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Abstract 

As the Ontario government has recognized that solar photovoltaic (PV) energy conversion is a solution 

to satisfying society's energy demands while reducing the adverse anthropogenic impacts on the global 

environment that compromise social welfare, they have begun to generate policy and funding programs 

to support financial incentives for PV.  This paper provides a financial analysis for investment in a 1 

GW per year turnkey amorphous silicon PV manufacturing plant.  The financial benefits for both the 

provincial and federal governments were quantified for: i) full construction subsidy, ii) construction 

subsidy and sale, iii) partially subsidize construction, iv) a publicly owned plant, v) loan guarantee for 

construction, and vi) an income tax holiday. Revenues for the governments are derived from: taxation 

(personal, corporate, and sales), sales of panels in Ontario, and saved health, environmental and 

economic costs associated with offsetting coal-fired electricity. Both governments enjoyed positive 

cash flows from these investments in less than 12 years and in many of the scenarios both governments 

earned well over 8% on investments from 100s of millions to $2.4 billion. The results showed that it is 

in the financial best interest of both the Ontario and Canadian federal governments to implement 

aggressive fiscal policy to support large-scale PV manufacturing. 

Keywords: financing; government incentives; photovoltaic 
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1. Introduction 

 Anthropogenic climate destabilization as a result of the over consumption of polluting fossil 

fuels presents an immediate threat to human welfare, ecosystems and the economy (IPCC, 2008; Stern, 

2007).  Excessive carbon dioxide emissions from fossil fuel consumption for energy generation 

continue to cause irreversible damage to the global environment (Alley, et al., 2003) on which human 

welfare and the economy depends (Field and Olewiler, 2005). Sustainable and renewable energy 

technologies (RETs) such as solar photovoltaic (PV) energy conversion are a solution to satisfying 

society's energy demands while at the same time reducing the adverse anthropogenic impacts of fossil 

fuels (IEA, 2008; Sims et al., 2003).  As it is becoming more clear that energy policy needs to be 

informed by life cycle carbon emissions (Kenny et al., 2010), many of the world's governments have 

produced policies intended to procure and improve the cost-effectiveness of RET projects by offering 

financial incentives (programs), such as the Feed-in Tariff (FIT), which has been implemented in over 

64 jurisdictions (REN, 2009).  

 Ontario has made notable efforts towards expanding its RET sector. Although the 2009 and 

2010 Federal budgets clearly indicate that the Canadian federal government is not directly investing or 

generating policy to support financial incentives for PV, it is providing funding for sustainable energy 

infrastructure to the provinces (DoF, 2009; 2010). In 2009, the Ontario Power Authority (OPA) 

launched the FIT program supported by the Green Energy and Green Economy Act 2009 (Smitherman, 

2009) to procure RETs with small scale solar PVs receiving the highest tariff rate of 80.2 ¢/ kWh 

(OPA, 2009). In 2010, the Ontario government signed a $ 7 billion agreement between and Samsung 

C&T Corporation and the Korea Power Electric Corporation (KPEC) which includes both solar PV and 

wind manufacturing facilities (Ontario, 2010). Thus, the Ontario government is actively pursuing 

agreements with RET companies to stimulate manufacturing in Ontario.  
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Solar PV is known to be a technically viable RET that can play a significant role in the 

sustainable development of the energy sector globally (Pearce, 2002). Although the FIT initiative is 

able to spark growth of the Ontario PV industry, the current subsidy structure does not guarantee grid 

parity and may lose many benefits associated with large-scale PV manufacturing for Canada.  It is well 

established that in order to produce electricity from commercially-available PV technology at 

economically competitive rates compared to the currently highly subsidized energy sector, the 

manufacturing capacity of PV must be enlarged (Kumar et al., 2007; Pearce, 2008). Whilst 

governments continue to prepare and establish energy policy to incentivize the growth of RETs, it is 

important to know that benefits arising from these initiatives are maximized for society and the 

environment. To further this goal, this paper examines the potential return and benefits from various 

types of government investment in large-scale thin film PV manufacturing in Ontario, Canada. The 

benefits are assessed based on the financial impact generated by the PV manufacturing business.   

 

2. Background on Photovoltaic Technology 

 The solar industry is expected to continue to see massive growth as new manufacturing 

concepts, improved understanding of solar materials and standardized turnkey production allows 

scaling up of production with associated decreases in costs (Kumar et al., 2007; Rentzing, S. 2007; 

VLSI Research Inc., 2009). The Ontario FIT program is poised to increase demand in Canada, whilst 

Canada currently only manufactures PV in small quantities. Importing large capacities of PV from 

other countries will direct the incentives to subsidizing other economies – a market that Canada could 

capitalize on for itself when the growth of the PV market in Canada has been averaging 25% annually 

since 1993 (Ayoub, 2006). Using simple economic theory, Fig. 1 illustrates that increasing the quantity 

(Q0 to Q1) of solar deployed in the market whilst lowering the price (P0 to P1) requires both and 
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increase in demand (D) (i.e. by improving access to financing or improving PV efficiency and thus life 

cycle costs) and supply (S) (i.e. by increasing manufacturing). 

Qo                        Q1 

Increased quantity on the market 

Increase Supply by increasing 
manufacturing of solar cells 
and improving technology     

e.g. Government Investment in 
PV manufacturing

Increase Demand by 
improving access to 
financing                         
e.g. favourable bank loans 

Market  
Price of 
Solar 
cells 

 

 

Po 

P1 

lower prices 

Quantity of Solar cells 
on the market 

Do  D1 
Do 

So 

S1 

Stimulating the Solar Photovoltaic (PV) Market

 

Figure 1: Simple supply and demand schematic for growing the PV sector.   

 The most aggressive growth has been seen in the thin film PV production, which grew by 123% 

in 2008 to reach 0.89 GW (SolarBuzz, 2009).  Although there is some evidence that thin film 

technologies such as amorphous silicon (a-Si) have a superior energy yield per installed unit power in 

regions with a large fraction of diffuse light (such as Canada) via their superior spectral response in the 

400-500 nm region of the spectrum (Eikelboom and Jansen, 2000; Jardine, et al., 2001), reduced 

manufacturing costs (thus shifting S right in Fig. 1) still provide thin films their primary advantage over 

crystal silicon based technologies.  Highly scalable thin film PV manufacturing uses deposition on 

monolithic large-area (>1m2) inexpensive substrates like glass, or are deposited roll to roll on metal 

sheets and plastic films. The major growth in thin film PV can also be attributed to improved scientific 

understanding of thin film solar materials and technology (Collins et al., 2003, Ferlauto et al., 2004) 

and the trend of turnkey thin film facilities with standardized automated technology which allows for a 

multiplication effect in production with easy scalability in capacity, reduced ramp up times and rapid 

spread of technology and best practices (VSLI Research Inc, 2009). The success of the multiplication 
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effect in the thin film a-Si based turnkey facilities is supported by the experience and established skill 

sets of multinational corporations with track records in semiconductor and equipment manufacturing 

industries. Several studies indicate that a single large thin film a-Si turnkey fabrication facility (fab) on 

the scale of producing 1 GW of PVs per year can reach grid parity (Keshner and Arya, 2004; Pearce, 

2008). Approaching grid parity will enable growth even after subsidies and incentives are eliminated 

(Kumar et al., 2007). To invest in such a facility would require $2/W for the primary 1 GW/year 

production line in addition to infrastructure investment of approximately $400 million for a total cost of 

$2.4 Billion ($CAD) (Weinzerl, 2009).  There is a track record of success in turn key facilities and it is 

expected that such a facility would drive down the costs from a current several dollars per W to well 

under $1/W (Kumar et al., 2007). 

