appendix J

VALUATION OF CONSERVATION SAVINGS AND RENEWABLE RESOURCE NET ENERGY PRODUCTION analysis tool: procost
This appendix describes the pertinent features of the calculation methodology the RTF used to determine the value of conservation savings and renewable resource net energy production to the region's bulk power system and to society. This methodology also provides information on the cost-effectiveness of conservation and renewable resource measures.  The following describes implementation of the methodology in a spreadsheet tool as well as a description of the primary inputs and values used in this analysis.

Objective

The PROCOST model was developed to provide a method to characterize the costs and benefits of conservation program savings, "customer-side-of-the-meter" generating renewable resources and direct application renewable resources so that they can be compared on an equal footing to other energy generating resource options. . The PROCOST model was developed to provide a method to characterize the costs and benefits of conservation program savings, "customer-side-of-the-meter" generating renewable resources and direct application renewable resources so that they can be compared on an equal footing to other energy generating resource options.  The model was originally intended to take a full “life-cycle” view of the program from both the bulk power systems perspective and from a societal perspective. The model was modified to incorporate the local distribution system perspective.  This required the addition of consideration in the model of the distribution system level "load factor" impacts of conservation and "customer-side-of-the-meter" generating renewable resources and direct application renewable resources and the capital cost of deferred distribution system upgrades.

The PROCOST model quantifies all costs to society including first costs, operating costs, and periodic maintenance and replacement costs and costs on the transmission and distribution system.  The model also incorporates all of the benefits to society that can be quantified including avoided energy and capacity resources, avoided transmission and distribution system losses, and non-energy benefits such water savings, as well as environmental externalities and the regional conservation credit.

Approach

PROCOST is based on the principal that the fundamental analysis of costs and benefits should take place at the individual conservation measure level.  However, in the real world, these measures are typically bundled together to form “programs.” These bundles are often targeted to apply to a specific end-use within an identified market segment.  These end-use/segments often require analysis across a number of “sub-segments” such as different building types and climate regions.  PROCOST is set up to analyze all three of these levels of analysis: individual measure, measure bundle, and market segment program.

Because everything is built upon the individual conservation measures, PROCOST includes a great deal of detail to provide a complete life-cycle cost analysis.  PROCOST uses an approach that computes the present value of all of the costs and benefits over the life a given measure.  Measures are then grouped into the categories and the appropriate costs and benefits are summed across all measures in a category.
  If appropriate, these categories can be further aggregated into a program.  If the program applies to multiple sub-segments of a market, then the categories are weighted and then added together across the subsegments to represent the appropriate market segment for the region.  PROCOST also provides the ability to bundle measures by category (such as end-use) and/or some cost-effectiveness criteria (such as levelized cost).
  

Structure

Figure J-1 illustrates the basic structure of PROCOST.  In brief, the program takes input for the program level variables from the ProData sheet, performs benefit and cost calculations on each of the specified measure worksheets and then aggregates the results across measure worksheets and weights them as appropriate, and finally reports the program results to another sheet.  The following is a description of each of these functions.

Figure K-1

PROCOST Structure
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Program Definition

All of the inputs describing the proposed program to be analyzed are defined on the ProData worksheet.  As shown in Figure K-2, this input is broken into three separate blocks of input data.  The first block, Program Parameters, details all of the appropriate assumptions needed to characterize the time value of the various cost and benefit stream, including the names of the file containing the load shape of the savings/output and the marginal cost of avoided power supply.  The Program Sponsor block provides the data needed to describe the variety of potential program sponsors.  The Run Tabs block tells PROCOST which worksheet tabs have measure data to include in this particular program analysis..  Each of these blocks is described in more detail below.

Figure K- 2

ProData Program Data Input Sheet
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Program Financial Inputs

As mentioned, this block contains all of the inputs to describe the time value of the various costs and benefits for the measures and the program itself.  Each of these inputs is described further in the following:

· Program Life - This is the life of the longest element in the program, not to be confused with measure lifetime.  For example, in new commercial, the mean lifetime of buildings is 45 years.  Within the building, measures are installed that have lives varying from one year to 45 years.  From a societal perspective, the program life for new commercial construction should be the life of the building or 45 years.  Where the program consists essentially of a single measure, such as residential appliances, the program life should be set to the measure life.

