Chapter 3 Analysis of Transmission Expansion Recommendations
In addition to supporting the low-hanging fruit investments identified in Chapter 2, the RMATS Steering Committee recommends that:

· Three significant transmission expansion projects within the RMATS region be subject to further development – Montana system upgrades, Bridger expansion project; and Wyoming to Colorado expansion project (Recommendation 1); and 

· Transmission extending outside the RMATS region be considered to enable significant exports from the region (Recommendation 2).
The RMATS Steering Committee finds that under likely conditions of continuing load growth and a continuation of high natural gas prices, these projects provide significant benefits to the Rocky Mountain region and to the Western Interconnection as a whole.

A. Description of the Recommended Projects


Recommendation 1:  Projects within the RMATS Footprint.  Figure 3-1 shows the three of the recommended projects that fall entirely within the RMATS footprint:

· Montana Upgrades (tan oval on the map);
· Bridger expansion (green oval); and

· Wyoming to Colorado expansion (yellow oval).
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TWh LMP ($)

Load Cost 

($MM) TWh LMP ($)

Revenue 

($MM) VOM ($MM)

Generator 

Gross Margin 

($MM)

Rocky Mountain States

0 (4.64) (750) 27 (5.55) 51 (124) 176

NWPP- US

0 (2.68) (517) (6) (2.64) (808) (257) (550)

NWPP- Canada

0 (1.45) (207) (2) (1.43) (292) (88) (204)

Mexico- CFE

0 (1.00) (20) (0) (0.96) (36) (13) (23)

California

0 (1.92) (646) (9) (2.44) (973) (652) (321)

AZ, NM & S. NV

0 (1.76) (286) (10) (1.66) (849) (454) (395)

Total

0 (2.39) (2,427) 0 (2.86) (2,906) (1,588) (1,318)

Generator Load

TWh LMP ($)

Load Cost 

($MM) TWh LMP ($)

Revenue 

($MM) VOM ($MM)

Generator 

Gross Margin 

($MM)

Rocky Mountain States

0 (5.43) (878) 29 (6.83) (95) (959) 864

NWPP- US

0 (3.01) (581) (7) (3.00) (943) (310) (633)

NWPP- Canada

0 (1.57) (224) (2) (1.52) (319) (100) (219)

Mexico- CFE

0 (0.92) (18) (0) (0.88) (35) (13) (22)

California

0 (2.03) (683) (8) (2.54) (981) (694) (287)

AZ, NM & S. NV

0 (1.70) (277) (11) (1.59) (869) (484) (386)

Total

0 (2.62) (2,660) (0) (3.19) (3,242) (2,560) (682)

Load Generator


The analysis of these projects assumes that new nameplate wind capacity and coal-fired generation resources will be added between 2008 and 2013 as shown in Figure 3-2.  This is the same generation assumed to be developed in Alternative 2 in the previous chapter and would meet load growth within the RMATS.
Figure 3-2

Assumed Generation Additions in Recommendation 1
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Capital investment for these three transmission expansion projects is estimated to be $970 million.  

 Montana System Upgrade Project








This project upgrades the existing Montana 500 kV transmission system that would allow exports of power from the RMATS region.  This project includes no new transmission lines. With increases in series compensation in the 500 kV lines from Colstrip to Taft, the addition of a 500/230 kV autotransformer at Colstrip, and the addition of two new substations on the 500 kV transmission system near Ringling and Missoula, Montana, transfer capacity can be increased by an estimated 500 MW for an investment of $72 million.  

Resource additions are assumed to include 330 MW of nameplate wind and 609 MW of coal fired generation in Montana.  Several transmission options were considered to expand capacity to move the additional generation, including transmission from Ringling to Borah, Idaho, transmission from Colstrip to Northern Wyoming, and the upgrades to the existing Montana 500 kV system.  The Ringling-Borah transmission option relieved the congestion but provided more capacity than would be needed for the assumed generation additions.  A transmission line option into Northern Wyoming did not relieve the congestion across congested cut planes in Montana.  This option resulted in Montana generation still being reduced to accommodate flows from the Wyoming area through Montana.

