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ABSRACT: Utilities generally have in-house models that adequately forecast electricity demand, costs, and revenues in the near term, and facilitate decision-making regarding power supply and resource allocation. The model presented here provides the capability to forecast long-term electricity demand as a function of economic growth, as well as the industry distribution of that growth. This enables a much more accurate assessment of long-run resource requirements, as well as the effects of energy and environmental policy decisions that affect costs and operations for electric utilities.

The model forecasts economic output, income, and employment for 14 industries in each of 3,140 counties to the year 2020. The distribution of growth among counties and industrial sectors is linked to a fully dynamic interindustry model of the national economy, which forecasts growth individually for 350 industries. The national and regional economic models are then linked to a utility model that forecasts residential, commercial, and industrial electricity sales and rates for each of over 3,400 utility service areas nationwide.

The model was used to assess the impact of a $10 fee for each ton of carbon emitted at all fossil fuel power plants nationwide. The results are then aggregated by utility service territory and can also be aggregated by county, state, and nation. These results were compared to two other simulations, one involving a 10% rate increase and another testing 10% rate decrease over the forecast period.

The impact of a carbon emissions fee on U.S. employment, income, and output is negligible. Only electricity sales are affected significantly by energy costs. Overall electricity demand is reduced by about 12% in response to a 10% increase in cost. Due to the near unitary elasticity of electricity demand, the cost to the U.S. economy of a $10 per ton carbon fee is negligible: about $84 billion over 5 years, which amounts to 0.1% of GDP per year. This is about the same impact as the 20% increase in rates that occurred over the same period. 
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The electric utility industry has encountered a number of unique circumstances in the past few years, including FERC orders 888 and 2000 that require utilities to file open access non-discriminatory transmission tariffs, functionally unbundle generation from transmission and distribution services, and form Regional Transmission Organizations (RTOs).  The industry has also absorbed power supply and price shocks from the California market meltdown in 2001-2002 and the northeast blackout of 2003. Other developments in energy markets include consumer demand for green power, direct access, consolidated billing, and customer aggregation. These pending policy proposals will also have considerable impact on electric utilities and their customers:
 FERC's Standard Market Design encourages competitive power markets, facilitates interstate power transactions and retail wheeling, and establishes FERC jurisdiction over all transmission assets, not just those of Investor Owned Utilities. 

 Energy legislation in Congress may contain provisions for a nationwide renewable portfolio standard, encourage investment in distributed generation and demand response, and provide other incentives for renewable power generation technologies.

 New emissions control legislation may require more stringent reduction of SO2 and NOx, the first-ever controls for mercury emissions, and possible new requirements for mitigation of greenhouse gas emissions.

The Electric Utility Policy Model (EUPM) was developed in order to evaluate the impact of energy policy on electric utilities, their customers, and the regional and national economy. It was designed to measure the risk and exposure of electric utilities under different economic and policy scenarios, and explore opportunities for reducing or offsetting this risk in order to secure a future that is both economically viable and environmentally responsible. 
The second objective was to measure the economic impact of a variety of energy and emissions policies on local communities, and forecast the cost of providing reliable, sustainable energy services while also enhancing the quality of life. EUPM was developed through collaboration between Economic Information Systems and Inforum, an economic research consultancy at the University of Maryland.

EUPM enables utilities to forecast long-term electricity demand, market and position themselves strategically, and model the cost and revenue impacts of changes in legislation, regulation, and market structure. EUPM also creates the capability for any utility to analyze the impact of energy and environmental policy and changes in the energy industry on their residential, commercial, and industrial customers, as well as the economic vitality of the communities they serve. Analysis can include the comparative impact on electric utility service territories, rural vs. urban areas, and state-level aggregations of either counties or utilities.
Our approach to measuring the economic impact of energy and emissions policy begins with the development of an economic profile of the service area of affected utilities. This profile serves as the basis for measuring economic changes stemming from the alternative strategic direction. The economic profile provides a basic understanding of the industrial structure of a given utility service area, and how it compares to that of other utilities and larger geographical areas such as the state and the entire nation.  

Another purpose of the economic profile is to examine how the area’s major industries affect income and employment levels, as well as the linkages of these industries to other industries and households in the regional economy. This serves as a basis for understanding how policies or developments affecting the electric utility industry impact the region’s economic growth and structure.  

