Appendix A: Example of Cost Effectiveness Screening Methodology

We have constructed two prototypical demand response programs - a direct load control water heater program and a smart thermostat air conditioning program – to illustrate how the Cost Effectiveness screening methodology may be applied to specific demand response programs.  Key inputs on costs and load impacts are drawn primarily from pilot and full-scale DR program evaluations and/or planning processes of Pacific Northwest utilities and a review of the DR program planning and evaluation literature.     
Direct Load Control – Water Heater

This program targets single-family residential customers with standard-sized electric water heaters.  A control switch is installed in each participant’s home near the water heater circuit breaker, which is then controlled via a one-way pager signal to trip the relay on and off according to the received message. Curtailments are initiated during peak hours of winter weekdays (i.e., mornings and/or afternoons) and are not expected to exceed sixty hours each year (i.e., fifteen events at four hours/event).  A sample of participants will also have interval meters installed to help program administrators document and verify the achieved level of demand savings during program events. We assume an average event performance rate of 95% for this DLC program (i.e., 5% of the customer switches fail to respond).
Figure A-1 summarizes information on market penetration, aggregate load impacts, economic and reliability benefits, and costs of the DLC Water Heater program. The utility expects to ramp up the DR program over a seven-year period with the goal of achieving 30,000 participants.  With per unit savings expected to be 1.0 kW during events, the program is anticipated to reduce the residential class peak demand by 1.6% when it reaches steady-state in year 7 (i.e., 2014).  After 2014, the utility plans to add new participants to maintain aggregate peak demand savings. This will require the utility to enroll new participants to offset projected growth in peak demand (2.2% per year) and replace customers that move or drop out of the program. The utility expects that ~7% of the customers per year will be lost due to changes in electric service (5%) or removal from the program (2%).  In terms of energy savings, it is anticipated that the water heater DLC program will have a small impact on energy usage during peak periods when events are called (60 kWh/unit-year), which is completely made up in the four-hour period following a curtailment.  
The utility has budgeted $100,000 up-front to develop the program in year 1.  The utility projects that customer acquisition costs are ~$25/customer for marketing and back-office costs, that cost and installation of the switch is $175/customer, and that load impact verification costs are $5/customer (e.g. cost and installation of a logger for a sample of customers).  The utility will also offer customers an incentive for participating in events ($6.66/month bill credit for three months = $20/customer-year).  The use of the one-way paging system is expected to cost the utility $7/customer-year, while the utility believes it will incur $10/customer-year to inspect a sample of switches and loggers as well as perform any necessary service calls for these items of equipment.  The cost to run the program every year is estimated to be $60,000/year.  These costs are anticipated to grow by 2% per year after 2008.

Benefits from the program are derived from the avoided cost of energy, capacity and transmission and distribution, as well as environmental savings.  No reliability benefits are calculated because this resource is considered “firm”, and thus is directly integrated into the planning process. The utility projects that in 2008 the value of avoided cost of peak and off-peak energy is 7.5 ¢/kWh and 4.5 ¢/kWh respectively, which is projected to increase at 2% per year.  Environmental benefits are estimated to be $0.008/kW-year, increasing 2% annually.  The first year avoided cost of capacity is set at $80/kW-year, and is expected to increase by 3% a year thereafter.  T&D savings can be broken out into two pieces: line loss savings and reduced investment in plant.  The utility has a secondary voltage level loss factor of 6%, thus any associated reduction in sales and peak demand means 106% of that electricity need not be generated and maintained for reserves, respectively.  The utility has deemed that the average T&D cost savings associated with the program are $3/kW-year, which grows at an annual rate of 3%. Avoided capacity benefits account for ~95% of total benefits of the water heater DLC program. Because the DLC program is treated as a “firm” resource and is credited with avoiding and/or deferring a supply-side resource, we do not include additional reliability benefits. 
Using these inputs and assuming the DLC water heater program is maintained for twenty years, the utility anticipates total program costs, on a present value basis using a discount rate of 8.8%, to be $19.63MM and program benefits to be $25.12MM.  This water heater DLC program produces $5.49MM in net benefits with a TRC benefit-cost ratio of 1.28.
Our screening analysis tool can be utilized by utility planners and regulatory staff to conduct sensitivity analysis on key input values that might affect program cost-effectiveness.  Input values that have the most significant impact on cost-effectiveness are the avoided cost of capacity and T&D (initial year value and assumed escalation rate). Lower program costs would also improve cost-effectiveness with assumed values for technology and back-office costs and program incentives having the most significant impact.