The Montana System Upgrades proposal has limited siting requirements.  All the impacts are local in nature and a new transmission corridor is not required.  The additions at the Colstrip and Broadview busses constitute upgrades to existing substation sites and will have minimal environmental impacts.  The new substation sites will have minimal siting requirements.  Acquisition of sufficient land for the substations may be the most serious problem.  At Missoula, NorthWestern Energy already has sufficient land for this substation.  Local opposition may be minimal if future ties to the lower voltage systems at these two locations reduce the requirements for new transmission in these areas as loads grow.


Figure 3-3 shows the transfer capacity with the recommended transmission additions.

Figure 3-3

Capacity Additions with Montana System Upgrade Project

	Interface
	Transmission Addition
	Before

(Reverse) – Forward
	After  

(Reverse) – Forward
	Incremental

(Reverse) – Forward

	West of Colstrip
	Added  Series Capacitor
	N/A - 2,598
	N/A – 3,098
	+500

	West of Broadview
	Added  Series Capacitor
	N/A – 2,572
	N/A – 3,072
	+500

	Montana to Northwest
	Added  Series Capacitor
	(1,350) - 2,200
	(1,350) - 2,700
	+500


Capital investment for the Montana System Upgrade project is estimated to be $72 million.  

Bridger Expansion Project








Expansion of the Bridger 345 kV transmission system involves the addition of 345 kV transmission facilities from Miners to Bridger in Wyoming and from Bridger to Ben Lomond in Utah and from Bridger to Midpoint, Idaho.  These additions would increase transfer capacity by an estimated 1350 MW.  Resource additions are assumed to include 1375 MW of wind and 575 MW of (Bridger) coal-fired generation in southwest Wyoming and southern Idaho.  

A new transmission corridor may be required between Naughton and northern Utah, and a new transmission corridor would be required between Bridger and Midpoint (potentially traversing an environmentally sensitive area north of Bear Lake in southern Idaho).  New substation sites would have minimal siting requirements.  Siting issues may be minimized through use of existing lower voltage transmission corridors.


Figure 3-4 shows the transfer capacity with the recommended transmission additions.

Figure 3-4

Capacity Additions with Bridger Expansion Project

	Interface
	Addition
	Before

(Reverse) – Forward
	After

(Reverse) – Forward
	Incremental

(Reverse) – Forward

	Bridger West- w/ series comp
	Bridger to Treasureton 345kV

Bridger to Naughton 345kV
	N/A – 2,200
	N/A – 3,550
	+1,350

	Borah West - w/ series comp

Path C- w/ series
	Treasureton  to Midpoint 345kV

Loop in Ben Lomond to Borah at Treasureton
	N/A – 2,307

(750) – 750

With seasonal variation
	N/A – 3,057

(1,500) – 1,500
	+750

+750

(Nominal)

	West of Naughton- w/ series comp
	Naughton to Ben Lomond 345kV
	N/A – 920
	N/A – 1,520
	+600

	Bridger East
	Miners to Jim Bridger 345kV
	(600) - 600
	(1,100) – 1,100
	+500


Capital investment for the Bridger Expansion project is estimated to be $580 million.  
Wyoming to Colorado Transmission (TOT 3) Project

This project involves the addition of a 345 kV line from the Powder River Basin in northeastern Wyoming across the constrained path between Wyoming and Colorado known as TOT3 (aka Path 36) to the northeast of Denver.  The increase in capability studied was 750 MW.  The new line is estimated to increase capacity by 500 MW.  The addition of series compensation to this new line and potentially other lines in TOT3 is estimated to increase capacity by an additional 250 MW.  The impact of series compensation has not been the subject of technical studies.  For example, the effect of series compensation on the area’s large steam turbine generators has not been studied from a sub-synchronous resonance standpoint.

Assumed resource additions are 500 MW of wind capacity and 700 MW of coal-fired generation capacity.  The 345 kV line addition would have interim substation interconnections in Wyoming potentially in the Dave Johnston, Laramie River Station and Cheyenne areas.  It would also require an interconnection in northern Colorado, perhaps at the Ault substation, with a final destination near the Green Valley substation northeast of Denver.  Congestion resulting from the generation additions would be reduced from an estimated high of 73 percent with no transmission additions, to below 30 percent with these line additions.  Substantial siting work will be required for these transmission additions. Siting issues may be minimized through use of existing lower voltage transmission corridors.