· Program Start Date - This is the time in the future that the program begins operating and costs and benefits begin accruing.

· Present Value Time Zero - This is the year to which all cash flows are returned as present values.  This year may be different than the cost reference year that simply adjusts the final results to some appropriate reference year costs; e.g.  2000$.

· Cost Reference Year - This is the year-dollars that all costs are reported in.  Adjusted from the present value time zero by the inflation rate.  For example if all costs are present valued to 1996 but the desired reference dollar value for comparison with other resources is 1995 dollars, then the 1996 present values are adjusted by the inflation rate for one year.  

· Real Discount Rate - This is the societal discount rate net of inflation.

· Inflation Rate  - This is the general rate of inflation typically defined using gross domestic product figures.  This input is not necessary for most of the analysis and primarily affects the adjustment of costs from present value time zero to the appropriate reference year dollars.  

· Capital Real Escalation Rate - This input defines the escalation rate of capital cost items such as replacement costs within a measure over time.  This value is typically set to zero, indicating that costs are anticipated to rise with the rate of inflation.

· Sponsor Share of First Cost - Defines the share of first cost funded by utilities, or a party with utility cost of capital.

· Sponsor Share of Replace Cost - Similar to first cost only applied at the time of measure replacement costs if the measure life is shorter than the program life thus requiring it to be re-purchased during the analysis period.

· Sponsor Share of O&M - Defines the proportion of operation and maintenance costs borne by the utility.

· Sponsor Last O&M Year - This provides for a termination point for utility involvement in paying for O&M costs.

· T&D Line Loss Factor - This factor represents the percent of power that is lost as it is delivered from the generator through the transmission and distribution system to the end consumer.  This factor allows conservation resources to be compared on an equal basis with generating resources on an energy equivalency basis.  Traditionally, this value has been set at 7.5% which is allocated roughly 1/3 transmission and 2/3 distribution system losses.

· Avoided T&D Cost Credit ($/kw-yr) - This represents the cost savings derived from deferral of bulk power system transmission and distribution system upgrades; i.e., by employing a DSM program, the loading on the regional bulk power transmission and distribution system is reduced, thus delaying the time at which the system will need to be upgraded due to load growth.  Obviously, this value has a wide range depending on the specifics of the transmission and distribution system in which the DSM is placed.  For example, transmission contraints into urban distribution systems such as downtown Seattle or Portland would have a very high value due to the high cost of securing additional right-of-ways.  On the other extreme, some rural areas in the region might never grow beyond the current transmission system capacity and DSM would have zero value in deferring costs.  However, assuming that the regional system is growing at some positive value in the median case, the default value for this has been set at $3 per kilowatt-year as a measure of the benefit from reducing use during the peak daytime period in January.

· Externalities Credit (mills/kwh) - This factor allows the use of a direct environmental cost credit for reductions in generation environmental impacts that are not already internalized in the cost of generating resources.  An example might be the implementation of a carbon tax that increases the cost of all alternative fossil fired generation.  It is used as a straight cost credit (in mills) per kilowatt-hour of energy saved after adjusting for T&D losses. The RTF adopted a value of $15 per ton of carbon emitted by a new combined cycle combustion turbine generator as an indicator of the potential cost of mitigating carbon emissions. This translates into 6 mills/kWh in year 2000$.

· Regional Act C/E Credit (%) - This factor represents the 10% credit given to conservation in the Regional Power Act to account for the non-quantifiable benefits to society of acquiring conservation.  It is computed as a percentage of the present value of all costs including credits for avoided T&D and externalities if included.  

· Program Admin.  Cost (% of First Cost) - This factor represents the cost of administrating a program to acquire the conservation resource.  It is computed as a percentage of the first cost of the measure bundle. Although administrative cost affect a measure's cost-effectiveness, they do not impact its value to the region. Therefore, the RTF for purposes of computing the value to the region's bulk power system set administrative cost at "0." 

