (PSP) tbat dolesale customers or retailea pay for eleceicity bought 

through the e l e~ t~c i t ypoo i  is quivalent to the PPP plus a component called uplzj? which is the 

di8ti=rence between the U-schedule pria of electricity and the spot price duriag the day, teflecting 

physical constrahts on the system and changes in daMnd (Scott, 1996). The uplzp includes the 

transmission rrlated Msts that the electric pool adminisîntor bas to inau to maintain system 

integrity nich as, " d v e  power, kquency response and reserve generation capacity" @id.). 

Upl~jl amounts have doubled between 199 1 and 1995, particularly due to transmission constraints, 

but an initiative in 1994 worked towards reducing those expensa by giviog the transmûsion 

Company an incentive to improve aansmission outage management, to encourage cornpetition h m  

the demand side for reserve semices and to install new transmission equipment (Ibid.). The 

average PSP in l9W96 was $0.05 12/kWh, includiag an average upl~j? of â0.004kWh (U.K. 

Sm). 

2.4.2 Dispatch Issues for Sustainabies 

T y p i d y ,  a Sustainables kility will bid into the market at a zero or near-zero price, as the 

marguial cost of operating such facilities is virtuaiiy =m. The renewable resource driving the 

kility is a fke gwd (winâ, SUU, water), and many of the technologies have low operating and 

maintenance expenses. This is a significant advantage for Sustainables uader a cornpetitive market 

because they are always going to be dispaîched when they are able to produce power. 

However, nondispatchable Sustainables could sufEer a significant market disadvantage under 

cornpetitive electricity markets if the power pool authority required them to provide fïrm eiectrïci@ 

for the full pend in which thq, bid into the market (half-hour). They are only able to provide 

elecaicity when the resounr is available, unless they contract with other disputchable generation 

fëcilities to back them up which will affect their cost-effdveness. In practice, electncity supply 

into a spot market fkequently fiuauates, and the powerpod authonty is charged with the task of 

providing backup for those fluctuations. Dispatchable facilities, with an ability to load follow or 

provide backup, will earn a rehim tbat refiects the value they provide to the market. 

in Aiberta, the power pool authority reeognUes nondispatchabie SuJtaiaabtes as a unique 

nsource type, and gants them a standing bid which meam tbat they don't have to make financial 

ofks into the power pool on a daily basis as other facilities do. When Sustainables fàcilities an 

producing power, they are autornatiicaly included in the powerpool and the power is utiiïzed. 



Far the purposes of modelling Sus&inables in the CEMFApowerpol, it is assumed that non- 

dispaîchable Sustainables will not be penalized ifthey don't produce. 

2.4.3 Methodolog. for Modelfing 

The purpose of the CEMPA spot-market sub-modei is to: (1) compute the market pnce of 

electricity for each year of the simulation and under a variety of market conditions; (2) simulate the 

patterns of technoIogy dispatch, including which technoIogies operate and for how many houn; and 

W y  (3) caIcuIate the GWh's produced and revenue received by generators under each simufation 

condition and fbr each year. 

The CEMPA spotaiarket sub-mode1 shuIates the market outcome under 24 different levels of 

energy demand within a year, ea& representaEive of a sinale hour of electricity system operation. 

The energy demands are specifid by 24 Werent positions dong the annual Ioad duration curve 

(see Figure 2.1). ïhe  LDC indicates the t h e  duraiion for various Ievels of capacity demand 

(GW), but this wn easily be converid to energy consumption (GWh) by multipiying the capacity 

by the number of hours required. For example, accordhg to the LDC in Figure 2.1, if the total 

system p d  capacity demand is IOGW, then the one hour a r g y  dernand would range h m  10 

GWh under peak operating hours to about 4 GWh for the baseload hours. 

By dividlig the LDC into 24 segments, determinhg the one hour energy dernand for each of those 

segments, multipiying each of those d m d s  by 365 hours (quivalent to about 15.2 days of the 

year), and finally sumnillig those values together, an esthate of annuai energy demand can be 

determined. In the area under the LDC times the annual peak capacity, is equal to the annuai 

systenr energy requitemenq and CEMPA cornputes that ami by bn#king the LDC into 24 

rectangular segments with the top Ieft corner of each rectangle intersecting the LDC. 

2.4.3.2 System M@iMI Price (W) of Electncity 

CEMPA calculates the eIectricity Systan MarginaI Price (SMP) of elecûicity for each of the 24 

segments dong the annual load duration c m *  and for each year of the simulation, amounting to a 

total of 720 diffkrent SMPs for the entire simulation. The SMP, provideci in uni& of dollars per 

GWh, is d e h d  as the operathg wst of the most expensive technology among al1 those required to 



meet the electricity danand for one hour. In periods of peak demanci, the SMP is higher than in 

periods of average demand because peaking technologies typically have higher operaîing, 

maintenance and fuel costs than baseload technologies. 

Figure 2.5 illustrates how the SMP is caldated in CEMPA: four technologies are required to 

operate within that hour, and the SMP is equivaient to the variable cost (in SlGWh) of tecbnology 

D. in that hour, technology E is not required and will not operate. 

Figure 2.5 - System Margind P r i e  Cdculation 
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CEMPA calculates the SMP by sortïng the variable cos& of the new and existing technologies 

operating in the jurisdiction, and then dispatching thern in order of theu cost (fiom Least to most 

expensive) until the demand for the simulation penod is met. Up to 23 technologies are included in 

the cornpetition, includuig hydro, oil, naturd gas, c d ,  and biomass for existing technologies, and 

up to 18 new technologies (see Chapter 4). 

2.4.3.3 The Price Received by Generators @ool Purchare Price - PPP) 

The mode1 assumes that a capacity value is added to the SMP for the price paid to generators, 

similar to that in the U.K. Pool Purchase Price (PPP) (Section 2.4.1.1). The capacity adder is a 

fûnction of the Loss of h d  Probabilis, (LOLP) of the systern which is a measure of the rate of 

unplanneci system Mure, and the Value of Lost Load (VOLL) or the expected losses by 

consumers is thr: power were to be cut without notice. The combination of LOLP and VOLL 

results in a capacity adder that rdects the importance of &III or reliable capacity on the system - 
when the LOLP is hi& then firm capacity should be valu4 g m k r  tban when the LOLP is low. 



The mpacity adder has varied in the U.K. beîmen £O.OOOI/kWh and £0.0105/kWh between 1990 

and 1996, translaeiag to'about $0.0002/kWh to $O.OSl/kWh in Canadian currency. 

Loss of Load Probability @OP) 

Accurate detemination of the system LOLP wouid respire a specific knowledge of the number of 

g d o n  units operathg within an hour, the probability of fidure for each one, and the 

availability of spinning resem on the system dich provides immediate backup. The LOLP 

would be equivalent to the probability tbat total eIectricity piaut fadures would exceed the capacity 

of the spinning reserve, and tbat could occur by iiny combination of individual plant Mures. For 

example, if IO equal-sized plants were operating, and the Eiilure of any 2 of those plants would 

cause the system capacity to faU beIow demand, then the LOLP wouId be qua1 to the maximum of 

the resulting probabiiiw ofmuitiplying individuai plant LOLPs in groups of 2 units. In the U.K., 

the LOLP has varied between 0.002% and 0.2 1% over the past 5 years @.K. Stats, 1996). 

CEMPA applies a simplifieci routine for determining the hourIy LOLP, rnaking the assumption that 

the capacity value added to the S M P  is rdective of the probability of anv one olant faiIllip within 

one hour of the simulation year. ifthe Mure is longer ttian an hour, then the p w e r  pool authority 

can arrange to purchase electricity h m  other generators with oniy one hour notice. It is assumed 

that a sudden increase in demand is met by the spinning reserve, but a Mure in supply of anv 

mamitude wüi be accounted for in the value of the LOLP. 

Each hour, the LOLP is calculateci by caiculating an energy-weighted average LOLP fiom ail the 

generating technologies required within that hour. CEMPA utilizes the foiiowing formula: 

Equation 2.3 - Hourly Average System Loss of Load Probability 

C LOLP Energy Supplied byeach Tech. 
Avenrge LOLP = auf~hiploglu 

Totcll Houn'y Energy Suppiy 

The Canadian Electncal Associaiion, in their annual Canadian electricity market report (1995), 

publishes data on the ''number of hrced outages" of electricity genemtion units defineci as, "... the 

occurrence of a component faiiure or other condition which requires that the generating unit be 

removeci fiom service immediaîeIy or up to and including the very next weekend". (CEA, 1995). 

CEMPA utilizes those numbers, divides them by the number of units included in those statistics, 



and then divides by 8760 hours/year, because only s u h u e  hour Mures are important for the spot 

market. The d t i n g  LOLPs for generating uuits is provided below 

Table 2.2 - Loss of Load Probabilities 

Techuology Name LOLP 

Combustion Turbine Units 0.0444% 

Fossii Generating Units O. 1002% 

W i d  Generators 1% 

Solar Converters 1% 

Tidal Generators 0.0393% 

Fuel CeUs 0.01% 

The nurnbers for the finai four technologies are estimates. h is asswned that the LOLP of tidal 

generators is the same as hydrauiic turbines, as tide tables can be read in advance, and bidding 

behavior will rdect that. Fuel Celis are very reliable due to few moving parts, so a 0.01% LOLP 

is appiied as an eshate. 

Solar and wind conversion uni& have bigh LOLPs bmuse of the inherent variation in their energy 

resources - the sun and wind. On an annual basis, solar collectors produce an equivaknt arnount 

of energy as if their peak generation capacity was being reached 20% of the t h e  @gher in some 

regions), while wind generators are at the 3040% levei (BC Hydro, 1995 and NRCan, 1996). 

SoIar technologies only produce power during the daytime, and their output varies according to the 

arnount of cloud cover as well. Wind generators are even less predictable. The major consûaint 

for including large quantities of solar or wind energy in thepower pool is that sudden chaages in 

weather could cause them to 10% a significant portion of their production capacity, and possibIy 

put the entire electricity systern at nsk of fâiiing below the required electricity supply. The LOLP 

should represent that risk, but determining an accurate LOLP would require specific site 

infbrmation and instailation sizes, neither of which is easily included in the CEMPA spot-market 

model. The LOLP should refiect the variation of solar coiiectors or wind generators within one 

hour, which is much l e s  than the mual variation in output. The assumed LOLP value fbr solar 



and wind technologies was set at 1% through a sensitiv* andysis of spot e l h c i t y  price impacts 

resulting h m  raising their market shares to the developrnent limits. 

Value of Lost Load (VOLL) 

The VOLL is a value selected by the Power Pool authority which represents the wst of an 

elecûicity brownout or blackout to customers. This value is somewhat arbitrary in that it is not 

bas& on debiled empirical analysis. It is in the interest of the Power Pool authority to ensure that 

reiiable power is dways provided, h w e r  a market value for lost I d  is necessary for calculating 

the capacity value which contributes to the PPP. CEMPA applies the VOLL that is typically 

applied in the U.K., valued at £ î , O û û ~  in 1991 (Newbery, 1995) or about $4.3/kWh in 1995 

doiiars. 

Pool Purchase Price (PPP) 

Equation 2.4 illustrates the formula that iç applied by CEMPA for determining the electricitypool 

prchase price (PPP), the price that generators rewive for the elecaicity they actuaiiy produce, 

including an adder for the value of finn capacity. 

Equation 2.4 - Pool Purchase Price of Electncity 

PPP= [ ( l  - L O U )  XM] + [LOLPx VOLL j 

LOLP = Average(techno1ogy LOLPs) 

SMP = Ofer price of the marginal operating unit 

VOLL = !Pl 1 kWh (199 1 dollars) 

The meuue that eleceicity generators receive on a short-term bais  is equivalent to the product of 

the PPP and the amount of energy tbey actudy produce and seii into the spot market. Some 

generators operate exclusively in the spot markeî, receiving ody the PPP, and do not sign any long- 

tenn agreements with buyers for the electricity they produce. However, the majority of generators 

wiii sign long-tenn contracts with electncity purchasers - retailers, distribution utilities, or brokers 

- to provide some security for their investments in generation technologies, and to hedge the volatile 

spot price of electricity (PPP). 



2.4.3.4 The wholes(~Ie Cost of EIectncity (Rwl Selling Price - PP) 
In the U.K. and Alberta, there are separate forward markets which cietennine a &y-ahead fifeca~t 

SMP based on the forecast demand, but the actual SMP and PPP (in the U.K.) are based on the 

insrantanmus supply and demand both of which vary. In the U.K., the Werence between the day- 

ahead forecast SMP and the a& SMP contributes to the uplifi charge which also includes the 

wsts of operating t h e p e r p o o l  and transmission facilities @unn, 1996). CEMPA aiso appiies 

an uplijl to detennine the pool selling price (PSP), wtiich is the price tbat wholesale customers pay 

for elecîricity purchases througb the power pool, including power pool expenses and some 

transmission costs. 