Figure 3-5 shows the transfer capacity with the recommended transmission additions.
Figure 3-5

Capacity Increases with Wyoming to Colorado Transmission Project

	Interface
	Addition
	Before

(Reverse) – Forward
	After

(Reverse) – Forward
	Incremental

(Reverse) – Forward

	Black Hills to C. Wyoming
	Ant Mine to DJ 345kV
	(332) - 332
	(832) - 832
	+500

	LRS to C Wyoming
	DJ to LRS 345kV
	(640) - 640
	(1,140) – 1,140
	+500

	TOT 3- w/ series comp
	Cheyenne Tap to Ault 345kV
	N/A – 1,424
	N/A – 2,174
	+750

	TOT 7- w/ series comp
	Ault to Green Valley 345kV
	N/A – 890
	N/A – 1,640
	+750

	TOT 4A
	Miners to Cheyenne 

Tap 345kV
	N/A – 810
	N/A – 1,560
	+750


Capital investment for the Wyoming to Colorado (TOT 3) transmission project is an estimated $318 million.  
Recommendation 2: Projects Extending Beyond the RMATS Footprint.   In addition to the projects in Recommendation 1, RMATS also recommends consideration of transmission projects that extend beyond the RMATS footprint and enable significant exports of generation from the sub-region.   This is a longer-term export proposal that (1) includes the resources generation assumed for the projects in Recommendation 1; (2) assumes construction of an additional 3900 MW of new Powder River coal generation and remote wind resources; and (3) builds two export paths to West Coast, Nevada and Arizona markets.  The viability of the projects in Recommendation 2 will depend on the fuel preferences of load serving entities outside the RMATS region.
The analysis of these projects assumed that the previously discussed transmission projects within the RMATS footprint are constructed.  In addition, the following transmission upgrades in the RMATS footprint would be made:

· The Bridger Expansion Project would be upgraded from 345 kV to 500 kV west of Bridger.  
· New 500 kV lines would be added between –

· Bridger and Ben Lomand;
· Ben Lomand and Mid Point;
· Ben Lomand and Kinport;
· Borah and Mid-Point;
· Borah and Ringling, including a phase shifter; and
· Ringling and Broadview.
· New 345 lines would be added between Grand Junction and Emery, Antelope and Laramie River Station, and Dave Johnson and Jim Bridger.


In addition, the recommendation includes two of the five optional 500 kV paths shown in the colored ovals in Figure 3-6.
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The analysis of the economic of these export optionsis based on the assumedgeneration additions shown in Figure 3-7
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Initial Investment

Representative 

Year Initial Investment

Representative 

Year Initial Investment Representative Year Initial Investment

Representative 

Year

1

Production Costs (Fuel & Other VOM) 21,018                      20,046                      19,780                        18,458                    

2

Change from All Gas Case [Column A] -                            (972)                          (1,238)                         (2,560)                     

3

Change from IRP- Based Case [Column B] 972                           -                            (266)                            (1,588)                     

4

5

Resource Costs:

6

RM Resource Additions Capex 

7

Wind 1,957                        2,246                        3,766                       

8

Gas thermal 2,204                        444                           198                           373                          

9

Coal thermal 3,453                        3,985                        7,857                       

10

Incremental Transmission Integration Capex  53                             159                           175                           311                          

11

RM Resource Capex Sub Total 2,257                        6,012                        6,604                        12,306                     

12

Adj. Outside RM Resource Additions Capex

(2,257)                      

13

Other RM Costs

14

Incremental Capital Charge @ 10% 226                           601                           660                             1,231                      

15

Incremental Fixed O&M 28                             116                           128                             245                         

16

Wind "wear and tear" -                            39                             56                               94                           

17

Subtotal Other RM Costs 254                           756                           845                             1,570                      

