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Macroeconomic impact of Bio-fuel sector in Canada

Abstract 

The government of Canada, like many others around the world, have recently considered bio-fuels as an opportunity to address some of their policy challenges: climate change, rural development and diversification of energy supply. 

The production and use of first-generation bio-fuels has been increasing rapidly throughout the world. In 2000, total world production of ethanol for fuel was less than 20 billion liters and by 2005, production had more than doubled to over 45 billion liters. This provided about 3% of the motor gasoline use in the world, with a slightly smaller percentage in North America. 

Canada currently produces 1.4 billion liters of ethanol annually, with the incoming mandates creating a need for 2 billion liters in total. Capacity for at least another 300 million liters annually is being planned. The federal government’s Renewable Fuels Strategy announced in December 2006 established a 5 percent threshold level of ethanol by volume in all ground transportation fuels sold in Canada by 2010 and a 2 percent federal mandate for renewable content in diesel takes effect in 2011.  The amount of ethanol required to meet this commitment is 2 billion litres. This will require a substantial expansion of ethanol production in Canada.  It is expected that corn and other grains, in particular wheat, will be the predominant feedstock for this expansion of the fuel ethanol sector in both Canada and the United States.  

Kyoto ratified by Canadian government in 2002. In view of that GHG emissions should be reduced to 94% at 1990 level. Canada has exceeded their Kyoto target by 34.2%. By 2012 Canada has committed to meet a Kyoto target of 556.5 Mt of greenhouse gas emissions, but since 1990 has risen steadily topping 747 Mt in 2007. Over the past year emissions have increased in every sector. Most notable however was the 276 % increase from mining emissions since 1990. 

To deal with the emissions and tap the renewable sources, the Government of Canada plans to increase production and use of ethanol and other bio-fuels. 

All these developments related to the Bio fuel sector will have macro economic impacts on the Canadian economy. The paper aims at estimating the macro economic impact of the Bio fuel sector in Canada.

An input-output model of the Canadian economy is developed to estimate the macroeconomic impact of the Ethanol production in Canada. Several modifications have been made in the Use and Make matrix of Canada, 2003. Originally the Use and Make table of Canada consists of 697 commodities, 16 primary inputs, 286 industries, and 168 final demand categories at Worksheet level. For the purpose of the model, we have aggregated 697 commodities into 125 including 25 detail agricultural commodities. The rest of the commodities have been aggregated to 100 and 16 primary inputs have been aggregated to 11. Like commodities, the scheme of detailed agricultural sector has also been applied to industry aggregation in make and use table of Canada. The Industries are aggregated to 84 from 286, and final demand to 7 categories from 168 including private consumption, investment, change in stock, govt. expenditure, export, re-export and import. Thus Use matrix consists of 125 commodities and 84 industries, 11 primary inputs and 7 final demand categories; and Make matrix consists of 84 industries and 125 commodities. To consider bio-fuel sector in the Make and Use table of Canada 2003 we have included two new industries - bio-fuel and E10. The four new commodities have been entered in the list - ethanol, E10, DDG and CO2. Finally, the number of industries and commodities will be 86 and 129.

The impact matrix is estimated from an Input-output model that estimates the direct plus indirect impacts on the Canadian economy, 2003. This model has been closed to the household sector in the economy by endogenizing this sector into the model. The closed version of the model estimates the direct, indirect and induced changes in industrial output required to satisfy a change in the final for commodities. A number of simulation exercises have also been attempted to reach the Kyoto target of Canada at 2012 through increased ethanol production and also the policies of reducing the demand for gasoline through increasing the demand for ethanol production.  Results show that the macroeconomic impact of ethanol sector leads to increase in industrial output and employment. The agriculture sector makes necessary adjustments to meet the demand for ethanol product. The petroleum industry is also going to be affected. The paper concludes with several policy suggestions. 

Introduction

Since the beginning of the automobile era a century ago, oil has had a near monopoly as an energy source for transportation. Canada’s energy consumption is dominated by petroleum and natural gas, which together account for 56.2 per cent of the country’s energy consumption (Canadian Energy Overview, 2009). Petroleum products accounted for 30% of transportation energy in Canada. Interest in bio-fuels has grown rapidly in recent years in response to the rising costs of fossil fuels and increasing public concern about environmental issues such as climate change. Biofuels may offer benefits relative to fossil fuels. Biofuel production is frequently praised for its purported contributions to reducing greenhouse gas (GHG) emissions, and promoted as a strategy to lower dependence on fossil fuels. Alternative transportation fuels such as ethanol, biodiesel, and hydrogen have become a subject of intense scientific scrutiny in light of dwindling fossil fuel reserves, increasing price and climate change. In addition, vehicle tailpipe emissions of many air pollutants harmful to human health may be lower with biofuels. As a result of these factors, many countries have initiated biofuel programs for the production of biodiesel (from oil crops), ethanol (from corn, wheat and barley) and, to a lesser extent, electricity and industrial heat (from various biomass resources, including fuel wood and crop residues). 

Canadian governments, like many others around the world, have recently embraced biofuels as a seemingly win-win opportunity to address some of their greatest policy challenges: climate change, rural development and diversification of energy supply. Compared with major biofuel producing nations such as Brazil, France, Germany and the United States, Canada experienced a slow start with biofuels production, despite having a well-developed agricultural sector capable of producing large amounts of biofuel feedstocks (F.O. Licht, 2006).

Another important issue is Canada’s commitment under the United Nations Framework Convention on Climate Change to reduce national greenhouse gas emissions as well as reducing its dependency on fossil fuels in 2002. By 2012 Canada has committed to meet a Kyoto target of 556.5 Mt of greenhouse gas emissions, but since 1990 has risen steadily topping 747 Mt in 2007. Total greenhouse gas emissions in Canada in 2007 had risen to 747 Mt. megatonnes of carbon dioxide equivalent (Mt of CO2 eq), an increase of 4.0% from 2006 levels and of 0.8% from 2004 levels. Overall, the long-term trend indicates that emissions in 2007 were about 26% above the 1990 total of 592 Mt. This trend shows a level 33.8% above Canada’s Kyoto target of 558.4 Mt. Over the past year emissions have increased in every sector. Emissions in the Transportation subsector rose by about 54.5 Mt, or 37.5% from 1990 to 2007. Emissions from heavy‑duty diesel vehicles increased 19.4 Mt over the period, indicative of greater heavy-truck transport. Offsetting these increases were reductions of 4.7 Mt from gasoline-fuelled cars and 1.4 Mt from alternatively fuelled cars. Very recently Govt. of Canada released tough new proposed regulations to reduce greenhouse gas emissions from new vehicles and which would harmonize with the mandatory national standards of the United States beginning with the 2011 model year. Canada is committed to reducing its greenhouse gas emissions 17% from 2005 levels by 2020(i.e., 609.22 mt co2e will be targeted on 2020), a target which reflects the importance of aligning with US policy (Environment Canada 2010). Reducing greenhouse gas emissions from new motor vehicles will play an important role in helping achieve that goal. Cars and light trucks account for about 12% of Canada's total GHG emissions (Environment Canada, 2010).