 Even though solar cells are installed locally, their manufacture can occur almost anywhere. This 

means that low cost manufacturing countries and those with fiscal incentives (e.g. tax holidays) in 

places such as Malaysia tend to dominate the market. However, in the case of thin film solar PV, with 

its fully automated standardized technology in turnkey facilities, countries with high taxation and 

labour costs may be able to become globally competitive if they can compensate with supportive public 

policy that provides tax credits for capital investment; research, development and technical training; 

and additional funding support beyond loan guarantees (Babinet et al., 2009).  

  Solar companies are taking advantage of government incentives with regards to choosing the 

location of their operations. In 2007, the Renewable Energy Corporation (REC) chose Singapore out of 

200 locations for a 1.5 GW solar Si wafer based manufacturing complex. The combination of tax 

incentives, grants, and a skilled workforce were some of the advantages for REC to choose Singapore 

(Faithful and Gould, 2007). Singapore is significantly smaller than Canada and will house the largest 

solar manufacturing complex in the world. Canada is poised to take advantage of the scalability and 
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easy ramp up of thin film, a competitor to wafer based technology. Table 1 compares the facility size of 

a 1 GW thin film fab with the 1.5 GW wafer complex, using the General Motors factory in Ontario for 

comparison. This demonstrates that facility size and logistics are reasonable for Canada. Currently 

Canada's PV industry is in its infancy, but many companies are considering some form of assembly or 

manufacturing in Ontario to comply with the FIT domestic content restrictions (OPA, 2009). In 

2010,the $7 Billion ($CAD) agreement between the Ontario government, Samsung C&T Corporation 

and the KPEC was spurred on by the stability ensured by the FIT program (Ontario, 2010). Again, the 

choice of incentive should maximize benefits and minimize costs to society. 

Table 1: Comparison of Facility Size 

Plant/ Facility type Location Capacity 
Size 
(m2) 

1) Thin film manufacturing fab (estimated) 
Ontario 

(proposed) 
1 GW 75,000 

2) Integrated solar manufacturing complex (wafer) 
                                                                             

Tuas South, 
Singapore 

1.5 GW 950,000 

3) General Motors, Automotive Autoplex 
Oshawa, Ontario, 

Canada 
500,000 

vehicles/year 
10,400,000 

Sources: 
1) Osborne, 2008 
2) Faithful and Gould, 2007 
3) Rosen, 2008 

  

3. Impact of Large Scale Thin Film Photovoltaic Manufacturing and Job Creation 

 The major impact of a 1 GW fab's scale apart from economies of scale is benefits that include: 

i) stimulated local economic growth, ii) local job creation, iii) potential carbon dioxide offsets from 

installation of the produced solar PVs, iv) government revenue generation, v) avoiding environmental 

pollution costs, and vi) avoiding import costs for PV panels (Hayami and Nakamura, 2007; Pollin and 

Peltier, 2009; Schachter, 1979; Stoddard et al., 2006, Taylor et al., 2005). Job creation will be 

discussed in this section as a direct effect of the plant and the other benefits will be discussed and 

quantified in Sec. 4. 

 

3.1 Job Creation 
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 Any economic activity has direct, indirect and induced job creation (Pollin and Peltier, 2009; 

Stoddard et al., 2006). Direct jobs include those individuals employed in activities directly related to 

the plants activities. Indirect jobs include secondary jobs created by the addition of PV panels on the 

market, such as retailers and installers.  Lastly, induced jobs occur when those directly and indirectly 

employed by RET projects then spend on other goods and services. Each job type also has full-time and 

part-time components. For this analysis, only direct and indirect jobs with full-time full-year 

components were estimated.   

To quantify job creation, the installation of a 1 GW turnkey fab project can be broken up into 

the construction phase and the operation phase. During the construction phase, temporary workers are 

employed locally to install the equipment and prepare the infrastructure for the plant. There is a direct 

economic impact due to those goods and services utilized from the local region for a project (Pollin and 

Peltier, 2009; Stoddard et al., 2006). The indirect impacts would then be the increased economic 

activity for local vendors as a result of the project (Stoddard et al., 2006). The beginning part of the 

operation phase is a ramp up phase during which the manufacturing lines are optimized and material 

logistics finalized. During the ramp-up phase, the production capacity of the plant increases 

incrementally and permanent plant jobs commence. Once the ramp up is completed, production at 

capacity begins. During the operation phase, the major economic impact is due to permanent jobs, but 

also includes annual purchases of goods and services for plant operations and maintenance (Pollin and 

Peltier, 2009; Stoddard et al., 2006).  For this analysis, it is assumed that the construction phase of the 

facility will be two years and the ramp up period will be one year.2 

 Wei et al. (2010) note the discrepancy in classifying and reporting job creation from RET 

studies, but conclude in their study that solar PVs create the most jobs per electricity output unit. In the 

U.S., Wei et al. (2010) estimate that the on average 0.87 total job-years per GWh (26 jobs per MWp) 
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are created by solar PV compared to 0.11 total job-years per GWh for coal (8.7 jobs per MWp). 

Schachter (1979) concludes that solar PV creates 55-80 times as many direct jobs as natural gas. Yet 

another study estimated 22.4 jobs per MW of solar PV which included component manufacturing in the 

U.S. (Gordon et al., 2007). Although there are variable estimates and reports on job creation as a result 

of investment in solar PV technology in different geographies (EPIA, 2008; Gordon et al., 2007), the 

report by Pollin and Peltier (2009) that estimates the job creation for green energy investments in 

Ontario is most fitting. Without considering manufacturing, Pollin and Peltier (2009) estimated that 

investment in the solar industry in Ontario, Canada creates 15.8 jobs per $1 million with an estimated 

wage rate to be above $20 per hour for most jobs. Thus as a conservative estimate, the average wage 

rate of $20 per hour will be used. If it is assumed that the plant sells panels at $2/ W, then $1 million is 

equivalent to 0.5 MW. This is used to normalize the 15.8 jobs per million to 31.6 jobs/ MW. For the 

analysis, the indirect job creation during operation and ramp up was considered to be 90% of the 31.6 

jobs/ MW. This was directly scaled for the 1 GW since these jobs would be dispersed all over Ontario, 

but considered 10 % less to recognize diminishing returns to scale. 