Figure A-1 – Direct Load Control Water Heater Demand Response Program: Benefit-Cost Estimates 
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Year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Utility System Characteristics

Forecasted Retail Sales (GWh) 23,000 23,460 23,929 24,408 24,896 25,394 25,902 26,420 26,948 27,487 28,037 28,598 29,170 29,753 30,348 30,955 31,574 32,206 32,850 33,507

Forecasted Peak Demand  (MW) 4,000 4,088 4,178 4,270 4,364 4,460 4,558 4,658 4,761 4,865 4,972 5,082 5,194 5,308 5,425 5,544 5,666 5,791 5,918 6,048

Residential Retail Sales (GWh) 8,740 8,915 9,093 9,275 9,460 9,650 9,843 10,040 10,240 10,445 10,654 10,867 11,084 11,306 11,532 11,763 11,998 12,238 12,483 12,733

Residential Peak Demand (MW) 1,520 1,553 1,588 1,623 1,658 1,695 1,732 1,770 1,809 1,849 1,890 1,931 1,974 2,017 2,061 2,107 2,153 2,200 2,249 2,298

DR Program Characteristics

Number of New Participants (Units) 4,286 4,586 4,886 5,186 5,486 5,786 6,086 2,760 2,821 2,883 2,946 3,011 3,077 3,145 3,214 3,285 3,357 3,431 3,506 3,584

Number of Returning Participants (Units) 0 3,986 7,971 11,957 15,943 19,929 23,914 27,900 28,514 29,141 29,782 30,437 31,107 31,791 32,491 33,206 33,936 34,683 35,446 36,226

Number of Total Participants (Units) 4,286 8,571 12,857 17,143 21,429 25,714 30,000 30,660 31,335 32,024 32,728 33,448 34,184 34,936 35,705 36,490 37,293 38,114 38,952 39,809

Peak Period Energy Reduction (MWh) 244 489 733 977 1221 1466 1710 1748 1786 1825 1866 1907 1949 1991 2035 2080 2126 2172 2220 2269

Off-Peak Period Energy Increase (MWh) 244 489 733 977 1221 1466 1710 1748 1786 1825 1866 1907 1949 1991 2035 2080 2126 2172 2220 2269

Proportion of Class Retail Sales (%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Capacity Reduction (MW) 4.07 8.14 12.21 16.29 20.36 24.43 28.50 29.13 29.77 30.42 31.09 31.78 32.48 33.19 33.92 34.67 35.43 36.21 37.00 37.82

Proportion of Class Peak Demand (%) 0.3% 0.5% 0.8% 1.0% 1.2% 1.4% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6%

Benefits

Avoided Energy Cost Savings ($MM) $0.01 $0.02 $0.02 $0.03 $0.04 $0.05 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10 $0.11

Avoided Capacity Cost Savings ($MM) $0.35 $0.71 $1.10 $1.51 $1.94 $2.40 $2.89 $3.04 $3.20 $3.37 $3.54 $3.73 $3.93 $4.13 $4.35 $4.58 $4.82 $5.07 $5.34 $5.62

Avoided T&D System Cost Savings ($MM) $0.01 $0.03 $0.04 $0.05 $0.07 $0.08 $0.10 $0.11 $0.11 $0.12 $0.13 $0.13 $0.14 $0.15 $0.15 $0.16 $0.17 $0.18 $0.19 $0.20

Environmental Benefits ($MM) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Reliability Benefits ($MM) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Total ($MM) $0.37 $0.75 $1.16 $1.60 $2.05 $2.54 $3.05 $3.21 $3.38 $3.55 $3.74 $3.94 $4.14 $4.36 $4.59 $4.83 $5.08 $5.35 $5.63 $5.93

Benefits - Present Value ($MM) $25.12

Costs

Program Development Costs ($MM) $0.10 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Customer Acquisition Costs ($MM) $0.88 $0.96 $1.04 $1.13 $1.22 $1.31 $1.40 $0.65 $0.68 $0.71 $0.74 $0.77 $0.80 $0.83 $0.87 $0.91 $0.94 $0.98 $1.03 $1.07

Annual Program Administration Costs ($MM) $0.06 $0.06 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.07 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.08 $0.08 $0.08 $0.09 $0.09

Annual Program Variable costs ($MM) $0.16 $0.32 $0.49 $0.67 $0.86 $1.05 $1.25 $1.30 $1.36 $1.42 $1.48 $1.54 $1.60 $1.67 $1.74 $1.82 $1.89 $1.97 $2.06 $2.15

