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I. Executive Summary
The Western Energy Crisis of 2001 raised a number of concerns regarding the impact of changes in the electricity industry on resource and transmission adequacy.  The Western Governors’ Association’s (WGA) August 2001 report entitled, Conceptual Plans for Electricity Transmission in the West, recognized that the changing electrical industry regulatory structure has “uncoupled the historical linkages between new generation development and transmission construction” with no new industry structure to enable the construction of necessary transmission yet in place.

It is assumed that the three proposed western regional transmission organizations (RTOs) will eventually provide mechanisms to promote the construction of needed transmission infrastructure within their service areas.  The SSG-WI Planning Work Group (PWG) was established to provide a forum to further the development of a robust West-wide interstate transmission system, an important pre-requisite for a seamless electricity market.  Sub-regional transmission planning processes have also been established to facilitate transmission planning and expansion for specific geographic areas within the Western Interconnection (WI).

This report presents results from studies modeling transmission system congestion in the WI in 2008 and 2013 under different illustrative load and generation scenarios and assuming the dispatch of generation with the lowest operating costs first.  The studies do not address transmission needed to maintain system reliability, to mitigate local market power problems, nor to optimize transmission/generation expansion.  
These studies were performed to identify West-wide transmission needs for a range of possible futures and possible options to meet these needs.  

The establishment of the SSG-WI PWG, the development of these studies and the initiation of Sub-regional Planning Groups represent implementation of several important next steps identified in the WGA report along the continuum toward construction of critical transmission infrastructure.  (See Figure E-3)

Study Objectives

The studies were performed to meet the following three objectives:

1. To identify opportunities where the development of additional power transmission facilities could further facilitate competitive and efficient markets.

2. To provide policy-makers with information concerning transmission impacts of various energy policies being considered by State, Provincial and Federal entities.

3. To identify for generation developers major transmission additions that could be necessary to deliver a wide range of generation resources to load.  

The 2008 study is considered the base case and only includes generation and transmission infrastructure reasonably certain to be in place by 2008.  The 2008 study includes analyses under an average load forecast; low, average and high hydro conditions and a number of price ranges for natural gas.  The 2008 study provides a benchmark for a 2013 load forecast by identifying congestion problems likely to occur if new resources and transmission are not developed. 

The 2013 study evaluates the following three generation scenarios that are assumed to represent the bookends of possible generation infrastructure development in the 2013 timeframe.    

· A gas-fired scenario that assumes 86 percent of new generation is fueled with natural gas and located near load centers;    

· A coal scenario that assumes 66 percent of the new generation added between 2008 and 2013 is coal-fired; and 

· A renewable energy scenario that assumes that 72 percent of new generation added between 2008 and 2013 is from renewable resources.  The renewable energy scenario contains enough renewable energy generation to satisfy the Renewable Portfolio Standards that four states within the Western Interconnection have enacted.

As with the 2008 study, the 2013 study includes analyses under an average load forecast; low, average and high hydro conditions and a number of price ranges for natural gas.

Findings
A comparison of the average hydro and medium gas price condition in the 2008 study with a similar study of an unconstrained transmission system (see Figure V-I in the report) indicates that there is significant stranding of low-cost generation in Canada and in the Desert Southwest.  Approximately 1300 miles of new 345 and 500 kV line would be required to completely alleviate this identified congestion, which could result in an annual savings in the production cost of generation, or Variable Operating and Maintenance (VOM) costs, totaling at least $110 million.  One of the Sub-regional Planning Groups, the Southwest Transmission Expansion, or STEP Group, is already undertaking a more detailed investigation of upgrading existing lines and adding approximately 225 miles of new transmission line in the California-Arizona corridor.  STEP estimates the benefit of this proposed project to be on the order of $60 million per year.  

The study did not explicitly model the impact of measures to reduce demand.  However, the study results do provide insights into the effect of load reduction on the need for transmission.  In addition, the study shows that the need for new transmission is more sensitive to the price of natural gas than to hydro conditions, primarily because new generation added in the WI between 1998 and 2008 is predominantly natural gas-fired with over 25% of generation resources in 2008 fueled by natural gas. 