18

Adj. Other Costs Outside RM

-                            (254)                        

19

Total Resource Costs 2,257                        254                           6,012                        756                           6,604                        845                             10,050                      1,316                      

20

21

Transmission Costs:

22

Incremental Line Capex 777                           3,872                       

23

Customized Equipment Capex  193                           393                          

24

RM Transmission Capex Sub Total 970                           4,265                       

25

26

Incremental Fixed O&M 19                               85                           

27

Incremental Capital Charge @ 10% 97                               427                         

28

RM Transmission Costs 970                           116                             4,265                        512                         

29

30

Annualized Costs  254                           756                           961                             1,828                      

31

32

Total Initial Investment 2,257                        6,012                        7,574                        14,315                     

33

Annual Net (Savings)/Cost from All Gas Case -                            (470)                          (531)                            (986)                        

34

Annual Net (Savings)/Cost from IRP- Based Case 470                           -                            (61)                              (516)                        

Key Assumptions:

Transmission Capital Charge  10.0% Real Levelized depreciation, interest, ROE, taxes, G&A. 

All Gas Case IRP-Based Case

Generation Capital Charge 10.0% Real Levelized depreciation, interest, ROE, taxes, G&A. 

Recommendation 1

                      5.0               7.2 

Transmission Fixed O&M 20.0% 20% of TX Capital Charge

Recommendation 2

                      5.5               6.2 

Wind "wear and tear" $/MWh 5.50

Wind Fixed O&M $/kW/yr 17.50

Coal Fixed O&M $/kW/yr 25.00 NWPCC assumptions

Gas Fixed O&M $/kW/yr 7.25 NWPCC assumptions

All cases include Amps line phase shifter, Flaming Gorge transformer and the Midpoint to Boise 230 kV line. 



A B

Reference Cases

All Gas Case                                               

Gas resources and no new 

transmission additions in Rocky 

Mountain States

D

Recommendations

C

Includes "wear and tear" on non-wind resources due to wind 

NWPCC assumptions (a range of $12.5/kW- $17.5/kW was 

tested resulting in negligible impact)

Recommendation 2 Recommendation 1

Initial Investment/ Net Savings, excluding capital charges  (Δ Line 32/ [Line 2:3 + Δ Line 15, 

16, 26, 18 (O&M only)] )   Shown as difference from each reference case

IRP- Based Case                               

IRP resources and no new 

transmission additions in Rocky 

Mountain States (Suppressed 

Wind)


Capital investment for this transmission expansion is estimated to be $4,265 million.  Benefits include lower and more stable fuel prices and substantially lower production costs than gas resource-based alternatives.  The transmission in this recommendation may provide a lower cost option for California and other states to meet their Renewable Portfolio Standards. 

Total resource additions are assumed to include 660 MW of new gas-fired generation, 4,955 MW of remote wind resources and 6,149 MW of coal-fired Powder River generation. 

To export this amount of generation, the existing IPP-Adelanto DC line would be upgraded and two 500 kV lines to West Coast markets would be built.  Five potential paths were examined for these 500 kV lines.  At this point, study results show the economics for different combinations of paths to be similar.  Decisions on which two paths to pursue would be decided as technical studies, right-of-way issues, cost recovery issues, and financing options are addressed in RMATS Phase 2.


Figure 3-8 summarizes the estimated increases in transfer capacity from the transmission facilities added in Recommendation 2.

Figure 3-8
Capacity Increases from Construction of Export Transmission
	Interface
	Option
	Addition
	Before

(Reverse) – Forward
	Incremental

(Reverse) – Forward

	West of Colstrip
	1-4
	Added Series Capacitor
	N/A - 2,598
	+500

	West of Broadview
	1-4

2-4

1
	Added Series Capacitor

Broadview to Ringling 500kV

Broadview to Hot Springs (via Great Falls) 500kV
	N/A – 2,572
	+500

+1000

+1000

	Montana     to Northwest
	1-4

1
	Added Series Capacitor

Hot Springs to Noxon 500kV
	(1,350) - 2,200
	+500

+1000

	West of Hatawai
	1
	Noxon to Ashe (via Bell) 500kV 
	N/A - 4000
	+1000

	Idaho to Montana
	2-4
	Ringling to Borah 500 kV [phase shifter]
	(337) - 337
	+1000