· Cost Coefficient of Variation - This factor is used to place a distribution around the mean value of the costs for the measures in order to simulate the range of cost-effectiveness experienced in actual program operation. It represents the statistical parameter defined as the standard deviation divided by the mean or average.  A large number indicates that cost vary over a wide distribution; a small number indicates that costs vary over a fairly narrow distribution that is well represented by the average.  The default number used is 0.25.

· Marg Cost/Save Shape File - This specifies the path to the EXCEL file containing the forecast of marginal avoided power supply costs and load shapes used to estimate the value of conservation savings and net energy production of renewable resources. 

· Marginal Cost Tab - This specifies the tab name in the EXCEL file containing the marginal avoided power supply costs. This tab provides the data for the calculation of benefits derived from avoiding purchasing new resources at the margin. The RTF used the Council's "Northwest Power Supply Adequacy/Reliability Study  - Phase 1 Report. Document 2000-4." (March 6, 2000) as its forecast of future avoided power supply costs.

· Savings Shape Tab - This specifies the tab name in the EXCEL file containing the load shape affected by the conservation or renewable resource measure being analyzed. The data contained in this tab distributes the annual energy savings included in the measure worksheets to the appropriate load segments for each month for the affected end-uses.

Program Sponsor Parameters

This data block defines the cost of capital for each of the potential financial investors (sponsors) for the program.  PROCOST provides the ability to have up to three different “utility” sponsors in addition to the end consumer.  Each of the sponsors can have a different cost of capital with it’s own finance lifetime.  An example might be a program where Public Utilities, Investor Owned Utilities and Bonneville jointly funded a program.  Each of the three utility sponsors must be given an appropriate percentage share of the utility funded portion represented by the “Utility Weight” column. The RTF assumed a single sponsor with an after tax real cost of capital of 4.75% amortized over 15 years to reflect the "weighted average" terms of capital borrowing for all consumers in the region. Bonneville, its customers and individual consumers may have different financial parameters.

Measure Analysis

The fundamental building block of the PROCOST analysis is the measure analysis.  The following describes the data format and analysis that PROCOST performs on the measure worksheets selected on the ProData sheet.  Figure K-3 provides an example of a measure data sheet.

Figure K-3

Sample PROCOST Measure Input Data Sheet
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Measure Input Data

Currently up to ten different measure worksheets can be analyzed at once in a single PROCOST run.  These worksheets may be created independently and added to the PROCOST workbook.  There are two basic blocks of input data within the measure worksheet. The first block describes all of the parameters surrounding the cost and savings from the measure during its first year of life.  The second block of data describes the cost and timing of component replacements over the measure lifetime. The data inputs in these two blocks are described below.

Block 1:  First year measure input data:

· Category Name - This is the generic group of measures to be modeled as a one combined measure or activity.  PROCOST provides for “bundling” of measures into “categories” to better reflect actual conservation program operation.  In Figure K-3 for example, three measures (reduced electric hot water heating, reduced electric drying and reduced electricity use for wastewater treatment) are bundled into a single measure, the Resource Efficient Clothes Washer in a single family home that uses an electric hot water heater and an electric dryer (Single Family RECW - All Electric). These same three individual measures are also bundled into a single measure, the Resource Efficient Clothes Washer in a single family home that uses an electric hot water heater and a gas dryer (Single Family RECW - Electric DHW).

· Measure Name - The title of the measure to be analyzed.

· Savings (kwh/yr) - The annual energy savings for the measure in kWh.  This data should be in savings per unit (per house, showerhead, square foot of commercial building, etc.)  so that the results can be scaled by the appropriate number of units over the resource analysis period.

· Physical Life (years) - The lifetime of the measure defined as the number of years at which 50% of the measures are still in place across the appropriate sub-sector.  This should represent the longest lived element of the measure that remains in place throughout the measure lifetime.  Individual components with shorter lifetimes are accounted for separately in the Periodic Operations and Maintenance Input data block.

· Capital Cost ($) - This is the up-front purchase cost of the measure.  This may represent either incremental cost or full cost depending on the analysis framework; i.e., whether this is a new application with a defined current practice alternative cost or an early retirement of existing equipment thus incurring full cost of the measure.

