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Abstract 
The Western Electricity Coordinating Council (WECC) is the largest and most diverse of the North American interconnected electricity regions spanning from northern Alberta and British Columbia to the Baja California Norte region of Mexico. Despite the importance and size of this electric grid, there are few studies that provide a comprehensive overview of the area and include the corresponding Canadian and/or Mexican data. In this paper, we provide a historical perspective, a present snapshot and a view to the future for the entire region. We find that before aggressive renewable portfolios standards (RPS) and clean energy legislation were implemented, low carbon energy was abundant. Even with renewable targets, the expected carbon reductions by 2020 will be modest. Significant additions of natural gas-fired units will continue to add supply to an already underutilized generation resource and we expect that the market price for electricity within WECC will remain low over the next ten years. 
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[bookmark: _Toc342469473]Introduction 
The North American electric system consists of four interconnected zones: the Western Interconnect, the Eastern Interconnect, Texas Reliability Entity (TRE) and Quebec. The focus of our study is the Western Interconnect. As reliability within the area is overseen by the Western Electric Coordinating Council, this synchronous grid is commonly referred to as WECC. It is a challenge to compile data for analysis for a system that involves 37 balancing authorities and the regulatory and statistical reporting authorities from three countries: Canada, United States and Mexico. We believe we are presenting, for the first time, a more complete picture of WECC. The exclusion of both Canada and Mexico from most previous  studies or sources may reflect the difficulty in collecting comparable data as there is no single source for determining the salient features of the electricity sectors in Canada, the U.S. and the Baja California portion of Mexico that are included in WECC.
In this study we examine the trends in demand, generation, capacity and transmission both historically (2002 – 2011) and in the future (2020) for WECC. It is important to note that the region is not an optimized electric system but rather comprised of multiple actors working to balance regional electric supply and demand given the available resources. Its only cohesive force is the metric of reliability. Given that tableau, we are interested in observed and projected changes in the generation mix due to different drivers and, in particular, their effect on emissions of carbon. In addition, we plan to update the data at regular intervals to provide a continuous and more complete WECC picture which is presently not available from a single source.
[bookmark: _Toc342469474]Overview of Western Electric Coordinating Council (WECC)
The Western Electricity Coordinating Council (WECC) is the largest of the four North American interconnection zones comprising 2.9 million km2 WECC includes two Canadian provinces: Alberta and British Columbia, which we denote, WECC-CA. The U.S. portion of WECC includes all of Washington, Oregon, California, Idaho, Nevada, Arizona, Utah; most of Montana, Wyoming, Colorado, New Mexico and a very small part of Nebraska, Texas and South Dakota (WECC-US). The region also includes Baja California Norte, which we designate as WECC–MX. If WECC was a nation, it would have a population of 82.7 million and a GDP of $3.8 trillion (2010). We refer to the entire region as WECC which is shown in Figure 1.
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FIGURE 1
WECC’s 37 Balancing Authorities. Map provided by FERC.gov. 
WECC was created in 2002 when the Western Systems Coordinating Council (WSCC) and the Southwest Regional Transmission Association (SWRTA), and Western Regional Transmission Association (WRTA) were merged. The creation of WECC seems a natural starting point for our study and we have compiled reliable data from 2002 onwards.
The predominant fuel type used to generate electricity across WECC differs depending on the geological/geographical features of the areas. British Columbia, Oregon, Washington and Idaho are mountainous with many large rivers and as a result are chiefly hydroelectric in their generation base. Mexico, the southwest and interior sections of WECC and Alberta tend to be dependent on fossil-fuel generation. California is a hybrid region with significant hydroelectric and fossil fuel-fired capacity. Nuclear generating capacity exists only in California, Arizona and Washington states. 
One of the notable features of the region is the abundance of low carbon (nuclear, hydroelectric, wind, solar and geothermal) generation capacity that is currently in place and the significant additional low carbon generation capacity that is expected by 2020. There are two distinct drivers associated with this push for low carbon energy: government policies that set renewable portfolio standards (RPS)/clean energy goals and investor’s profit-maximizing behaviour. 
Renewable portfolio standards (RPS) exist in all but five of the U.S. states in WECC – Idaho, Wyoming, Nebraska, South Dakota  and Utah; South Dakota  and Utah have  created ‘goals’ rather than a legislated target. In the other twelve states the RPS requires renewable energy to comprise between 15% and 33% of total generation (DOE, 2012). 
 In Canada, the Province of BC legislated that 93% of electricity generation would come from clean resources. This differs from an RPS as the provincial Cabinet determines both the generation mix and which technologies can be used to meet the clean standard; nuclear generation is prohibited, as are any future storage hydro projects, whereas natural gas-fired generation used in support of domestic liquefied natural gas (LNG) projects may be legislated as clean. Alberta’s electric grid is deregulated and all choices pertaining to the generation mix are made by investors. Over the last decade, Alberta has integrated over 925 MW of low carbon capacity, a penetration rate of 9% based on winter peak load (AUC, 2011). 
In 2011, WECC was home to approximately 83.8 million people (BC Stats, 2012; Province of Alberta, 2012; U.S. Census Bureau, 2012a; INEGI, 2011). As the U.S. data was only available on a state-by-state basis, we included those states that were completely or almost fully within the WECC borders. As South Dakota and Nebraska are only partially included within the confines of WECC they were excluded from the calculations. We included the El Paso region of Texas as reliable data on population for that area was available. The 2011 population in the Baja California Norte region was estimated from 2010 census data obtained from INEGI (2011) and the growth rate for the state (3.3%) from the Baja California government (2009). 
Information on the electric systems of the WECC members was found in a variety of sources. The U.S. Energy Information Administration (EIA) 860A survey provides generating capacity (i.e., nameplate ratings) for each utility and non-utility plant in the U.S. The EIA-923A survey quantifies annual net generation in MWh for each of the following fuel sources within WECC: coal, biomass, solar, oil, hydro, geothermal, gas, nuclear, other unknown fuel, other fossil fuel and wind. Alberta electric system data is from the Alberta Electric System Operator (AESO), which is also the balancing authority for Alberta and the Alberta Utilities Commission (AUC) which is the regulatory body overseeing its operation. British Columbia electricity generation is provided data is from two sources: BC Hydro and the British Columbia Utilities Commission (BCUC). Data on Mexico’s generating assets and electricity demand were found in North American Electric Reliability Corporation (NERC) documents. Information on power flows within WECC came from data from the Federal Energy Regulatory Commission (FERC). In all cases, the most recent data available for analysis is from 2011.
[bookmark: _Toc342469475]Recent WECC History
In this section we provide what might be the first inclusive compilation and analysis of WECC demand, capacity, generation and transmission focusing our analysis on the previous ten years of reliable data. For our purposes and throughout the remainder of the paper, we use the following categories to define generating capacity and production: coal etc., natural gas, nuclear and renewables. The generating types included in these broad categories are provided in Table 1. 