For example, higher electricity costs will have a greater impact on energy-intensive manufacturing industries as compared to less energy-intensive industries such as business and financial services. Electric utilities that serve a high proportion of industrial loads can therefore expect greater consequences to their regional economy of environmental controls. The economic profile has additional benefits beyond the evaluation of an individual scenario, in that it serves as an important aid in evaluating the relative effectiveness of alternative environmental and energy policies which directly and indirectly impact regional economic growth.
Forecasting long-term electricity demand as a function of economic growth

Many utilities have in-house models that adequately forecast electricity demand, costs, and revenues in the near term, and facilitate decision-making regarding power supply and resource allocation. We have developed the capability for utilities to extend their in-house capability to forecast electricity demand over the long term, as a function of economic growth, as well as the industry distribution of that growth. This enables a much more accurate assessment of long-run resource requirements, as well as the effects of policy decisions that affect costs and operations for electric utilities.

The model forecasts economic output, income, and employment for 14 industries in each of 3,140 counties to the year 2020. The distribution of growth among counties and industrial sectors are linked to Inforum’s LIFT model of the national economy, which forecasts growth individually for 350 industries. The national and regional economic models are then linked to a utility model that forecasts residential, commercial, and industrial electricity sales and rates for each of over 3,400 utility service areas nationwide.

 The model forecasts nationwide growth trends by detailed industry under varying assumptions about economic and environmental policies. 

 The model distributes national growth by industry to each of 3140 counties according to the unique distribution of industries within each county

 Growth by industry and by county is converted to utility service areas according to each utility's share of households and businesses in each county, using sophisticated mapping technology that overlays the two geographical areas.

 Commercial and Industrial electricity demand is a function of output, rates, and customer density, and is calculated independently for each state to account for regional differences in electricity use. Industries that are highly sensitive to increases in rates will respond by cutting back production, employment, and personal income. Industries in rural areas are more sensitive than industries in urban areas.

 Residential electricity demand is a function of income, rates, and household density, and is calculated independently for each state to account for regional differences in electricity use. Households with limited income will be more sensitive to increases in rates, and will adjust by cutting back consumption.

 The model distributes power from each generating plant to each distribution system according to wholesale power transactions data reported to the Energy Information Administration. Emissions data is from the EPA's Continuous Emissions Monitoring System.

 The model is fully dynamic, so that a change in assumptions or policies will have consequences for future economic growth. The growth and restructuring of industries that follows from the initial policy change will in turn modify resource demands and interindustry growth in succeeding years. 

 Effects can be grouped to measure the comparative impact on company types (IOU, public, co-op, private), entity types (IPP, Generator, Distributor, Marketer), regions (NERC regions, RTOs), and all 50 states.

Electric utility data consists of sales in megawatt hours (mwh), revenue, and number of customers for five market segments: residential, commercial, industrial, public, and other. Residential customers are households. Commercial includes establishments with peak loads of less than 1,000 kW. Industrial includes establishments with peak loads exceeding 1,000 kW. Public includes public street and highway lighting. "Other" includes any customers not included in the other four categories, and is primarily for agricultural use. 

The model accounts for changes in commercial and industrial electricity usage when electricity rates change by using comprehensive regression models that estimate separate time-series regression for each county type, using local output variables and the electricity price. We then use cross-section estimates to account for other influences on industrial demand. The result is price elasticities of electricity demand by counties sharing similar characteristics, embodied in the independent variables in the equation.  

On the consumer side, we estimate the price elasticity of household electricity consumption by county. Initially, we use price elasticities embodied in the national budget shares for electricity. We then estimate county price elasticities for consumers, using data on prices, income and other variables included in county demographics available from other sources. We estimate consumer demand in response to changing electricity prices for each county type, and use these elasticities in the model to calculate residential electricity consumption.  

Assessing the economic impact of energy and environmental policies
The model generates the level of economic output for each industrial sector in the utility service area, and the level of income and employment associated with this level of output. We then estimate the growth of each industry, as well as income, employment, population, and expenditures on goods and services of the baseline simulation and compare it to the alternative scenario that follows from the policy change. From this change, we determine the sectors for which initial output is affected, and then estimate the direct, indirect, and induced (household spending) effects that follow from the initial impact. From changes in output, we estimate the change in employment and income associated with that level of output. 

If we assume for the moment that the result of a given policy is higher electricity costs and rates, each county and electric utility would have a somewhat different increase, due to differences in the mix of fuels, wholesale power suppliers, and generating plants. How would these higher electricity rates work through the model? 

To measure direct impacts, we start with utility costs for operation & maintenance (O&M), purchased power, fuel, emissions control, transmission, and distribution. We trace the effect of cost variation on kwh rates for households, and commercial, industrial, and agricultural customers. We estimate the effect of rate changes on households from different income ranges and poverty levels, commercial businesses of different sizes, and manufacturing businesses by industry. We then aggregate these effects to the county level and examine the differential impact across counties with various income levels, industrial structure, and degrees of urbanization.

