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Cost-Effectiveness Evaluation

0 Cost-effectiveness evaluation assesses the
benefits and costs of utility decisions —
along with qualitative factors — to determine
an optimal course of action

Used to demonstrate that proposed grid
investments and programs are reasonable Cost-Effectivenass
and merit cost-recovery Evaluation

o Two key approaches*

1. Benefit-Cost Analysis (BCA) is a quantitatively
focused method for monetizing benefits and
costs of an investment over a period of time

RELUABIUTY

=
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2. Lowest Reasonable Cost analysis focuses on AFFORDABILITY

need for the investment and quantitative and “

qualitative assessment of benefits and costs
*Optimized modeling can be used for some investments

(e.g., resources in Integrated Resource Planning)

0 Multi-objective decision-making is a set of
methods for analyzing investment decisions to
maximize value across various objectives
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Poll

Which U.S. president first mandated BCA for federal regulatory impact
analysis by signing an Executive Order that stated: “regulatory action shall not
be undertaken unless the potential benefits to society from the regulation
outweigh the potential costs to society.”

1. Ronald Reagan in 1981
2. Richard Nixon in 1972
3. Bill Clinton in 1993

4. George W. Bush in 2001
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Steps of Benefit-Cost Analysis

1 BCA generally follows a set of steps

Discount
future
impacts and

Determine
impacts of

Specify a Determine
set of which costs

Make a

Perform a
sensitivity
=EWAIE

Monetize
lifetime
impacts

recommend-

calculate net dation

present
value

each
alternative

alternative and benefits
investments to consider

Adapted from Boardman et al., 2018
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https://www.cambridge.org/highereducation/books/costbenefit-analysis/484720E57798B7E7A29C7156407CD4A1#overview

Specify a Set of Alternative Investments

- Determine the set of alternatives to analyze, including one “status quo”
option which would be displaced if an alternative were selected to proceed

If status quo is not feasible, alternatives should be compared against each other

1 Determine the timeline of the analysis based on the set of alternatives

How far into the future will the alternatives provide benefits?
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Determine Costs and Benefits to Consider

o Which perspective is most important for the analysis?

0 Five principal cost-effectiveness tests for demand-side management programs
Tests illustrate different perspectives

Some of the tests can be used for grid investments (e.g., NY)

Test |Perspective ____|Queston

Societal Cost Test (SCT) The utility system and

: Will total costs to society decrease?
society as a whole

Total Resource Cost Test (TRC) The.u.t|l|t¥ system plus WIII.tI‘.\e surr,l of utility costs and program
participating customers participants’ costs decrease?

Utility Cost Test (UCT) / - A -

Program Administrator Cost (PAC) The utility system Will utility costs decrease”

Participant Cost Test (PCT) Program participants Will program participants’ costs decrease?

Ratepayer Impact Measure (RIM) Rates Will utility rates decrease?

Source: National Standard Practice Manual For Benefit-Cost Analysis of Distributed Energy Resources, 2020; California Standard Practice Manual, 2001
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https://jointutilitiesofny.org/sites/default/files/NYSEG_RGE_2020_DSIP_BCA_Handbook.pdf
https://www.nationalenergyscreeningproject.org/national-standard-practice-manual/
https://www.cpuc.ca.gov/-/media/cpuc-website/files/uploadedfiles/cpuc_public_website/content/utilities_and_industries/energy_-_electricity_and_natural_gas/energy_programs/cpuc-standard-practice-manual.pdf

Determine Impacts of Each Alternative

- Estimate the impacts of each alternative — relative to the status quo

1 Determine measurement indicators to represent the impacts — for example:

Utility System Perspective Societal Perspective
Demand-side
management

dec ‘
program Avoided T&D capacity (MW) emissions (tons CO<e)

Avoided energy generation (MWh)

Avoided greenhouse gas

Utility System Perspective Societal Perspective
Grid

investment Avoided truck rolls Avoided outage minutes
Avoided customer calls

Avoided fatalities

E “h ‘. = e ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLIcY



Monetize Lifetime Impacts — Methods

o Convert impacts (measurement indicators) to
dollars for each year throughout the project
lifespan

o Utility avoided costs can be estimated using
budget figures or outputs from the utility’s cost
of service study