Figure E-1 shows the results of the 2013 scenarios in terms of the costs, benefits, and simple payback periods associated with constructing new transmission and generation infrastructure compared to the benchmark case of no new infrastructure.   As shown, a cursory evaluation of the capital costs of transmission and generation infrastructure was performed.  The benefits in terms of production cost savings (VOM cost savings) are derived from the model results.  Such costs as the cost of additional gas pipeline infrastructure or the costs associated with potential carbon emission regulation have not been evaluated.  Benefits stemming from reliability improvements, improved market competition and increased ancillary services have also not been quantified.    Although the study results should not be construed to mean that a particular scenario is cost-effective to construct because there is a need for more detailed analyses, the results do show simple payback periods of 6 to 13 years for the range of scenarios and sensitivities studies.   Expected generation/transmission scenarios for the various WI sub-regions merit further evaluation, including the consideration of non-transmission alternatives such as demand reduction measures.  

The new transmission infrastructure assumed to be in place by 2013 under each of the scenarios to facilitate the efficient use of generation to meet load is graphically shown in Figure E-2.  The underlying system represents that which would be operational by 2008.

Figure E-1: SSG-WI Study Results for 2013 Scenarios

	
	GAS
	COAL
	RENEWABLE

	
	
	
	

	New Transmission (Miles)
	1325
	7600
	3360

	New Transmission Costs ($B)
	2.64
	16.74
	6.71

	
	
	
	

	New Generation (Installed GW)
	57
	57
	67

	New Generation Costs ($B)
	17.44
	30.51
	36.76

	
	
	
	

	Production Cost Savings for Sensitivity Cases ($B/yr) 1/

	· Average Water; High Gas
	2.40
	7.13
	5.60

	· Average Water; Medium Gas
	1.77
	4.83
	3.94

	· Low Water; High Gas
	2.83
	7.65
	6.10

	· High Water; Medium Gas
	1.53
	4.50
	3.65
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1/ Production Cost Savings are evaluated compared with a base case of 2008 resources & transmission.

2/ Simple Payback is defined as sum of all capital costs divided by total annualized benefits.

3/ Other factors to consider before investment decisions are made include: fuel availability/resource diversity, construction lead time, transmission losses, environmental impacts/benefits, benefits to transmission/generation reliability, impacts on market competitions, ancillary services impacts/benefits, etc.

Accomplishments in Meeting Study Objectives 

This report is an important step in meeting SSG-WI’s transmission planning objectives and makes a valuable contribution to reestablishing the linkage between generation development and transmission construction.

STUDY OBJECTIVE 1:   IDENTIFY TRANSMISSION INFRASTRUCTURE TO FACILITATE MARKETS:

In furtherance of SSG-WI’s first objective, the studies identify:

· Areas in the Western Interconnection that are or may be congested in the near future (2008); and

· Transmission facilities necessary to minimize production costs for three bookend generation scenarios;
Given the load and resource assumptions, these expansions of the transmission system are cost-effective.  Further analysis is required before specific projects can be selected for construction.  
Solutions are being investigated in sub-regional planning forums.   Sub-regional transmission assessments can define specific projects, identify the beneficiaries of such projects, and create the coalition of interests necessary for transmission infrastructure implementation.  An iterative transmission planning process has been defined.  The iterative process includes annual studies by the SSG-WI planning function and detailed investigations by the Sub-regional Planning Groups and the RTOs (once they are formed).  All of these activities will be coordinated with state entities and local utilities performing integrated resource planning. (See Figure E-3, for a graphical depiction of this process.)

The SSG-WI planning effort is currently based on the voluntary support of interested stakeholders.  Given the diverse makeup of the Western Interconnection, a large number of individual transmission owners and other interested parties are involved in this effort.  This approach to planning transmission can be successful; however, implementing the projects that are planned can be difficult because of the many interests involved.  The development of RTO’s is expected to significantly mitigate this barrier, as the RTO’s will have processes that not only facilitate planning, but also fund and construct new transmission.