Table 1: Categories of Generation by Energy Source
	Category Name
	Generation Types included:

	Coal Etc.
	Anthracite, bituminous and sub-bituminous coal
Lignite coal
Waste/Other coal 
Distillate fuel oil
Jet fuel
Petroleum coke
Residual fuel oil
Waste/Other oil
Tire-derived fuels

	Natural Gas
	

	Nuclear
	

	Renewable
	Conventional hydroelectric turbine 
Wood/Wood waste solids
Landfill gas
Other biomass gases 
Solar
Wind
Run-of-River hydroelectric
Hydroelectric pumped Storage
Municipal solid waste


[bookmark: _Toc342469476]
WECC Recent History: Evolution of Demand (TWh) and Peak Load (GW)
Due to its size, the timing of peak electricity demand within WECC differs by region and in several instances depends on the specific state. The entirety of WECC-CA is winter peaking, as are the states of Washington, Oregon, portions of Idaho and Montana. Colorado, eastern Wyoming, western Nebraska and South Dakota can either be summer or winter peaking; the remainder of WECC experiences its peak demand in the summer months. The relative weight of California and the Desert Southwest region’s cooling demand causes WECC to exhibit peak demand in the summer. Since 2002, the average annual growth rate of the winter peak (0.9%) exceeded the summer peak growth (0.7%) although the yearly fluctuations are substantial (NERC, 2011). Annual summer and winter peak demand growth rates are shown in Figure 2. 