 Estimates for a 150 MW fab from Oerlikon Solar1, a large a-Si-based solar cell turnkey 

provider, were used to determine both the direct jobs created at a 1 GW plant and the constructions jobs 

from building it. In order to eliminate any errors introduced from scaling up Oerlikon's estimates, a 

reduction factor of 22% less than direct scaling for smaller plant was used, providing 1,778 permanent 

direct jobs at the plant.  This factor was created by considering only a doubling of overhead staff, 

management and miscellaneous positions whilst scaling operators, technicians and engineers by 7 times 

the smaller plant. This eliminated redundant positions necessary to cover round the clock operation in 

an attempt to be more conservative and efficient in the estimates. Similarly, the construction jobs, both 

direct and indirect were considered to be 10 % less than direct scaling. Total jobs created instead of net 
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jobs created by the 1 GW PV plant are utilized, although future economic analysis methodology will 

estimate this (Wei et al., 2010). Note however that jobs will be lost as the government of Ontario 

continues its plans to phase out coal-fired facilities by 2014 (Pollin and Peltier, 2009), with four more 

units planned to come offline in October 2010 (Office of the Premier, 2009).{footnote this}[Office of 

the Premier of Ontario, 2009. McGuinty Government Progress Report – Energy, Available at 

http://www.premier.gov.on.ca/progress/en/energy.asp] Table 2 summarizes the job creation estimates 

for the 1 GW plant in Ontario assuming the project begins at the end of 2009 as an example. It should 

be noted as a limitation that the reduction in workers with automation and technological change (Wei et 

al., 2010) and any change in wage were not considered. However, a sensitivity analysis was conducted 

in Sec. 5 to investigate the effect of changes in these variables.  

 

Table 2: Jobs created from a 1GW PV plant 
 
      Jobs 
Year Year Phase direct indirect total 
2009 0 Construction  900 20 920 
2010 1 Construction  900 20 920 
2011 2 Ramp Up 1778 28440 30218 
2012 3 Operation 1778 28440 30218 
2013 4 Operation 1778 28440 30218 
2014 5 Operation 1778 28440 30218 
2015 6 Operation 1778 28440 30218 
2016 7 Operation 1778 28440 30218 
2017 8 Operation 1778 28440 30218 
2018 9 Operation 1778 28440 30218 
2019 10 Operation 1778 28440 30218 

… … … … … … 

 

The resulting job creation and economic activity of the plant and distributors means additional income 

tax revenue for the government. The other benefits aforementioned also have a contribution to 

government revenue, and will be quantified in Sec. 4. 
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4. Government Revenue Streams for a Large Scale Thin Film PV Manufacturing Plant in 

Ontario, Canada  

 To estimate the revenue (retained income) streams for the government of i) taxation, ii) sales of 

panels in Ontario, iii) carbon offsets, and iv) saved health, environmental and economic (HEE) costs 

associated with offsetting coal-fired energy generation each year, several assumptions were made to 

simplify the analysis and are justified appropriately.  To account for variability and uncertainty that 

could occur with certain input values, a single variable sensitivity analysis was done to gain the effect 

of changes in major variables. Values in all analysis were chosen conservatively.  

 

4.1 Methodology and Input Estimation 

 Various input values needed to be collated or estimated before approximating the revenue 

streams for the government before performing the financial analysis. 

4.1.1 Taxation 

 The major government revenue generator is taxation (DoF, 2009; StatCan, 2009). Several 

programs and subsidies consider the economic impact and government revenue in addition to social 

aims as justification for funding the programs (PHA, 2009; Taylor et al., 2005; WEDC, 2008). For 

taxation in Canada, personal income tax (PIT) accounts for the largest portion of government revenue 

(50%), followed by corporate income taxes (CIT) (17%) and goods and services tax (12%) (DoF, 

2009). In the analysis, the Federal government (Canada) and provincial government (Ontario) revenues 

were considered separately for only these three types of taxation. The Canada Revenue Agency (CRA, 

2009) and OECD Tax database (OECD, 2009) were used to estimate the tax rates for PIT, CIT and 

sales in Canada and Ontario for 20 years. It is expected that some rates will change from the base case 

due to the dynamic nature of tax policy and fiscal initiatives. The chosen tax rates are summarized in 
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Table 3. The tax rate was assumed constant for subsequent years from the last available recorded 

number. 

Table 3: Chosen Tax rates for the analysis 
    Year 
    2009 2010 2011 2012 
Provincial      
 Personal Income Tax Rate a 8.9% 8.9% 8.9% 8.9% 
 Corporate Income Tax Rate c 12.3% 12.3% 12.3% 12.3% 
 Sales Tax Rate (PST) d 8% 8% 8% 8% 
Federal         
 Personal Income Tax Rate a 21.3% 21.3% 21.3% 21.3% 
 Corporate Income Tax Rate b 19% 18% 16.5% 15% 
  Sales Tax Rate (GST) d 5% 5% 5% 5% 
Notes     
a CRA, 2009: http://www.cra-arc.gc.ca/tx/bsnss/tpcs/crprtns/rts-eng.html 
b OECD, 2009 : Table 1.4, Part I. Taxation of Wage Income (2008) - Canada 
c OECD, 2009:  Table 11.1, Part II. Taxation of Corporate and Capital Income (2009) 
d OECD, 2009: Table IV.1 VAT/GST rates in OECD member countries (2009) 
OECD: http://www.oecd.org/document/60/0,3343,en_2649_34533_1942460_1_1_1_37427,00.html 

 

The tax rates were then used to estimate the government revenue generated by the installation of a 1 

GW Solar PV manufacturing facility through job generation (in Sec. 3) and panel sales (CIT and 

wholesale sales tax). Deductions and credits were not accounted for. 

 

4.1.2 Sales of Panels to Ontario 

 It is assumed that the market clears the entire 1 GW of panels produced each year in Ontario 

alone, excluding the effect of exports. Ontario has more than 30 GW of viable solar area potential on 

rooftops (Wiginton, et al., 2010), and over 90 GW of potential for ground based solar farms on 

marginal land in south-eastern Ontario alone (Nguyen and Pearce, 2010) making this a feasible 

assumption. Further analysis could consider more detailed market research in conjunction with multiple 

plant deployments. A $1/ W profit margin is assumed. As indicated in Sec. 2, the manufacturing cost is 

assumed to be $1 /W even though companies worldwide have been able to achieve lower numbers (e.g. 

First Solar, 2009). This gives a wholesale price of $2/W. 
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4.1.3 Carbon Dioxide Offsets 

 Hayami and Nakamura (2007) conclude that PV technology is one of the most promising 

technologies to reduce carbon dioxide (CO2) emissions from power generation. As a simple estimate 

from RETScreen4, every 1 kW of solar panels installed in Ontario would reduce CO2emissions by 0.27 

tonnes per year or selling 1 GW of panels equates to 270,000 tonnes of CO2 reduced per year3. Note 

that this estimate is based on a basic roof4 in Kingston, Ontario. There are already plans to phase out 

coal-fired power generation in Ontario by 2014 (Pollin and Peltier, 2009), but this analysis does not 

consider phasing out or removing coal-fired station, but offsetting the energy produced by assuming the 

energy produced by the solar panels replaces the coal generated energy, which is 73% of the fossil fuel 

based electrical power in Ontario (CEA, 2009b). This is feasible since the single plant is unable to 

completely offset all the emissions of the current grid energy mix.  