STUDY OBJECTIVE 2:    IMPACT OF ENERGY POLICY ON TRANSMISSION: 

In furtherance of SSG-WI’s second objective, the PWG:

· Finds that planning and implementation of transmission and generation infrastructure are difficult to coordinate because transmission infrastructure generally takes significantly longer to develop than generation infrastructure.

· Identifies transmission expansion that would relieve congestion for the coal, gas and renewable generation scenarios evaluated. (See Figure E-2)

· Finds that the transmission needed with the Renewable Scenario will support the amount of renewable energy generation necessary to satisfy the Renewable Portfolio Standards (RPS) that four states within the Western Interconnection have enacted. 
  Since the renewable generation levels in the Renewable Scenario exceed the RPS requirements, additional studies may be required to identify the minimum transmission required by the state RPS levels.

· Identifies transmission expansion that might lower electricity costs to consumers based on the preliminary economic analyses performed.

Energy policy-makers are currently faced with a number of issues and uncertainties that are tied directly or indirectly to transmission infrastructure development.  National energy legislation may be forthcoming soon that addresses such issues as mandatory reliability standards, regional transmission organizations and electricity market designs.  

In addition to transmission infrastructure adequacy, energy policy-makers are concerned with resource adequacy and diversity.  A number of states within the Western Interconnection have enacted energy legislation that includes RPS, energy efficiency, environmental and other requirements.  Following the Western Energy crisis of 2001, a number of states and regions are exploring whether to implement resource adequacy requirements. In addition, state regulators and load serving entities (LSEs) have renewed their efforts to perform integrated resource planning evaluations.  

The scenario analyses performed by SSG-WI can help inform state policy-makers and regulators of the cost of transmission associated with alternative generation sources.  This is valuable input into integrated resource planning activities, resource adequacy assessments and other evaluations being performed to address the issues identified above.  These analyses are particularly valuable in providing insights into transmission additions that can support resource diversity and thus improve reliability.  Conversely, the transmission infrastructure development process, graphically depicted in Figure E-3, depends on input from states, LSEs and developers.  Transmission planning must be integrated with utility and independent developer plans in sub-regional studies in order to arrive at solutions for transmission and generation infrastructure that fully support the goals of energy policy-makers.  Finally, detailed analyses of the impact of transmission additions on system reliability need to be conducted.  

OBJECTIVE 3:   IDENTIFY TRANSMISSION NEEDED TO DELIVER RESOURCES TO MARKET:

In furtherance of SSG-WI’s third objective, the PWG finds: 

· Gas-fired resources require significantly less new transmission since these resources are generally located near load centers.
· Significant transmission additions are required to transmit remote coal and renewable resources identified in the study to load centers.  The results of this initial screening are promising in terms of identifying potentially cost-effective additions for the assumed resources scenarios.
· The transmission facilities identified for all of the scenarios may also provide reliability benefits for the WI power system.

· Certain transmission facilities were found to be needed in all three resource scenarios.  Since the need for these facilities is less sensitive to resource assumptions, the sub-regional planning groups may want to focus first on these facilities as possible economic additions to the system.

As part of this initial study effort, a WI production-costing database has been developed.  SSG-WI intends that this database be made available for use by the Sub-regional Planning Groups and others interested in joint database development.  A beneficial and effective relationship has been established between the SSG-WI PWG and the western Sub-regional Planning Groups.  These consensus-based efforts should be supported and encouraged to continue.  These efforts will be expanded to include RTOs, once these are formed.

Next Steps

The following steps are proposed to advance transmission development in the Western Interconnection:  

· Federal, State and local policy-makers need to address and resolve institutional and financial barriers
 to the construction of needed transmission infrastructure.   These issues include transmission line siting, cost allocation and cost recovery.  These issues need to be resolved to encourage investment in transmission infrastructure and demand efficiency measures at loads.