· Annual O&M ($) - This is the annual cost of operating and-or maintaining the measure.  Examples would include annual service fees for heat pumps.

· Shape Pointer - This is the appropriate load shape to use to distribute the annual savings to each of the load segments for each of the twelve months.

· Non-E Val ($/yr) - This column provides an input value for the quantifiable non-energy related value provided by the measure in dollars per year.  In the example Figure K-3 this is the annual value of the water savings ($48.42) from the more efficient clothes washer.  The water savings per year multiplied times the average cost per unit of water saved provides a method for quantifying these benefits. 

Block 2:  Measure periodic operations and maintenance inputs:

· Cost 1 - 3 ($) and Period 1 -3 (yrs) - This series of inputs allows the user to input up to three separate component replacement costs that occur periodically over the life of the measure.  A good example is an efficient lighting fixture that includes ballasts, lamps and the fixture itself.  While the fixture may remain in place for 21 years, the lamps will be replaced every 4 or 5 years and the ballasts may be replaced every ten years during the life of the fixture.  

Calculation Flow

Figure K-4 illustrates the basic flow of the measure by measure analysis calculation procedures.  In summary, PROCOST reads the individual measure input data on costs and savings, calculates the benefits associated with the energy saved by the measure, and then calculates the present value of the various cost streams associated with purchasing, owning and operating the measure, then computes cost credits for such things as  T&D losses, the regional act, etc.  Next, PROCOST uses the present value costs and benefits to compute a number of figures of merit including levelized cost, benefit cost ratio, and net measure benefits.  Next, PROCOST sums up the measures that are designated to be in the same category and generates appropriate figures of merit for the categories.  Finally, PROCOST computes the appropriate summation across the various pre-defined program categories.  The following Sections describe these steps in more detail.

Measure benefit calculations:  In addition to the obvious benefit of energy saved at the location where a measure is installed, there are other significant benefits that accrue to both the customer, the utility and society as a result of implementing a conservation measure.  PROCOST provides a framework for analyzing these benefits individually and then sums them to provide a total benefit to society.  These benefits can be categorized as follows:

· Energy and Capacity Savings - The largest benefit to the regional power system comes from avoiding energy and capacity resource purchases (either “new” generation or “contracts”) at the margin.   The first step in computing this benefit is to translate the savings at the end use into savings at the transmission system “busbar” in order to equalize the analysis with generating resource options.  This is accomplished by multiplying the annual savings input on this data sheet by the Transmission and Distribution (T&D) System Loss Factor input on the ProData sheet.  The second step is to distribute the annual energy savings into each of the four load segments in each month.  Appendix K provides further detail on this process.  The final step takes the energy in each of these 48 segments (four load segments by twelve months) and multiples them times the appropriate marginal system cost for the time period selected in the ProData sheet for starting year through the life of the program.  Appendix K describes this calculation in more detail.  Each of these corresponding values is brought back to the appropriate present value using standard capital recovery factor formulas and the real discount rate input on the ProData sheet.

· Distribution System Avoided Costs - The second direct benefit to the regional power system comes from avoiding the need to upgrade or build new transmission and distribution system capacity.  This is computed by taking the portion of the first year savings allocated to the peak load segment in January, dividing by the hours associated with that load segment to get the savings in kiloWatts, and multiplying the results by the distribution system cost credit input on the ProData sheet.  This process is repeated for each year of the program with the result discounted back to present value and then summed over the life of the program.

· Environmental Externalities - This benefit is intended to allow an attempt at quantifying the environmental costs of new generation or contract purchases that are avoided by installation of the measure.  It is computed as follows: for each year of the program, the externalities cost credit (in mills per kilowatt-hour) is multiplied times the annual savings and then discounted to compute present value, and then summed across the life of the program.

· Non-Energy Benefits - As mentioned previously, this benefit is intended to represent benefits not associated with energy, such as water savings.  This is computed by taking the annual dollar savings per year, multiplying it times the inflation rate deflator for that year, discounting it using the real discount rate and then summing across the program life.