Here biofuel offers an excellent opportunity for greenhouse gas mitigation due to market potential, an ability to offset significant emissions from the transportation sector, a reduction of emissions from CO2-intensive waste-management systems, and carbon sequestration in afforested plantations. 

The production and use of first-generation bio-fuels has been increasing rapidly throughout the world. In 2000, total world production of ethanol for fuel was less than 20 billion liters and by 2005, production had more than doubled to over 45 billion liters. This provided about 3% of the motor gasoline use in the world, with a slightly smaller percentage in North America. Canada currently produces 1.4 billion liters of ethanol annually, with the incoming mandates creating a need for 2 billion liters in total. Capacity for at least another 300 million liters annually is being planned. In 2008 the Canadian government passed amendments to the Environmental Protection Act requiring 5 percent threshold level of ethanol by volume in all ground transportation fuels sold in Canada by 2010 and two percent renewable content in diesel and heating fuels by 2012.  The amount of ethanol required to meet this commitment is 2 billion litres. This will require a substantial expansion of ethanol production in Canada.  It is expected that corn and other grains, in particular wheat, will be the predominant feedstock for this expansion of the fuel ethanol sector in both Canada and the United States.  This has important implications for the quantities demanded and supplied of biofuels both within and beyond the Canadian market. 

All these developments related to the Bio fuel sector will have macro economic impacts on the Canadian economy. The paper aims at estimating the macro economic impact of ethanol sector in Canada. An input-output model of the Canadian economy is developed to estimate the macroeconomic impact of the Ethanol production in Canada. An attempt has also been made to endogenize household sector in the economy. The closed version of the model estimates the direct, indirect and induced changes in industrial output required to satisfy a change in the final for commodities. Some simulation exercises have also been attempted to reach the mandates announced by the Federal government on ethanol use in transportation sector. From these simulation exercises the reduction in CO2 emissions is also measured.

The plan of the rest of the paper is as follows. Section two discusses the literatures on biofuel studies based on Input-output analysis. Section three explains the modeling framework of impact analysis based on Canadian Input-output model. Construction of input-output model introducing two new industries –biofuel and E10 and four new sectors -ethanol, E10, DDG, and CO2 for Canada is explained in section four. Section five analyses the impact of ethanol sector in Canadian economy. A number of simulation exercises on ethanol and gasoline sector have been attempted in section six. Finally concluding observations with few suggestive policies to strengthen the biofuel sector from the experiences of other countries have been made in section seven.

2. Bio-fuel studies across the world using Input-Output Framework

There are numerous researches on biofuel demand, its feasibility, favorable aspects of the climate change, and impacts on the economy around the world since early 1990s.  But biofuel researches using Input-Output model are not many. Here we are capturing some of them. 

Few studies already estimated the macro economic impact of biofuel. Otto et al. (1991) estimate the economic and employment impacts of Iowa’s ethanol and corn milling industries. They use a model of the Iowa economy developed by Regional Economic Models Inc. (REMI) to estimate the macroeconomic impacts. A number of scenarios are investigated, including the economic impact of establishing a 300- and 500-person corn ethanol plant in the State. A study by Thomassin et al (1992) estimates the macroeconomic impacts of using an alternative feedstock, Jerusalem artichoke, for an ethanol sector in Canada. The input-output model for the year 1984 is used to estimate the macroeconomic impacts. It is assumed that the Jerusalem artichoke would be grown on marginal agricultural lands and would not have a price or production impact on other agricultural crops. The results of this study indicate that ethanol produced from Jerusalem artichoke tops could be an economically viable octane enhancer for transportation fuels in Canada. The development of this industry would have substantial macroeconomic effects as well as provide a number of additional benefits with respect to the environment, the agriculture sector, energy security and employment. The macroeconomic impact of a 100 ML ethanol plant in Quebec would be to increase industrial output by $207 million, GDP by $67 million and employment by 2,048 jobs. The impact of the plant if established in western Canada would be to increase industrial output by $154 million, GDP by $50 million and employment by 1,365. Petrulis et al. (1993) estimate the impact of increasing ethanol production to 2 billion gallons per year by 1995 and 5 billion gallons per year by the year 2000 for the US economy. It is assumed that corn will be the feedstock for the ethanol processing sector. Their study uses the USDA United States Mathematical Programming (USMP) model to estimate the commodity price and crop production impacts on the agriculture sector. Results from the USMP model for the 2 billion gallons per year scenario are that corn acreage would increase while barley, wheat and soybean acreage will decrease and that corn and wheat prices will increase slightly, while barley and soybean prices will decrease. The macroeconomic impacts are estimated using IMPLAN, an input-output model. Numerous studies have been undertaken using the IMPLAN, RIMS II, and Policy Insight models to assess the total economic impact of biofuels plants, including both conventional and advanced biofuels technologies. For example, Schlosser (2008), Pierce (2007), and Swenson (2007) used I-O models to assess the economic impacts, measured in terms of economic impacts and job creation, of corn-based ethanol production facilities. Perez-Verdin (2008), Leistritz (2008), and Solomon (2008) used these methods to evaluate the economic impact of lignocellulosic ethanol production facilities and energy crop production at local, state, or regional levels. Similarly, the Massachusetts Advanced Biotechnology Task Force (2008) used multipliers derived from IMPLAN to estimate the economic and employment impacts of a scenario for advanced biofuels production in the state of Massachusetts. In general, the more narrowly limited the scope of impact analysis—for example, county or state impacts versus regional or national—the smaller multipliers will be. This is because part of the economic impact is felt outside the region of study. Input-Output models can be used to estimate the amount of “leakage” from the economic region being studied.

Thomassin and Baker (2000) estimate the macroeconomic impact of establishing a large-scale fuel ethanol plant that uses corn as its feedstock using input-output model of the Canadian economy. The analysis includes the development of an econometric model that estimates the impact on the agricultural sector of this increase in demand for corn and a macroeconomic model that incorporates the fuel ethanol sector into the Canadian economy. The direct, indirect and induced effects of the construction and operation of a large scale fuel ethanol plant are estimated. Agriculture and Agri-Food Canada (AAFC) Ethanol Model, is used to estimate the impact on corn and barley production and prices of an increase in the demand for corn to be used as a feedstock in the fuel ethanol sector. The macroeconomic impact of operating ethanol plant is increases in industrial output of $328.6 million, in GDP at factor cost of $84.2 million and in employment of 1,390 jobs.  Another study by Shapouri (2002) for USA to estimate the economic impacts of increasing corn ethanol production by 1.4 billion gallon and soy-oil bio diesel by 125 million gallon production in 2012. The Input-Output (I-O) multiplier model (Food and Agricultural Policy Simulator Model (FAPSIM) of USDA/ERS) was used to estimate the direct and indirect changes in employment for each scenario. The scenarios developed are higher ethanol demand on farm economy and employment; higher biodiesel demand on commodity markets, farm income, and employment; and elimination of Federal excise tax on ethanol production, farm economy, and employment. He finally concludes that converting surplus commodities to biofuels and/or bio-products will generate new demand for agricultural commodities, create new jobs, increase commodity prices, increase farm income, improve the balance of trade, and reduce country’s dependency on imported fuel and chemicals.