 

4.1.4 Health, Environmental and Economic (HEE) Costs of air pollution and CO2 

 The price paid for energy produced by fossil fuels does not include the cost to the health system 

due to the associated air pollution, the cost of restoring damaged ecosystems and lost benefit of 

biodiversity and ecosystem services, and, the economic loss from reduced productivity due to illness 

caused by air pollution and early mortality (Taylor, et al., 2005). Government subsidizes the health and 

infrastructural sector such that pollution costs are directly related to government expenditure (Taylor, et 

al., 2005). Thus investing in carbon and air pollution offsetting activities would provide revenue 

savings for the government. Several studies exist that have assessed the health, economic and 

environmental costs associated with air pollution in Ontario and Canada (Boyd and Genuis, 2008; 

CMA, 2008; DSS 2005; OMA, 2005). In Ontario and Canada, roughly 25 % of electrical production is 
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from coal or other fossil fuels (CEA, 2009a) which account for most of the air emissions from electric 

power generation (CAO, 2009).  

 DSS Management Consultants and RWDI Inc. conducted a detailed cost-benefit analysis (CBA) 

of the financial costs and health and environmental damages associated with replacing all of Ontario's 

coal-fired generating facilities (2005).  It was estimated that the health and environmental damages 

associated with coal was $126.28 / MWh5.The health impacts considered the effect of air quality on 

premature deaths, hospital admissions, emergency room visits and minor illness cases. Also included in 

the cost is the loss of productivity due to premature death and increased illness.  Environmental 

damages include economic damage estimates relating to the soiling of household materials, crop loss 

and greenhouse gas emissions, and, potential costs for greenhouse gas control and permit purchasing. 

The study is limited to risks associated with ground-level ozone (O3) and particulate matter (primarily 

PM 2.5 microns) which underestimated the health effects discussed in other studies (CMA, 2008; 

OMA, 2005).  Similar studies considered the effect of air pollution in Ontario (OMA, 2005) and 

Canada (CMA, 2008) using similar methodology for health and associated economic impact 

assessment. For this analysis, the cost burden is assumed to be borne by the Ontario government as 

health care is subsidized and any loss of economic activity or additional costs to consumers or 

businesses to pay for dealing with environmental effects reduces the income tax revenue that could be 

generated. Although this would also affect the Federal government, this analysis accrues all of the 

burden and effect on the provincial government for simplicity, with the caveat that  theFederal 

government transfers funding to the Provinces. This assumption means that the solar energy produced 

by the manufactured and installed solar PVs would offset the associated CO2 and air pollution 

produced by the coal and its associated cost, had it been used to produce that energy, ignoring latency 

effects. Currently, Ontario produces 28 TW-hr per year of energy from coal (CEA, 2009b). One GW of 
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solar PVs functioning for an average of 3 'peak sun hours' per day for a year would produce 1,095,750 

MW-hr (~ 1.1 TW-hr) in Ontario6. Currently, more than 25 years of cumulative deployment of 1 GW 

of PVs would be required to replace electricity production by coal plants. This means that greater 

deployment rates are necessary to replace coal and the cumulative market absorption of 1 GW per year 

of PV panels for 20 years in this analysis cannot displace all coal, validating the previous assumption to 

consider only a coal offset. It is also clear that to eliminate all coal in the next 5 years in Ontario there 

needs to be aggressive investment in RETs. 

4.1.5 Calculating Revenue Streams and Investment Returns 

Table 4 summarizes the symbols and variables used in the equations derived below, where upper case 

letters are totals or aggregates and lower case are individual amounts. The equations were used to 

evaluate the scenarios for the federal and provincial government separately. {Table revised..update 

separate file with tables before resubmit} 

Table 4: Summary of Symbols and Variables 
Symbol  Meaning Symbol  Meaning 
π Profit rate on PV panels ($1/W) n Year, n (subscript or index on variables) 
Sn Total PV Sales Cost (for year “n”)  sn PV sales cost rate ($2/W) 
Mn Total PV manufacturing cost mn PV manufacturing cost rate ($1/W) 
Pn Total personal annual income pn Individual personal annual income 
Q Number of PVs sold/ supplied J Number of jobs 

g Total energy growth rate  = 1.3 % for 
Ontario (NEB, 2007) Cn Corporate Income 

TP,n Personal tax revenue tP,n Personal tax rate 
TC,n Corporate tax revenue tC,n Corporate tax rate 
TS,n Sales tax revenue tS,n Sales tax rate 
Hn Revenue from HEE hn HEE cost rate= $126.28 / MW-hr 

E Total Solar Energy Generated in Ontario for 
1 GW PV=1,095,750 MW-hrs6 Cin, n Cash inflows for year “n” 

Cout,n Cash outflows for year “n” Cnet Net Cash flow for year “n” 

IRR Internal rate of return of investment NPCF 
Payback Period  
(Years to Positive (Net) Cash Flow (PCF)) 

 

The individual personal annual income is calculated as follows, estimating $20/hour, a 40 hour week 

and a 50 week year: 

pn=Wageannual =Wagehourly× work-hours / year=$ 40,000 / year        (1) 
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The total personal annual income can then be calculated using the number of jobs, J: 

Pn=pn× J         (2) 

The total manufacturing cost is  

M n= mn× Q         (3) 

and the total sales cost is simply: 

Sn =sn× Q                (4) 

The corporate income is the total profit generated by sale of 1 GW of panels per year as is given by 

multiplying the profit rate on panels, π  by Q, which is the difference in the sales cost and 

manufacturing cost or the difference between equations 3 and 4: 

Cn=π× Q=Sn− M n             (5) 

 

Finally, the tax revenues can be calculated from personal income, corporate income and sales 

respectively from equations 1 to 5 to give: 

T P,n= tP,n Pn        (6) 

T C,n= tC,nC n        (7) 

T S,n= tS,n S n                (8) 

The revenue saved from offsetting coal-fired pollution annually is calculated accounting for energy 

growth rate and inputting total solar energy generated as: 

Eg)(h=H nn  1        (9) 

Cumulative offsetting is not considered for the previously deployed panels as the analysis assumes new 

revenue savings from the annual effort. This allows for a more conservative analysis.  
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 To assess the government investment for various scenarios, the government revenues estimated 

here will be treated as the cash inflows for the “government project”, whilst any government 

investment or expenditure will be considered the cash outflows. The basic equations for the financial 

analysis to provide IRR and payback period are given by equations 10 to 14 (Zerbe and Bellas, 2006). 

The net cash flow for a given year, n, is given by: 

Cnet,n=Cin,n− Cout,n            (10) 

Where 

Cin ,n=T P,n+T C,n+T S,n+H n           (11) 

which can be calculated from equations 6, 7, 8, and 9. 