Total ($MM) $1.20 $1.34 $1.60 $1.86 $2.14 $2.43 $2.72 $2.02 $2.11 $2.19 $2.29 $2.38 $2.48 $2.58 $2.69 $2.80 $2.92 $3.04 $3.17 $3.30

Costs - Present Value ($MM) $19.63

Net Benefits ($MM) 5.49

Benefit Cost Ratio 1.28


Smart Thermostat – Air Conditioning Program
This smart thermostat program targets single-family residential customers with central air conditioning system.  A smart thermostat is installed in each participant’s home, replacing the existing thermostat, which is then controlled via a one-way pager signal to manage the set-point and cycling of the furnace.  Curtailments are initiated during peak hours of summer (June - August) weekday afternoons and are not expected to exceed one-hundred twenty hours each year (i.e., thirty events of four hours/event).  Due to the cycling strategy undertaken coupled with a customer’s ability to override the set-point signal, it is assumed that about 65% of the households participate during events.  A sample of participants will also have interval meters installed to help program administrators document and verify the achieved level of demand savings during program events.

Figure A-2 summarizes projected market penetration, aggregate load impacts, economic and reliability benefits, and costs for the smart thermostat air conditioning program. The utility expects to ramp up the smart thermostat program over a seven-year period, with the goal of achieving 30,000 participants.  With per unit savings expected to be 1.1 kW during events, the program is anticipated to reduce the residential class peak demand by 1.2% when it reaches a steady-state in year 7 (i.e., 2014).  After 2014, the utility plans to add new participants to maintain aggregate peak demand savings. This will require the utility to enroll new participants to offset projected growth in peak demand (2.2% per year) and replace customers that move or drop out of the program. The utility expects that ~7% of the customers per year will be lost due to changes in electric service (5%) or removal from the program (2%)).  The utility estimates that increasing set-points and cycling the air conditioner will have a measurable impact on energy consumption during events (132 kWh/unit-year).  The utility also assumes that customers will take back about 50% of these energy savings during the four hour period following a curtailment.

The utility has budgeted $150,000 up-front to develop the program in year 1.  The utility projects that customer acquisition costs are $30/customer for marketing and back-office costs, that cost and installation of the smart thermostat is $175/customer, and that load impact verification costs are $5/customer.  Costs for the smart thermostat are assumed to decrease by 1.5% per year, due to technology improvements and greater market volumes. The utility will offer customers an incentive for participating in events ($7/month bill credit for three months = $21/customer-year).  The use of the paging system is expected to cost $5/customer-year, while the utility believes it will incur $15/customer-year to inspect a sample of smart thermostats and interval meters as well as perform any necessary service calls for these items of equipment.  The cost to run the program every year is estimated to be $65,000/year.  These costs are anticipated to grow by 2% per year after 2008.

Benefits from the program are derived from the avoided cost of energy, capacity and transmission and distribution, as well as environmental savings (see discussion of water heater DR program). The avoided capacity costs account for ~90% of the total benefits.
Using these inputs and assuming the smart thermostat air conditioning program is maintained for twenty years, the utility anticipates total program costs, on a present value basis using a discount rate of 8.8%, to be $19.28MM and program benefits to be $19.91MM.  The TRC Benefit Cost ratio for this program would be slightly above 1.0 and is only marginally cost-effective.  
Our screening analysis tool can be utilized by utility planners and regulatory staff to conduct sensitivity analysis on key input values that might affect program cost-effectiveness.  Input values that have the most significant impact on cost-effectiveness are the avoided cost of capacity (initial year value and assumed escalation rate) and the assumed proportion of customers that participate and respond to events and don’t override (e.g. we assume 65% participate). Lower program costs would also improve cost-effectiveness with assumed values for technology and back-office costs and program incentives having the most significant impact.
Figure A-2 – Smart Thermostat Air Conditioning Demand Response Program: Benefit-Cost Estimate
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Year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Utility System Characteristics

Forecasted Retail Sales (GWh) 23,000 23,460 23,929 24,408 24,896 25,394 25,902 26,420 26,948 27,487 28,037 28,598 29,170 29,753 30,348 30,955 31,574 32,206 32,850 33,507

Forecasted Peak Demand  (MW) 4,000 4,088 4,178 4,270 4,364 4,460 4,558 4,658 4,761 4,865 4,972 5,082 5,194 5,308 5,425 5,544 5,666 5,791 5,918 6,048