To measure indirect impacts, we start with estimates of household budget patterns and estimate the employment and output consequences of higher utility bills and diverted income for local providers of other goods and services. An increase in residential electric rates would reduce consumers’ budgets for non-electricity goods and services, which would then reduce the consumer demand for the output of local industries. This would lead to reductions in employment and total earnings in local industries, leading to a reduction in county personal income and subsequently, a second-round reduction in local economic activity. In sum, area income and employment levels will be directly affected by the reductions in output that result from higher energy costs.

On the commercial and industrial side, the reduction in local output to meet reduced consumer demand will reduce demand for electricity. At the same time, the increase in electricity rates will reduce profits and capital income for commercial and industrial electricity customers. If national industries are affected, then there will be successive rounds of county output and employment reductions (for export industries), leading to lower labor earnings, lower personal income, and lower consumer spending, which further reduces employment and earnings in local industries. 
The model assumes that changes in electricity rates will not be passed on in higher product prices of the affected manufacturing firms. Nor will it directly affect wage and salary earnings of those firms’ employees. Therefore, higher electricity costs will be totally absorbed by reduced profits and capital-type income. The reduction in profits and capital-type income suggests that there will be an incentive on the part of energy-intensive industries to relocate to areas with lower energy costs. This is consistent with the assumption that output prices are determined competitively, and that electric utilities are not in a position to easily pass on increases or decreases in electricity costs to their consumers. 

The result is that manufacturing firms relocate to areas where energy supply is less dependent on fossil fuels in order to recover lost profitability from the energy policy change and associated mitigation efforts. This results in a substantial loss of load to the coal-dependent utilities serving those industries. This assumption can be modified in order to accommodate the other sources of income and employment that might accrue to rural areas from an energy or environmental policy change, such as locally sourced biofuels, renewable energy production, carbon capture and storage, and/or geologic and terrestrial carbon sequestration. 
The economic impact of a carbon emission fee
The Electric Utility Policy Model was used to assess the impact of a $10 fee for every ton of carbon emitted at each fossil fuel power plant nationwide. The cost impact is traced from each power plant through to each distribution system receiving electricity from that power plant. The results are then aggregated by utility service territory and can also be aggregated by county, state, and nation. These results were compared to two other simulations, one involving a 10% rate increase and another testing 10% rate decrease over the forecast period.
Total U.S. employment, income, and output varies little between the three scenarios tested. Only electricity sales are affected significantly by energy costs. Overall, the combined residential, commercial, and industrial customers of all U.S. electric utilities reduce their electricity demand by about 12% in response to a 10% increase in price. Due to the near unitary elasticity of electricity demand, the cost to the U.S. economy of a $10 per ton carbon fee is negligible: about $84 billion over 5 years, which amounts to 0.1% of GDP per year. This is about the same impact as the 20% increase in rates that occurred over the same period. 
Carbon mitigation is nearly revenue neutral to the electric utility industry overall, because higher costs are passed on to customers in higher rates, and this results in increased revenues despite reduced electricity demand. The model does not incorporate the associated economic benefits of improved technology, higher efficiency, energy conservation, distributed power generation, and carbon mitigation. Had these benefits been accounted for, the net economic impact would very likely have been positive.
It was interesting to note that electricity demand varies greatly in response to price depending on geography, customer density, and customer type. For residential customers, elasticity was -.35, indicating that a 10% increase in price would result in a modest 3.5% decrease in electricity use. For commercial customers, elasticity was -.87, indicating somewhat higher sensitivity to price. For industrial customers, however, elasticity was quite high at -2.7, meaning that a 10% increase in price would lead to a 27% decrease in electricity use. 
These results vary greatly by region, depending on demographics, geography, and the fossil fuel dependency of the electric utilities serving the region. Rural, poor, or low density service areas suffer more loss of output per dollar of added emissions costs, in part because the cost of electricity is generally higher. Commercial and industrial demand is much more responsive to price in rural areas than in urban areas. High density service areas have higher electricity usage per household and lower demand elasticity, which results in smaller economic impacts for a given change in price.
Chart 1: Total U.S. employment, income, and output varies little between the three 
scenarios tested. Only electricity sales are affected significantly by price differences. 
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There was great variation in carbon mitigation costs between different types of generation and distribution systems, mostly due to their dependence on coal versus natural gas or oil. Natural gas has a 20% lower carbon emissions rate per mwh generated on average as compared to coal, but fuel cost per mmbtu was more than double that of coal in 1999. The combined effect is a higher carbon cost increment for coal. Gas prices have increased markedly since this data was reported, so the carbon cost increase for gas will be an even smaller increment of total fuel costs today.
Chart 2: Plant fuel costs and carbon emissions by plant-primover-fuel type