 Finally, the IRR and payback period can be found once the yearly net cash flows are 

determined. The IRR of the project is considered the discount rate at which the net benefits and costs 

(or net cumulative cash flows) equal zero. It is also considered the break even interest rate and is 

compared against other project IRRs or an organization’s minimum acceptable rate of return to 

determine which project is most viable (Zerbe and Bellas, 2006; Pearce et al., 2009). Thus interest rate 

is replaced by IRR and found by iteration using:  


N

=n
n

nnet,

IRR)+(

C

0 1
=0       (12) 

This can be calculated for different scenarios. The IRRs were calculated for different N as 5, 10, 15 and 

20 years to see the length of time needed for the investment to be considered most feasible. It is 

expected that the IRRs will increase as more years are considered because the cash inflows will 

increasingly dominate the cash outflow or investment. The less useful, but often used (Peace et al, 

2009) payback period or NPCF  is the first year that the cumulative cash flows for the project are 

positive and is calculated using:  
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PCFN

=n
nnet,C=

0

0        (13) 

 

4.1.6 Other Benefits not Quantified  

 {Reconsider this section as per reviewer comments }The study does not include the benefits 

of achieving internationally agreed political aims as a result of meeting emissions targets which would 

improve Canada’s global standing. The increased economic activity, including labour income, 

corporate profits, and interest and investment income (Abel et al., 2006), would increase Gross 

Domestic Product (GDP) which is not quantified here. Beyond meeting domestic demand, international 

PV exports could impact Canadian net exports (NX) which would increase the current account balance 

(CA) for the Canadian Economy (Abel et al., 2006). Multiplier effects were not considered for dollar 

value economic impacts. There is considerable uncertainty in estimating these values (DoF, 2009) but 

future work could entail more detailed economic impact models of investing in the solar PV 

manufacturing plants. Whilst these benefits can be said of any investment, the choice of investment 

must balance overall costs and benefits to society. For example, compared to other energy generation, 

PV production and installation impact the labour sector the most (Wei et al., 2010).  As investment is 

not the only important concern for economic stability, it should not be considered individually 

infinitely into time. Sustainable development strategy will dictate the rates of investment in RETs as 

suggested by Kenny et al. (2010).  

 

4.2 Results 

 Table 5 and 6 summarize the government revenues as outlined in Sec. 4.1 for Ontario and 

Canada respectively for 20 years using the estimates and equations discussed. All amounts are in 
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current $ CAD. The total sum again represents the annual cash inflows for further analysis in each 

scenario outlined in Sec. 5.  

Table 5:  Provincial Government Revenue Streams from 1 GW plant for 20 years 
 
   Provincial Government Revenue (current $ CAD) 

Year Year Phase 
Income  

Tax 
Corporate  

Income Tax 
Sales  
Tax 

HEE costs  
saved Total 

2009 0 Construction  $3,406,208 $0 $0 $0 $3,406,208 
2010 1 Construction  $3,406,208 $0 $0 $0 $3,406,208 
2011 2 Ramp Up $111,879,123 $0 $0 $0 $111,879,123 
2012 3 Operation $111,879,123 $89,000 $160,000 $138,371,310 $250,499,433 
2013 4 Operation $111,879,123 $89,000 $160,000 $136,572,483 $248,700,606 
2014 5 Operation $111,879,123 $89,000 $160,000 $134,797,041 $246,925,164 
2015 6 Operation $111,879,123 $89,000 $160,000 $133,044,679 $245,172,802 
2016 7 Operation $111,879,123 $89,000 $160,000 $131,315,098 $243,443,222 
2017 8 Operation $111,879,123 $89,000 $160,000 $129,608,002 $241,736,125 
2018 9 Operation $111,879,123 $89,000 $160,000 $127,923,098 $240,051,221 
2019 10 Operation $111,879,123 $89,000 $160,000 $126,260,098 $238,388,221 
2020 11 Operation $111,879,123 $89,000 $160,000 $124,618,716 $236,746,840 
2021 12 Operation $111,879,123 $89,000 $160,000 $122,998,673 $235,126,796 
2022 13 Operation $111,879,123 $89,000 $160,000 $121,399,690 $233,527,814 
2023 14 Operation $111,879,123 $89,000 $160,000 $119,821,494 $231,949,618 
2024 15 Operation $111,879,123 $89,000 $160,000 $118,263,815 $230,391,938 
2025 16 Operation $111,879,123 $89,000 $160,000 $116,726,385 $228,854,509 
2026 17 Operation $111,879,123 $89,000 $160,000 $115,208,942 $227,337,066 
2027 18 Operation $111,879,123 $89,000 $160,000 $113,711,226 $225,839,349 
2028 19 Operation $111,879,123 $89,000 $160,000 $112,232,980 $224,361,103 
2029 20 Operation $111,879,123 $89,000 $160,000 $110,773,951 $222,902,075 

 
Table 6:  Federal Government Revenue Streams from 1 GW plant for 20 years 
 

 

      Federal Government Revenue (current $ CAD)  

Year Year Phase 
Income  

Tax 
Corporate 

Income Tax
Sales 
 Tax Total 

 

2009 0 Construction  $8,151,936 $0 $0 $8,151,936  
2010 1 Construction  $8,151,936 $0 $0 $8,151,936  
2011 2 Ramp Up $267,755,654 $0 $0 $267,755,654  
2012 3 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2013 4 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2014 5 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2015 6 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2016 7 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2017 8 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2018 9 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2019 10 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2020 11 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2021 12 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2022 13 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2023 14 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2024 15 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2025 16 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2026 17 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2027 18 Operation $267,755,654 $150,000 $100,000 $268,005,654  
2028 19 Operation $267,755,654 $150,000 $100,000 $268,005,654  

2029 20 Operation $267,755,654 $150,000 $100,000 $268,005,654  

 

5. Government Return on Investment for Six Scenarios in Large Scale Thin Film PV 

Manufacturing  
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 Six general scenarios were considered for government investment in solar thin film 

manufacturing. The options for investment are not limited to these, and it is possible for combinations 

or variations of these scenarios to be used as considered appropriate. Sec. 2 detailed that the total cost 

of a 1 GW fab is $ 2.4 Billion.  The different scenarios consider ways in which the Ontario and Federal 

governments can invest in the 1 GW thin film PV facility. From Sec. 4, Table 5 and 6 summarized the 

government revenues for Ontario and Canada respectively for 20 years with the total sum representing 

annual cash inflows for the analysis in the scenarios.  

 It is assumed in this paper that once the IRR is above 8%, the investment is viable ignoring 

inflation. For social aims such as improving health and environment, the social discount rate can be 

lower than 8%, even as low as 3% real (Jenkins and Kuo, 2007; TBC, 2007) or approximately 5% with 

2 % inflation, making the assumption acceptable.  However, it is important to note that once the plant 

continues to exist and produce profitable and sustainable business, the government will indefinitely 

continue to gain revenue generated by taxation and the respective IRRs will continue to increase. The 

major risk is default of the plant due to insolvency and thus not generating the expected revenue 

streams. Proper market research, a standardized turnkey facility and appropriate company management 

minimize or mitigate this risk. The company risk is related to the amount of capital they have to invest 

in the project before gaining earnings. Thus, each scenario will consider how much the scenario aids 

the company towards its success. Table 7 summarizes the results for the six scenarios discussed in the 

following subsections. 