FIGURE 2
WECC Recent History: Annual Summer and Winter Peak Growth Rates
In Figure 3, we show yearly energy demand in TWh as well as an estimate of GDP per capita. The North American Electric Reliability Corporation (NERC) uses the term ‘net energy for load’  synonymously with demand and defines it as: net balancing authority area generation, plus energy received from other balancing authority areas, less energy delivered to balancing authority areas through interchange. We determined the GDP per capita by aggregating GDP data by state or province in current U.S. dollars. GDP per capita was calculated as total annual GDP in current U.S. dollars divided by the population. Jurisdictions that are minimally within WECC (e.g. South Dakota and Nebraska) were excluded from this estimate due to the ambiguity of the data sources but this should have little impact on the result. 

FIGURE 3
 WECC Recent History: Net Energy for Load (TWh) and per capita GDP (US$ dollars). 
Since 2002 total WECC demand has grown modestly from 792.1 TWh to 867.0 TWh in 2011, representing an annual average growth rate of 1%. Notably, during the same period, the WECC-CA demand growth (1.6%) exceeded the WECC-US growth rate (0.9%) such that WECC-CA is now at 15.4% of WECC demand. Demand in WECC-CA is expected to grow, perhaps significantly, in the coming decade due to resource extraction, primarily oil-sands and shale gas and associated LNG export. This underscores the need to have a more complete picture of the WECC-
CA component included when discussing issues regarding WECC.
[bookmark: _Toc342469477]WECC Recent History: Evolution of Installed Capacity (GW)
The WECC region hosts a diverse range of generating types including: nuclear, coal, natural gas, conventional hydroelectric with storage and growing amount renewable energy technologies. In the analysis that follows we define renewable resources as described in Table 1 while low carbon resources are those renewable technologies plus nuclear sources. 
We utilized EIA (2011b) data to determine total nameplate capacity for each generating type within WECC–US. Equivalent Canadian data came from BC Hydro (2012) and the AUC (2011), while WECC-MX values were calculated using data found in WECC (2012b). The evolution of installed generation capacity between 2002 and 2011, shown in Figure 4, reveals that natural gas capacity additions dominate (35.9 GW) resulting in an installed base of 100.9 GW by 2011. Coal additions were more modest at 4.9 GW while installed capacity of nuclear remained constant. Renewable facilities grew by 2.3 % per year, culminating in 90 GW of total installed capacity. 

FIGURE 4
WECC Recent History: Installed Capacity (GW) by Type. 
During the compilation of these data series, we found inconsistencies across and within the data provided by EIA, WECC and AESO. For example, WECC (2012a) states total WECC coal capacity at 39.1 GW in 2011. Aggregation of EIA (2011b) survey data shows the WECC-US coal capacity to be 37.3 GW while the AUC reports that Alberta has 5.6 GW of installed coal capacity. Neither Mexico nor British Columbia has coal units. Summing the EIA and AUC values yields 42.9 GW of WECC coal capacity. We also found a discrepancy with respect to reported wind capacity in Alberta; AUC (2011) reports 895.4 MW while WECC (2012a)  maintains that Alberta’s total installed wind capacity is 1,297 MW. However, given that in 2011 the total size of the WECC generating portfolio was 241.3 GW these differences are likely small, however, they do reflect the difficulty in compiling data across the 37 balancing authorities and three countries that comprise WECC.
[bookmark: _Toc342469478]WECC Recent History: Evolution of Production (TWh)
Where installed capacity shows the amount of electricity that could be produced under ideal conditions, generation volumes show the actual amount of electricity created. In Figure 5, we plot net generation by type, defined as gross generation minus parasitic load and measured before transmission to the load, for the period between 2002 and 2011. We estimated the generation volumes in WECC-MX by determining the share of each generating type from capacity figures and applying those same shares to WECC-MEX annual generation values to determine production by type.

FIGURE 5
 WECC Recent History: Production (TWh) by Type. 
With little changes in capacity and given its role as baseload generation, nuclear production remains fairly constant over the past ten years. Coal production does fluctuate across years; however the greatest variation in output is from renewable and natural gas-fired sources. The variability in renewable output is due to variations in hydroelectric generation resulting from changing precipitation levels. Both 2006 and 2011 were high water level years. As hydroelectric production increases, natural gas-fired generation falls. Interestingly, over the past ten years, the share of hydro plus natural gas-fired production as a fraction of the total electricity generated has remained relatively constant, remaining between 50% and 55% but exhibiting no discernable time trend (see Figure 6). Growth in non-hydro renewable production is reducing the share of coal fired generation. 