Data sources: CEMS, FERC 423, EIA 759 & 900
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Public utilities and Co-op G&Ts have a higher average carbon cost increment than independent generators and Investor-owned utilities, due to a higher dependence on coal versus natural gas, and lower average fuel price.
Chart 3: Supplier carbon cost increase by plant-primover-fuel-owner

Data sources: FERC 1, 423; EIA 412, 759, & 900; RUS 12
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At the distribution level Publics and Co-ops have higher average carbon cost increase due to lower fuel costs and higher dependence on coal-based power suppliers.
Chart 4: Carbon cost increase by plant-primover-fuel-owner-supplier

Data sources: FERC 1, 423; EIA 412, 759, & 900; RUS 12
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Model Structure

The EUPM database consists of national level data from Inforum’s IdLift model, which is aggregated to 14 industrial sectors available at the county level. The source for county data is the Regional Economic Information System (REIS) from the U.S. Bureau of Economic Analysis. Electric utility data is derived from the U.S. Energy Information Administration (EIA) and Environmental Protection Agency (EPA).  

Data for each of the 50 states and 3,140 counties includes population, employment, total earnings, number of households, total wages and salaries, other labor income, proprietors’ income, dividends, interest and rental income, transfer income, social insurance contributions, and a residence adjustment. Data for earnings and employment are available for each county for 14 industrial sectors. In addition to these data, estimates were made for current and constant dollar output, return to capital, and indirect business taxes.  

The 14 industrial sectors used in EUPM include: agriculture-forestry-fisheries, mining, construction, electric utilities, manufacturing, transportation and public utilities, wholesale trade, retail trade, finance-insurance-real estate, business and personal services, federal, state and local government. The data for each of these industries includes output, prices, employment, productivity, labor compensation, proprietors’ income, other return to capital, indirect business taxes, total value added, personal consumption expenditures, federal defense and non-defense expenditures, and state and local government expenditures.
Electric utility data is available for 3,496 utilities, however, not all these utilities have complete data. Data consists of sales in megawatt hours (mwh), revenue, costs, rates, fuel, and number of customers for five market segments:  Residential, Commercial, Industrial, Public, and Other. Residential customers are households. Commercial includes both commercial and industrial establishments with peak loads of less than 1,000 kW. Industrial includes commercial and industrial establishments with peak loads generally greater than 1,000 kW. Public is energy supplied to ultimate consumers for public street and highway lighting. 

The main challenge in developing EUPM was relating economic activity in a given county to aggregate electricity demand for a given utility, and vice-versa. A key part of the model is a 3140 x 3000 matrix used to bridge data and projections from the counties to electric utility service territories and vice-versa for electric utility data.  The rows of this bridge matrix correspond to the 3,140 counties, and the columns to the 3,496 utilities. Each row of the matrix shows the electric utility service territory composition of a county's electricity production, and each column shows the county-by-county composition of an electric utility's revenues, sales, and customers. Some utility service territories cover multiple counties.  Although the matrix is quite large, only the nonzero cells are used, of which there are only about 8,000 out of a total possible of 11 million. The matrix is assumed to be fairly constant over time.

To relate electricity demand by market to electricity price changes, cross-sectional demand regressions were estimated for each of the five markets, using the utility data described above. The quantity variable used was mWh sales, and the price variable was the average utility rate per kWh by market. Demographic data from the U.S. Census was also used in the residential regressions. The demand indicators described above were bridged to utilities to adjust for demand differences. 

Household demographics include census data by block group, aggregated to utility service territory, county, and state. Employment, income, occupation, median house value, median rent, median age, poverty level, education, and urbanization. Economic variables include output, employees, wage & salary earnings, value added, capital income, by 14 industries at county and state levels of aggregation.

Model Variables
The Electric Utility Policy Model includes the following variables for each of 3140 counties in the U.S: 

· Population






· Personal income

· Total household consumption

· Household consumption of electricity

· Full and part-time employment by 14 industries

· Labor earnings by 14 industries

· Capital-type income by 14 industries

· Gross output by 14 industries

· Electricity use ($ and mwh) by 14 industries

The 14 industries include:

· Farms and ranches

· Agricultural services, forestry, fishing & other

· Mining

· Construction

· Manufacturing

· Transportation and public utilities, excluding electric

· Electric utilities

· Wholesale trade

· Retail trade

· Finance, insurance and real estate

· Services

· Federal government- civilian

· Federal government- military

· State & local government

For each of over 3000 electric utilities, we have four variables that are projected for three customer segments: (1) Residential, (2) Small Commercial and Industrial, and (3) Large Commercial and Industrial users.

· Revenues

· Customers

· Megawatt-hour sales

· Price per kilowatt-hour

Electric Utility Policy Model Outline
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