CEMPA does not cietennine a specsfic value for the uplif) in each peiiod, rather an average system 

value is determinexi based on transmission expenses, îypical powerpool operating expenses, and 

anticipated variations between day-ahead foremst and achial SMP based on U.K. data A single 

uplifi value is appiied fbr both B.C. and Aiberta. in B.C., the transmission charges under the BC 

Hydro W3olesale Transmission Setvices Application (1996) to the B.C. Utilities Commission 

varied between $0.001 and $0.00753 per kWh @CH, 1996). The average is in the $0.002 - 
$0.004/'Wh range. The charges for operating thepowerpool in Alberta are currently set at 

$0.00007/kWh (Power Pool of Alberta), including al1 necessaq system stabiIity and backup 

services. The CEMPA upl~jl of $O.OMkWh attempts to reflect those costs. 

The equation appiied by CEMPA for calculating the PSP, or the wholesale pria of electricity in 

the jurisdiction, is detaiied beIow: 

Equation 2.5 - Pool S e h g  Price 

Pool Selling M e  = Spot Price + Uplip 

2.4.3.5 A n d  Elec fnfncity Prhction, Revenue Generated and COz Emissiom 

The annual eiectncity production h m  each tecbnology is tracked by CEMPA. This value is 

wmpared with the CEA/NRCan electricity forecast to determine how closely the lmd &ration 



clcm eIectricity demand estimate is to the actual forecast. Aiso, the annual revenue generated for 

each techndogy h m  dectricity d e s  is determine4 as weii as the annual CO2 emissions. 

2.4.3.6 Summary of Spot Market Sub-Maclel 

The CEMPA spot market suhodel  achieves the tasks iiiustrated in Figure 2.6. 

Figure 2.6 - Ovcrview Diagrlm of CEMPA Spot Market Sub-Mode1 
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2.5 Susfainabilifjt Policy lmplemen ta fions 

2.5.1 Introduction 

The purpose of the sustainability poticy wmponents in CEMPA is to fotecast the economic, 

market, and environmental impacts of three alternative poiicies which are designed to enhance the 

market penetmion of Susiainables. 

The three suscainabiiity poiicies rn those outhxi in Chapter 1 and in Section 2.2. Each is 

intended to be compatible with retaii cornpetition electricity markets and powerpool market 

trading mechanism. Tbe implemaitation ofthese policies in CEMPA is achiewed by rnod@hg the 

invesûnent and Spot Market Sub-Models that were outlined in Sections 2.3 and 2.4. 



2.5.2 Sustainables Portfolio Standard (SPS) 

CEMPA adopts an SPS of 10% of annuai electricity sales fiWh) by 2025, phased in annualiy over 

the 30 year simulation, with a 1B% increase in the stiare each year. That means that by 2025, 

10% of the electricity (in kWh) generated and sold must be derived h m  sustainable electricity 

generation technologies. It assumes that the market share specified by the SPS is met during ail 

periods of the year, whether the demand is close to the system peak capacity or if the system is 

operating at baseload capacity. 

The SPS mechanism, as definal, controls the way elecaicity is dispaîched to meet retail enem 

demand, hence it is a spot market function. Howewer, CEMPA controls the mechanism ftom the 

investment sub-model, as sufEcient investment in new Sustaiaables capacitv is necessaq to meet 

retail sales standards. Modifications are made to the investment sub-mode1 methdology described 

in Section 2.3. An assumption is made tbat once generating uni* are deveioped, the powerpool 

structure is conducive to the full dispatch of Sustainables faciiities. As such, no modification of 

the CEMPA spot-market mode1 is necessary to ensure that the SPS energy requirernent is met. 

Figure 2.7 provides an overview of the implementation of the SPS mechanism in CEMPq and a 

description folIows. 



Figure 2.7 - CEMPA Implementation of Sustainables Portfoiio Standard 
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Imstment Su&-Model Issues and Modifications 

The chalIenge of implementing an SPS mechanism is ensuring that adequate investment in 

Sustainables takes place so that the requirement can be met. Therefore the CEMPA SPS routine 

focuses exclusively on invesûnen5 rather than operating requirements. CEMPA determines 

technology investment under the SPS mechanism in a similar rnanner to the rnethodology described 

in Section 2.3, but based exclusively on the levelized-costs. 

The SPS routine applies the foiiowing rnethodology. 

1. run the regular CEMPA investment sub-mode1 (without SPS quirement). 

2. determine the SPS requirement in GWh. 

3. check if any Sristainables capacity was developed based on financial merit (in step #1), and 

convert that to annual GWh production with the capacity h m r .  

4. select the feast levelized cost Sustainable, detennine its maximum capacity, convert that 

capacity to annual GWh production. 



5.  aiiocates the remaining GWh in a sirnilar fashion among ottier Sustainables if necessary. 

Spot Market SubUiuiel Issues and Modifications 

The marginal cost of electricity production fiom Sustainables is q u i d e n t  to their operating and 

maintenance costs and additional expenses such as water ticense f w  for small hydro or land-use 

k. Fuel costs are typically zero or negative for biomass wgenerators (due to a ikmcial credit 

fôr steam generation). In order to simulate the SPS policy mechanism, CEMPA appties the spot- 

market sub-del  descnbed in Section 2.4 to detennine the dispatch of technologies and the market 

price of electricity. It is assumed that the SPS is met automaticalIy by electricity retailers provided 

sufficient capacity is available, because the Sustainables are often the cheapest technologies to 

operate on a marginal kWh basis. 

2.53 Non-Bypassable System Benefits Charge with Sustainability Fund 

CEMPA assumes that a System Benefits Charge (SBC) is coliected on al1 elecuicity sales 

equivalent to 3% of the Pool Selling Price (PSP). This charge is deposited into a Sustainability 

Fwrd which is used to subsidize Sustainables by an amount equivdent CO the difference between 

their IeveLized-cost of production and the Pool Purchase Price VPP) of etectricity, which is paid to 

generators. in British Columbia, the wholesale price of electricity is equivalent to about one-half 

of the retail price for residential consumers. As s u 4  the SBC is on the order of 1.5% of the retail 

p i c e  of electricity. 

nie mechanism relies upon separate electricity price and demand forecasts (fiorn the "business-as- 

usual" scenario) to detennine in advance the amount of money available for investtnent in 

Sustainables on an annual basis. in year one, collection of the SBC commences. in that year, the 

fund adminisaator sigas contractsfordtflerences with producers of sustainable electricity to 

guarantee the pr ia  they wiii be paid for their electricity production over the fhancing tenns of the 

plant (25 y-). Once they are developed, the Sustainabfes compete with ail existing technologies 

in the Power Pool. In years 10 and 20, the value of the Sus~~mbi l i ry  F d  is re-assessed to 

determine ifthere is a surplus of h d s  availabIe to fiind additional Sustainables development. This 

surplus could be created by rising electricity prices (reIative to the "business-as-usuai" forecast) in 

CEMPA which reduces the gap between the market price of electricity and their levelized costs, or 

due to an over-assessrnent of the magnitude of the subsidy required by Sustainables in year O. 



The funk are distributai to a variety of  technology types, in order to pmmote diversity of supply 

options. This causes the cost of the mechanism to be higher than others (SPS, EA), aithough it 

was designed in this manner to reflect wbat is king doue in oîher jurisdictions such as the U.K. 

and California. 

Figure 2.8 - CEMPA implernentation of the Non-Bypassable System Benefits Charge 

Run the CEMPA lnvestment submodel under the 
BusinessasUsual scenario (no sustainabilii 
mechanisms in place) to forecast the PSP to 
determine the value of the Sustainabilii Fund. 

Colled a tax of 3% of the Pool Selling Price (SPS) 
into a Sustainabilii Fund, keeping track of the 
total value of the Fund on an annual basis. 

Allocate the Sustainability Fund among Sustainables 
according to the pre-specified diibution of the fund. 
The capacity of investments is detemiined according 
to their annuaiized hed CO&, wiü~  an addiional 
investment of 20% to reflect the expected revenues from 
spot market sales. 

Re-run the CEMPA spot-market submodels with 
the new Sustainables included in the campetition. 

In years 1.0 and 20, CEMPA re-assess the value of the 
Sustainabilii Fund and determine if fumer investment in 

sustainables is feasible. If so, repeat previous steps. 

Inveshnent Sub-Model Issues and Mdj?catiorts 

The approach undertaken hr implementiag the SBC is as fbllows. 



1, the CEMPA Investment and Spot Market SuhodeIs  are m to forecast the PPP and PSP of 

electricity over the simulation period. 

2. the present value ($1995) of the SustaiMbility Funà is determined, and then is annuaiized to 

determine the annuai subsidy to Sustainables. 

3. the Fund is allocated a m n g  various classes of technologies (See Table 2.3) to foster 

invesîment in each of those technologies. 

4. the level of investment in new Sustainables is calculahxi by îaking the available Fwrd dollars 

for each techaology class, and detennining how many megawatts can be deveIoped based on 

the annualized capit.1 wsts. An additional 20% of tbat capacity is deve1oped to rdect the fact 

that electncity sales into the spot market wdi partdiy compensate the capital wsts given the 

low marginal costs of operating Sustainables facilities relative to the PPP. 

5. the CEMPA Spot Market Sub-Mode1 is re-m to determine the operation of Sustainables and 

the change in PSP (to see ifthe amount o f h d  coilected is dinérent). 

6. the surplus of Fund doilars is calculated by re-assessing the value of the Fwrd, aiiallocag the 

subsidy to existing Sustainables, and caicuIating the remainder. 

7. in years 10 and 20, the surplus Fwrd dollars are allocated to Sustainables. 

Table 2.3 - Allocation of Sustniiiability Fund unong Sustaioables 

British Columbia Alberta 

Wind Power 25% 

Solar PV 15% 

Tidal Power 20% 

Small Hydro (iower grade sites) 20% 

Biomass Gasifier IO% 

Waste Fuels Cogenerator 10% 



Spot Market Sub-Madel Issues and M o d ~ ~ ~ ~ t i o n s  

The CEMPA spot-market sub-mode1 is executed as describeci in Section 2.3, but the PSP includes 

the Systern Benefits Charge, and additionai Sustainables technologies are included as a result of the 

invesûnent via the SicstainabiIiîy Fund outlined above. 

2.5.4 RevenueNeutrd Environmentai Cost Adder 

The EA mechanism subtracts a monetary value h m  the price that is paid to generators (PPP), 

reflective of the environmental impacts of the utiiizafion of that technology. In order for electncity 

generators to adequately cover their wsts, they would aeat the charge as an ''Environmental 

Adder" to their "off&" price. The mechanisrn is designed to be "revenue-neutral", meaning that 

the total value of the "adders" is subtracted fiom the wholesale price of electricity (PSP). 

Figure 2.9 illustrates the mechanics of an EA mechanism, showing that the wholesale price of 

electricity (PSP) is only slightly higher than ifthe mechanism were not in place. Without the EA 

mechanism in place, the PSP would have been approximately 56 1 kWh (SMP=3$ for natural gas, 

PPP=4#, PSP=5$). With the EA mechanism in place the PSP is 5.6eBcWh in the example 

illustrated below. ki this case, wind gets 3# 1 kWh more, a gas generator 1$/kWh more, and a d 

generator l$/kWh less than ifthe EA mechanism were not in place. 



Figure 2.9 - Fïimciai Clildations for a Revenue-Neutrai Environmenîal Charge Medaanism 

(real 1995 dollars and cents) 

The EC mechanism favors sustainable electricity generation technologies, translating into long- 

term revenue gains for k i r  producers. There is a financiai disincentive for investors to fûnd the 

development of new facilities which incur large EA expenses (e.g. c d  power), and an incentive for 

investment in Sustainables because the PPP is higher, and Sustainables are able to receive the tiiii 

extent of that increase. 

2.5.4.2 Methuàolugy for Modelling 

This incentive is difficutt to represent in CEMPA because the mapitude of the financial bene& is 

only measurable after severai years of system operation. As such it was decided ta treat the EA 

mechanism in CEMPA like a carbon dioxide tax of $20/tonne. It is assumed that carbon dioxide 

emissions are generalIy indicative of other poiiutants such as Sa, NO, C& CO, particdates, 

VOCs, and N20. The specific carbon taxes appiid fbr various technologies are as foiiows: 



Table 2.4 - Carbon Tues Applied for Technologies under the Environmentil Adder 

Mechanism 

Carbon Tax ($/kWh) 

resulting h m  tax of S2Oftonne ofCOz Qnissiom 

Simple Cycle Gas $0.0 t 06 

Combined Cycle Gas $0.079  

Cod - Pressurized Fiuidi7PA Bed Combustion $0.020 1 

C d  Gasiûer Turbine $0.0 173 

Simple Cycle Oii $0.0176 

Combined Cycle Oil $0.0 125 

Gas Cogeneration Retrofits (with steam credit) S0.002 

I'estment und Spot Market Sub-MW Issues a d  Modj?cationr 

The CEMPA parameters are adjusteû to refiect the Environmentai Charge in the operating CON of 

each technology. The CEMPA Investment and Spot Market Sub-models are then executed to 

determine investment and operation of new technologies based on the inclusion of the additional 

charge. Foliowing th& an EC refimd r o u ~ e  is executed to subtract the value of the EC collectai 

fiom the PSP. 