FIGURE 6 
WECC Recent History: Annual Share of Total Generation by Type
[bookmark: _Toc342469479]WECC Recent History: Evolution of Transmission Infrastructure (circuit-km)
By the end of 2011, WECC’s internal transmission infrastructure included 203,236 circuit kilometres of wire that allows for the flow of electrons through the region. Figure 7 shows the total circuit-km of wires by sub-region. The large increase between 2007 and 2008 is the result of a NERC change in methodology, where < 230kV wire data was incorporated into the total values. At the end of 2011, WECC contained 204,417 circuit-km of AC wires and 2,807 circuit-km of DC lines with 320 circuit-km of AC transmission currently under construction (NERC, 2012). Between 2010 and 2011, 3,988 kilometres of wires were added in WECC with the bulk of these new line additions (~60%) in WECC-CA (NERC, 2011; NERC 2012). Despite this late surge, the annual growth in > 200kV line additions averaged just over 1% per year since 2002. 

FIGURE 7 
WECC Recent History: Total AC and DC Circuit Kilometres. 
 The purpose of these transmission wires is to allow for the flow of electrons. In WECC, electricity tends to move from north to south with the exception is the BC/Pacific Northwest corridor where the direction of the electricity flows tends to be seasonal. The net power flows for WECC in 2011 are shown in Figure 8. 
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FIGURE 8
 WECC Recent History: Net Power Flows between WECC Regions in 2011 (TWh)
In 2011, California imported approximately 30% of its electricity from southwest and Pacific northwest; although between 2002 and 2011, its share of imported electricity ranged from 27-30% (CEC, 2012). Net power flows across all regions vary from year-to-year. The Pacific Northwest experienced a high water year in 2011 and a large amount of that energy was pushed south to California. California’s imported energy is not required domestically as the state has more than sufficient resources to meet its own internal demand. However, net power flows tend to be economically driven so that in years when inexpensive hydroelectric generation is plentiful, imported energy is an attractive means of meeting demand. 
[bookmark: _Toc342469480]The Next Decade: WECC in 2020
We turn now to forecast the evolution of WECC generation, capacity and demand ten years time. To understand both the capacity and generation mix of the region we examined data from WECC (2011d) and capacity additions and retirements from balancing authority interconnection queues that were submitted to WECC for the 2011 Power Supply Assessment report (WECC, 2011a). There several notable trends emerging from the data sources: forecasts for electricity demand that are higher than historical growth rates, a significant increase in intermittent generation and a nearly corresponding increase in natural gas-fired capacity. Carbon mitigation efforts will have a negligible effect on total emissions within WECC as we expect more fossil fuel-fired generation both from natural gas units and coal generators.
[bookmark: _Toc342469481] WECC 2020: Net Internal Demand (TWh) and Peak Load (GW)
In terms of electricity demand, WECC’s annual electricity use is expected to grow modestly, rising by approximately 1.5% per year to reach 981.6 TWh in 2020 (WECC, 2011b). This growth rate exceeds the average annual historical growth rate experienced by WECC over the previous ten year period and there are few economic fundamentals to support this higher estimate of electricity demand growth.
Population, which is one of the drivers of electricity consumption, will grow unevenly across the WECC region. Total population will increase to approximately 94.5 million in 2020, with the largest increases expected in Nevada, Arizona and Alberta. A more populous southwest where cooling demand dominates may be responsible for the strong growth in the summer peak which is growing at the same rate as winter peak resulting in an increase of 31 GW and 27 GW respectively (NERC, 2012). This is the change from previous ten year trend when the winter peak was, on average, growing faster. Due to Alberta’s anticipated population increase combined with the effects of industrial electricity demand for resource extraction, the Canadian share of WECC’s annual demand is expected to grow to 17.5% by 2020. Overall, however, WECC will remain a summer peaking region. 
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According to the data provided by the balancing authorities within WECC, renewable capacity will increase through the addition of wind, solar and geothermal facilities.  Between 15 and 21 GW of natural gas capacity will be installed by 2020. The magnitude of additional capacity expected depends on the data source. The low end of the range tends to be from balancing authorities submissions used in the WECC Power Supply Assessment (WECC, 2011d) while the higher ranges is from the data used in WECC’s 10 year Regional Transmission Plan (WECC, 2011b, 2011e). Coal capacity net of retirements is not expected to change much. Both renewable and natural gas capacity will exhibit significant growth. The expected capacity additions and retirements expected to occur by 2020 are shown in Table 2.
TABLE 2:
WECC 2020: Capacity Additions and Retirements by Source and Type (GW)
	