Ethanol and biodiesel have already been used as transportation fuels for sometime whereas hydrogen fuel is still in research and development phase. To evaluate the desirability and tradeoffs for using alternative fuels, a comprehensive life-cycle assessment (LCA) have been conducted for alternative transportation fuels (Baral and Bakshi, 2006). An input-output hybrid model in life cycle analysis of transportation fuels is applied. Preliminary results obtained from input-output hybrid life-cycle assessment (IOHLCA) indicate that energy returns on investment or net energy of corn ethanol and biodiesel are lower than those of gasoline and diesel, respectively. It suggests that biofuels are inefficiently extracted and processed.  From a climate change perspective, both corn ethanol-based fuels (E10 and E85) and biodiesel-based fuels (BD20 and BD100) appear attractive for significant reductions of GHG emissions in comparison to gasoline and diesel. They also have lower well-to-wheel emissions of methane. However, use of corn ethanol and biodiesel as transportation fuels increases emissions of PM10, nitrous oxide, nitrogen oxides (NOx) as well as nutrients such as nitrogen and phosphorous. Low yields of soybean and limited availability of agricultural lands severely limit the production of biodiesel. As a result biofuels such as corn ethanol and biodiesel can only meet a small portion of growing demand for transportation fuels.

The promotion of biofuel use has been advocated as a means to promote the sustainable use of natural resources and to reduce greenhouse gas emissions originating from transport activities on the one hand, and to reduce dependence on imported oil and thereby increase security of the European energy supply on the other hand. Neuwahl et al. (2008) analyses the employment effects ensuing from the implementation of selected biofuels policy scenarios in Europe in the year 2020, based on the Impact Assessment of the Renewable Energy Roadmap and the Biofuels Directive Progress Report (EC, 2006a and 2006b). It uses input-output methods to combine information originating from bottom-up studies and energy and agricultural simulations that were conducted in parallel and used as input to the IO model. The results indicate that policies that effectively promote the use of biofuels in the EU-25 up to a substitution share of some 15% would not cause adverse employment effects. In the build-up of the approximately neutral net employment effects, several sectoral and causal chain effects interact to compensate inefficiency losses. Particularly important factors that show the potential to yield positive contributions are the development of a strong EU industry in the world market for biofuel technology and the possible impacts in terms of moderating world oil price through reduction in demand. Finally, the results do not indicate major differences of net employment impacts in two alternative policy cases envisaging either subsidising the cost disadvantage of biofuels through increased direct taxation or mandating a minimum biofuels blending share, in which case the fuel price at the filling station would reflect the additional production cost. Similar experiment conducted by Scaramucci and Cunha (2007) for Brazil using an input-output model enriched with bottom-up technology specification. The situation turns out to be very different compared to EU study by Neuwahl et al. (2008). They conclude that replacing 5% of the world gasoline demand with ethanol from sugar cane produced in Brazil by the year 2025 would increase Brazilian GDP by more than 11% and generate more than 5 million jobs. 

Another work on Brazil by Cunha et al. (2009) compare the socioeconomic impacts between soybean biodiesel production routes, based on agribusiness, and castor beans based on rural communities. The effects on production level, employment, GDP and subsidies are quantified, using an input-output model with mixed technologies.  The results assuming biodiesel from soybean replacing diesel from crude oil would increase production level of US$ 600 million, created 17 thousand new jobs and a small reduction of US$ 3.2 million on GDP.  From the same assumption, the impacts on castor beans route would comprise an increase of US$ 880 million on production level and 169 thousand new jobs (with 156 thousand on castor beans production). Even though subsidy on castor beans is much higher than soybean, there would be a small increase of US$ 8.1 million on GDP.

Cruz Jr(2009) presents a novel multi-time-stage input–output-based modeling framework for simulating the dynamics of bioenergy supply chains. Numerical simulations of a simple, two-sector case study are given to illustrate dynamic behavior under different scenarios. The key insights that can be drawn from the model are that the dynamics of bioenergy systems depend on both physical linkages between processes as well as information flows and behavioral responses among sectors regarding deficits and surpluses of relevant products, resources or emissions; and, that the dynamic behavior of such systems can be controlled through appropriate policy- or market-based interventions in order to eliminate instability and reduce fluctuations in production levels. In principle, the model provides a rigorous framework for effective design of such mechanisms.

The literature on biofuel so far attempts various impacts using Input-output model or some extended approach of input-output. The gap we found from the literature that none of them attempted the new industry and commodity set up for ethanol and E10 in the economic system using Input-output model. Our study makes an effort to prepare new industry - Ethanol and E10 in existing input-output model of Canada 2003. Further, the new industry-ethanol and E10 impact on the economy has also estimated. 

3. Model

The primary objective of the study was carried out with the help of 2003 transaction matrix for Canada which basically describes the flow of commodities from one sector to another. The rectangular input-output model of Canada has been taken for consideration. The rectangular model is based on the following accounting equations:

q=Bg+e --------------(1)

where,

q = m x 1 vector of the values of total commodity output,

B = m x n matrix of industry technology coefficients (value of commodity inputs per $1 of industry output),

g = n x 1 vector of the value of total sectoral (industry) outputs,

e = mxl vector of final demand (less imports),

m = number of commodities,

n = number of industries.

Equation (1) requires that total output equals the sum of intermediate and final demand. The difference is that B relates output levels of industries to intermediate demands for commodities.

Commodity output levels are further related by the market shares equation, 

g=Dq ---------------------(2)

where,

D = n X m matrix of market share coefficients. The matrix D relates the output levels of industries to the sum of its share of each commodity.

Substituting equation (2) into equation (1) gives

q=BDq+e-----------------(3) which has the solution

q= (I-BD)-1 e ------------------(4)

Alternatively, g= (DB)g + De-------------(5)

To estimate the impact one could substitute equation (1) into equation (2) and solve for the level of industry output, as shown by equation (6). 

g = (I- DB)-1De ------------------------ (6)

For the current study we consider equation (6).

The impact matrix is defined by (I – DB)–1D and will estimate the direct, indirect and induced effects of a change in final demand for commodities in the economy. Eq. 5 can be modified to take into account leakages out of the economy that result from imports, withdrawals from inventories or changes in government production. It is assumed that the leakages are in fixed proportion to domestic commodity demand.