 

5.1 Scenario 1: 100% Subsidy of Construction and Give Away 

 This case considers the government investing in the construction of the facility and then freely 

handing it over to some other company or party to run. Three options exist for this particular case. 
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Either the provincial and federal governments invest equal amounts of $1.2 billion each in the plant, or 

either one or the other invests the full amount. This investment is a cash outflow in year 0 for the 

analysis. Other apportioning between the two can be considered, but only these three will be detailed. 

When the other government does not invest, it gets the pure total revenue streams once the plant exists, 

and financial analysis is unnecessary. 

 The best option in this scenario is to share the investment (1a), where the payback is less than 7 

years for both governments and the 10 year IRRs are greater than 8 %. It is common that the federal 

government matches provincial transfers and vice versa for beneficial social programs (Marchildon et 

al., 2006; Westhues, 2006). Whilst the government benefits from the plant, the company that operates 

the plant benefits from the initial upfront capital investment offset. This is helpful because companies 

do not have the same mechanisms for revenue generation through taxation from the plant as does the 

government.  

 This scenario option is considered the most drastic as it is not common business practice to 

“give away” a project. However, the indirect investment returns, should the project succeed under the 

operating company, can justify such an investment. The most conflicting views will come from tax 

payers that think it unwise for the government to give away a project and so proper political campaign 

and stakeholder involvement in the decision will be required. Political repercussions is the major 

challenge in the short term as people remember issues with the dismal economic performance of the 

subsidies surrounding Atomic Energy of Canada Limited (Adams, 2006; Kaihla, 1995). 

 

5.2 Scenario 2: Fund Construction and Sell to Private Bidders 

 This scenario considered the government fully funding the construction of the 1 GW PV facility 

and then selling it to the highest bidder(s) to operate the plant. From Scenario 1, it is best for the federal 
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and provincial governments to share the investment. It is assumed that the bid will be less than market 

price as companies did not do it themselves at cost. This total bid is arbitrarily chosen to be $2 billion 

(a 17% discount or a subsidy for the infrastructure not directly related to deposition) that is equally paid 

half – half to the provincial and federal governments in year 2.  

  The payback for this scenario is even faster than in Scenario 1 as almost all of the investment in 

the plant is paid in one lump sum and both governments see a payback of less than 3 years.  Since the 

payback period is less than 3 years, even the 5 year IRRs are vastly greater than 8%. This analysis can 

be re-done for lower bids, but it is expected to show that the economic activity that generates taxation 

and HEE benefits will account for any short fall in the bidding price. 

 The benefit to the bidding company (or companies) is that they can invest less than market rate 

for an already constructed plant that is ready to generate revenue. This will provide savings in terms of 

the waiting period for their capital investment to start recovering itself by avoiding the wait for 

construction. This scenario is not as politically challenging because it would appear as though the 

government is partially subsidizing and selling the plant and regaining tax dollars, even though it would 

appear as if it was a loss if the bid is lower than the construction cost. None-the-less, it is akin to other 

government subsidies in several sectors (Taylor et al., 2005) that consider revenue earnings though 

economic activity. 

 

5.3 Scenario 3: Partially Subsidize Construction with Funding Program 

 An example of an appropriate funding program that can partially subsidize construction is the 

Next Generation of Jobs Fund (NGJF) (IO, 2009a). The fund will provide up to 15% of the total 

eligible costs of a project in the form of a conditional grant. However, the ministry may also consider 

requests for funding in the form of loan (a low interest rate loan, a forgivable interest loan, or a 
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forgivable loan) on a case by case basis allowing for higher investment. Other funds could be 

considered for this scenario beyond this example. There are two options under this scenario. The first 

(3a) is the NGJF alone under the provincial government, and the second (3b) is if the federal 

government matched the NGJF amount. Thus the investment in 3a is 15 % of $2.4 billion or $360 

million from Ontario and the investment in 3b is the same for the province, but matched with a federal 

investment of $360 million in the same year.  

 As expected, because the investment is much smaller, the IRRs are much higher for both type 3 

scenarios than those presented earlier. Scenario 3b would be preferred as its gives greater assistance to 

the company running the plant. Again, there is a fast payback of less than 3 years for both 

governments. Again, because the payback is less than 3 years, the 5 year IRRs are vastly greater than 

8%. Since this option is easy to implement and observes fast returns, the governments may seek it as a 

safe option. However, the clear returns in Scenario 1a means that even a drastic approach can work 

giving greater assistance to the company, and reducing its chance of business failure. This method of 

government investment in the PV sector is used in many countries throughout the globe. 

 

5.4 Scenario 4: Publicly Owned Plant 

  This scenario entails both governments equally investing $1.2 billion each in the plant, and then 

having the provincial government run the plant. This investment is a cash outflow in year 0 for the 

analysis. However, increased costs are added to the provincial government or a subsidiary which 

assumes running cost to be the direct salaries and the cost of manufacturing. Thus in this scenario the 

sale of the panels themselves are at cost – and a direct subsidy to PV consumers. It is also assumed that 

no corporate taxes are paid as a publicly owned company.  
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 As expected, the payback for the provincial government is much longer than for the federal 

government because of the additional expense of operating the plant, but it is still less than 10 years. 

The 20 year IRR is again over 8%. The federal government on the other hand sees a faster payback of 

less than 6 years and a high 10 year IRR of almost 14%. This is a possible option, but careful 

consideration must be made to do appropriate research and development to remain competitive in the 

solar PV market. Obviously the more economically advantageous position could also be taken where 

the government facility sells panels at a small profit to ensure an appropriate IRR. 

 

5.5 Scenario 5: Loan Guarantee for a company to build and run the plant 

 This scenario considers the government providing a loan guarantee for the company to invest in 

the 1 GW plant.  Two options are considered: 5a – the company defaults on the loan in year 5 and the 

governments equally share the loan payment and helps bail out the company from closure, and 5b – the  

company does not default and it is as if the government did not have to invest anything. For 5a, a cash 

outflow of $1.2 billion is considered for each government not considering interest on the loan in year 5. 

These scenario descriptions are appropriate since loan guarantees are not charged against the 

government budget in the year they are granted, but the government is liable to any payments required 

in future years if there is a default (Baldwin, et al., 1983).  Other governments have considered loan 

guarantees to attract solar manufacturing. For example in the Philippines, Sunpower was granted a 

$200 million loan guarantee with a 6 year tax holiday for a 150 MW solar manufacturing plant (SEIA, 

2009).  

 Scenario 5a is not desirable as the payback is long and the returns given are only secured should 

the company still be able to continue running the plant once the government repays its loan. This is an 

undesirable option with enormous uncertainty. For scenario 5b, since the governments invest nothing in 
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essence, then the IRR and payback cannot be calculated. However, both governments still gain the full 

revenue streams from the plant functioning as given in Sec. 4. The benefit is securing a favourable loan 

for the company to support installing and running the plant. Other benefits of this type of assistance are 

not discussed further. It is recommended that government put aside the money guaranteed in case of 

default and monitor the company’s progress to estimate the probability of default accurately (Baldwin 

et al., 1983). 