	WECC 2020 Study Additions
	Balancing Authority Additions
	WECC 2020 Study Retirements
	Balancing Authority Retirements

	Coal
Natural Gas
Renewables
	0.0
15.6
34.0
	0.8
21.3
38.9
	1.1
14.0
0
	0.4
0.6
0


 
The most obvious feature in Table 2 is the estimated 14.0 GW of natural gas capacity retirements expected by 2020. Thermal generating facilities are subject to California’s once-through-cooling (OTC) policy that requires units using coastal and estuarine waters for cooling to upgrade to closed-cycle cooling methods or retire. Of the 49 units affected, only four will retire early; the others which represent 14.9 GW of existing capacity have submitted plans to the California State Water Resources Control Board (SWRCB) proposing timelines for adopting new cooling technology. As of April 2011, 7.5 GW of capacity is expected to be in compliance prior to 2020 (CEC, 2011a). 
If the expected OTC units are compliant then by 2020, approximately 291 GW of generating capacity is expected to be available within the WECC region. This represents an increase of 45 GW of new capacity compared to 2011 values.
[bookmark: _Toc342469483]WECC 2020: Generation Mix (%)
The 2011 and 2020 generation mix in Figure 9 uses data provided by WECC that was created for use in its ten year transmission study (WECC, 2011b). Comparing the 2020 mix to the 2011 fuel mix, we find that hydroelectric generation will decrease both in terms of TWh and in its share in production, despite an increase in hydroelectric capacity and expected average water inflows. Natural gas production increases slightly in TWh of production but decreases in its share of total generation. It may be that the additional natural gas fired capacity will be used to backstop the significant intermittent renewable generation being the marginal supplier in WECC. We observe very little change to either the coal or nuclear shares; however, both these baseload generating technologies are expected to produce more energy in 2020 than in 2011. Renewable generation will increase its share by just less than 3% despite renewable capacity increases of 38%. The near-term future of WECC generation appears to be an increase in renewable generation which partially compensates for the decline in hydroelectric production.  The increase in annual demand will necessitate an increase in baseload coal and nuclear generation. 
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FIGURE 9
WECC 2020: Evolution of Generation Mix (%) by Type.
[bookmark: _Toc342469484]WECC 2020: Transmission Infrastructure (circuit km)
Between 2002 and 2011 WECC experienced economic and population growth, periods of strong electricity prices, legislated RPS goals which contributed to 57 GW of capacity additions, and still few transmission line additions occurred. NERC (2012) states that the integration of renewable generation responsible for approximately one-quarter of all new transmission. Given the amount of new generation facilities expected over the next ten years and that transmission projects can take more than ten years to complete, the lagging transmission infrastructure upgrades may impede the flow of electricity within WECC. Over the next five years (2012-2017), in addition to the 320 km currently under construction, another 10,168 km of new line additions are planned for WECC, and an additional planned 4,440 km in the following five year (2018-2022) period (NERC, 2012). 
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We are interested in examining the emission of greenhouse gases from electricity production across WECC. As such, we aggregate production into two categories: hydrocarbons (coal, natural gas); and low-carbon (hydro, nuclear, wind, solar, biomass, geothermal). Low-carbon generation has been constructed in WECC in the form of hydroelectric dams since the early part of the twentieth century and nuclear generation starting in the 1980s, long before carbon emissions became a major issue. The growth in renewable generation and capacity are predominantly driven by renewable portfolio standards and/or provincial legislation. However, the phenomenon of renewable capacity additions is occurring in Alberta where they are completely driven by the decisions of private investors, no feed-in-tariffs were available nor were renewable targets set. 
In Figure 10, we show snapshots of WECC’s low carbon generation in 2002, 2011 and 2020 where low carbon energy includes nuclear, hydroelectric, geothermal, wind, solar and other renewable technologies and fossil fuel generation is from coal, natural gas or other fossil-fuel fired production (e.g. petroleum coke, waste coal etc.). In 2002, 44 % and in 2011 48% of WECC’s electricity production was from low carbon resources, a figure that surpasses even WECC’s most aggressive renewable portfolio standard, California’s target of 33% by 2020. The discrepancy between WECC’s actual low carbon generation and the achievement of RPS goals appears to be the result of government policy which excludes nuclear, storage hydro and some other technologies despite their low carbon attributes. 
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FIGURE 10
WECC 2020: Low Carbon Generation TWh and percent. 2002 values (left), 2011 values (middle) and 2020 values (right). 
Wind, solar and run-of-river hydroelectric technologies are non-dispatchable as they produce electricity only when their fuel source is available. These technologies are self-scheduled, meaning that the system operator must take the associated output when and if it is produced. Firm, flexible and dispatchable generation must be available to offset the variation associated with intermittency. Within WECC that service tends to be provided by storage hydroelectric or natural gas fired units. 
The availability of generating technologies can be measured by the capacity factor – a ratio of the actual output to its hypothetical maximum output in a given period. Baseload generation such as coal, nuclear and geothermal have high capacity factors, while the intermittent technologies such as wind have significantly lower capacity factors. The capacity factors of four generation sources are shown in Figure 11. Note that the 2020 estimates use capacity additions based on information provided by the balancing authorities (WECC, 2011a) although in the case of natural gas fired units we have assumed that 7 GW of capacity will be unavailable in 2020 due to the OTC regulations. 