	Bridger West
	1-4

1

2-4
	Bridger to Borah 500kV (series comp)

Bridger to BenLomond 500kV (series comp)

Bridger to Naughton 500kV (series comp)
	N/A – 2,200
	+1000

+1000

+1000

	Borah West 
	1-4

1-4
	Kinport to Midpoint 500kV (convet 345kV)

2 Borah to Midpoint 500kV
	N/A – 2,307
	+500

+2000

	West of Naughton
	2-4

1
	Naughton to Ben Lomond 500kV (series comp)

Bridger to Ben Lomond 500 kV 
	N/A – 920
	+1000

+1000

	Path C
	2-4

1
	Ben Lomond to Borah 500kV

Ben Lomond to Midpoint 500 kV
	(750) -750

w/ seasonal variations
	+1000

+1000

	Bridger East
	1-4
	Miners to Jim Bridger 345kV
	(600) - 600
	+500

	Black Hills to C. Wyoming
	1-4
	Ant Mine to DJ 345kV
	(332) - 332
	+500

	Black Hills to LRS
	1-4
	Ant Mine to LRS 345kV
	(332) - 332
	+500

	LRS to C Wyoming
	1-4
	DJ to LRS 345kV
	(640) - 640
	+500

	TOT 1A
	1-4
	Emery to Grand Junction 345kV
	N/A – 650
	+500

	TOT 3
	1-4
	Cheyenne Tap to Ault 345kV
	N/A - 1,424
	+500

	TOT 7
	1-4
	Ault to Green Valley 345kV
	N/A – 890
	+500

	TOT 4A
	1-4
	Miners to Cheyenne Tap 345kV

Dave Johnston to Jim Bridger
	N/A – 810
	+500

+500

	TOT 2C
	2-3
	Ben Lomond to Market Place (via Mona, Red Butte & Crystal) 500kV [phase shifter] (series comp)
	(300) - 300
	+1200

	Idaho to Las Vegas
	4
	Midpoint to Market Place (via Crystal) 500kV (series comp)
	N/A
	+1200

	Idaho to N. California
	1, 2, 4
	Midpoint to Tesla (via Table Mtn) 500kv (series comp)
	N/A
	+1500

	Midpoint-Summer Lake
	2 & 3
	Midpoint to Grizzly (series comp)
	(400) – 1,500
	+1000

	IPP DC
	1-4
	Add Converter Stations
	(300) – 1,920
	+500

	Others
	1-4

1-4
	LRS to Cheyenne Tap 345kV

Borah to Kinport 345kV
	N/A
	N/A


B. Economic Comparison of the Recommended Projects

Two reference cases were created to compare the economics of the two recommendations.  The reference cases differ in the type, capacity, and location of resource additions in the Rocky Mountain States.  The two reference cases use the same load growth assumptions, gas prices forecasts, and hydro conditions, and assume that generation additions outside the Rocky Mountain States after 2008 will be limited to gas-fired CCCTs located adjacent to loads.  

Reference Case 1:  This case assumes that load growth in the Rocky Mountain States and a planning margin will be met by the addition of gas-fired generation only.  The gas-fired generation is located next to loads when possible.  Production costs in Reference Case 1 are more uncertain than in the other cases because they are more subject to gas price volatility.  Capital investment in Reference Case 1 is limited to CCCT generation and interconnection transmission investment. 

Reference Case 2:   This case is based on the resource additions in the integrated resource plans for Idaho Power, PacifiCorp and Xcel.  Where resource plans were not available for LSE’s in the RMATS sub-region, wind capacity was added to meet load growth and the 15 percent target planning margin.  This case includes the transmission expansion identified in IRPs, which is limited to generation interconnection investment.  Because of the limited amount of transmission added in Reference Case 2, the model was forced to excessively cycle baseload coal plants. Excessive cycling of coal plants results in damage to the plant. Production costs are substantially lower in Reference Case 2 than in Reference Cases 1 because of the lower fuel costs for wind and coal generation.  Capital investment is higher than Reference Case 1 because of the higher upfront cost of coal and wind units.