· The Sub-regional Planning Groups should perform more in-depth transmission expansion planning studies for those facilities within their sub-regions identified in this SSG-WI study, based upon expected generation additions and load forecasts (e.g. coordinated with utility integrated resource plans that are approved by state public utility commissions);

· SSG-WI should perform annual reviews of the utilization of the existing transmission system, potential future needs, and expansion issues, including those issues associated with differences in transmission and generation construction lead times.  SSG-WI should coordinate its future study program with the Sub-regional Planning Groups.  SSG-WI should initiate long-term planning efforts and identify appropriate cost and benefit indicators for future analysis, including fuel price volatility, fuel availability, environmental impact, ancillary service impacts, construction lead times, losses, reliability improvement and impacts on market competition.
· Development and funding of model and economic methodology improvements and forums to improve transmission planning methodologies need to be investigated and pursued.  For example, study methodologies (particularly benefit calculations) need to be fine-tuned and improvements are needed to more accurately model hydro and wind resources as well as market behavior.  A process for continuing the development of a common, public and consistent database needs to be finalized.

· Federal, state and local policy-makers will need to decide whether to finance and permit transmission expansions to facilitate generation resource diversity, including meeting renewable energy goals in RPS’s.

· As Sub-regional Planning Groups perform detailed studies to identify beneficiaries and as incentive pricing and cost recovery issues are addressed and resolved, coalitions of interested parties will need to come together to plan, finance and construct critical transmission infrastructure.  The development of RTOs will likely be critical to making mechanisms available to fund and construct new transmission infrastructure.
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27
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50 
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51
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53
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54

Coronado West

55
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56-57

Blank
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Figure E-3: Transmission Infrastructure Development Process
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Figure E-2  Western Interconnection Transmission Additions
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� Seams Steering Group of the Western Interconnection (SSG-WI) is a voluntary alliance of representatives of the three RTOs and other stakeholders from the Western Interconnection (WI), whose purpose is to facilitate a seamless Western Market. 


� It is unclear whether the RPS requirements in the various states apply only to new, or also include existing renewable resources.  The SSG-WI studies assumed that only new renewable resources count toward satisfying RPS requirements.  


� Barriers exist that impede not only the construction of transmission lines, but also that impede demand-side technologies, including strategically sited generation, to delay or obviate the need for new transmission lines.
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ChartFigureE!

		8.3752472498		6.6277670678		7.757363264

		11.3508575714		9.7876692895		11.0196590021

		7.1063358754		6.1788687515		7.1218527083

		13.1226673839		10.5025528015		11.9002381188



GAS

COAL

RENEWABLE

Sensitivity Cases 3/

Years

Simple Payback Periods for 2013 Scenarios 2/



Potential cash flows $2003

		

				Gas		Coal		Renewables

		Load Savings - LMP Value (K$)

		AW_HG		$9,836,290		$12,172,748		$11,350,104

		AW_MG		$7,609,243		$9,044,165		$8,627,772

		LW_HG		$10,682,561		$11,757,399		$11,644,554								Scenarios		GAS		COAL		RENEWABLE

		HW_MG		$7,062,133		$9,223,005		$8,294,595								Incremental Transmission Miles		1325		7600		3360

																Transmission Costs (B$)		($2.64)		($16.74)		($6.71)

																Incremental Capacity (GW)		57		57		67

		VOM Savings (K$)														Generation Costs (B$)		($17.44)		($30.51)		($36.76)

		AW_HG		$2,398,114,277		$7,129,701,379		$5,604,017,566

		AW_MG		$1,769,452,209		$4,827,911,385		$3,944,985,956								Total Capital Costs (B$)		($20.08)		($47.25)		($43.47)

		LW_HG		$2,826,322,925		$7,647,678,224		$6,104,085,802

		HW_MG		$1,530,542,489		$4,499,287,068		$3,653,069,759				Rate				VOM Savings (B$)