 

5.6 Scenario 6: Income Tax Holiday 

 This scenario considers offering the solar manufacturing company a corporate income tax 

holiday for 15 years. This is similar to the 15 year tax holiday offered in Malaysia that attracted four of 

First Solar’s manufacturing facilities (CIOL, 2008; SEIA, 2009).  Thus the plant would not have to pay 

corporate income tax for 15 years, reducing its operating costs.  This is modeled by changing the 

corporate income tax rate to 0 %. It is therefore considered that the government invested the foregone 

corporate taxes in year 0 and the company benefits from reduced operating costs. Places like the 

Philippines have combined the income tax holiday with a loan guarantee, carbon credit tax exemptions 

and duty free importation of renewable energy equipment (Pérez, 2009; SEIA, 2009). 

 For this scenario, the IRR and payback cannot be calculated since the foregone corporate tax 

represents a negligible investment compared to the cost of the plant and other government revenue 

streams. The total foregone corporate tax is $1,335,000 for the province and $2,250,000 for Canada in 

this analysis. This represents a very small investment for the government, but equally small assistance 

for the company, perhaps negligible on its own without other production stimuli and incentives from 

the government. 
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5.7 Summary of Results and Analysis 

 

Table 7 summarizes the results for the six scenarios discussed above. 

Table 7: Summary of the IRR and paybacks to the Provincial (Ontario) and Federal governments for the six scenarios  
 

  Scen. 1 Scen. 2 Scen. 3 Scen. 4 Scen. 5 Scen. 6 
  1a 1b 1c  3a 3b  5a 5b  

  
equal Prov Fed equal 

15% Prov 
15% Prov + Fed + loan default no loan Fed + 

Fed + Prov only only Fed + Prov 15% Fed Prov 5th yr default Prov 
Prov.            
Payback Period (yrs) 6.40 11.38 N/A 2.32 2.96 2.96 9.24 11.38 N/A N/A 
IRR (%) Years           
 5 -8% -23% N/A 18% 28% 28% -19% - N/A N/A 
 10 10% -2% N/A 26% 40% 40% 2% -4% N/A N/A 
 15 14% 4% N/A 28% 41% 41% 7% 5% N/A N/A 
  20 15% 6% N/A 28% 41% 41% 9% 8% N/A N/A 
Fed.            
Payback Period (yrs) 5.40 N/A 9.90 1.93 N/A 2.28 5.42 9.90 N/A N/A 
IRR (%) Years           
 5 -3% N/A -20% 23% N/A 41% -3% - N/A N/A 
 10 14% N/A 0% 31% N/A 50% 14% 0% N/A N/A 
 15 17% N/A 6% 32% N/A 51% 17% 8% N/A N/A 
  20 18% N/A 8% 33% N/A 51% 18% 11% N/A N/A 

 

Scenarios 1b, 1c and 5a are not desirable from a government stand point limited to an 8% IRR. In 

Scenario 5b, no loan default means the government invests nothing, but still has returns from the 

economic activity. The loan guarantee is helpful, but is not as beneficial to a company compared to 

actually directly investing. In Scenario 6, the tax holiday has little investment or loss for the 

government, but again has a negligible impact on the capital required for the project from the company 

perspective.  Scenario 3b is better than 3a as it helps the company more, with both governments easily 

able to recover the investment though economic activity. Scenario 1a, although aggressive, shows that 

it is possible for the government to give away the project whilst gaining a high return. Scenario 2 is 

more acceptable politically and commercially, but does not help the company decrease its upfront 

investment, though it reduces the lead time towards regaining revenue through sales. Lastly, Scenario 

4, where the government publicly owns the project, even though it has a lot lower returns due to the 

fact that the provincial government needs to fund the operating costs as well and is giving the panels 
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away at cost, it is still able to see reasonable returns and may even get assistance from the federal 

government.  

 As the scenarios where the governments are not making direct financial investments in the plant 

the IRR cannot be calculated, but it is instructive to consider the cash flows in these scenarios 

compared to the more traditional 'investment' scenarios. Figure 2 and 3 show the cumulative revenue 

streams for both governments. Note the revenue streams are higher with less investment. The trade off 

of helping the company must be considered however, as the aim is to attract a solar PV company that 

can prosper and therefore generate the revenue streams. Note that the change in cash flow for Scenario 

2 is where the company pays the government for the plant and the change in Scenario 5a shows a 

company defaulting on the loan guarantee such that the government has to bear the burden.  

 

 

 

 

 

 

 

 

Figure 2. The cumulative cash flows for Provincial Government in the 6 scenarios. 
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Figure 3. The cumulative cash flows for Federal Government in the 6 scenarios. 

5.8 Single Variable Sensitivity Analysis  

 A single variable sensitivity analysis was conducted on 8 input variables to understand the 

effect of changes when related to the 10 year IRR calculation. As such, each input variable was 

changed within a plus or minus percentage margin and the effect of the change on the IRR was 

calculated. This was only done for scenario (1a) to gain an understanding of the effect of changes. 

Because the relationships were near linear, a general dependence could be estimated by calculating the 

slope of the trend lines generated. Thus a slope is the ratio of the change in the IRR over the change in 

the variable. Table 8 summarizes the general dependence of the variables and illustrates the difference 

in dependence between provincial and federal investment. 

Table 8: Sensitivity of Project IRR in Federal and Provincial 
Governments to 8 inputs variables 

 
 IRR dependence 
Factor Prov Fed 
Income Tax Rate 1.0 1.6 
Corporate Income Tax Rate 0.0 0.0 
Construction Jobs 0.0 0.0 
Operation Jobs 1.0 1.6 
Wages 1.0 1.7 
Coal Offset (HEE costs)  1.0 0.0 
Inflation -0.3 -0.2 
Manufacturing Costs 0.0 0.0 
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In Table 8, a 1.0 for example represents a proportional relationship, such that a 10 % increase in the 

factor represents a 10 % increase in the IRR. A 0.0 means there is negligible dependence on the 

variable. In the case of inflation, the negative sign means an opposite relationship such that and 

increase in inflation leads to a decrease in IRR. Thus -0.3 means a 10 % increase in inflation results in a 

3% decrease in IRR. Lastly, 1.6 means 10 % change in the variable results in 16 % change in IRR. In 

general, changes have a bigger effect on the federal budget than the provincial for income, number of 

jobs and wages. There is a negligible effect from corporate tax, construction jobs and manufacturing 

cost. Inflation has a medium effect, but larger effect on the provincial government than the federal 

government.  The coal offset shows no change for fed in this analysis, but changes for province, as 

expected with the assumption. Sensitivity was not done on the energy growth rate, sales tax, and selling 

price (thus profit margin) as they are stable variables.  A limitation of the single variable analysis is that 

it does not represent what the combined effect of variables on both governments would be, but as this 

would increase the complexity and number of calculations required it is left for future work.  