Eq. 6 integrates this assumption into the model:

g = (I – D (I – û – ˆ η – ˆα) B)–1D [(I – û – ˆ η – ˆα) f + (I – û) E + (I – ˆ η – ˆα) X]------------ (6)

û = a diagonal matrix of imports to commodity use

ˆη = a diagonal matrix of inventory withdrawals to commodity use

ˆα = a diagonal matrix of government production to commodity use

E = a vector of re-exports

f = a vector of final demand excluding exports, re-exports, imports, government production and withdrawals from inventory

X = a vector of commodity exports.

From Eq. 6, the m x m matrix, (I – D (I – û – ˆ η – ˆα) B)–1 is called the inverse matrix and is equivalent to the (I – A)–1 matrix in the simple Leontief model, except with secondary production. Post-multiplying the inverse matrix by D, an m x n matrix, provides an estimate of the impact matrix, (I – D (I – û – ˆ η – ˆα) B)–1 D, an m x n matrix. Using the impact matrix, one can estimate the direct plus indirect change in industrial output, g, required to satisfy a change in the final demand for commodities, q. The impact matrix estimated above is for an open input output model that estimates the direct plus indirect impacts on the economy. This model can be closed to the household sector in the economy by endogenizing this sector into the model. In this case, the number of industries and commodities are included in the impact matrix increases. The closed version of the model estimates the direct, indirect and induced change in industrial output required to satisfy a change in the final demand for commodities.

4. Construction of Input-Output model for Canada including bio-fuel sector 

We have used disaggregated agricultural sector at Worksheet level (modified) make and use table provided by AAFC (Agriculture and Agri-Food Canada) at basic price for the year 2003.

Aggregation scheme-

Originally the modified table consists of 697 commodities, 16 primary input, 286 industries, and 168 final demand categories. For our convenience we have aggregated 697 commodities into 125 including 25 detail agricultural commodities according to modified worksheet level. The mining and petroleum commodities are also considered at disaggregated level. The rest of the commodities have been aggregated according to the medium level aggregation of Canadian I-O table. 16 primary inputs have been aggregated to 11. 

Like commodities, the scheme of detailed agricultural sector and mining and petroleum has also been applied to industry aggregation. Finally Industries are aggregated to 84 from 286, and final demand to 7categories from 168 including private consumption, investment, change in stock, govt. expenditure, export, re-export and import.

Thus Use matrix consists of 125 commodities and 84 industries, 11 primary inputs and 7 final demand categories; and Make matrix consists of 84 industries, 125 commodities.

To consider bio-fuel sector in the Make and Use table of 2003 we have extended the industries to 86 including Bio-fuel (ethanol only) and E10, the two new industries. The number of commodities has been increased to 129 including four new entry-ethanol, E10, DDG and CO2. Primary input and final demand categories remain the same.

Preparation of bio-fuel commodities and bio-fuel industries in the Canadian I-O structure

Wheat and corn used as a feedstock in the biofuel industry has been adjusted with the wheat and corn used in the Food manufacturing industry. DDG as a byproduct of ethanol sector is adjusted with wheat imputed feed and corn feed sectors used in the Dairy, cattle and hogs industry. CO2 a byproduct of biofuel industry is being used by beverage and food manufacturing industry. So the necessary adjustment has been made in these sectors. Other intermediate inputs of the biofuel industry like chemical, electricity, natural gas and so on have also been adjusted with petroleum refinery industry.

Production of ethanol is being used as an input by the E10 industry. E10 industry uses the total ethanol production with the 90% of Motor gasoline to produce the output. The total output of E10 commodity is being used by household sector (component of the final demand). It is also assumed that the fuel ethanol would replace imports of gasoline into Canada. Necessary adjustment has been made with the household consumption expenditure on revised motor gasoline sector and E10.

For the entry of E10 industry necessary adjustment has been made on the motor gasoline commodity and petroleum refinery industry. Primary inputs of bio-fuel and E10 have been constructed adjusting the petroleum refinery industry and Retail trade industry.

To keep the control total in balance necessary adjustment has been made. In this way the modified use matrix (129x86) and make matrix (86x129) has been prepared.

To incorporate the ethanol sector into the input-output model the revenue and costs of the sector are converted from purchaser’s prices into producer’s prices using the margin matrix available from Stat-Canada.  The necessary adjustment has been made with the transport margin.

5. Results and discussion

In this section, we explain first the detail preparation for the Biofuel and E10 industry and corresponding four new commodities- ethanol, E10, DDG and CO2 in the make and use table of Canada. Second part estimates the macro economic impact-GDP, employment, output on the Canadian economy at 2003(reference year for the current study), due to the introduction of Biofuel and E10 industry and four new commodities. Third part explores the detail impact on industries –i.e. how far the ethanol and E10 is linked with all the industries, whether these two commodities have direct impact on agricultural industries or manufacturing or services. It also estimates total impact on industries too. The induced effect is also estimated for the industries due to the ethanol entry in the economy. 

5.1 Preparations of the Biofuel sector in Use and Make table

To comply with the I-O table, we have considered the ethanol production for the year 2003 at national level. This data is collected from Natural Resource Canada, 2004 and ‘homegrown energy’, Manitoba Energy Development Initiative.

Corn and wheat are the main feedstock for ethanol production. Out of 200 million litre of ethanol production in Canada (Homegrown energy, Manitoba Energy Development Initiative), wheat based was 44.70 ml and rest produced from corn (table1). This has been calculated on the basis of the report of Natural Resource Canada, 2004. 

Table 1 Ethanol production in Canada, 2003 (million litres)

	
	Feedstock
	Actual Production

	Mohawk, Manitoba
	Wheat
	9.21

	Commercial alcohol, Ontario
	Corn
	18.62

	Pound maker, Saskatoon
	Wheat
	11.80

	Commercial alcohol, Ontario
	Corn
	136.67

	Permolex, Alberta
	Wheat
	23.69

	Total production
	
	200.00


Natural Resource Canada, 2004
Ethanol has been generally priced in Canada on a fixed formula basis, usually a small discount to rack price of gasoline plus tax incentives. The selling price of ethanol is based on the rack price of gasoline (averaged at 0.436 CAD; Fuel Facts, 2003) along with federal tax and provincial tax and discount rate. The total selling price of ethanol is 0.6778 CAD in 2003. 

DDG is an important by product of ethanol. DDG mainly depends on the type of feedstock in the plant. For example, corn based ethanol plant released 32% of DDG and wheat based 38% (Natural Resource Canada, 2004).  So the total DDG released (0.17014 million tonne) is based on total wheat and corn consumption by the ethanol plant. The wheat based DDG released was 0.0459 million tonne and corn based DDG 0.12423million tonne. The price of DDG in case of corn is 176 CAD per tonne and wheat based as 224 CAD/tonne. Total DDG price was 32.14 million CAD for the year 2003 (to produce 200 million litre of ethanol). DDG is used as animal feedstock.