3.1 Modelling Input Parameters 

3.1.1 Discount Rate 

The real discount rate applied in the simulation is 12% attempting to balance a public utility cost 

of capital of 6-9%, and a private power producer's costs of capital of 5-l2%. The real discount 

rate used by BC Hydro in its economic d y s i s  is set by the Crown Corporations S e c d a t  

typidy  at 8%. In contrast, IPP developers that were surveyed indicated a much wider range of 

discount W. A developer of smaü-hydro projects in the province of B.C. applied a real discount 

rate of 12% in their assessrnent of small hydro resources in the province (Sigma Engineering), 

although that study was cornpleted wer 10 years ago. A wmbinedqcle gas turbine developer 

suggested applyiug an 80-20 debt-equity ratio (Westcoast Power), with discount rates as low as 

5% real, given the current low lending rates. Another developer suggested using a long term bond 

rate for a typical industrial customer (e-g. Timber West), and adding 20% to that rate to refiect the 

equity component (Inland Pacik). This leads to rates in the 9-1 1% range, depending on the 

company. Corporate taxation should be re5ected in the discount rate, something that Crown- 

owned are aot required to pay, but IPPs and private utilities do, pointing towards the application of 

a discount rate on the upper end of the spectnim mentioned above. 

It was decided to go on the conservaiive end for the CEMPA anaiysis, applying a 12% real 

discount rate, to ensure that those parties assessing the results fiom a costeffectiveness standpoint 

would be satisfied with the representation of wsts of Sustainables. Had a 5% discount rate been 

applied, the costs of certain Sustainables wouid have been significantly lower because they are 

capital intensive. Also, there are no guarantees tùat the current low lending rates will be 

maintained. Applying a low dismunt mte would work agakt the consecvative approach 

undertaken. This issue is briefly investigated in Chapter 6 through a sensitivity analysis. 

The CEMPA mode1 utilizes an idation rate of 2% which was used to adjust aU historical wsts to 

Real 1995 dollars. 



3.1.2 Commodity Prices 

The energy resource price inputs that are utilued by CEMPA include. 

natural gas pr ie  forecasts. 

coalpriceforecasts. 

oil p r i a  forecasts. 

biomass resource prices. 

hydroelectricity water usage fées (water ticense). 

steam output values for wgeneration fkilities. 

Natural gas prices are sourced fiom the ment NRCan document, "Canada's Energy Outlwk 

1996-2020" which indicates the anticipated "Domestic Price at the Alberta Border" in realS1995 

per million cubic feet. Those values are wnverted to $/GJ by multiplying the wsts by a factor of 

1.055. in the province of B.C., the Alberta border pnce is ualized, but in-Alberta, a 5% reduction 

is applied to refiect reduced transportation wsts. The values are tisted in Table 3.1, with the lower 

pnce k ing the Alberta price. 

Cod prices are derived h m  Liu (1995). See Table 3.1. 

Oil prices are similarly derived fiom Liu (1995), but idated by 30% to ensure that existing oil 

facilities are not operated under CEMPA except for exceptional peaking purposes. This decision 

was made to refiect the fkt that most oil facilities (diesel) are in non-integrated areas, and would 

not compete on the open market anyway. As far as new technologies are concerned, there is a 

general consensus in the indu- that the Ievelized costs of ail based technologies are not wst 

cornpetitive with natural gas ones. See Table 3.1. 

Biomass resource prices reflex3 the opporîuniiy cost of those resources, given that they could be 

used to offset natural gas in existing pulp and paper operations, or for other uses. The numbers 

illustrated in Table 3.1 are directly propomonal to nahiral gas prices, but are scaleii to reflect the 

Eict that a biomass boiler is less efficient than a naturd gas one. The specific scaiing fàctor of 

0.89 is derived fiom the ISTUM mode1 for the pulp and paper sector by îaicing the ratio of stearn 

production fiom a biornass wgenerator versus a natural gas wgenerator. The Alberta biornass 

price is r a i d  by 25% to reflect traasportation costs, so its value is a d y  higher than the naairal 

gas prie .  



Fuel costs for hydroeledncity production depend on the water iicense fee of the provincial water or 

environment ministry. In B.C., large hydroelectnc operations pay siightly more than small hydro 

producers (conversation with Bob Mathews). See Table 3.1. 

Cogeneration techndogies jointly produce electricity and steam h m  an input fuel such as biomass 

or naturd gas, and the stem can be used for other uses, which ad& additional value to the 

technology. As such a "steam credit" is granteci to those technologies, proportional to the fuel 

price of naturai gas, and based on the efEciency of the techology. Daîa h m  ISTUM are used to 

corne up with that scaling factors tbat lead to the net fbel costs listed in Table 3.1 (Simon Fraser 

University, Energy Research Group, 1997). CEMPA appiies a negative fuel cost for cogeneration 

technologies, which heIps ofiet the higher capital cos&. 

Table 3.1 - Energy Price Forecasts ( r d  S1995 per Gigajoule) 

Fuel Type 1995 Price 2000 2005 2010 2015 2020 

Forecast 



3.13 Load Fore- 

î h e  Canadian Electrici@ Association / Naîural Resources Canada anuual report entitled, bbElecaic 

Power in Canada" (1996) cantains a load and energy forecast for each province. Table 3.2 

outlines those forecasts. The capacity demand values do not include the reserve margin. The 

energy dernand d u e s  include a 7% transmission h e  loss factor. 

nie forecasted capacity demand is scaled-up in CEMPA by a reserve murgin to ensure that peak 

demand and annual energy reqirements are mef given that most generation technologies have 

limited capacity factors. CEMPA applies reserve murgins that are refiective of the capacity 

factors of tbe dominant existing generation technologies and transmission losses. The capacity 

factor for B.C. hydroeldc  resources assumes an average water reservoir condition. In Alberta a 

15% margh is added to rdect  the energy shorttàii of fossil fuel technologies with capaciîy -rs 

of 85%. In B.C. where hydroelectricity is the dominant generation source and the systems are 

"energy criticai", a large energy reserve murgin is rquired to meet annual energy requirements, 

although this can also be met by trading with oîher jurisdictions. CEMPA assumes a 70% 

capacity factor for existing hydroeIectric fàcilities which means that the facility can only produce 

its fdi capacity for 70% of the year, requiring a reserve murgin of 30%. This margin is decreased 

in proportion to the retirement rate of existing hydroelectric facilities, about 1% 1 year. In 

summary, a 22% reserve rnargin is applied to Alberta (consistent with CEA stat's), and a 30% 

margin is appiied in B.C., reduced b about 22% by the year 2025, assuming that trading or DSM 

during energy critical p e n d  wili make up for the 7% transmission losses. 

For energy demand, CEMPA utiiizes the Load Duration Curve (LDC) iiiustrated in Figure 2.1, 

and converts the deniand segments to energy demand. The LDC is divided into 24 segments, each 

representing a characteristic point of demand for the year, and the area of each segment (under the 

curve) represents the demand. The sum of îhose quantities specifies the annuai GWh dernand. 

Table 3.2 outlines these values, including 7% line losses. 

The ciifference between the CEA/NRCan forecasted dernands, and the CEMPA LDC forecasts, 

range fiom 1%-21% in Aiberta (with CEMPA underpredicting demand), and 0-7% in B.C. The 

explanation for the large divergence in the Aiberta model is that a B.C. h d  Duration Curve was 

applied in the Alberta model due to the unavailability of that data. Other explanations include 

&rences in the assessrnent of line losses (CEMPA assumes 7%), the lack of precision by which 

CEMPA determines the annuaI demand, or a düfkrent assumption about the shape of the LDC. 



Table 3.2 - Load and Energy Fore- (MW and GWh) 

BC Demand 10,504 11,906 12,684 13,936 15,3 11 16,82: 

0 

AB Demand 6,924 7, f544 8,409 9,284 10,250 11-3 1' 

0 
.... +---+.----..- ....-..-... - ---. - - - - - - - - - - - - - - -  ......... . . . . . . . .  . . . . - . - +  --..--...- 
BC Energy 64,660 78,017 84,063 89,987 99,84 1 110,T 

(C% GWh) 

AB Energy 54,93 1 60,687 66,752 73,335 80,177 87.65' 

(CEq Gm) 

BC Energy 64,7 12 73,464 78,3 12 86,100 94,633 1 M,O( 

(CEMPA, GWh) 

AB Energy 43,104 47,465 52,224 57,667 63,678 70,3 1' 

(CEMPA, GWh) 

3.1.4 Competing Electricity Generation Technologies 

The technologies sclected for this analysis inchdethe following. 

Combustion turbine technologies - Simple and combined cycle gas and oil technologies. The 

combined cycle technologies operate at a higher efficiency but with a higher capital cost. ï h e  

data source for these technologies is h m  Liu (1995), and the BC Hydro EP. 

C d  pressurized fiuidized bed, and coal gasifier plants, are the latest generation of coai 

combustion technologies, offering advatltages of higher eBciency and lower local-airshed 

emissions (SO, NO, Particulates), but at a higher cost than the conventional coal stem 

plants used in Alberta. Data source: BC Hydro IEP and Liu (1995). 

Biornass stem and gasiiïer turbines utilizc a variety of biomass or waste products to produce 

electncity through a thermal stearn cycle. The gasifier couverts biomass into methanol or 

e h 0 1  before combustion. Data source: Liu (1995). 

S n d  hydro - typicalIy under 20MW in capacity, they operate as run+f-river pIants, without 

storage reservoirs. The "Optimai" technologies are those that are cost-competitive with the 



cheapest conventional technologies (naairai gas), while those that are "lower grade" are more 

expensive due to higher capitaI costs, lower capacity factors, or long distance from 

transmission corridors. Data source: Canadian Hydro Developers and Sigma Engineering. 

Waste Fuel Cogen - this technology co-generates stearn and electricity h m  waste fûels, 

typically at industriai facilities such as puip & paper plants (using mill waste). This 

techndogy was characte- with idocmaiion firom StOthert Engineering, the developers of 

the proposeci Purceil Power project in the East Kootenays. Because it is a cogenerator, it is 

given a stem credit of about 0.2 centAcWh which oae t s  its variable wsts. The fuel cost of 

the waste fiel waste fiiel used ( w d  waste) has an opporfunify cost proportionai to the value 

of nanird gas, as waste fbels are often consumed in the place of naturai gas. The resource 

potential information was derived h m  Jaccard and Makinen (1993). 

Gas Cogen Retrofits - this technology involves retrofitting or replacing an existing natural gas 

boiier in an industriai, commercial or institutional fàcility with a cogenerator. CEMPA also 

applies a steam credit equivalent to the technology fuel costs. It tums out that the steam credit 

exceeds the cost of the naturai gas &el, because cogenerators are more efficient at producing 

steam than a stearn boiler is, and therefore it has a negative net füel wst. Data source: BC 

Government study and W i s  Energy. 

Fuel Ceil cogenerators convert nafural gas, methanol or hydrogen into electricity and h a  

without combustion, at a higher efficiency than an equivalent combustion turbine. Data source: 

BC Hydro IEP. 

Large hydro are those plants with capacities greater than IOOMW, usually in remote areas, 

requiring long transmission line extensions. The technology represented by CEMPA mimics 

the h c i a i  characteristics of the Peace Site C proposal (Data source: BC Hydro IEP). 

a SoIar technologies, PV and Paraboiic-through - bath convert solar radiation into electncity. 

PV ceils produce electriciîy directly from radiation through a semiconductor device, and the 

Parabolic collecter produces steam which drives a turbine. Data source: BC Hydro iEP and 

Johansson etal. (1993). 

0 W i d  - Wind generators produce electrïcity M y  fiom the wind using a ahf'oil and turbine. 

Data source: BC Hydro IEP, and VisionQuest Wind Electric. 

Tidal Power - Tidal generators use a verticai-axis hydraulic turbine to generate elecûicity h m  

tidai fiows. Data source: BC Hydro IEP and BC Govemment Energy Resources Map. 



The development of new technologies is simulated by the CEMPA Investment Sub-Modei, and 

cornpetition b&wm m v  and existing technologies is simuiated in the Spot Market Sub-Model. 

Table 3.3 outlines severai technicd and financial characteristics of each technology, and Table 3.4 

outlines those characteristics for aristiag technologies. Tables 3.3, and 3.4 only present technology 

parameters fiom the CEMPA B.C. model, because they are waiatly identicai for the Alberta 

model, and any différences are explainecl in the notes below the tables. The parameters include the 

following. 

W costs (capitaI and fixed operating costs) in year 1 of the simulation, annualized over a 25 

year period at 12% discount rate (dollars per kW). 

non-hel variable costs - operating and maintenance costs (dollars per kWh). 

fuel-costs in the £kt  year of the simulation in cents per kWh. 

capacity -ors of each technology (%). 

operaiing life of each tecbnology bears). 

the loss of load probability of each technology (% - used in CEMPA Spot Market Sub-Model). 

the CO2 emissions h m  the technology (tonnes per GW). 

îhe muai retirement rate of e x i h g  technologies (%/year). 