Residential Retail Sales (GWh) 8,740 8,915 9,093 9,275 9,460 9,650 9,843 10,040 10,240 10,445 10,654 10,867 11,084 11,306 11,532 11,763 11,998 12,238 12,483 12,733

Residential Peak Demand (MW) 1,520 1,553 1,588 1,623 1,658 1,695 1,732 1,770 1,809 1,849 1,890 1,931 1,974 2,017 2,061 2,107 2,153 2,200 2,249 2,298

DR Program Characteristics

Number of New Participants (Units) 4,286 4,586 4,886 5,186 5,486 5,786 6,086 2,760 2,821 2,883 2,946 3,011 3,077 3,145 3,214 3,285 3,357 3,431 3,506 3,584

Number of Returning Participants (Units) 0 3,986 7,971 11,957 15,943 19,929 23,914 27,900 28,514 29,141 29,782 30,437 31,107 31,791 32,491 33,206 33,936 34,683 35,446 36,226

Number of Total Participants (Units) 4,286 8,571 12,857 17,143 21,429 25,714 30,000 30,660 31,335 32,024 32,728 33,448 34,184 34,936 35,705 36,490 37,293 38,114 38,952 39,809

Peak Period Energy Reduction (MWh) 368 735 1103 1471 1839 2206 2574 2631 2689 2748 2808 2870 2933 2998 3063 3131 3200 3270 3342 3416

Off-Peak Period Energy Increase (MWh) 184 368 552 735 919 1103 1287 1315 1344 1374 1404 1435 1467 1499 1532 1565 1600 1635 1671 1708

Proportion of Class Retail Sales (%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Capacity Reduction (MW) 3.06 6.13 9.19 12.26 15.32 18.39 21.45 21.92 22.40 22.90 23.40 23.92 24.44 24.98 25.53 26.09 26.66 27.25 27.85 28.46

Proportion of Class Peak Demand (%) 0.2% 0.4% 0.6% 0.8% 0.9% 1.1% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%

Benefits

Avoided Energy Cost Savings ($MM) $0.02 $0.04 $0.06 $0.09 $0.11 $0.14 $0.16 $0.17 $0.18 $0.18 $0.19 $0.20 $0.21 $0.22 $0.22 $0.23 $0.24 $0.25 $0.27 $0.28

Avoided Capacity Cost Savings ($MM) $0.26 $0.54 $0.83 $1.14 $1.46 $1.81 $2.17 $2.29 $2.41 $2.53 $2.67 $2.81 $2.96 $3.11 $3.27 $3.45 $3.63 $3.82 $4.02 $4.23

Avoided T&D System Cost Savings ($MM) $0.01 $0.02 $0.03 $0.04 $0.05 $0.06 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10 $0.11 $0.12 $0.12 $0.13 $0.14 $0.14 $0.15

Environmental Benefits ($MM) $0.00 $0.00 $0.00 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02

Reliability Benefits ($MM) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Total ($MM) $0.29 $0.60 $0.92 $1.27 $1.63 $2.02 $2.42 $2.55 $2.68 $2.82 $2.96 $3.12 $3.28 $3.45 $3.63 $3.82 $4.02 $4.23 $4.45 $4.68

Benefits - Present Value ($MM)

$19.91

Costs

Program Development Costs ($MM) $0.15 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Customer Acquisition Costs ($MM) $0.90 $0.95 $1.00 $1.04 $1.08 $1.13 $1.17 $0.52 $0.52 $0.53 $0.53 $0.54 $0.54 $0.54 $0.55 $0.55 $0.55 $0.56 $0.56 $0.56

Annual Program Administration Costs ($MM) $0.07 $0.07 $0.07 $0.07 $0.07 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.08 $0.08 $0.08 $0.09 $0.09 $0.09 $0.09 $0.09 $0.09

Annual Program Variable costs ($MM) $0.18 $0.36 $0.55 $0.75 $0.95 $1.16 $1.39 $1.44 $1.51 $1.57 $1.64 $1.71 $1.78 $1.85 $1.93 $2.01 $2.10 $2.19 $2.28 $2.38

Total ($MM) $1.29 $1.37 $1.61 $1.86 $2.11 $2.36 $2.63 $2.04 $2.11 $2.18 $2.25 $2.32 $2.40 $2.48 $2.56 $2.65 $2.74 $2.84 $2.93 $3.04

Costs - Present Value ($MM) $19.28

Net Benefits ($MM) 0.63

Benefit Cost Ratio 1.03
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