CO2 price is considered as average 15 CAD per tonne (it ranged between 10CAD and 25 CAD) (Natural Resource Canada, 2004). It is mainly released from grain based ethanol plant. In 2003, the corn based plant produces 13.87 million litre (or 0.1092 million tonne) of CO2. This has been prepared on the basis of 0.089 CO2 release per litre of ethanol production. The total CO2 price is 1.63 million CAD (200 ml ethanol) for the year 2003.  CO2 is mainly used by food manufacturing and beverages. Table 2 shows the total revenue of ethanol for the year 2003.

Table 2 Estimation of total Revenue 

	Ethanol Production in,2003
	200
	million litre

	Selling Price
	0.67
	CAD cents/  litre

	Total value of production in 2003 
	134
	Million CAD

	DDG 
	32.15
	Million CAD

	CO2
	1.64
	Million CAD

	Total Revenue
	167.79
	Million CAD


The cost structure of ethanol production in 2003

Feedstock cost is calculated according to type of feed in ethanol plant e.g. corn or wheat. Wheat cost differs according to the province. To produce 44.70 ml ethanol the plants need 114875 tonne of Wheat. The total cost of wheat as a feed stock in the ethanol plant was 14.47 million CAD (Pound maker website). To produce 155.30 million litre of ethanol, plants need 0.38824 million tonne of corn. The total feed stock cost from corn was 58.23 million CAD.

Chemicals normally used in the ethanol plants are yeasts, enzyme and acids. Chemical used also depends on type of feedstock plant used so also the cost. Here we considered 3cents per litre of chemical cost for corn based plant and 3.35 cents/litre for wheat based plant (Natural Resource Canada, 2004). So the total cost for chemicals are 6.15 million CAD.

Natural gas price differs in different provinces due to transportation cost. Corn based plant needs Natural gas of 9.8 MJ/litre and wheat based needs 11 MJ/litre (Natural Resource Canada, 2004).  The natural gas cost estimation done on the basis of production in each province. The total cost of natural gas was 11.050 million CAD. 

Electricity also differs according to the type of plant, whether it is corn based or wheat. Corn based plant needs 0.24kwh/litre and wheat based 0.27kwh/litre to produce ethanol (Natural Resource Canada, 2004). Like natural gas, electricity price is also differing in each province. The total cost of electricity was 2.69 million CAD.

The total cost of water, maintenance cost, waste and administrative service for 200 ml ethanol production was 0.36, 1, 0.36, 3.00 million CAD respectively.

Wages and salaries as well as benefits were calculated on the basis of average labour income 45,000 CAD per year and 15% benefit across the nation (Natural Resource Canada, 2004). Number of employee depends on the capacity of the plant (PERMOLEX and Commercial Alcohol Website). The total wages and salaries was 3.38 million CAD and benefits 0.59 million CAD for ethanol production in 2003. 

The tax estimation is considered on ethanol production in Manitoba and Saskatoon (i.e. 21.07 million litre). 7% tax has been implemented on the production. So the total tax was 0.89 million CAD. The tax and subsidy was equal in percentage for the Ontario province. Thus the cost structure including intermediate and primary for the biofuel sector is presented in the following table (Table 2).

Table 3 Cost structure of Ethanol 2003 (Purchaser price) 

	
	Intermediate

(million CAD) 
	 Cost share (%)
	 Cost share (%) USA(2001)*
	 Cost share (%) Canada(1993)**

	Feedstock cost
	 
	 
	 39.30
	 57.95

	Wheat
	14.47
	8.62
	
	

	Corn
	58.23
	34.70
	
	

	Chemicals(Yeasts, enzymes, acids)
	6.15
	3.66
	8.09
	

	Energy cost
	 
	
	12.14
	18.58#

	Natural gas
	11.05
	6.58
	
	

	Electricity
	2.69
	1.60
	
	

	Other utilities/water
	0.36
	0.21
	
	

	Other services
	 
	
	2.80
	8.92

	Maintenance  cost
	1
	0.596
	
	

	Waste 
	0.36
	0.214
	
	

	Administrative service
	3
	1.78
	
	

	 
	Primary input cost
	
	
	

	Taxes
	0.8
	0.47
	
	0.40

	Wages &salaries
	3.38
	2.014
	2.80
	3.97

	Supplementary labour income
	0.6
	0.35
	
	0.40

	Other operating surplus
	65.70
	39.15
	34.68
	11.52

	Total 
	167.78
	100.00
	100.00
	100.00


*Taheripour et al.2008; ** Thomassin and Baker, 2000; # other intermediate input

This cost structure has been converted to basic price using margin matrix of Canada to include in the Use and Make matrix of Canada. The general equilibrium assumption of input-output models requires that the total cost for the sector equal its total revenue (167.78 million CAD). 

5.2. Impact of Ethanol sector on the Canadian Economy

We discussed earlier about the biofuel (ethanol) and E10 as new industries in the input-output model of Canada. The corresponding four commodities have also been created- ethanol, E10, DDG and CO2. In this section, the macroeconomic impacts of the fuel ethanol sector are estimated. The total industrial output of the economy for the year 2003 is 2102292 million CAD. The contribution made by the biofuel (200 million litre of ethanol) and E10 industry is 166.78 million CAD and 1435 million CAD respectively. The GDP at factor cost is measured at 987929 million CAD for Canadian economy in 2003 and corresponding employment contribution to produce the total output is 13192996. The employment contribution particularly from ethanol and E10 industries are estimated at 80.04 and 619.65 jobs respectively. The closed version of the model i.e., treatment of household sector as an industry provides an increased output of 0.38% than the total industrial output in the open model. The GDP at factor cost is also increased to 1178755 million CAD due to induced effect.

Table 4

	 2003
	Total industrial output 
	Induced effect

	CAD
	2102292.75
	2110296

	% increase
	 
	0.380668

	GDP at factor cost (total) million CAD
	987929.23


	1178755



	Contribution by Biofuel (%)
	70.08 (0.007)
	

	Contribution by E10 (%)
	89.88 (0.009)
	

	Employment


	13192996.19
	 


5.3 Impact analysis

One of the major uses of the information in an I-O model is to assess effects (direct and indirect) on an economy of changes in demand that are exogenous to the model of that economy. When the exogenous changes occur because of the actions of only one impacting agent and when the changes are expected to occur in the short run. This is usually called an impact analysis. Economic impact analysis is conducted to quantify the economic effects of a proposed policy or new industry/commodity introduction in the economic system. It is a methodology by which the economic implications of a potential action (for the current study ethanol and E10 introduction in the economic system) can be evaluated. 

The results basically derive the impacts of the fuel ethanol and E10 as a commodity on different industries of the economy.   