The sources of data for individual technologies is listed above with the technologies. The loss of 

load probabiiity figures came h m  the Canadian Electricity Association annual report on reliability 

statistics (See Table 2.2). CO1 emissions came fiom BC Hydro and Liu (1995). 



Table 3.3 - Technology Pmrameten 

~d - ~mssuttzad fluidizd ûed ne 0.43 1.13 85.0% 25 0.1002% 1.007.W 
~d goMer tuwe 297 0.54 a97 85.0% zs a w n  885.m 
=Wecydaa@) 91 o.n z n  asar 25 a i m %  ~ 8 . 3 8  
Canbimd cy& 91 132 0.32 1.94 =.O% 25 w u %  824.56 
~ianm8a~am 207 0.21 1.48 85.0% 25 aioo2% 
BDnmugau(iibirbi~le 235 0.14 1.S 85.0% 25 R0444W 
SmUIhydro-Optimal 206 0.66 0.W =.O% 50 O.-% 
W.- h e h  c w n  w a81 azs so.w 25 0.10021 
G a s ~ ~  251 0.64 4.17 76.5% 25 0 . W %  100.00 
Fud QU Cogammmr 789 L M  O W.O% 25 0.0100% l w . m  
hm- ~ y d n ,  28s aea 0.m 62.51 50 0 . ~ ~ 3 %  
S I I ~ ~ P V  p33 am o.m =.a% Y] 1 . m ~  
~iirabouc-~mugh Sdiv-Power Phn t350 am am a.ow Y] I.~XIJ% 
Y~JI~~GW- 641 0.01 am 90.01 ZJ 1 . m ~  
 da^ PM 970 a01 am m o w  44 0 . m ~ 3 n  
Sman Hydm - bwcr grade 384 0.S 0.m 70.1% 50 0.0393% 

Notes: in the Alberta model, a i i  the fuel costs in year one are lwver for those technologies based 
on natural gas (with the negative fuel cast for cogeneration technologies closer to zero, indicating 
less benefit), and higher for biomass technologies. Solar PV technologies are $2424/kW because 
of better solar resources in Alberta, Parabotic-Tmugh Soiar is S1846ikW (same justincation), and 
wind technologies are cheaper at $53 1/kW because of b e r  wind conditions in S-W Alberta. 

Table 3.4 - Parameters for Existing Technoiugies 

l~echnology Parameters - Existing Technologies - B.C. 1 
Varkbk Costa Capacfty ~nnual  hum- L&S of Load Carbon MoxMe 

In varr 1 Factor ment Rat8 Pmbabllltg 
9 m  perœnt Wear 

J 
Natuml Gas 2.48 85.0% 1% 0.1002% 530.00 
Cod 1.61 85.0% 1% 0.1 002% 1,007.00 
oa 3-44 85.0% 5% 0.1002% 878.38 
Hydru 1 .O0 70.0% 1% 0.0393% - 
Nucbar 2.20 85.0% 0% 0.0488% - 
Biomass 3.02 85.0% 1% 0.1 002% - 
Note: in the Alberta model, the variable costs for naniral gas are lower, and those for biomass are 
higher. Also the annual retirement rates are higher in Alberta, 2.5% / year for al thermai 
technologies. 

The annual retirement rate of existing technologies was selected based on information h m  BC 

Hydro, with the selection of the retirement rate ofoil fàcilities arbitrarily set high to phase them out 

and ensure that they don't overly contribute to peak demand in CEMPA. The Alberta figures 



(2.5Ydyear) are represenmive of the typical Life ofgeneration plants and information provided 

h m  the Alberta Power Pool. It should be noted that such a straight-line retirement rate is 

unrealistic, as plants are typically retired entirely at one tirne, and the capacity of exithg 

technologies is reduced in a stepwise fishion. Havwer, it is beyond the scope of this study to 

undertake a detailed assessrnent of individual generation kilities. 

Table 3.5 outlines the development limits for particular technologies, specified by province, given 

that some technologies have Iimited resources or limited a d a b l e  sites for certain technologies. 

Those technotogies not listed have no specified development limits. 

Table 3.5 - Development Limits for Techno1ogie.s 0 

Technology Name B.C. DeveIopment Alberta Development 

Lunit Limit 

Biomass steam 

Biomass gasifier 

Large hydro 

Optimal d hydro 

Waste-&el cogenerator 

Less-ûptimai srnaü hydro 

Gas cogw retrofits 

Wmd F m  

Tidal Generator 

Solar technologies 

CEMPA calculates the levelizedcosts ofaü the technologies on an annuai basis, integrating the 

annualized capital cost data with variable costs and expected generation of energy. See Equation 

2.1 for a description of that dculation. The IwIized cos? information for the B.C. simulation 

model is iisted in Table 3.6, and that information for AIberta is iisted in Table 3.7. 



Annual Levelized Costs - B.C. Model - BAU 



l~nnua l  Levelited Cortr - Alberta M d e l  - EAU 



3.2 Policy Scenarios 

There are four modehg scenarios that were applied under CEMPA for this analysis. 

1. Business-as-usd (BAU). This scenarïo is the base case under a competitive electricity 

market, th is the outcorne that could be expected if no explicit policies to prornote 

Sustainables are implemwted. Under this scenario, the CEMPA Investment and Spot-Market 

Sub-Models are executed under the methodology outlined in Sections 2.3 and 2.4. 

2. Sustainables Podolio Standard (SPS). This scenario iiiustrates the forecasted outcorne of a 

10% Sustainables portfolio requiremenf phased in over the next 30 years. Under this scenario, 

the CEMPA SPS Sub-Mode1 is executed under the methodology outlined in Section 2.5 .S. 

3. A Non-Bypassztble System Benefits Charge (SBC) with Sustainability Fruid. This scenario 

illushaîes the outcorne of subsidizing Sustainables with a 3% charge on electricity sales, with 

the subsidy king divided among different classes of Sustainables according to a pre- 

determined allocation. Under this scenario, the CEMPA SBC Sub-Mode1 is executed under the 

methodology outhed in Section 2.5.3. 

4. A Revenue-neutrai Environmental Adder (EA) Scenario, whereby a $20/tonne CO1 charge is 

added to the variable costs of aii technologies (representative of a broad range of 

environmental extemaiities), and the extra fiinds that are collected are redistributed to 

customers through reduced rates. Under this scenario, the CEMPA EA Sub-Mode1 is executed 

under the methodology outlined in Section 2.5.4. 



4. SIMULATION RESULTS 

Based on the metfiodology presented in Chapter 2, and the model parameters describeci in Chapter 

3, the results h m  the CEMPA model are presented in this chapter in a sequential fàshion for 

British Columbia and Alberta over a simulation period of 30 years, fiom 1995 to 20î5. The 

results which are presented include the foiiowing wtputs. 

Elecîricitv Generation 

Total generation capacity by techology type. 

Annual energy generation (GWh) by technology type (in appendix}. 

Investment in Sustainables Capacity. 

Generation by SustaiaabIes. 

Generation Share by SustainabIes. 

Rates and Cost 

Peak wholesale electricity rates (StGWh). 

Baseload whoIesale electricity rates ($/GWh). 

Total expenditures on electricity (miiiion $). 

Emissions 

Carbon Dioxide Emissions (tonnes). 

For each of the results, the specific scenario associated with the output is also specified. The 

sceuarios are distinguished by an acronym. Details on the scenarios are included in Section 3 -2 

and Chapter 2. 

Business-as-usual - BAU. 

Sustainabfes Portfolio Standard (Sustain. Port. Stand.) - SPS. 

Non-BypassabIe System Benefits Charge with SustainabiIity Fund (Sys. Benefits Charge) - 
SBC. 

Revenue-neutrd Environmental Adder (EnWonmental Adders) - EA. 



4.1 Brifish Columbia Mode1 

Table 4.1 outlines the market penetration of technologies under the four scenarios. The fûll data is 

wntained in Appendix B in Tables B. 1 through B.4. 

Under the BAU scenario, other than 300MW of the most costeffective s d  hydro, the entire 

rernainder of new technologies is met by natural gas technologies, with wmbined-cycle turbines 

dominating, foilowed by simple-cycle turbines for peakhg purposes and gas wgeneration retrofits 

for baseload operation. Under the SPS scenario, Sustainables take a greater market share, with 

les investment in natumi gas technologies than under the BAU scenario. Biomass technologies are 

the pdorninant Sustainables developed as they are the most costeffective &r Optimal Small 

Hydro resources are used-up. Under the SBC scenario, a diversity of Sustainables are developed, 

including wind, tidal, solar, hydro and biornass technologies. The EA scenario shows an outcome 

sirnilar ta that of the SPS scenario, again only the most cost4ective Sustainables beiug 

developed. 

Table 4.1 - Market Penetration (MW of capacity) of Technologies in 2025 - B.C. 

Tech. Name BAU SPS SBC EA 

Small Hydro 

S.C. Gls 

C.C. Gas 

Gu Cogen. 

Biomass 

Other Sustain. 

Existing Hydro 

Eristing Gas 

Esistiog 

Biomass 



The arpeded energy producrion in GWIi of various tecbologies under the BAU s d o  is 

outlined in Table B.5 of Appendix B. 'Ibis is also refiective of operatons in other scenMos except 

for the EA which maximizes the operation of noncarbon based resources. Hydroelectncity 

dominates the low cust generation with variable custs at IcentfkWh, and other technologies are 

used during higher demand periods. Combined+qde gas plants dominate new technologies, 

producing 43,8 17 GWh in 2025. Gas cogeneration technologies operate at nearly fiill capacity 

(6700 GWh in 2025) because of their low operating msts. Sirnplwcle gas turbines, are used 

predominantly as peakmg plants (9057 GWh in 2025), as they bave higher fuel cos& than both 

combined cycle plants and cogeneration units. nese resub also indicaie that atisting naturd gas 

hcilities (Bunard Thermal) are nin at well below capacity under a cornpetitive market. The 

annual production capability of those technologies is about 5681 GWh in 2025, and yet the plants 

only produceci 355 GWh in that year (6% of the capability). Their variable costs are higher than 

those of hydroelectncity or new technologies, so îhey are used predomiaantly as peaking plants 

under cornpetitive markets. 

The EA scerwio generating statistics, Listed in Table B.6 (Appendix B), iliustrate a 36% reduction 

in the operation of simple cycle gas turbines, a smaller reduction in the operaiion of combined 

cycle gas turbines, with ail of the s h o r t .  being met by biornass technologies. This is due to the 

fkct that net carbon dioxide emissions fiom biornass are zero, and therefore their operating costs 

ranain d è c t e d  by the "environmental adder". 

Figure 4.1 illustraies the percentage share of generation met fiom Sustainabla. Figure B. 1 in the 

Appendix illustrates the market p e n d o n  of Sustaiaabla in MW and Figure B.2 illustrates the 

a n n d  electricity generation fkorn Sustainables in GWh's. Under the BAU casey the lewl of 

investment in Sustainables is very Limited, with an exception of a srnail amount of small hydro 

development (300 MW). This is brought on h e  di at once, enabled by the introduction of 

anpetitive markets. The investment in Sustaiaables is highest under the SPS scenario, at 1750 

MW in 2025. Xn-tum, their generation accounts for about i 1% of the total generation in the year 

2025. The EA mechanism fostea the development of 1340 MW of Sustainables capacity by 2025, 

or about 8% of the generation. Finally, th SBC mechanism fbsters the developrnent of about 497 

MW of Sustainables capacity, resulthg in a gaieration share of only 3%, compared with about 

1.5% under the BAU scenario. The Eicton leading to these differences are discussed in Chapter 5 .  



Figure 4.1 - Generation Shue by Sustriinables (percent)- ail scenarios 



Table 4.2 iilustntes the wholesale spot price of electricity in the years 1995 and 2025 for each of 

the scenarios. The wholesale spot price (the PSP) includes capacity adders, transmission expenses, 

and administrative charges. CEMPA characterizes the spot electricity price for 24 Werent 

positions on the load &ration curve, with the h i  5-10 representing peaking periods, and the 

fernainder king shoulder and baseload conditions. The "pealang" spot price listed is 

representative of those hours of the year where the demand for electricity is between 75% and 77% 

of the peak demand for the year. This is representative of 365 nonansecutive hours of the year. 

The 'baseIoad" spot pnce is representative of those penods were demand is between 53 % and 

56% of the peak. The data are also iacluded in Appendix B, Figures B.3 and B.4. 

Table 4.2 - Peaking aad Baseload Wholesale Spot Prices of Electricity (PSP) (1995WMWh) 

Scenario 1995 Peak 2025 Peak 1995 Baseload 2025 Baseload 

BAU $29 $36 $16 $29 

SPS $29 $36 $16 $29 

SBC $30 $37 $17 $30 

EA $39 $43 $ 16 $34 

Under al1 conditions, the spot price under the BAU scenario is the sarne as thaî under the SPS. 