FIGURE 11
WECC 2020: Capacity Factors by Generation Type Historical and Forecast
As expected, coal and nuclear generating units have high capacity factors implying their solid utilization rates. The two peaks in the renewables (2006 and 2011) capacity factor are attributed to increased water inflows to hydroelectric units while the overall decline is the result of the increasing share of intermittent wind, solar and run-of-river capacity. The capacity factor of less than 30% for natural gas generation and falling to 20% in 2020 is interesting. Natural gas-fired units can be combined cycle units which are baseloaded or open cycle gas turbines that are effective as peaking units. While we would expect that some part of the natural gas-fired fleet would be used to meet peak demand or backstop intermittent production, and thus have a low utilization rate, we would expect that some of those gas-fired units would be baseloaded with a high capacity factor. The historical rate would imply that an underutilization of those units perhaps because they were uneconomic, although if this were the case, the significant natural gas generating unit additions are more puzzling. It is possible that natural gas units are being added to the system to address transmission bottlenecks. In the case of such congestion, electricity cannot be adequately transmitted to load centres and new resources are added closer to the load to bypass the constraints.
Given the region’s electricity demand growth combined with additional intermittent generation required to meet U.S. renewable portfolio standards and the slated additional natural gas-fired capacity, there is an expectation that WECC will have an excess supply of both capacity and energy. Even if California retires all the gas-fired units subject to its once-through-cooling legislation the capacity factor of natural gas fired units will only be 22% in 2020. With excess capacity particularly with respect to natural gas-fired generation, combined with lower demand for electricity, is likely to yield continued low prices in the power markets.
[bookmark: _Toc342469486]WECC 2020: Carbon emissions
One of the goals of renewable portfolio standards and British Columbia’s 93% clean and renewable energy legislation is to reduce carbon emissions through the adoption of particular resources. We estimate carbon emissions using emissions factors from EIA (2007) and applying the appropriate rate to the production volumes associated with each technology type (Table 3). The megatons of emissions for each fossil fuel category are shown in Figure 12.
TABLE 3: 
CO2 Emissions Factors
	Generating Type
	CO2 in metric tons per MWh

	Coal
	0.894

	Natural Gas
	0.526

	Other Fossil
	1.542

	
	