Direct effects are the initial shock or disturbance being studied. The direct impact here explains that one unit changes in ethanol demand will have impact on industries. The direct impact on top industries from ethanol and E10 is captured in table 5.  As we described earlier that ethanol is produced mainly from corn and wheat in Canada during 2003, it is expected to have an impact on agriculture. The highest impact is found from the feed grains industry. The impact on wheat is relatively low compared to feed grains because corn is used as a major feedstock compared to wheat in ethanol production during 2003.  Feedstock requirement of the plant has an impact on the agricultural sector in terms of substitution and output allocation with other industries.  Among other industries broadly mining/manufacturing industries also show a considerable impact due to ethanol entry into the economic system. These are- oil and gas extraction, power generation transmission and distribution, other basic chemicals, food manufacturing(adjusted with feedstock used in ethanol), truck transportation, pesticides, fertilizer and other agricultural chemical manufacturing etc. These industries are mainly used as inputs in the production of ethanol. 

 For E10, only four industries are influenced directly. These industries are petroleum refining and Other Petroleum and Coal Products Manufacturing, Biofuel, other basic Chemical and Manufacturing and wholesale trade. In the Input-output structure, it is considered that biofuel (here ethanol) is being used as an input by the E10 industry, so the impact is direct.  The other industries - petroleum refining and Other Petroleum and Coal Products Manufacturing industry and other basic chemical industry have also some direct impact because some necessary adjustments for biofuel has been done with these industries and input use of chemicals by the ethanol sector. In this case it is assumed that the petroleum refining sector would have a decrease in the demand for gasoline equal to the output produced by the fuel ethanol sector.

Table 5 Direct impact of ethanol and E10 on top industries

	Industries
	Ethanol

	Feed Grains
	0.216893417

	Oil and Gas Extraction
	0.052529997

	Wheat
	0.050574525

	other basic Chemical and Manufacturing
	0.016178382

	Electric Power Generation, Transmission and Distribution
	0.014796647

	Professional, Scientific and Technical Services
	0.010028203

	Administrative and Support Services
	0.004412318

	Repair and Maintenance
	0.001862376

	Food Manufacturing
	0.001433806

	Truck Transportation
	0.001341473

	Retail Trade
	0.001181119

	Other Municipal Government Services
	0.000897275

	Pesticides, Fertilizer and Other Agricultural Chemical Manufacturing
	0.000774801

	Natural Gas Distribution
	0.000569074

	Industries
	E10

	Petroleum Refineries and Other Petroleum and Coal Products Manufacturing
	0.739645

	Biofuel as ethanol
	0.093386

	other basic Chemical and Manufacturing
	0.021419

	Wholesale Trade
	0.006618


The total effect -direct and indirect effects include all subsequent changes which result from the several rounds of purchases of intermediate outputs. For the current study, one unit change in ethanol or E10 demand will have both direct as well as indirect impact on different industries. In most cases we have seen that the indirect impact is prominent than the direct impact. 

The industries not marked with bold resemble the indirect effect only due to change in ethanol demand. It is apparent that some industries present in both direct and total impact list. But these industries coefficients remain high in case of total effect compared to direct.  The industries having large indirect effects from ethanol sector are other transportation, finance and insurance, construction, and some agricultural sector like Hogs, dairy and cattle and support activities to agriculture. As we mentioned earlier that DDG as a byproduct of ethanol sector is adjusted with wheat imputed feed and corn feed sectors used in the dairy, cattle and hogs industry so also the impact. The indirect effect of E10 is almost similar to ethanol. The industrial sectors having largest impact are feed grains, wheat hogs and other crops from agriculture, finance insurance, construction, transportation, mining and various service industries (table 6). The biofuel (considered ethanol) industry impact on agriculture and manufacturing commodities together are roughly 40%. Rest of the impact is shared by services. 

 Table 6 Total impact of ethanol and E10 on top industries
	industries
	Ethanol
	industries
	E10

	Biofuel as ethanol
	1.0000163
	E10
	1

	Feed Grains
	0.22591934
	Petroleum Refineries and Other Petroleum and Coal Products Manufacturing
	0.772852

	Oil and Gas Extraction
	0.07797989
	Oil and Gas Extraction
	0.445545

	Wheat
	0.05317158
	Biofuel
	0.093389

	Finance, Insurance, Real Estate and Rental and Leasing
	0.04215376
	Finance, Insurance, Real Estate and Rental and Leasing
	0.065822

	Other Transportation
	0.04050388
	other basic Chemical and Manufacturing
	0.044253

	Truck Transportation
	0.0358594
	Professional, Scientific and Technical Services
	0.035923

	Wholesale Trade
	0.0355636
	Wholesale Trade
	0.028282

	Professional, Scientific and Technical Services
	0.03539199
	pipeline transportation
	0.02309

	other basic Chemical and Manufacturing
	0.03511615
	Feed Grains
	0.021251

	Electric Power Generation, Transmission and Distribution
	0.02372709
	support activities for mining
	0.020118

	Petroleum Refineries and Other Petroleum and Coal Products Manufacturing
	0.02342034
	Electric Power Generation, Transmission and Distribution
	0.017461

	pesticides and fertiliser
	0.02060494
	Administrative and Support Services
	0.015846

	non metallic mineral mining
	0.01550166
	Other Transportation
	0.012306

	construction
	0.01163915
	Truck Transportation
	0.010003

	Retail Trade
	0.00815247
	construction
	0.009922

	Food Manufacturing
	0.00784073
	retail trade
	0.007784

	Support activities for forestry
	0.00613476
	Wheat 
	0.005021

	Cattle 
	0.00529572
	Forestry and logging
	0.00082

	Forestry and logging
	0.00270903
	Other crops 
	0.000458

	Other crops 
	0.00253629
	Dairy 
	0.000375

	Support activities for crops
	0.00157506
	Hogs
	0.000282

	Hogs 
	0.00130973
	
	

	Dairy 
	0.00127787
	
	

	Other livestock
	0.00075395
	
	


It shows from tables that most of the industries have indirect impact than direct. 

Induced effect- Household sector is endogenised to capture the induced effect. The industries which have high impact under induced effect are almost similar to total effect (except household industry).  But the impact of each industry coefficient is relatively higher in induced effect compared to total effect (table 7). The feed grains and wheat impact is high among agriculture, oil gas extraction, transportation sectors, and other basic chemicals under mining and manufacturing, finance and insurance, technical and administrative services among service industries are dominating in the list of induced effect.  The petroleum refineries and other petroleum and coal products manufacturing industry show a major impact with E10.

We observed from the above three impacts that fuel ethanol and E10 will have a broad impact mainly on agriculture, manufacturing industry –food manufacturing and chemical and service industries.