The SBC scenario includes a $1 1 MWh price prernium to fimd the subsidy for Sustainables. The 

EA spot prices are higher because of the inclusion of an "enviroamentai adder" on di spot market 

transactions, minus the refund to astomers. However, the r e h d  is not sufEcient to completely 

couateract the cost of the adder to each generator's operation. Thus, a price premiurn of up to $10 

is paid. Figure B.3 iiiustrates a flat spot price profile over the simulation period. In contrast, 

Figure B.4 indicates a sudden jump in the spot pria  around 2005, due to the retirement of existing 

Iow cost generation fàcilities (see assumptions in Chapter 3, Table 3.4) that are met with more 

expensive combined-cycle gas turbines. Most consumers will not feel this price jump directIy, as 

their purchase price would reflect an average of spot prices. 

Table 4.3 lists the forecasted cost of electricity in 2025, quivalent to the lewlized-cosr of 

production fiom each technology, tirnes the a d  energy it produces over the year. This 

information is also iilustrated in Figure B.5 in Appendix B. The wires charge associated with the 



SBC scenario is not added to this cost figure because tbat money is directed twvards the capital 

costs of Sustaiuables which is reflected in the leveiizedast. A h ,  the environmentai charge 

associated with the EA scenario is not added, because it is refunded to customers. Chapter 5 

includes an illustration of the incrementai costs of adopting a policy measure over and above the 

wsts of the BAU. 

Table 4.3 - Cost of Electricity in the Year 2025 (Milion S1995) 

Scenario Cost (Millions of Dollars) 

BAU 

SPS 

SBC 

EA 

Carbon dioxide emissions in B.C. are iilustrated in Figure 4.2. They rise sharply under the BAU 

scenario, fiom about 1Mt in 1995 to 23Mt in 2025. This is due to sigxificant investrnent in new 

naturai gas technologies and retirement of existing hydroeldc facilities. Emissions are 3.5 MT 

less (in 20 10) with the EA scenario, and about 1.m and 0.5MT l e s  under the SPS and SBC 

scenarios respectively. In the long tertq the SPS is the optimal scenario for rniniminag COz 

emissioos, with 4.4MT less emissions in 2025 than under the BAU. 



Figure 4.2 - Carbon Dioxîde Emissions (tomes) - di scenarîos 

CO2 [mcg;itonncrJ 



4.2 Alberta Mode1 

Table 4.4 outiines the market penetraîion of technologies under the four scaiarios. The fiiii data is 

caatained in Appendix C in Tables C. 1 through C.4. 

Under the BAU scenario, other than 200MW of the most çost4ective smail hydro, the eatire 

remainder of new technologies is met by natural gas technologies, with combined-cycle turbines 

dominating, followed by shnple-cycle and gas cogeneratioa retrofit technologies. Under the SPS 

scenario, Sustainables take a greater market share. Biomass technologies are the predominant 

Sustainables developed as they are the most costeffective after S d  H y h  resources are used- 

up. However, in 2022, wind technologies are developed, reaching 149 MW by 2025. Under the 

SEC scenario, a diversity of Sustainables are developed, hcluding wind, biomass, solar and srnaII 

hydro. The EA scenario shows an outcome similar to that of the SPS scenario, again only the most 

costeffective sustainables king developed. 

Existing technologies include wal, naturai gas, hydro and biornass. The coal resources, quivalent 

to about 5850 MW in 1996, are retired at a rate of 2.5% 1 year, thus reducing the capacity 

si@cantiy by the end of the simulation. 



Table 4.4 - Market Penetration (MW of capacity) of Technologies in 2025 - Alberta 

Te&. Name BAU SPS SBC EA 

Sm4 Hydro 

S.C. Gas 

C.C. Gas 

Gas Cogen. 

Biomass 

Other Sustain. 

Existing Hydro 

Existing Cas 

Existing 

Biomass 

Existing Cod 

200 

4034 

4870 

500 

1000 

149 (wind) 

609 

859 

95 

200 

4034 

585 1 

500 

69 

8 1 (wind and PV) 

609 

859 

95 

200 

293 1 

6205 

500 

867 

30 (wind) 

609 

85 9 

95 

n i e  expected GWh production of various technologies under the BAU scenario is illustrated in 

Table C.5 (Appendix C, two parts). C d  dominates the low wst generation (21,857 GWh in 

2025) with variable costs at 1.5 cents/kWh. New combined cycle gas turbines make up the 

remaining baseload and shoulder loads (40,859 GWh in 2025), and new simple-cycle gas 

technologies supplement the supply for peak demanci (656 1 GWh in 2025). Gas cogeneration 

technologies operate at nearly full capacity (335 1 GWh in 2025) because of theu low operating 

wsts. Existing gas and biornass technologies operate below capacity because of high operating 

wsts relative to new combined-cycle gas turbines. Existing hydroelectric resources operate at full 

capaciiy because of theu low operating wsts, generating 3200 GWh in 2025. 

The EA scenario generating statistics, listed in Table C.6 (Appendix C), illustrate a 53% reduction 

in the operation of simple cycle gas turbines, a 38% reduction in the operation of d kilities, 

and a 10% reduction in the operation of wmbined cycle gas turbines. The shortfàll is mostiy met 



by biomass technologies. ' E s  is due to the Eict that net carbon d iode  anissioos fiom biomass, 

and therefbre their operating costs Rmain u d k c t d  by the "environmental adder". 

Figure 4.3 illustrates the percentage share of generation met h m  Sustainables. Figure C. 1 in the 

Appendur illustrates the market penetration of Sustainables in MW and Figure C.2 illustrates the 

atlfluai electricity generation from Sustainables in GWh's. Under the BAU case, the level of 

investment in Sutaidles is very limitai, with an exception ofa smaii arnount of srnd hydro 

deveIopment (200 MW). The investrnent in Sustainables is highest under the SPS s 4 0 ,  at 

1349 MW in 2025. In-tum, theù generation accouuts for about 1 1% of the total generation in the 

year 2025. The EA mefhanism fosters the development of 1098 MW of Sustainables cap- by 

2025, about 10% ofthe generation. F W y ,  the SBC mechanism fosters the development of about 

350 MW of Sustainables capacity, resulting in a generation share of only 3%, compared with 

about 1 5% under the BAU scenario. 



Figure 4.3 - Generation Shue by Sustainables (percent)- ail scenuios 
V 



Table 4.5 illustrates the wholesale spot price of electricity in the years 1995 and 2025 for each of 

the scenarios. The data are also included in AppendUr C, Figures C.3 and C.4. 

Table 4.5 - Peakhg and Baseload Wholesale Spot Prices of Electricity (PSP) (1995SMWh) 

Scenario 1995 Peak 2025 Peak 1995 Baseload 2025 Baseload 

BAU $28 $34 $22 $28 

SPS $28 $34 $22 $28 

SBC $29 $35 $23 $29 

EA $24 $39 $24 $36 

Under ah conditions, the spot price under the BAU scenario is the sarne as that under the SPS. 

The SBC s&o includes a $1 / MWh pria prernium to fùnd the subsidy for Sustainables. The 

EA spot prices are higher because of the inclusion of an "mvironmental adder" on aii spot market 

transactions, minus the refiuid to customers. This price premium increases over time as the 

demand for electriciq increases, and more carbon intensive resources are required to meet the 

demand. In 2025, the spot price under the EA scenario exceeds the spot price under BAU by $5 or 

$6 per megawatt-hour. 

An anomdy is evident for the peak wholesale price in 1995 for the EA samario, indicating that the 

EA is cheaper than the BAU, extending through to the year 2003 (see Figure C.3). In this case, the 

consumer rebate against the PSP, equivalent to the total financial value of the "environmental 

adciers", exceeds the impact of the policy on the SMP, or the cost of operating the marginai 

resource. 

Table 4.6 Lists the forecasteci cost of electricity in 2025, equivalent to the levelized-cost of 

production h m  each technology, times the a& energy it produces mer the year. This 

information is also illustrated in Figure C.5 in Appendix C. The wires charge associated with the 

SBC scenario is not added to this wst figure because that money is directed towards the capital 

costs of Sustainables which is reflected in the levelized-cost. Also, the environmental charge 

associated with the EA scenario is not added, because it is refunded to customers. Chapter 5 



includes an illustraiion of the incremental costs of adopting a policy measure compareci with the 

BAU. 

Table 4.6 - Cost of Electricity in the Year 2025 (Million 51995) 

Sceaario Cost (Millions of Dollars) 
-- - -- 

BAU 2,919 

SPS 3,027 

SBC 2,93 1 

EA 3,119 

Carbon dioxide emissions in B.C. are üiustrated in Figure 4.4. ïhey rise moderately under the 

BAU scenario in early years, are flaî in mid-years, and rise in later years, fiom about 39Mt in 

1995 to 40.5MT in 2010 and 43Mt in 2025. This is due to signifïcant investment in new naturai 

gas technologies and retirement of existing coal hilities. Emissions are 0.5 Mt less with the SBC 

scenario, 3Mt les with the SPS, and almost 9Mt less with the EA scenario. In the long term, the 

SPS stabilizes emissions, while the EA SC-O si@cantIy reduces them. 



- Figure 4.4 - Carbon Dioxide Emissions (tomes) - dl scenarior 



5. SIMULATION ANALYSE AND EVALUATION 

The purpose of this study is to compare the level of development of Sustainables under dinerent 

electricity market policy scenarios, each including full rerail cornpetition. The scenarios include: 

Business as Usual (BAU), Sustauiables PortfoIio Standard (SPS), Systern M t s  Charge (SBC), 

and Revenue-neutrai Environmental Adders (EA). The first scenario is the expected outcorne 

without any explicit policy to foster Sustainables, which is currently the case in bath Aiber& and 

B.C. The other three scenarios enwmpass specfic policy objectives to foster Sustainables. 

This chapter expands on the results provideci in Cbapter 4 by analyzing them accordhg to specific 

evaluative criteria or policy objectives. The criteria allow for an analysis of the ments of the three 

sustaiDability policies relative to the BAU scenario. The results of both the Alberta and B.C. 

models are merged in this chapter. 

. . 
Maximization of the market penetration of Sustainables in terms of investment and operation 

(MW ùistalled and GWh per year operation). 

MaximUation of a diversity of Sustainables (number of technologies fostered). 

Reduction of unit costs of Sustainables ($/kWh). 
. .  . 

Muiimtzation of financial impacts - peak and baseload wholesale electricity rates ($/GWh) and 

total expenditure on electricity (million $). 

Minimization of the annuai &on dioxide emission abaîement cost ($ / tonne COz reduced). 

Admlliistrative and operational simplice. 

The signjfïcance of each evaluative crieterion is outlined in Section 1.1. 

An important distinction in this analysis is to separate those impacts related to the choice of poiicy 

parameters fiom those impacts which result h m  specific meriîs of each policy. For example, the 

market penetration of Sustainables can be influenced by the level of portfolio requirernent under 

SPS, the size of the environmental charge under EA, or the quantity of the wires charge under the 

SBC. In order to assess the costefféctiveness of the policies in their support for Sustainables, 

those parameters should be adjusted so that the market penetraîion of SustainabIes is 

approximaîely the same for al1 policies, and then a relative financial cornparison is possible. On 

the other hand, ifthe analysis focuses on issues such as the timing of development of Sustainables, 

administrative and political feasibility, the diversisr of Sustainables developed, or impacts on the 

reduction of Sustainables' unit cos& then this is not necessary. 



In order to capture the diarent analysis priorities, this chapter is divided into three sections. 

First, in Section 5.1 the policies presented in Chapters 2 through 4 are anaiyzed according to the 

six criteria listed above. These policies were designed in such a m e r  as to be consistent with 

whaî other jurisdictions are proposing, so as to be potitical fèasible. 

Second, section 5.2 provides an dys i s  of the cost4féctiveness of the policies to foster 

Sustainables. In this case, each policy was adjusted to result in approximately the same market 

p e n d o n  of Sustainables. The size of the SBC and the EA were increased fiom those levels 

presented in previous chapters so that each results in a similar market share of Sustainables as was 

the case for the SPS scenario. The results h m  these simulation runs are not presented elsewhere 

in this study because they diverge from the magnitude of rnechanisms thai have been proposed or 

inipiemented in other jurisdictions. 

Section 5.3 provides an overview of the policy adysis  in the h m  of a summary matrix on the 

extent to which each of the policy mechanisms satie  the six e v a i d v e  criteria. 

Section 5.4 inchdes a general discussion on uncertainty and the accuracy of the CEMPA rnodel. 

5.1 Analysis of Policy Mechanisms 

In this section, each of the policy rnechanisms presented in Chapters 2 through 4 is analyzed 

accordhg to the six evaluative criteria listed above. These policies were designed in a manner thai 

is comparable with policies implemented or proposed in other jurisdictions. 

The size of the SPS portfolio standard is set at 10% by 2025, the magnitude of the SBC is 3% of 

the wholesale price (PSP), and the size of the carbon tax for the EA is $2O/tonne. This results in 

difSerent levels of ftnancial support for Sustainables and hence a différent market penetration for 

Sustainables. 