Figure K-4

Measure Analysis Flow-Chart
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Measure cost calculations:  Measure costs in PROCOST include not only the first cost of purchasing and installing the measure, but also any additional costs to maintain, repair or replace the measure over its projected lifetime.  In the Council’s methodology for computing societal costs, measures are defined as part of larger systems that may have lifetimes longer than the measure itself.  This creates difficulty in comparison with other measures that may have longer lifetimes.  For example, in commercial buildings, lighting systems tend to last from fifteen to twenty years while insulation components generally last as long as the building itself.  In order to compute the cost-effectiveness of these different lived measures, each measure is assumed to be completely re-purchased at the end of its life and the complete cycle of maintenance and replacement costs repeated as well.  This process is repeated until the building itself is at the end of its useful life.  The costs are then translated into present values and summed to generate a total societal cost over the lifetime of the measure.  The following is a description of the methods used within PROCOST to compute each of these components of measure cost in the order that they are computed within the model.

· Capital costs including financing -  PROCOST computes the additional expense for financing the first purchase of the measures if required.  It provides for up to three separate sponsors each with different financing costs to share the cost of the measure.  An example could be a commercial lighting rebate program where the utility might provide a rebate to the consumer for 25% of the cost, the vendor might provide a 10% discount and the consumer would pick up the remaining 65% of the cost.  Each of these sponsors for the measure are likely to have different costs of capital and PROCOST computes the cost of financing for each sponsor as appropriate and then weights them together.

· Annual operation and maintenance  - Because PROCOST provides the option to share the O&M costs between the end-consumer and another party (specified on ProData as Utility Share but it could represent an ESCO or other entity), it first computes a stream of annual O&M costs by inflating (if appropriate) the first year O&M costs and multiplying by the appropriate share to split the cost streams into separate consumer and utility cost streams.  These annual costs streams are added to the periodic O&M cost streams and the financing cost streams and discounted using the appropriate discount rate for either the consumer or the utility to generate a present value.

· Periodic O&M Costs - A similar cycle is analyzed by PROCOST within each measure lifetime.  Some measures have individual components that need to be replaced periodically.  A good example is a lighting fixture.  Each fixture includes lamps, ballasts, and the hardware that encloses the components and reflects the light.  The hardware component last as long as the fixture remains in place, or around 15 to 20 years.  The ballasts last around 40,000 to 50,000 hours, or approximately 10 to 12 years and the lamps last around 10,000 to 15,000 hours or about 3 to 4 years.  Within the lifetime of the fixture, it will have at least one ballast replacement and at least three lamp replacements.  PROCOST computes the present value of each of these replacements throughout the life of each measure and then repeats these costs if the measure itself is repurchased multiple times to meet the life of the larger system that it fits in.

Figures of merit:  benefit/cost ratio, levelized cost, simple payback:  After computing both costs and benefits, PROCOST calculates several parameters that can be used to evaluate the relative cost-effectiveness of conservation measures.  The following describes the calculation and import of each of these figures of merit :

· Benefit/Cost Ratio:  This calculation divides the total societal benefits by the total societal costs.  Ratios greater than one imply that a measure is cost-effective over the life of the building or program in which it is installed.  In some cases, this ratio is negative due to a measure that results in lower total present value costs than the base case; i.e., present value incremental costs are actually negative relative to the base case.  This usually happens when there are significant trade-offs between low first costs with high maintenance costs for the base case and high first cost/low maintenance costs for the measure.

· Levelized Cost:  This figure represents a traditional view of the value of the energy savings, ignoring the time segment characteristics of the measure savings.  PROCOST computes this figure by first summing all of the present value costs and then subtracting the non-energy related benefits (transmission and distribution system cost credits, non-energy benefits, environmental and Power Act credits) to compute the “net” present value cost of the measure.  This net present value is then amortized over the life of the building or program in which the measure resides using standard capital recovery factors and the societal discount rate.  The resulting annual “levelized” cost is divided by the annual energy savings adjusted for losses to bring the savings to the regional power system “bus-bar”.  If the savings were uniformly distributed over the year, or if there were no seasonal or time of day variation in the marginal cost of new energy sources over the course of a year, then this figure would provide exactly the same relationship of relative cost-effectiveness as the benefit/cost ratio.