Figure 3-9 shows the total annual interconnection-wide VOM in Recommendation 2, Recommendation 1, and the two reference cases.  The comparison uses assumptions of $6.50 gas ($5.20 gas in 2004$), no significant DSM, and average hydro conditions.  The calculations also assume that the three “low-hanging” fruit projects are constructed.  VOM costs are the lowest in Recommendation 2 because of the introduction of large amounts of coal and wind generation and highest in Reference Case 1, the all gas case.  The capital cost of these options is not included, but would be lowest in Reference Case 1

[image: image3]s)[image: image9.emf]Recommendation 1 vs IRP-Based Reference Case

Recommendation 1 vs All-Gas Reference Case

TWh LMP ($)

Load Cost 

($MM) TWh LMP ($)

Revenue 

($MM) VOM ($MM)

Generator 

Gross Margin 

($MM)

Rocky Mountain States

0 0.03 5 5                   (0.20) 191 (103) 294

NWPP- US

0 (0.34) (65) (1) (0.35) (109) (31) (78)

NWPP- Canada

0 (0.14) (20) (0) (0.13) (31) (12) (20)

Mexico- CFE

0 (0.04) (1) (0) (0.04) (2) (1) (1)

California

0 (0.16) (54) (3) (0.14) (207) (97) (110)

AZ, NM & S. NV

0 (0.06) (9) (0) (0.03) (31) (22) (9)

Total

0 (0.14) (145) 0 (0.19) (189) (266) 77

Generator Load

TWh LMP ($)

Load Cost 

($MM) TWh LMP ($)

Revenue 

($MM) VOM ($MM)

Generator 

Gross Margin 

($MM)

Rocky Mountain States

0 (0.76) (123) 7 (1.48) 45 (939) 983

NWPP- US

0 (0.66) (128) (2) (0.71) (245) (84) (161)

NWPP- Canada

0 (0.26) (37) (1) (0.22) (58) (24) (35)

Mexico- CFE

0 0.04 1 (0) 0.03 (1) (1) 1

California

0 (0.27) (91) (3) (0.25) (215) (139) (76)

AZ, NM & S. NV

0 0.00 0 (1) 0.04 (51) (51) 0

Total

0 (0.37) (377) (0) (0.52) (526) (1,238) 712

Generator Load

 

The findings shown in Figure 3-9 were tested using low gas prices of $4.50 ($3.62 in 2004$).  Under a low gas cost assumption, production costs in Reference Case 1 (the all gas case) drop to $16,783 million.
Figure 3-10 compares the total cost of the recommendation and reference cases.  In order to compare the capital cost and annual VOM costs, the capital costs shown in the column labeled “Initial investment” have been translated into a representative year cost shown in the column labeled “Representative Year” and compared with the annual savings.
Economic Comparisons


Total initial capital investments requirements of each alternative are shown in the column labeled “Initial Investment” and are grouped into resource and transmission costs. (Need to describe the investment requirements between the alternatives.)  Resource costs include wind, gas and coal capital investment as well as associated transmission integration costs of the above mentioned resource additions in the Rocky Mountain states (lines 5:11).  In case of Recommendation 2, the resource costs are adjusted for any avoided investment costs outside of the Rocky Mountain region due to export resources build in the Rocky Mountain region (line 12).  Transmission costs include capital investment associated with transmission lines as well as any required customized equipment costs (lines 21:24). 

Annualized costs associated with each alternative are shown in the column labeled “Representative Year”.   This column represents a real levelized annual view of an alternative’s costs.  The production costs are combined with the annual fixed costs associated with the investment requirements.