5.1.1 Market Penetration of Sustainables 

Under the business-as-usual PAU) scenario, the maricet penetration of Sustainables remains flaî in 

both B.C. and Alberta after ali of the low-cost small hydro resources are tapped. The market 

penetration of Sustainables under ail scenarios fOr both provinces is presented in Table 5.1. The 

SPS policy results in the highest market penetration of SustainabIes, reaching 1750 MW and 1350 

MW by the year 2025 in B.C. and Alberta respectively. Tlx other policies (SBC and EA) could 



also be desi@ in a manner which rnaximizes market penetration per unit cost and those results 

are presented in Section 5 -2. 

Table 5.1 - Market Penetrrtion of Sustsinables (MW) in 2025 
- -- - -- - ~ - - 

B.C. Market Penetration Alberta Market Penetration 

BAU 

SPS 

SBC 

EA 

The energy production fiom Sustainables (see Figures B.2 and CS), in GWh production per year, 

bas similar results, with the SPS and EA maximizing productiun, 

5.1.2 Diversity of Sustninables Developed 

The issue of technoIogicai diversity is iilustrated in Table 5.2, showing how many différent types 

of Sustainables are deveioped and operated under each policy mechankm The SBC scenario 

achieves the highest diversity for Sustainables because it was designed in a manner which 

prioritizes diversity. 

Table 5.2 - Capacity of New Sustainables Deveioped (MW) in 2025 

Tech.Type Sps Sps 

B.C. Alberta 

Biomass 1444 1000 

Smaü Hydro 300 200 

Wind 2.51 149 

SBC SBC - 
B.C. Alberta 



5.1.3 Reduction o f  Unit Costs of Sustainables 

Tables 5.3 and 5.4 outline how the levelized-cmts ofthose technologies are reduced as a result of 

their increased participation in the market. Only the wind, solar PV and tidai technologies 

dernonstrate substantid cost reductions because they are reiatively new technologies. Large gains 

in unit cost reduction occur under those policies w&ich result in some amount ofmarket p e n d o n  

of the technology whereby economies of manufacture are reached. ûnly the SBC policy hlly 

stimulates a diversity of Susfainables, and hence it d t s  in the highest unit cost reduction for 

emerging technologies. In conttast, the SPS and EA mechanisms tend to foster Iow-cost biomass 

technoIogies which do not reaiize econornies of manufàcture due to the technologid stasis with 

boiler technologies (See Section 2-35 -4). 

An anomaly in the results nom the Alberta mode1 indicates that the unit cost reduction under the 

SPS scenario is less than tbat under the SBC, even though the SPS results in a higher market 

penetration of Sustainables by 2025 than the SBC. This is due to the fàct that the market 

penetdon under the SPS is in the last five pars ofthe simulation, while those under the SBC 

ocair over the entire duration of the simulation, realizing significant unit cost reductions on three 

occasions over the 30 year simula-tioa pend. 

Tabk 5.3 - Reduction in the Unit Cost of Sustainables (S1995/kWh) - British Columbia 

Tech. 

Type 

Biomass 

Small 

H y dro 

Wind 

SolarPV 

Tidai 

SPS 1995 2025 - SBC 1995 2025 - 



Table 5.4 - Reducîion in the Unit Cost of Sustainables (Sl99SkWh) - Alberta 

Tech 

Type 

Biomass 

Srnaii 

Hyàro 

Wind 

SolarPV 

SPS 1995 2025 - 

5.1.4 Fiancial Impacts - Total Erpenditure on Electricity Seles and Impacts on Spot Price 

Figures 5.1 and 5.2 illustrate the incrementai cos& associated with the adoption of different policy 

scenarios relative to the BAU scenario, in essence the cost premium required to irnplement a policy. 

In Alberta, the EA mechanism is the most costly because of the large installed capacity of carbon- 

intensive coal resources which are O%& with more expensive natural gas and biomass 

technologies. In B.C., the SPS poiicy bas the highest cost prernium, In both cases, the expensive 

policy mechanism also results in a hi& market penetration of Sustainables and reduction in CO2 

emissions. An analysis of the costeffectiveness of each policy in fosterhg Sustainables and 

reducing CO2 emissions is presented in Section 5.2. 

The SPS demonstrates a gradua1 increase in the cost premium, while the SBC applies the majority 

of wsts in the first year, with a reduction in costs in 2020 &r the original 25-year contract with 

the Sustainables iàcilities is expired and they are forced to cornpete at the market rate. The EA 

mechanimi causes rapid cost increases due to the rapid developrnent of less carbon intensive 

resources. In B.C., the rapid cost increases subside after the year 2000, while in Alberta, wsts 

increase steadily over the entire simulation penod. 

Spot elecûicity prices are expected to climb slightly over the years, with sharper increases in 

baseloud prices as existing low cost hydroelectric and coal generation sources are retired. The 

data are iiiusîrated in Figures B.3, B.4 and C.3 and C.4 in the appendices. The difièrence in prices 



between the BAU and SPS are minor, due to the fact that sustainable technologies have relatively 

low operating wsts and zero fiels costs, aiiowing them to make bw "off%rs" in to the power pool 

provided their &ceci costs are covered through external contracts. The whoIesale electricity price 

under the SBC scenario shows a small premium, due to the iàct that a 3% wires charge is king 

added to customers' bills. The EA scenario indicates a larger premium, resulting fkom changes in 

the generation mix and h m  the environmental charge, even though the charge is redistributed to 

customers through reduced rates. This premium is higher underpeaking conditions than baseIoad 

conditions because less efncient nahual gas and coal plants are operated to meet the peak load with 

tesulting increases in ernissions and the value of the environmentai charge. 



Figure 5.1 - Policy Cost Premium over BAU (Million $1995) - British Columbia 

Cost [million $1 



Figure 5 3  - Poky  Cost Premnim Over BAU (Mitlion S1995) - Alberta 

Cod [mlllian q 



5.1.5 Annual Carbon Dioxide Emissions aud Abatement Co& 

CO2 emissions are expected to increase dramaticaiiy in B.C. under BAU (Figure 4.2) because of 

increased growth in natural gas grneration, and a strong increase in dexnand for electricity in the 

province. Emissions are expected to more-or-less stabilize in Alberta (Figure 4.4) due to d e d i n i -  

d consumption in fàvor of natural gas, despite a steady increa~e in demand for electrkity in the 

province, The EA sceaario demonstrates sharp reductions in COz emissions in Alberta through 

reduced operation of coai facitities and the increased market share of gas mgmerators, combinai 

cycle gas turbines, biomass technologies, and smaii hydro technologies, which are developed a-  a 

fâster rate under this s&o than under the BAU. The d t s  of this scenario indicate a possible 

eariy retirement of some coal capacity iâcilities, as their prbduction (GWh) is reduced by 1 1% in 

the year 2000, and 22.5% in 2010, relative to the BAU s d o .  

The key indicator for assessing the economic efficiency of Ca emission reduction is the emission 

abaiement cost cuwe that is the cost associated with the adoption of a poiicy mechanism relative to 

BAU, and the subsequent emissions reduction that foiiows fiom the adoption of that mechanism. 

A detaiied anaiysis of the abaîement cost wili be provideci in Section 5.2 where those policies are 

adjusted in order to result in approximately the sanie market penetraîion of Sustainables by the 

year 2025. 

5.1.6 Administrative and Operational SirnpIicity 

The SPS mechankm puts the onus of developing Sustainables on the electncity retailer without the 

need for extensive administration. The requirement for purchashg Sustainables is imbedded in the 

resource acquisition decisions of the electricity retailer. One challenge wiii be for the electricity 

marketer to predict how much power wili need to be purchased fiam Sustainables over the year, 

given that load forecasts are not always accurate. Presurnably, the SPS mechanism would have 

some flexibiiity for those marketers who underpredict demand, and hence underpredict the amount 

of Sustainables generation that is q i r e d .  Enforcement of the requirements is straightforward 

because all electricity d e s  are transferred through the Power Pool and records are kept of the 

amount of generation fkom each technology type. Fines might be estabiished to penalize those 

entities which consistently underproduce their requirement. 



The SBC mechanism is also administratveiy sirnpIe to set-up, because the wires charge is added to 

customer bills in a similar fàshion to a tax, and the fund is distributed accordhg to the contracted 

price and the spot price of electricity. It does however require that an extemal organization 

administer the fun&. Enforcement of the operation of Sustainables faciiities is not necessary 

because they oniy g a  paid when they operate. 

The EA mechanism is complex h m  an adminisrrative or operational perspective, as every hourly 

transaction in the Power Pool for every generator includes an environmental charge. It is possible 

to automate the operation of the EA mechanism within the Power Pool cornputer system, but each 

new market entrant needs to be assessed in order to determine the "environmental adder" for that 

plant. Enforcement is i~~tornatic, within the operations of the Power Pool. 

- * 

In summary, under the SPS poiicy, administrators oniy need to cbaracterize technologies on a 

generic basis, as cornpliant or not wmpiiant within the defuiition of Sustainables. In contrast, 

under the EA, each faciiity needs to be characten'ited and assessed a charge. The SBC requires an 

administrative body to manage the fun& coUected from the wires charge, and coordinate 

5.2 Cost Effectiveness of Policies for Fostering Sustainables 

This section provides an anaiysis of the wstefféctiveness of the policies to foster Sustainables. In 

order to undertake this analysis, each policy was adjusted to result in approximately the same 

instaiied capacity of Sustainables. The assessrnent of the costeffectiveness of poticy options is 

made using the capacity of SusthbIes  as the unit of cornparison. The capacity of Sustainables 

developed must be made consistent among al1 policies as they may have different wst impacts 

associaîed with different levels of support for Sustainables. Also, in order to compare the policies 

on their financial merit, they sbould have the same poiicy design criteria. In previous chapters the 

design of the SBC mechanism pnoritized technologid diversisr, while the SPS and EA 

mechanisrns prioritized costeffectiveness. 

The parameters drivhg the EA and SBC scmarios were modified such that their outcome resulted 

in the same market penetraîion of SustainabIes as the SPS scenario, approximately 10% of the 

capacity by the year 2025. Also, the technology mix for the SBC mechanism was changed to 

adopt oniy the most cos t -eMve tecbwIogies and not focus on fostering a diversity of 

technologies. 



A direct extension of the capacity of Sustainables is the annuai energy production fkom 

Sustainables and the CO2 emissions reduced as a result of the depioyment of Sustaioables. The 

wsteffectiveness of a policy to d u c e  CO2 emissions is also included in this section. 

The results h m  these simulation nins are not pfe~ented eIsewhere in îhk study because they 

diverge h m  the magnitude of mechanisms that have been proposed or hplemented in other 

jurisdictions. Thus, there is a tradeoff with the design of the poIicies between their wst- 

effectiveness and politid feasibility. 

5.2.1 Analysis of Scenario Parameten Adopted 

As previously mentioned, the SBC and EA mechanisms were modifled so that they result in the 

same insiaiid capacity of Sustainables by 2025 as the SPS palicy. TabIe 5.5 summanzeS the 

policy parameters employed for this analysis. 

Table 5.5 - Policy Parmeters Employed for Cost-Effectiveness -sis 

Policy (and Parameter B.C. Capacity of Alberta Capacity of 

parameter name) Value new Sustainables in new Sustainables in 

2025 (megawatts) 2025 (megawatts) 

SPS (portfolio 10% by 1,746 

requirement) 2025 

SBC (wires charge) 10% of the 1,755 

PSP 

The size of the System Baiefits Charge, included on aii wholesde purchases, was increased h m  

3% to IO%, the f o m r  b e i i  the value ernployed in the previous chapters. Also, the payout h m  

the SBC b d  to Sustainables was changed so that oniy the most costeffective Sustainables are 

supported. in prwious chapters, the poficy supported solar, wind, tidal, small hydro and biomass 

technologies, whereas for this analysis, biomass was the predominaut technology supported. Table 

5.6 Lists the reMsed technology portfolio. 



Table 5.6 - TechnoIagy Portfoiio for the Cost-Effective SBC Scenario 

T&oIogy Type Share of Capacity in B.C. Share of Capacity in Alberta 

Biomass Gasser Turbine 50% 

WastefÙeI Cogeneration -biomass 25% 

Wind F m  15% 

Smail Hydm (high cost) 10% 

The J3t mecbanism was adjusted by increasing the Ca tax to a level that wouId raise the instaUed 

wpaciw of Sustainables to about 1,750 MW in B.C., and 1,350 MW in Alberta, to match the 10% 

SPS mechanism. Severai ditlerent tax levels were simulated ($25,$30,$35,MO) and the results 

were varied. ï h e  $25/tonne Ievel was seIected because it resulted in the installai capacity of 

Sustainables reachiog the target level in Alberta. In B.C., a $4O/tonne CO2 tax is necessary to 

raise the installexi capacity of Sustainables to the 1750 MW level. By raising the tax to a higher 

levei in Alberta, for exarnpIe to the $30/tome levei, the instaüed capacity of Sustainables fir 

exceeds the target value, resulting in 2,3 16 MW king devdoped. 

5.2.2 Market Penetration of Sustainables 

Tbe market penetration of Susrahables in t em of installeci capacity is approximately equal for ai l  

thnx plicies, as their parameters were selected to achieve that objective. The values are shown in 

Figures 5.3 and 5.4. 