· Simple Payback:  This figure represents the time in years that it will take for the retail customer to recoup an investment in the measure if savings accrue at a marginal rate of energy cost.  It is computed by taking the first cost of the measure as seen by the end-consumer and dividing by the annual energy savings times the single energy rate specified in the input data block.  While this is clearly a simplistic view of the benefits of conservation to the end-consumer, this is the index most often referenced by end consumers in their decision making process.  It is important to note that measures which have high first costs and negative incremental maintenance costs will be unduly penalized under this metric.  Again, while this may seem unrealistic, field experience in all sectors indicates that for many decision makers this is the extent of their value analysis of conservation measures.

Simulation of distribution around cost and savings:  All of the analysis described above is based on point-estimates of costs and savings.  In reality, there exists a distribution around each of those points.  This implies that for a measure that has a benefit cost-ratio of exactly one, that if the costs were distributed normally, roughly half of the actual applications of the measure would have a benefit/cost ratio less than one and the other half would have a ratio greater than one.  Following this argument to the extremes implies that a measure with a benefit/cost ratio significantly less than one would still have some small amount of savings that would be cost-effective.  Conversely, even a measure with a ratio exceeding ten would have some small fraction of savings that was not cost-effective.  While this seems at first to be only of academic importance, in fact some conservation program have been operated in just this way.  For example, some commercial programs screen every measure applied to every building and exclude those measures that fail the test.  The alternative is a form of program operation commonly seen in the residential sector where measures are applied to every residential building because the program operations cost to perform screening are prohibitively high on a per unit basis.

While the primary set of outputs from PROCOST represent the latter type of program operation, a set of calculations is included that is intended to mimic the operation of a program where screening of individual applications takes place.  This is accomplished by assuming that the present value of the measure costs are distributed normally around the mean with a coefficient of variance as specified on the ProData input sheet.  PROCOST then determines the portion of the distribution where the costs are less than the calculated benefits.  A new mean value for the cost is computed for this portion of the distribution and is used to represent the average cost.  PROCOST computes the percent of the total distribution that is cost-effective, and multiplies the total benefits for the measure by this percentage.  The benefit cost ratio is then re-computed by dividing the portion of the benefits by the mean value of the costs.

This calculation is performed as a rough attempt to examine the impacts of more realistic distributional analysis on the individual measure level.  To add more accuracy, a monte-carlo simulation approach sampling distributions around both costs and savings and marginal energy costs would be needed.

Category Level Analysis

PROCOST provides the ability for measures to be aggregated into different pre-defined “categories” which can be analyzed for cost-effectiveness at that level.  This represents another way that conservation programs are operated where a variety of different measures are offered under an umbrella program.  For example, many commercial lighting programs offer a whole variety of technologies ranging from ballast replacements to entire fixtures under a single program.  To facilitate this level of analysis, PROCOST will aggregate individual measures into the category specified for that measure and re-compute the total present value costs and benefits for that category.  Benefit/cost ratios and levelized costs are then computed as figures of merit for the category.  Similar to the measure analysis, PROCOST also computes a revised benefit/cost ration using the distribution around costs technique described above.  The results for each of the categories defined in the measure data inputs are printed on the measure data worksheet below the individual measure results.

PROCOST provides the option of pre-screening measures to be included into a category based on the benefit/cost ratio exceeding 1.0.







� For example, more energy efficient clothes washers save have more efficient motors, they reduce water use and reduce the remaining moisture content in clothes, thereby reducing dryer energy use. Thus the cost and benefits of three measures (energy efficient motors, reduced hot water heating demand, and reduced dryer demand) could be aggregated into a single conservation category "resource efficient clothes washers."


� There are currently ten pre-defined program aggregations included in PROCOST that automatically bundle the measures into different categories.  The predefined programs include one that groups all cost-effective measures (benefits exceed costs), one that includes all cost-effective user defined categories, and five separate “bins” of levelized cost (0 to 10 mills per kWh, 10 to 20, etc.).








PAGE  
1