Annualized fixed costs include resource and transmission capital charges associated with initial investment and fixed O&M (lines 13:19 and lines 26:28).  Annual capital charges are shown as a percentage of the initial investment.  In general, annual capital charge is calculated by discounting back at the rate of the cost of capital inflation adjusted (real) streams of depreciation, return on capital, property and income taxes, interest, replacements and administrative and general costs over the depreciable life of the asset.   
The production cost plus the annualized fixed costs associated with each alternative were compared to Reference Cases and to other alternatives to measure economic viability.  Based on the assumptions in this comparison, construction of the transmission in Recommendation 1 (transmission within the RMATS region) would save $531 million annually on an interconnection-wide basis compared to Reference Case 1 (all gas) and $61 million compared with Reference Case 2 (IRPs in the RMATS region).  The annual savings is derived by subtracting that annual cost from the annual VOM savings in line 2 from the annualized investment cost in the generation and transmission in the reference cases and Recommendation 1 (line 30). 
Using the same assumptions and methodology, construction of the transmission and generation in Recommendation 2 would save $986 million annually compared with Reference Case 1 and $516 million compared with Reference Case 2. 
It is important to remember that the “representative year” cost numbers in the table include a return on investment.  Thus, any amount shown on lines 33 and 34 of the table are above zero represent a net benefit to the region.


Even if aggressive demand reduction measures were in place that negated the need for new generation in the RMATS region (see sensitivity analysis in Chapter 2 and in Appendix X), the recommended projects would be advantageous for purposes of exporting power from the region and enabling greater fuel diversity within the Western Interconnection. 
See Appendix X for an expanded discussion of the Economic Comparisons table.  Included in this appendix is a version that shows the economics of each project on a standalone basis.

While Economic Comparison tables show the costs and savings on an interconnection-wide basis, the question becomes one of where the economic gains and losses may fall.  The tables below take a first look at the spatial distribution of costs and savings by regional area and by load (consumers) and generator category.
· Load Cost is calculated as hourly demand (MWh) at each load node times the  hourly LMP ($), summed for 2013 

· Generator Gross Margin is calculated as the hourly generation (MWh) at generation node times hourly LMP, summed for 2013 (generator revenue), less annual fuel & other VOM costs 

These tables are predicated on LMPs, which are driven by loads, fuel prices, generation levels, and other variables at the nodal level.  (See Chapter 2 for a discussion of LMPs.)  LMPs are transitory, and arguably they are insufficient for predicting where benefits will fall.   
The distributions reflect fuel and other VOM on an economic modeling basis.  They do not include capital & fixed O&M costs.   Effectively, the distributions assume a real-time competitive market in which pricing is on an hourly, LMP basis.  In fact, state regulatory treatment of these gains and losses could change the mix between loads and generators substantially.  The net impact on a region can be estimated by subtracting the Generator Gross Margin column from the Load column, for example . . .
Distribution of Economic Gains and Losses
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RMATS Recommendations

Why are Load Savings and 

Generator Gross Margin so different?

 In concept, if there were no losses or 

congestion (perfect transmission liquidity), 

then LMPs at any given hour would be the 

same across the Western Interconnect

 Load costs and generator revenues would 

be the same for the system as a whole, but 

different by area because load and 

generation quantities would be different

•

Load costs:  the sum of hourly loads X hourly 

LMP

•

Generator revenues: the sum of hourly 

generation X hourly LMP

•

Generator gross margin:  generator revenues 

less annual fuel & other VOM

 Congestion leads to changes in the type and 

location of plants that are dispatched  

•

Changes generation (MWh)

•

Changes fuel costs

 This in turn affects LMPs  - the price paid by 

load and the price received by generators

Generation (MW)

Load (MW)

t

q

LMP

t

p

For a given area, excludes import/exports:

No Constraints

Assumes that load is not sensitive to price (LMP), no price elasticity

Generation (MW)

Load (MW)

t

q

LMP

t

p

For a given area, excludes import/exports:

With Constraints


An expanded discussion of economic gains and losses, including a state-specific detailed version, can be found in appendix X. 
Recommendation 1: Transmission Expansion Within RMATS Regional Recommended for Further Development








Figure 3-6


Transmission Expansion Extending Beyond the RMATS Region


 Recommended for Further Development





Figure 3-7


Assumed Generation Additions








Production costs go down as  lower fuel cost resources (Powder River coal, open range wind) displace higher fuel cost resources (gas).
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