Variation of the parameter for the EA mecbnism (CO2 tax in Sitonne) has some interesting results 

related to the installeci capaMty of Sustainables. As the value of the tax was raised h m  $20 / 

tonne (the value employed in previous chapters) to $25 1 tonne, the iustailed capacity of 

Sustainables went up fiom 1337 MW to 1596 MW in B.C.. However, when the tax was raised to 

$30 / tonne, the installeci capacity of Sustainables stayed approximateiy constant, ceaching 1592 

MW, showing a non-hearity between the level of CO? ta. and the installed capacity of 

Susîainables. This is due to the fact that the additionai $5 / tonne tax ( h m  $25 to $30) dces not 

sufficientiy cover the Gnancial premium required to briag on an additionai share of Sustainables 



capacity, given that the most cost-efîecüve Sustaiaables were already exhausted. When the tax 

was raised to $40 1 tonne, the capacity exceeded the 1750 MW target. 

Figures 5.3 through 5.7 illustrate the installed capacity and market share of Sustainables in B.C. 

and Alberta under the revised scenarios. The instaiied capacities reach about 1750 MW by 2025 

for B.C., and 1350 MW for Alberta. The key dBkence between the scenarïos is the timing of 

development. Both the SPS and EA scenarios result in a graduai increase in the market share of 

Sustainables. In fact, the SPS dernonstrates a perfectiy hear growth curve because it is designed 

to do that. in con- the SBC demonstrates a sharp in~ease  in the k t  year, with subsequent 

increases in 2005 and 2015. The percentage market share of Sustainables genexation is consistent 

with the instalied capacity figures, except tbat the SBC has a lower than expeckd value because of 

the low capacity h r  of the wind technologies which are fostered -der the policy. 



Figure 5.3 - B.C. Instrlled Capacity of Sustainables 0 
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Figure 5.4 - Aiberta l d e d  Capacity of Sustainables (MW) 
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Figure 5.5 - B.C. Market Share of Ceneration from Sustainables (percent) 
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Figure 5.6 - Alberta Market Shuc of Ceneration from Sustainables (percent) 



5.2.3 Fmanciai Impacts - Totai Expeuditurc on Electricity Saiw ruid Impacts on Spot Pricc 

The cost premium over BAU for each policy in millions of d o h  is illusttated in Figures 5.7 and 

5.8, for B.C. and Alberta respectively. Other than the costs of the EA mechanism for Alberta, d 

of the costs are approximately equal in 2025, as the b e l  of support for SustainabIes is 

approximately equal. The EA is more expensive in Alberta b e a e  of the large capacity of c d  

power in the province which produces a high environmental charge. The charge results in a change 

in the Power Pool generating mix, bringing in more expensive resources such as biomass instead of 

c d .  The wst premium does not include the value of the enWonn1ental charge as it is rebated off 

of customers' bills. The cost premium of the more expensive resources exceeds the value of the 

rebate by about $200 million in 2025. 

The SBC shows predictable cost increases as Sustainables capacity is brought on Iine, and a 

decrease in 2020 when the 25 year contract with Sustainables h m  1996 expires". it is important 

to note that the SBC cosrs on consumers are distributed equally over the entire simulation p e n d  

through a wires charge that is wllected on di electricity sales. However, the costs borne by 

society, the allocation of investment capital into the electricity market, occur in three distinct 

periods when the contram are established with Sustainables prducers. 

The distribution of costs over the 30 year simulation period varies significantiy, and this becomes 

the major point of comparison between the policies from a N k  management perspective. The 

SBC, by design, forces a large proportion of the invaciment costs to the beginnrng of the simulation 

period, with aii that invesîment capital subject to risk of friture increases in the cast of capital. In 

contra  the required capital for the SPS mechanism is gradudy increased as the required market 

share from Sustainables increases. 

II In the year 2020, a wind technology that was developed in 19% has paid off aii capital cos& and 
is outside of the original investment contract. As such, the W t y  would compete in an open 
market for renewables, with its value being equated to the value of a new wind Wfity in that 
year, including resuitant capital cost reductions between those years. 



Figure 5.7 - B.C. Policy Cost Premium over BAU for uch Poiicy ( d o n  $1995) 

coa [million $1 



Figure 5.8 - Alberta Poücy Cost P r d u m  over BAU for cich Poücy (million S199J) 
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The costs of fostering Sustainables under each policy mechanism, relative to the BAU scenario, are 

outlined in Tables 5.7 and 5.8. These values were determineci by divlding the policy cost premium 

by the total capacity of new Sustainables developed, 

Table 5.7 - Cost Premium of Fostering Sustainables Dwdopment (S1995/MW of 

Sustainables) - B.C. 

Scenario 2010 2025 

SPS 

SBC 

EA 

Table 5.8 - Cost Premium of Fostering Sustainables Development ($1995/MW of 

Sustainables) - Alberta 

Scenario 2010 2025 

SPS 

SBC 

EA 

The results indicate that the SPS and SBC mechanisms have sirnilar costs in the year 2025, but the 

SBC has a dramatically higher cost in 2010. This is because the policy fostered a large capacity of 

Sustainables in the hrst year of the simulation wbich bas to be paid off. Also, the cos& in 2025 do 

not include a large portion of the original capital costs for the kilities built in 1996 as it was paid 

off in the year 2020. Jn conûast, the SPS dernonstrates a graduai cost increase as the capacity of 

Sustainables is increased. The cos& of the EA mechanisrn are si@cantly higher because it 

affécts îhe operation of exisMg generation facilities, in addition to the invwtment patterns of the 

mark& wiîh resultaat reductions in CO* emissions. 



A costeffectivmess indicator for the energy production h m  Sustainables is presented in Tables 

5.9 a d  5.10, indicating the price premium for Sustainables production. These wsts are rdective 

of the cost premiurn of Sustainables over the average eIectncity cost. 

Table 5.9 - Cost Premium for Sustainables Production (S1995kWb from Sustriixiables) - B.C. 
- 

Scenario 

SPS 

SBC 

EA 

6 0.007/kWh S 0.01OlkWh 

$ 0.0141 kWh S O.Oll/kWh 

S O.O16/kWh S 0.012 1 kWh 

Table 5.10 - Cost Premium for Sustainables Production (S1995kWh of SustainabIes) - 
Alberta 

Scenario 2010 2025 

SPS 

SBC 

EA 

The wst premium over the BAU for every kilowatt-hour of Susîainabk electricity ranges fkom 0.7 

to 1.5 cents, except for the JZA, which has costs as high as 2.8 cents. Both the SPS and SBC 

mechanisms dernonstrate comparable costs in the year 2025, with the SBC incurring higher wsts 

in 20 10 because of the higher installed capacity of SustainabIes in that year under the original 

1996 development contract. The EA dernoIlstrates higher costs for the same reasons prewiousiy 

mentioned. 

The wholesale and peaking spot pnces of elecîricity for B.C. and Alberta are illustrateci in Figures 

5.9 through 5.12. 



Figure 5.9 - B.C. W h o l d e  Spot Prim (S1995kWh) 



Figure 5.10 - B.C. Pcaking Spot Prim (S1995/kWh) 
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Figure 5.11 - Alberta Wholesde Spot Price (S19951kWh) 



Figure 5.12 - Alberta Peaking Spot Price ($199S/kWh) 

Rata[sIml 



The spot priccs differ nwi those in Appendices B and C (Figures B.3, B.4, C.3 and C.4) in a 

predictable hhion. The size of the SBC is higher for the analysis in this sedion, and as such, the 

gap between the BAU spot prices and the SBC spot pkes  is larger. Also, the size of the COt tax 

is higher, and as such the spot price is higher. Again, the SPS and BAU demonstrate similar spot 

prices. 

5.2.4 Annual Carbon Dioride Emission Abatement Cost 

CO2 emissions associated with the four scenarios are listeci in Table 5.1 1. The ernissions 

associated with the SPS and SBC are approximately the same, as the policies equaily foster 

Sustainables to play a role in the market. The EA bas less emissions, due to the inclusion of a CO2 

tax in ail electricity sales of $îS/tome, affecting not oniy investment decisiom, which translates to 

increased invesbnent in Sustainabla, but also operating decisions, which affects existing 

technologies. In Alberta, the EA policy forces a reduction in emissions over the simulation period. 

Table 5.11 - CO2 Emissions in 2025 - B.C. and Alberta (megatomes) 

Scenario B.C. Emissions (megatonnes) Alberta Emissions (megato~es) 

BAU 23 .O65 

SPS 18.687 

SBC 18.760 

EA 17.692 

An important policy analysis indicator is the CO2 abatement cost of a measure. This is the total 

cost associated with the reduction of one tome of CO2 emissions that resuits fiom the adoption of a 

policy measure. The wsts are iiiustrated in Figures 5.13 and 5.14. In B.C. the abatement costs in 

2025 are ahost the same for aii policies, mghg h m  $25 - $fO/tonne. However, only the SPS 

mechanisrn kept the costs consistent over the simuiation period. In Alberta, the SPS mecbanism 

demoostrates an abaîement cost of between $30 and $40/tonne, remaining more or less stable. The 

SBC costs range h m  $30 - US/tome, with a sharp decrease in 2020 when the technology costs 

are duced.  The EA mechanisrn stays flat at $2O/tonne approximately at the Ievel of the tax. 



Figure 5.13 - CO1 Emissions Abatement Cost Curve (S1995ltonne)- British Columbia 

Cost [doliars per tonne] 
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Figure 5.14 - COt Emissions Abatement Cod Curvc (S1995ftonne)- Albe- 

Cod [ d o l b  per tonne] 



5.3 Summary of Analysis 

The foilowiag table provides an ovemïew of the analysis d t s ,  organued accordhg to the six 

evaiuafive criteria Outlined at the beginning of this chapter. A numenc indicator is provideci by 

each policy mechanisms for each of the evaiuative criteria. The indicators are not intended to be 

added to determine the optimal mechanism, but rather are intended to provide a basis for 

cornparison between mechanisms w i t h  one evaiuative criterion. In some cases, the indicator 

différs between Alberta and B.C. due to Merences in the electricai systems in those jurisdictions. 

Table 5.12 - Summary Matrix of Poky Anaiysis 

Criterion Policy Mechanisnu 

SPS SBC EA 

Maximize I n d e d  
Sustainables Capacity 

Marim;lP1 Sustainables 
Technology Divenity 

Maximïze Sustainables 
Cost Reduction 

Miaunize Financial 
Impacts 
. .  . 

Cor 
Abternent Cost 

Administrative and 

1 

4 - B.C. 
2 - Alberta 

5 - B.C. 
2 - AIberta 

1 

2 

1 

1 - B.C. 4 - B.C. 
2 - Aiberta 3 - Aiberta 

1 5 - B.C. 
3 - Alberta 

4 2 - B.C. 
5 - Alberta 

5 1 

Operationai Sim~licit-y 

(1 is for high achievemen~ 5 for low achievernent) 

For detailed comments on the basis for each of the indiCators Iisted above, see the text in Sections 

5.1 and 5.2. in surmnary, the SPS approach tends to mawnize the installai capacity of 

Sustainables because it is designed to support the most cost&ective technologies or resources. 

The SBC mechanism, by design, enbances the diversity of Sustainables supported, and maximizes 

the cost reduction ofemerghg Sustainables due to that divers@ of support. The SPS minimizes 

fiaancial impacts due to a phasing-in of the requirement, and a continuous cost-minimization 

pressure on the market. The EA m h h k s  the CO2 abatexnent cost because the policy mechanism 

is set-up as a CO2 tax, thus dnving the market to duce  emissions at the least cost. FinaUy, the 



SPS is the most simple to operate and administer because it relies on the market to achieve the 

poiicy objectives. 

5.4 Analysis of Uncertainfy and Accuracy of the CEMPA Mode1 

Simulation modelling involves uncertainty. The modeliing exercise can aitempt to minirnize the 

impacts of that uncertainty through carefiil selection of model structure or parameters, a d o r  by 

doing a sensitivity analysis of key pramters, assessing the robustness of mode1 results under a 

wide range of conditions. In this study, the former aqproach was undertaken - to attempt to 

minimize the impacts of uncertainty, rather than doing an e7ctensive sensitivity anaiysis. However, 

the modehg  resuits have been compared with published i n f o r d o n  fmm similar studies to 

dernonstrate accuracy. 

The expiicit approach undertaken to minimize the impacts of uncexîainty included the foliowing: 

The utilization of a high discount rate - thus evaluaring poiicy options from a wnservative 

financial standpoint. By adopting a high discount rate, technology cos& reach their upper 

limits, parijcularly among capital intensive technologies such as Susbinables. 

Application of generic technology parameters into the mode4 thus averaging out aii the 

uncertainty associated with wsts, capacity factors, heat rates, emissions, etc. Had an effort 

been made to characterize specinc generation Eicilities, then uncertainty considerations would 

have been more prevaient. 

Using wnservative eshaîes of fuel costs for corn- techuolugies. 

Utilization of conservaiive resource potentid parameters for emerging technologies. 