  

6. Discussion 

  In general, the lower the investment from the governments in a 1 GW PV plant, the greater the 

returns and the lower the risk. However, this does not support the most likely success of the PV plant. It 

was concluded from Scenarios 1 and 3, that the best way to invest in the plant would entail a joint 

investment from both the provincial and federal governments. Whilst the loan guarantee (5) and 

income tax holiday (6) presented the lowest investment from the government, it did not assist the 

plant’s future success enormously. In the case of the plant’s loan default, the government would have 

the burden for the loan guarantee. Again, the low capital assistance that scenario 5 and 6 present would 

increase the probability of the company’s failure or more likely the lower probability of a plant locating 
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in Ontario. Having a publicly owned plant (4) would ensure reasonable returns for both governments, 

even with the additional operating expense, but due diligence is required to ensure the plant remains 

abreast of emerging technologies to remain competitive in the global solar industry. Considering the 

growing market share of government owned energy industries, government ownership in this sector 

does not necessarily in anyway impede technical innovation and in fact through careful support of 

research and development through the Ontario Centers of Excellence and the Natural Science and 

Engineering Research Council in Canada could increase the rate of PV-technical evolution. Fully 

subsidizing the plant and handing it over to a company (1a) or fully constructing the plant and selling 

by bidding (2) enables greater assistance for a company that has vast experience in the solar industry or 

its technology, but limited capital to deploy a 1 GW plant, whilst gaining a high return in benefits for 

both governments. This would bode well for the success of the company and the economy with the 

capital support of the government. There are already programs in place to utilize Scenario 3 and it is 

clear these programs could be allowed to be far more generous for the PV industry while still earning 

an acceptable financial return. The sensitivity analysis demonstrates the robustness of the assumptions 

and analysis because large (doubling) trends are not observed in the dependence of the IRRs.  

 It is the aim of this paper to provide these results as a guide to fiscal policy and investment. 

Providing support for PV manufacturing would assist sustainable economic development and help with 

RET directives for provincial content in the FIT program in Ontario (OPA, 2009).  It is within the 

government’s role to invest in benefits to society. The amount of investment required for a large scale 

PV manufacturing plant (currently $2.4 billion for 1 GW) is within the scale of usual government 

expenditures.  In December 2008, Canada and Ontario provided $4 billion in short term repayable 

loans to GM and Chrysler, with $2.7 billion from the Government of Canada (DoF, 2009). Examples of 
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Canadian government subsidies include $3 to $8 billion in the forestry industry, $6 billion in the 

mining industry, and at least $1.5 billion in oil and gas industry annually (Taylor et al., 2005). 

 In basic economic theory, comparative advantage suggests that countries specialize in 

producing goods and services for which they have higher productivity and technological capacity 

(Ragan and Lipsey, 2007). Thus some economists would argue that Canada should not compete against 

well established industries in the global solar PV industry. As outlined before, the promise of turnkey 

manufacturing plants is standardization of manufacturing technology, which grants access to all players 

in the industry regardless of location. Despite being smaller than Canada, Germany has become the 

world leader in solar PV and wind technology, having had long established renewable energy policy 

directives (EPIA, 2008; Peters and Weirs, 2008). Canada could reach a comparable productivity with 

appropriate incentives.  Canada is already developing strong renewable energy directives (Smitherman, 

2009) and manufacturing continues to be a large part of its economy representing one sixth of Canada's 

GDP (Baldwin and MacDonald, 2009; IC, 2009; StatCan, 2009b).  The Government of Canada is 

improving and adapting the manufacturing and processing sector with new polices for taxation; energy; 

trade; labor; intellectual property rights protection; regulations; infrastructure and research, 

development and commercialization to enhance the foundation of sustainable long term economic 

growth (Baldwin and MacDonald, 2009; DoF, 2009). Ontario offers a skilled and diverse workforce, a 

socialized healthcare system, government commitment to innovation and economic growth, 

internationally competitive wage and tax rates and globally competitive labor costs and benefits (IO, 

2009b). The proven technology of thin film PV combined with the financial and manufacturing 

stability of Ontario, Canada augur well for government investment in PV manufacturing and its success 

at generating economic activity, and, social and environmental benefits for the country. The choice of 
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entering this market is the consideration between creating domestic economic activity and subsidizing 

economic activity in other countries via imports because the FIT7 will stimulate demand (Peters, 2008).   

  The financial analysis presented here is a basic estimation of the benefits of government support 

of large scale PV manufacturing in Canada. It is recommended that a more detailed study be considered 

for the accurate forecasting of the cash flows and risks stated here, taking into account other economic 

variables not included in the analysis presented.  

 

7. Conclusions  

 Sustainable large scale manufacturing and achieving economies of scale with proper fiscal 

policy and government assistance will help solar PV reach grid parity. In order to accelerate the 

production of inexpensive renewable electricity governments in general and those of Ontario and 

Canada in particular can support large-scale PV manufacturing through incentives. This paper provided 

a financial analysis of a 1 GW/year turnkey a-Si PV manufacturing plant, although the analysis could 

be replicated for other solar technology or RETs.  The economic benefits for the provincial and federal 

governments were quantified for various levels of support of the PV manufacturing plant in Ontario 

from simple loan guarantees and tax holidays to more aggressive 100% subsidies. In all scenarios the 

governments enjoyed positive cash flows in less than 12 years and in many of the scenarios both 

governments earned IRRs well over 8% in short time periods. The results showed that it is in the 

financial best interest of both the Ontario and Canadian federal governments to implement aggressive 

policy to support PV manufacturing. Such policy would provide substantial economic, environmental 

and social benefits. 
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Footnotes 

1. Personal communication with Helfried Weinzerl and Scott Graybeal at Oerlikon, 2009. 

2. Demanding roughly 84 MW per month. This is marginally higher than the presented ramp up of 65 

MW per month given by the Linde Group (Tolia, 2008) but should be possible with the learning curve 

observed in the industry (Neij 2008; Pinto, 2008; Schaeffer et al., 2004). 

3. The carbon dioxide reduction considers reduction from the entire energy mix. However, coal 

represents 73% of fossil fuel energy generation in Ontario such that coal offsetting can be assumed. 

Note that if the solar PV were used for direct coal offsetting, there would be a larger reduction in 

emissions, but reducing reductions as more solar came online.  

4. South facing house with roof tilt angle of 45o. In addition the amount of CO2 reduced is variable as it 

will decrease as more solar panels become part of the electrical grid, but will increase as the supplies of 

readily available fossil fuels decreases. 

5. 1 MW-hr = 1000 kW-hrs,  1 GW-hr = 1000 MW-hrs, 1TW-hr=1000 GW-hr 

6. Solar Energy (MW-hr/yr) = 1 000 MW x 3 hrs/day x 365 days/ yr  as 1 GW=1000 MW 

7. The FIT program requires 40% provincial content which is meant to stimulate the local economic 

activity (OPA, 2009). 
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Figure Captions  

Figure 1. Simple supply and demand schematic for growing the PV sector. 

Figure 2. The cumulative cash flows for Provincial Government in the 6 scenarios. 

Figure 3. The cumulative cash flows for Federal Government in the 6 scenarios. 