FIGURE 12
WECC 2020: Carbon Emissions by Type and Carbon Intensity (tCO2/MWh)
In the previous ten year period carbon emission values clearly vary with no definitive time trend despite the strong growth in renewable capacity additions. Total emissions are lowest during years with strong hydroelectric production (i.e., 2006 and 2011). This reflects the important role of the region’s conventional hydroelectric generation in achieving emissions reductions. 
We also apply the emissions factors to the forecasted generation mix in 2020 which is designated as 2020F. The 2020 PJTD value shows the ‘business-as-usual’ case – using the emissions factors on the 2011 generation mix in percentage terms adjusted to reflect total generation requirements in 2020, although this may underestimate carbon reductions as 2011 showed greater than average hydroelectric production which will be reflected in the 2020 PJTD figures. The difference between the forecast and projected values represents the carbon emissions abated when 34 GW of low carbon resources are added to the system; a 16 megaton reduction.  
[bookmark: _Toc342469487]Conclusions
In this paper, we provide a comprehensive overview of the Western Electricity Coordinating Council examining the historical trends in generation, capacity and demand. We provide a glimpse of WECC’s total integrated electric system in 2020. Electricity demand between 2002 and 2011 was only 0.9% per year on average despite periods of economic expansion and the global recession. The Canadian and Mexican share of WECC demand continued to grow throughout the period, reflecting the increasing importance of including these two jurisdictions in any WECC analysis. 
Coal and nuclear units provide baseload generation; output from these two technologies remained relatively constant over the ten year history we have compiled. Storage hydro and natural gas generators consistently produced at least 50% of the area’s supply during that same period. Despite the legislated push for renewable energy generation, as early as 2002, WECC’s generating mix was over 44% from low carbon resources and over the ten years, with 16.7 GW of renewable capacity added, the low carbon share grew to account for 48% of total generation in 2011. 
RPS policies will continue to drive significant additional renewable generation into the region while nearly 25% of the capacity additions will be natural gas-fired, presuming some OTC retirements. This growth in natural gas generation yields two outcomes. First, if demand growth is less than anticipated and all new anticipated resources are added, then we expect the continued existence of excess supply, and electricity prices in WECC are likely to remain low. Second, as renewable capacity additions from intermittent technologies must be firmed up with fossil fuel generation, carbon intensity is only modestly reduced.  
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Summer Peak Growth  Rate	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	0.0279630881358921	0.00847663564761211	0.0570304748405387	0.0803502584698317	-0.0183267031173393	-0.0248011733616559	-0.0493042182563166	0.00738396149878572	-0.0144885764816255	Winter Peak Growth Rate	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	0.0681355401242625	-0.00154788672727865	0.0520243476558038	0.0274791753920611	0.0182824188349676	0.00607120883031009	-0.0353180415962376	-0.0624844776022048	0.0204295601651106	
WECC-US	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	666696.0	664754.0	682053.0	685624.0	720087.0	739018.0	745691.0	718694.0	713177.0	721768.5329296971	WECC-CAN	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	116553.0	121039.0	124165.0	126736.0	130670.0	131859.0	132659.0	129356.0	130181.0	133801.5	WECC-MX	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	8888.0	9368.0	9861.0	10062.0	11600.0	10909.0	11320.0	10743.0	10574.0	11426.5	GDP Per Capita	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	36053.95111087843	37895.55853108714	40602.61852753797	43732.38917959562	46615.92072343436	48670.79095863977	49492.6460164267	46480.28933903009	47885.3244199895	TWh
GDP Per Capita

COAL ETC.	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	40.77464000000001	41.06654000000001	40.94274	41.37784	41.99034000000001	43.89504	44.18464	44.02464000000001	44.68994	44.64544000000001	NATURAL GAS	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	65.00617	79.70367	85.49707000000002	90.87476999999998	94.88617	96.90217000000001	100.92887	98.25995000000003	99.18735000000001	100.90595	NUCLEAR	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	9.963700000000004	9.963700000000004	9.9863	9.9863	9.9863	9.9863	9.9863	9.9863	9.9863	9.9863	RENEWABLES	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	73.23201	74.18130999999998	74.72851	75.66001	77.24241	79.76881	81.01821	83.98201	86.98351	89.93731	GW