Defining driving poticy parameters according to reaiistic Ievels being applied or proposed in 

other jurisdictions. n i e  level of podoiio requirement under the SPS policy is on the lower- 

range of what is being proposed in the U.S., as is the carbon tax applied for the EA. The SBC 

is wnsistent with wbat is proposed ia other jurisdictions. Ttie parameters that were adopted 

for the EA and SBC mechanisnu under the anaiysis in Section 5.2 are not necessarily realistic, 

but were selected in order to compare with the outcorne of the SPS. 



5.4.2 Accuracy of the Model 

Three recent saidies by the Caaadian Electricity Association, the Teiius lnstitute, and BC Hydro, 

can be used to assess tae accuracy of the CEMPA results, a! least partially. Those studies include. 

1. The Canadian Electricity Association study, Greenhouse Gas Management and the Canadian 

EIecrric UtiIiry I n h t r y  (CEA, 1997). 

2. The Teiius Mtute shidy that looks at the costs and benetits of a national Renewable Portfolio 

Standard in the U.S., similar to the CEMPA SPS scenario (Bemow.et.al., 1997 & Figure 1.1). 

The first study demonstrates that B.C. CO2 emissions will increase 6om 2.5 million tonnes in 1995 

to 6M'ï in 20 15 under the "base casen scenario. In cornparison CEMPA predicts that emissions 

wiil rise h m  about 1MT to I O M T  during that period (BAU). For Alberta, the CEA snidy 

predicts emissions will &op h m  45h4T to 39MT during thaî perid, while CEMPA predicts they 

will remain flat at 39MT to 40.5 MT. There are 2 explanations for this divergence. 

1. The production eshmates in GWh are si&cantly difkrent than those of the C m  with the 

CEMPA B.C. production ranging f3om 65,000 to 86,000 GWh per year over the simulation, 

and the CEA study range fiom 48,000 to 67,000 GWh. CEMPA utilizes an NRCan estimate 

for capacity demancf, and a BC Hydro load duration m m  to estimate annual production, and 

is in-line with the NRCan energy forecasts. For the CEh4PA Alberta model, the ciifference was 

not as great. 

2. The utilization of a higher discount rate in CEMPA (12% in CEMP& 8% in CEA) results in 

the greater deplopent of low capital cost fossiI fuel technologies. For example, CEMPA 

predicts a considerable market penetration of simpleqcle gas turbines, which have lower 

capital costs than combinedcycie turbines. The combinedcycle turbines are more efficient, 

d t h g  in reduced emissions if they are used as peaking plants instead of simplecycle 

technologies. 

nie second study @emow &al., 1997) quanti6ies the wsts and benefits of a policy similar to the 

SPS, but for the entire U.S. market. The results of this study were iilustrated in Figure 1.1, 

showing that the rate impact of an SPS is close to zero, which is consistent with the results h m  

CEMPA (Figures 5.9, 5.10,S.I 1,5.12). The Telius snidy shows that the cost of a renewable 



energy credit is about 1.03 to 1.2 US cents / kWh, and CEMPA mults show a magnitude of 0.7 to 

1 cent in B.C. (Table 5.9), and 1.1 to 1.3 cents in Alberta (Table 5. IO), indicating a close 

resemblance betwem CEMPA and the Teiius Institute siudy (Ibid,). 

Finaiiy, BC Hydro produced a summary of Ca mitigatim cost estirnates which showed a range of 

about S Iltonne and $1 Wtonne, with the rnajority of values in the S 10-$40 range. These figures 

are indicative of the cost of a policy to reduce CO2 emissions and can be compareci wàb the CQ 

ernission abatement casts curves presented in Figures 5-13 and 5.14. CEMPA results indimte an 

average wst of $20-$40 per tonne for all s ~ o s ,  in-line with the estimates fiom BC Hydro. 

5.4.3 Discussion on Limitations of Mode1 

As briefiy outlined in Chapter 2, CEMPA is only one of many difFerent types of models, most of 

which are much more cornplex. Due to the scope of this study, and LLnitations on the modelling 

methodology, the results fiom CEMPA will inherently be l a s  accurate than some other models. 

Those limitations include (including ones not relaîed to those other m a l s ) :  

CEMPA characterizes energy demand with the load duration curve, rather than a time-based 

function which provides rd-time demand information to the modei, representative of 

consumer demand. Also, there are price elasticity feedbacks between demand periods which 

are not represented - such as tbe impact of a high electriciq price in one period on the demand 

in the same period on a hture date. This impacts on the m r a c y  of CEMPA's representation 

of market trading functions. 

CEMPA does not c h - r i z e  the limitations of the transmission network, or amch a time or 

congestion-based charge for transmission wheeling, but raîher applies an average trammission 

cost for al1 transactions. However those expenses may becorne prevalent under competitive 

markets as the nurnber of transactions increase, and transmission constraints will start to 

dictate the location and types of technologies that wiii be developed. 

CEMPA does not characterize electncity trade between jurisdictions, which is expected to 

increase under competitive markets. 

CEMPA assumes that al1 generation facilities fâü under a generic clas of technology, yet in 

reality there is a wide divergence of costs and performance of facilities that &il under the sarne 



generic class. The CEMPA 'tariation in imrestment behavior" hction partiaiiy meets this 

amcem. 

The characterization of hydroelectric faciiities in CEMPA is unrealisic. In reaiity, tbey are 

energy-poor and capacity-rich, able to meet peaking loads at airnosi aü times. CEMPA applies 

an amnuai average capacity fkctor to h y h  fkcilities, thus iimiting theu ability to meet aatlual 

peak loads. This resuits in CEMPA over-building q a c i t y  in B.C. to meet peak loads, in 

order to compensate for the low annuai average capacity factor of existuig hydro fbilities. 

Under the three sustainabiIity scenarios (SPS, SBC, EA), CEMPA nrst runs the business-as- 

usuai scenario to detexmine costCneave UiveSfment in technologies, and thm characterizes 

the sustainability policy after the % addmg Sustaiaables capacity to the mix. This is doue to 

keep the model complexity to a minimum. As a mit, the charaderkation of declining capital 

costs ammg emerging technologies in CEMPA resulting ftom the sustainabdity poiicies does 

not f d  back to the regular investment modd, thus possibly under-predicting the investment in 

Sustainables. For example, as a result of the SBC mechanism in Alberta, wind technologies 

b m e  anpetitive with several naairal gas technologies in later years of the simulation, and 

should onset some naûxral gas techology deveiopmenq based on strict financial criteria. 

CEMPA does not capture tbaî additional in- resuIthg h m  cost reductions. The mode1 

that captures the co~~f féc t ïve  invesbnent was executed prior to the SBC mechanism model 

where the cost reductions occurred 

Retinment of existing technologies is based on a sûaight-lùre nuiction in percent retired per 

year, ratber tban reducing their capacity accordhg to actuai plant dosura. 



6. CONCLUSIONS 

6.1 Ovewiew 

Sustainables will not be cornpetitive under cornpetitive electricity generation markets, and will 

essentially achiwe zero market p e n d o n  if no specific insüuments fàvoring them are applied in 

B.C. or Alberta. There are three reasons for the Mure of Sustainables to achiwe an increased 

market share: (1) the Mure of govemments to implement ceguiarions or other mechanisms wbich 

reflect enviromentai externalaies in derision making; (2) the Iow capital and operatiag costs of 

natural gas turbine technologies; and (3) the high capitai cost 1 low operating wst characteristics of 

Sustainables which is especiaüy problematic as the market becbmes dominateci by private investors 

with hïgher discount rates. 

"Business as usuai" market developrnent is k I y  to result in negative environmental impacts 

t h u g h  increased greenhouse gas and other emissions, which could have financial risk implications 

in the hiture if environmentai standards are atablished fbr greenhouse gas emissions and other 

pollutants. The snidy demonstrates that greenhouse gas emission wiii c h b  fiorn 1 to 23 

Megatonnes over the next 20 years in B.C., and d increase slightly in Alberta fiom 39 to 43 Mt, 

cunently the highest in Cana& fbr the electricity secbr. * 

Sustainables can be effectively fostered under compétitive electricity markets. The three policy 

mechanisms that were anaiyzed in this study resulted in signiscant increases of Sustainables' 

capacity. Of the three. the Sustainables Podoiio Sîandard me* was most effective at 

fostering Sustainables within the policy objectives. nie characteristics of this policy rnecbanism 

inciude. 

Large increases in instaUed capacity of Sustainables, reaching 1750 MW in B.C. and 1350 

MW in Aiberta by the year 2025. 

Zero impact on the spot price ofelectricity. 

Graduai electricity seetor cost impacts as it is pbased-in over the 30 year study period. 

Costeffective support for Sustairiables, avemging about one cent per kilowatt-hour of 

Sustainables electricity produced, and between $45 and $80 per kW of Sustainables capacity 

installed. 



Cost-efïective CO2 emission abatement costs, ranging h m  an average of $25 1 tonne in B.C. 

to about $35/tot1ue in Alberta. 

Politicai acceptability and administrati 
- * 

ve simplicity. 

The only fàiiing ofthe SPS mechanism implernented in this study is that it does not result in a 

diversity of Sustainables technologies king developed, but rather only the most costeffective ones 

- srnail hydro, biomass and in later years, wind. However, the policy wuld be set-up in such a way 

that requires electricity marketers to purchase a minimum share fiom various technology types, and 

hence a diversity of technologies would be fostered. 

The SBC mechanism is costeffective in the long run and can be easily designed to foster a 

diversity of technologies. Under the poiicy design irnplemented in this study, the majority of 

invesûnent costs are borne in eariy years, and investments in Sustainables are made in block 

purchases. In order to reach the same market support for Sustainables as the SPS mechauism 

does, the wires charge needs to be at a politically unacceptable level of 10% of the PSP, or about 

5% of the consumer rates fôr electncity. This far exceeds the magnitude that has been supported 

in other jurisdictions. For example, in the U.K., the wires charge is about 1.3%. 

The EA mechanism results in costeffective COz emission abatement and good support for 

Sustainables, but has potenriaüy signifiant impacts on the spot price of electricity, and bas 

excessive financial UnpIications in Alberta due to the large capacity of existing wai plants there. 
- .  

Also, the mechanism is administratively wmplex. 

6.2 Future Work - What are the Next Steps? 

Future modifications if similar analyses are to be undertaken include: 

The development of a more wmplex spot market sub-rnodel, including trade between 

jurisdictions and a network dysis that assesses the costs of transmission line congestion. 

The inclusion of a greater number of cornpethg technoIogies, to better represent the diversity 

of technologies available, and to speci6:caüy represent existing generation facilities. 

The development of a greater nwnber of sustainability scenarios, to ailow for a more cietaileci 

cornparison of policy options, and to assess the seusitivîty of the outwmes to a variety of 

factors. 
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8. APPENDIX A - SPECIFIC METHODOLOGICAL DETAILS 

The specific equation that is applied to cietennine the intersection points of the Ieast-cost 

technologies in the screening curve routine (Chapter 2, Section 2.3 S. 1) is outlined in Equation A. 1 

below. Y is representative of the total cost of developing a technology, and is a funaion of X, the 

number of operatiog houn of that technology for a year. Intersection points are detennined by 

equating the mathematicai expressions for each of the two lines. Each inteneaion point translates 

to the number of operatkg hours for a technology. 

Equation Al - Equation for the Optimization of Eledriuty Supply Resource Investment 

Y = mst of techiology for a given nmiber of operating hom (X) 
herctpt = Fixed Cost 

((v&abl;o* x)) 
Slope = 



9. APPENDIX 8 - SIMULATION RESULTS FROM THE B.C. MODEL 

Table B.1- Totai genention capaûty 0 by technology type - BAU 
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Table B.3 - Totai generition capacity (MW) by technology type - SBC 



Table B.4 - Total generation capacity (MW) by technology type - ADD 
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Table B.6 - Annual energy generation (GWh) by technology type - EA 



Table 8.6 - Annuai energy generation (GWh) by technology type - EA (continu ed...) 



Figure B . l -  Investment in Sustriinables Capacity (MW) - al1 scenarios 



Figure B.2 - Generation by Sustainables (GWh) - aii scenarios 



Figure BJ - Peak wholesale electricity rates (S1995kWh) - ail scenarios 



Figure B.4 - Baseload whoksaie eiectriûty rata (S1995kWh) - PU scenarios 
Rate (8 I kWh] 



Figure B.5 - Tatai cost of elecaicity (million S1995) - di sumarios 
cod [ m i i n ~ i  SI 
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Table C.2 - Total generation capacity (MW) by technology type - SPS 
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Table C.4 - Totai generation capauty by tecbnoiogy type - ADD 



Table C.5 - Annual energy gneration (GWh) by technology type - BAU 



Table CS - Annual energy grneration (GWh) by technology type - BAU (continu ed....) 



Table C.6 - h u a i  emergy generation.(GWh) by techuolagy type - EA 







Figure C.2 - Generation by Sustainables (GWh) - di scenmios 



Figure C.3 - Peak wholuale electricity rates (S1995/kWh) - di scenarios 



Figure C.4 - Baseload wholtsaie electricity rates (S1995/kWh) - dl scenarios 



Figure C3 - Totd cost of dcctricity (million $1995) - aii scenarios 
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