		Capital Costs (8%, 30yrs)		$1,784,081,234		$4,197,451,537		$3,861,541,715				8%				AW_HG		$2.40		$7.13		$5.60

		Transmission		$234,504,424		$1,487,326,545		$595,854,423								AW_MG		$1.77		$4.83		$3.94

		Generation		$1,549,576,810		$2,710,124,993		$3,265,687,292								LW_HG		$2.83		$7.65		$6.10

																HW_MG		$1.53		$4.50		$3.65

		Capital Costs (15%, 30yrs)		$3,058,919,021		$7,196,793,565		$6,620,855,136				15%

		Transmission		$402,072,523		$2,550,114,519		$1,021,629,729								Simple Payback (VOM Savings )

		Generation		$2,656,846,497		$4,646,679,047		$5,599,225,406								AW_HG		8.38		6.63		7.76

																AW_MG		11.35		9.79		11.02

																LW_HG		7.11		6.18		7.12

																HW_MG		13.12		10.50		11.90

		Net Benefit - LMP & VOM Values (K$)

		AW_HG		$2,728,446		$5,399,556		$5,524,142

		AW_MG		$2,067,967		$3,901,208		$4,005,113

		LW_HG		$3,169,672		$5,801,633		$6,192,500

		HW_MG		$1,869,947		$3,634,744		$3,684,292

		Generation		?		?		?

		Capital Costs		($20,084,800,000)		($47,254,000,000)		($43,472,400,000)

		Transmission		($2,640,000,000)		($16,744,000,000)		($6,708,000,000)

		Generation		($17,444,800,000)		($30,510,000,000)		($36,764,400,000)

		Payback (yrs) (Which should be the cash flow used?)

		Load Savings

		AW_HG		2.04		3.88		3.83

		AW_MG		2.64		5.22		5.04

		LW_HG		1.88		4.02		3.73

		HW_MG		2.84		5.12		5.24

		VOM Savings

		AW_HG		8.38		6.63		7.76

		AW_MG		11.35		9.79		11.02

		LW_HG		7.11		6.18		7.12

		HW_MG		13.12		10.50		11.90

		Net Benefit

		AW_HG		7.36		8.75		7.87

		AW_MG		9.71		12.11		10.85

		LW_HG		6.34		8.14		7.02

		HW_MG		10.74		13.00		11.80
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1


Alberta-BC


2


Alberta – Saskatchewan


3


Northwest – Canada


4


West of Cascades – North


5 


West of Cascades – South


6


West of Hatwai


7


Blank


8


Montana to Northwest


9 


West of Broadview


10


West of Colstrip


11


West of Crossover


12-13


Blank


14


Idaho to Northwest


15


Midway – Los Banos


16


Idaho – Sierra


17


Borah West


18 


Idaho – Montana


19


Bridger West


20


Path C


21


Arizona to Calif 


23


Four Corners 345/500


24 


PG&E – SPP


25 


PacifiCorp/PG&E 115 Intercon.


26 


Northern – Southern Calif


27


Intermountain Power Project


28


Intermountain – Mona 345 kv


29


Intermountain – Gonder 230 kv


30 


TOT 1A


31


TOT 2A


32


Pavant/Intermtn Gond


er


33


Bonanza West


34


see paths 78 & 79


35


TOT 2C


36


TOT3


37 


TOT 4A


38


TOT 4B


39


TOT 5


40


TOT 7


41


Sylmar to SCE


42


IID – SCE


43 


North of San Onofre


44 


South of San Onofre


45 


SDG&E Comision Fed. de Elect.


46


West of Colorado River (WOR)


47


Southern New Mexico (NM1)


48


Northern New Mexico (NM2)


49


East of the Colrado River


50 


Cholla – Pinnacle Peak


51


Southern Navajo


52


Silver Peak – Control 55 kv


53


Billings – Yellowtail


54


Coronado West


55


Brownlee East


56-57


Blank


58


Eldorado – Mead 230 kv Lines


59


WALC Blythe – SCE Blythe 