Table 7 Total induced impact of ethanol and E10 on top industries

	Industries
	Ethanol
	Industries
	E10

	Biofuel
	1.000073
	E10
	1.000578

	Household
	0.256229
	Petroleum Refineries and Other Petroleum and Coal Products Manufacturing
	0.779257

	Feed Grains
	0.226507
	Oil and Gas Extraction
	0.452556

	Finance, Insurance, Real Estate and Rental and Leasing
	0.129301
	Household
	0.2766

	Oil and Gas Extraction
	0.084474
	Finance, Insurance, Real Estate and Rental and Leasing
	0.159897

	Wheat
	0.053398
	Biofuel
	0.093451

	Wholesale Trade
	0.050417
	Professional, Scientific and Technical Services
	0.050116

	Professional, Scientific and Technical Services
	0.048539
	other basic Chemical and Manufacturing
	0.047555

	Other Transportation
	0.045912
	Wholesale Trade
	0.044315

	Truck Transportation
	0.040185
	Retail trade
	0.040592

	Retail trade
	0.038544
	Electric Power Generation, Transmission and Distribution
	0.025195

	other basic Chemical and Manufacturing
	0.038175
	pipeline transportation
	0.023829

	Electric Power Generation, Transmission and Distribution
	0.030891
	Food Manufacturing
	0.02209

	Petroleum Refineries and Other Petroleum and Coal Products Manufacturing
	0.029354
	Administrative and Support Services
	0.021978

	Food Manufacturing
	0.024066
	Feed Grains
	0.021886

	Administrative and Support Services
	0.021242
	Support activities for mining
	0.020719

	pesticides and fertiliser
	0.020855
	Other Transportation
	0.018144

	
	
	Truck transportation
	0.014673

	
	
	Construction
	0.014403

	
	
	Transportation equipment
	0.014175


6. Simulation Exercises 

In this section we have tried four simulation exercises on ethanol and E10 commodities. 

The first experiment is derived on the basis of 2009 ethanol demand. Since the reference year is 2003 considered for the current study, it is worth checking the current status of ethanol demand and how far it boosts the economy-industrial output, GDP and employment.  Other experiments build up on the basis of recently announced mandates by the govt. of Canada. Canada currently produces 1.4 billion litres of ethanol annually, with the incoming mandates creating a need for 2 billion litres in total. In this context we have experimented two exercises (exp 2 & 3). First we introduce 2 billion litres of ethanol blended gasoline i.e. E10 in the economic system keeping gasoline demand at 2003 level. Second we introduce 2 billion litres of ethanol along with 5% increase in gasoline demand till 2011. The final demand of these commodities has been forecasted according to the mandates by the federal government. Experiment 4 is also based on the concept of 2 billion litres of ethanol mandate but in a different fashion.  We have fixed the ethanol output as 2 billion litre (as announced by the federal government) in the economy to estimate the impact on the rest of the economy as well as the derivation of final demand of Ethanol. The ethanol industry is treated as exogenous for this experiment. Here also the reference year of the economy is 2003.

Exp 1: The current study is based on 2003 reference year, the changes in GDP and employment and output increase is estimated between 2003 and 2009. The first experiment shows a percentage increase in industrial output due to ethanol demand from 2003 to 2009. The industrial output, GDP and employment are increased at 1.62, 0.96 and 0.38 respectively (table 8). 

Table 8 Simulation exercises on ethanol demand

	Simulation Exercise
	Exp1
	Exp 2
	Exp 3

	 
	Ethanol demand at 2009
	Ethanol demand of 2 billion litres till 2011
	Ethanol demand of 2 billion litres and gasoline at 5% till 2011

	Total Industrial Output (CAD)
	2136386
	2145829.86
	2146857.88

	% increase
	1.621704
	2.070934702
	2.11982263

	% increase(from 2009)
	
	0.44
	0.49

	GDP at factor cost (total)CAD
	997441.4
	999864.8042
	1000235.07

	% increase
	0.962843
	1.208140259
	1.24561904

	% increase(from 2009)
	
	0.24
	0.28

	Employment
	13243867
	13257124
	13258987

	% increase


	0.385586
	0.486071
	0.500193

	% increase(from 2009)
	
	0.1000
	0.1141

	GHG emission savings kg of CO2 (in CO2 equivalent)
	
	3607.78
	3607.78

	CO2  emission savings
	
	2853.38
	2853.38

	N2Oemission savings(in CO2 equivalent)
	
	754.4
	754.4


Exp 2 and 3: Results show that due to increase in ethanol demand the percentage increase in industrial output is expected to increase by 2.07 % since 2003 and 0.44% since 2009. While for increase in gasoline and ethanol demand (experiment 3) will create 2.11% and 0.49% increase in industrial output since 2003 and 2009 respectively. The GDP (1.20%, 0.24%) and employment generation (0.48%, 0.10%) are also expected to increase due this demand (experiment 2). Above all, the CO2 emission offset from ethanol are calculated as the difference between regular gasoline and ethanol i.e. savings from the simulation exercise 2 and 3 will be 3607 kg of CO2 equivalent (table 8). Table 9 presents the agricultural impact considering simulation exercises 2 and 3. It shows that feed grains industry will have a significant impact among agriculture followed by Wheat.  Recent data from the Canadian Renewable Fuels Association shows that 71.72% of the ethanol plant is used corn as feedstock, 25.79% used wheat and 2.48% used others (municipal waste, wood waste, barley and oats). 

From Experiment 2 and 3 it is highlighted that output, GDP and employment generation will be higher in experiment 3 but savings of GHG emission will be same. 

Table 9 Agricultural impact from the simulation exercises

	
	 percentage change from 2009
	 
	percentage change from 2003
	 
	 

	 
	2009-exp2
	2009-exp3
	2003-2009
	2003-exp2
	2003-exp3

	Wheat
	0.62
	0.62
	1.801
	2.435
	2.44

	Feed grain
	2.08
	2.08
	6.280
	8.493
	8.50

	Oilseed
	0.01
	0.01
	0.049
	0.062
	0.06

	Potatoes
	0.02
	0.02
	0.065
	0.082
	0.08

	Fruits & Vegetables
	0.01
	0.01
	0.037
	0.048
	0.05

	Other Crops
	0.03
	0.04
	0.120
	0.154
	0.16

	Animal Aquaculture
	0.01
	0.02
	0.058
	0.072
	0.07

	Dairy
	0.03
	0.03
	0.100
	0.126
	0.13

	Cattle
	0.05
	0.05
	0.151
	0.197
	0.20

	Hogs
	0.03
	0.03
	0.095
	0.121
	0.12

	Poultry and eggs
	0.03
	0.03
	0.104
	0.133
	0.14

	Other livestock
	0.04
	0.04
	0.132
	0.172
	0.17

	Forestry and Logging
	0.02
	0.03
	0.091
	0.115
	0.12

	Fishing, Hunting and Trapping
	0.01
	0.01
	0.040
	0.051
	0.05

	Support Activities for Crop Production
	0.17
	0.18
	0.521
	0.696
	0.70

	Support Activities for Animal Production
	0.18
	0.18
	0.534
	0.717
	0.72

	Support Activities for Forestry
	0.17
	0.18
	0.516
	0.688
	0.69


Exp 4: This simulation exercise has been attempted with modified Leontief model, capable of investigating the impact of an exogenous change in ethanol output. Since the Government of Canada announced the mandates of ethanol to 2 billion litres, we exercised this concept by fixing that sectors’ output. The model can be formulated as follows. Collecting the equations 1 and 5 from section 3 we get.

q=Bg+e --------------(1)

g= (DB)g +De ----------(5)

g-DB(g) = De

Considering industry technology, we have 86 industries and out of this 38th industry will be exogenous. 