COAL ETC.	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	259.3017360778452	267.8194386938888	273.0387201293015	275.5421457794328	260.4163296357333	276.8240987332087	277.1966743468327	261.2502368419132	268.2110419953999	252.8781113592002	NATURAL GAS	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	166.6563292385877	176.5525862181485	206.9148552949038	207.1048960549932	228.49784323615	259.4600741692739	269.9620084830988	262.3868272603547	245.5559996220002	200.070813417	RENEWABLES	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	253.477299485567	253.3855588419627	250.0240851993644	256.9724116326939	294.0738856200768	264.7067184045166	275.6580497290685	269.1339091367321	269.5746341326	329.9254057387996	NUCLEAR	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	74.262726	71.78955	67.36207899999985	70.20461700000002	65.299129	70.68344099999995	71.00248599999995	69.05966900000008	72.641825	72.747388	TWh


COAL ETC.	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	0.344039263522514	0.348022137887011	0.342437115022268	0.340249389747696	0.306990761472749	0.317577435142042	0.310126106701671	0.303134077668898	0.313336696046591	0.29554896268656	NATURAL GAS	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	0.221118152311161	0.229424005982442	0.259506512735199	0.255740602938033	0.269363779867671	0.297657123254483	0.302032002532153	0.304452887145768	0.286870014908988	0.233830919771694	RENEWABLES	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	0.336311452263127	0.32926580806805	0.313572838245091	0.317318811583939	0.346667838388003	0.303676165046568	0.308404701986023	0.312281666427563	0.314929708220313	0.385597278095525	NUCLEAR	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	0.0985311319031975	0.0932880480624971	0.0844835339974427	0.086691195730333	0.0769776202715768	0.0810892765569075	0.0794371887801529	0.0801313687577712	0.0848635808241073	0.0850228394462204	Per cent

WECC-US	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	92823.51251999986	93985.456	93713.47753999993	94209.15426	94437.68054	95049.22974	157763.6002	158099.95226	166359.08514	167949.11306	WECC-CA	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	17302.01434	17652.85045999998	18010.12393999995	17733.31745999997	17200.62591999997	17219.938	34100.30526	33992.47948	34583.10726	36927.91564000001	WECC-MX	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	906.05842	906.05842	1026.75892	1026.75892	1084.69516	1084.69516	2113.06342	2256.294679999995	2293.3095	2346.417720000002	Thousands of Circuit Kilometres

COAL ETC.	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	2020.0	0.759902239491518	0.778900038817933	0.789760003530361	0.785914391797905	0.730846665453269	0.743904887383887	0.74064367498163	0.690647712875914	0.699331952192132	0.656212418489549	0.799298973613557	NATURAL GAS	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	2020.0	0.287084477398375	0.246579096400786	0.270000950363753	0.253887134217893	0.268435213622676	0.298592742372948	0.299334849543151	0.297527162507019	0.276080576808321	0.220063723332352	0.189730466676483	RENEWABLES	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	2020.0	0.394645849156963	0.392862520654271	0.385083229865016	0.391002920060432	0.43706204399877	0.382416791930661	0.392820856427732	0.37151128075656	0.361754082598099	0.426550292297132	0.356929188784743	NUCLEAR	2002.0	2003.0	2004.0	2005.0	2006.0	2007.0	2008.0	2009.0	2010.0	2011.0	2020.0	0.850836550376497	0.822501089915297	0.770028443533852	0.802522023665573	0.746446478707793	0.807995549793628	0.811642612479554	0.789433910301862	0.830382201241271	0.831588911511968	0.873342598080832	
COAL ETC. Emissions	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2020F	2020 PJTD	239.4791718246258	248.2909603678545	254.670107071406	257.677773153139	245.4368497910777	259.18373724217	259.1661941641919	246.0540973181711	252.4569390994426	238.6990869424262	259.94154025301	273.7864959726465	NG Emissions	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2020F	2020 PJTD	81.64853286038117	85.7461576817873	100.810409613814	100.7939381145354	111.3539222314037	127.1480506817135	132.75001946625	127.9339049802543	119.1993304520966	95.00704977402128	104.9703462654	108.9725460768191	tCO2/MWh	0.42827092754391	0.43548914717991	0.445820063981709	0.442350398962992	0.420367398657099	0.444222577834433	0.438658449722267	0.433889610336979	0.432945976285946	0.388272511715832	0.370168276038152	0.388272511715832	Megatons of CO2
tCO2/MWh
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