In equation form it can be written as 

(1-a11)g1 – a12g2   ……….-a1,38g38……….- a1,86g86 = e1

- a21g1    + (1-a22)g2…….-a2,38g38………..- a2,86g86 = e2

---

----

------

- a38g38 ……………………..+(1-a38)g38--------- a38,86g86 = e38

----

-------

- a86g86………………………………………………+ (1-a86)g86 = e86

                                                                                                                             -1

g1                   (1-a11) – a12   ………  0  ……….- a1,86g86                     e1 + a1,38g38
g2                    - a21    + (1-a22) …….0………..- a2,86g86                      e2 + a2,38g38    

…..                   -------------------------------------------------------------                   ------------------

----          =     -----------------------------------------------------------------             ------------------

----                   --------------------------------------------------------------             ----------------------                         ------(3)

e38              - a38g38 --------------   -1--------- -a38,86g86                -(1-a38)g38

----                   ----------------------------------------------------------------              ------------------  

----                  ----------------------------------------------------------------             -------------------

g86                 - a86………………………………………+ (1-a86)         e86  + a86,38g38

Here e38 is considered as final demand of the Ethanol industry*. 

It illustrates three points first the inverse matrix differs from the tradition Leontief model. It suggests that in order to measure the effects of a change in the gross output of ethanol, it is necessary to translate the output effect into derived demand effects on the input and factor suppliers using the vector of direct input coefficients. Finally, adapting the system so as to make ethanol exogenous requires that final demand for this sector output is solved endogenously although since it does not influence the level of other endogenous variables, it can be calculated residually. The results from a Leontief model adopted in this manner and used to estimate the effects of ethanol will ensure that the resulting activity, income and employment levels in the wider economy are consistent with the exogenously specified change in ethanol output. 

It is observed from this exercise that total industrial output is expected to increase by 36161million CAD (2.05%). The industries across the economy will be affected mostly are wheat and feed grains from agriculture, and petroleum refineries and gas extraction (table 9).

Table 10 Impact of exogenous Ethanol sector on industrial output (%change)

	Wheat
	2.85

	Feed grain
	10.32

	Oil and Gas Extraction
	8.14

	Support Activities for Mining and Oil and Gas Extraction
	2.87

	Petroleum Refineries and Other Petroleum and Coal Products Manufacturing
	31.28

	Pipeline Transportation
	4.75


7. Conclusion and policy suggestion

An attempt has been made to introduce ethanol sector in the Canadian input-output system to measure the impact on rest of the economy. Agriculture sector is affected because of corn and wheat used as feedstock. Among other industries broadly mining/manufacturing industries also show a considerable impact due to ethanol entry into the economic system. These are- oil and gas extraction, power generation transmission and distribution, other basic chemicals, food manufacturing(adjusted with feedstock used in ethanol), truck transportation, pesticides, fertilizer and other agricultural chemical manufacturing etc. These industries are mainly used as inputs in the production of ethanol. The industries directly impacted from E10 are other petroleum and coal products manufacturing, other basic chemical industry. The indirect effects we observed from ethanol are other transportation, finance and insurance, construction, and some agricultural sector like Hogs, dairy and cattle and support activities to agriculture. Similar industries are found to be top under indirect effects of E10. From the induced effect, except household sectors rest of the sectors is almost identical. We observed from the direct, total impacts in open model and the total impacts in the closed model that fuel ethanol and E10 will have a broad impact mainly on agriculture, manufacturing industry –food manufacturing and chemical and service industries. It is apparent from the simulation exercises that, if economy of Canada targets the mandates of 2 billion litre by 2011, it will not only save GHG emissions but also augments GDP, industrial output and employment. Overall, a strong positive impact of ethanol on the economy is reflected from the study. Achieving advanced biofuels production following Kyoto target would bring even greater economic, environmental and employment benefits.

Governments are using a wide variety of measures to stimulate the biofuel industry in Canada. These include investment tax credits, capital grants, guaranteed prices, consumer rebates, excise tax exemptions, tax credits, and a wide variety of subsidies for production, consumption, and research. Establishment of targets (or mandates) for biofuel production and consumption also has been popular. In spite of that, most targets have been on the ambitious side and have not been reached by the target dates. 

However, in order to allow the industry to develop as competitive as possible the following important economic factors needs to be considered.

First, large plants that can achieve economies of scale ought to be promoted. As plants increase in size, they often become more efficient in production and can apply their fixed costs over a larger output. In the United States, economic studies have shown that ethanol plants with a capacity of 80 million gallons per year had investment costs per unit of production that were 23% lower than did plants with half the capacity. It was estimated that a tripling of plant size (from 55 to 150 million litres per year for dry-mill plants and from 110 to 375 litres per year for wet-mill plants) reduced capital costs by about 40% and operating costs by 15-20%.  Moreover, the cost of ethanol in USA (feedstock cost in USA is 0.237 Cdn/litre in 2002; USDA, 2006) is less than Canada (feedstock cost in Canada is 0.300 Cdn/litre AAFC, 2003) and one of the reason might be the plant size. The statistics shows that out of 19 ethanol plant operating currently in Canada only 9 are having capacity more than 100 MML per year, so if the government takes initiative to enlarge the plant size then we can expect a lower production cost in near future. 

Second, an increase in prices of farm crops can be expected from biofuel production. One of the major objectives of most biofuel policies is to provide opportunities for primary agricultural producers to get a higher price for the products they produce. An ethanol plant that uses cereal grains (or eventually plant residues) provides an additional market for these products. Although most agricultural products are traded over wide areas and the relationship among markets is very complex, there is some evidence of higher prices for some agricultural products as a result of production of biofuels. The large scale use of sugar cane to produce ethanol in Brazil seems to have raised the world price of sugar. In the United States, it was found that biofuel production led to an increase in prices of traditional crops (like corn, sorghum, wheat, soybeans, cotton and rice) from four to 14% because these crops compete for the same land and that net farm income had increased by up to 0.3%. So to fulfill the target of Kyoto or to achieve ethanol mandates announced by the govt. of Canada, the increase in prices of cereals (such as corn, grain and barley) cannot be ignored.

Third, proper assistance from the government is needed via direct capital investment and/or provision of loan guarantees to commercialize new technology like cellulose ethanol. Greater government procurement is needed for proper market access. And above all continued funding of Research & Development efforts between government and industry is desirable. Substantial cost and environmental advantages would be available by producing ethanol from cellulosic materials. Further, Production of ethanol from cellulosic materials (when large scale commercial production becomes possible) would substantially reduce the cost per tonne of CO2 reduction and the pressure on corn and wheat demand will be moderate. Progress made so far (mainly by Iogen Inc) give Canada a lead in this technology and continuing research efforts in this area as well as in other bio-chemical and engineering processes to make ethanol production more efficient should be supported. 
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