0 Societal avoided costs are often based on non-
market valuation methods, which estimate the
value of goods and services not bought and
sold directly (e.g., value of reliability to
customers)

Stated preference studies use surveys to elicit
willingness to pay for value of these goods and
services

Revealed preference methods infer the value of
these goods and services from other market
ki .decisions that people make
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Monetize Lifetime Impacts — Examples

Utility System Perspective Societal Perspective
Demand-side Avoided energy generation (MWh)
management Market prices Avoided greenhouse gas emissions

program (tons CO%)

Avoided T&D capacity (MW) Social cost of greenhouse gases'

Calculated savings from deferring or avoiding
upgrades

Utility System Perspective Societal Perspective

Grid Avoided truck rolls
investment Estimate from utility cost data
Avoided customer calls
Estimate from utility cost data

1. EPA Report on the Social Cost of Greenhouse Gases, 2023
2. ICE Calculator
3. U.S. Department of Transportation, 2023

Avoided outage minutes
Customer interruption costs — ICE Calculator?

Avoided fatalities

Value of a Statistical Life3
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https://www.epa.gov/system/files/documents/2023-12/epa_scghg_2023_report_final.pdf
https://www.epa.gov/system/files/documents/2023-12/epa_scghg_2023_report_final.pdf
https://www.epa.gov/system/files/documents/2023-12/epa_scghg_2023_report_final.pdf
https://icecalculator.com/home
https://www.transportation.gov/office-policy/transportation-policy/revised-departmental-guidance-on-valuation-of-a-statistical-life-in-economic-analysis

Discount Future Impacts — Accounting for Inflation

1 Convert nominal dollars to real

dollars Inflation Index (Base Year = 1999)

-
oo

Consumer Price Index (CPl) is a
common deflator

-_—
~l

-
(o)}

RN
(@)}

1 Peg real dollars to a “base year”
to ensure units are consistent

RN
w

Index (Base Year = 1999)
o ~

-
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Data Source: U.S. Bureau of Labor Statistics
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https://data.bls.gov/timeseries/CUUR0000SA0

Discount Future Impacts — Choosing a Discount Rate

- Discount rate reflects time preferences
The higher the discount rate, the less value the analysis will place on future benefits

A discount rate of 0% would value today’s benefits equally with benefits at any point in
the future (controlling for inflation)

o The choice of discount rate is a policy decision and should reflect the time preference
chosen by regulators on behalf of customers

0 Typical discount rates

Type of Discount rate Indicator of Time Preference Typical Values

Investor Owned Utility =~ Weighted Average Cost of Capital (WACC) 5% to 8%
Publicly Owned Utility Cost of Borrowing 3% to 5%
Low Risk Interest rate on 10-year Treasury Bond -1.0% to 3%

Societal cost of capital, adjusted to consider

. : . : <0% to 3%
intergenerational equity or other societal values

Societal

. Source: National Standard Practice Manual For Benefit-Cost Analysis of Distributed Energy Resources, 2020
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https://www.nationalenergyscreeningproject.org/national-standard-practice-manual/

Calculate Net Present Value — Example

The present values of costs and benefits are the sums of the discounted costs and benefits, respectively

Present value is expressed in real dollars, pegged to Year 0

Net present value = present value of benefits minus present value of costs

lllustrative example (below) shows the process for calculating net present value

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

Discount Rate (s) 6.0%
Discount Factor (1/(1+s)ve?") 1.00 0.94 0.89 0.84 0.79 0.75
Costs
Total Costs S (1,000,000) S  (10,000) S (10,000) S (10,000) S (10,000) S (10,000)
Discounted Costs $ (1,000,000) S (9,434) S (8,900) S (8,396) S (7,921) S (7,473)
Present Value - Costs $(1,042,124)
Benefits

Avoided Cost 1 S 40,000 S 40,000 S 50,000 S 50,000 S 75,000

Avoided Cost 2 S 100,000 S 100,000 S 100,000 S 200,000 S 200,000

Avoided Cost 3 S 50,000 S 50,000 S 100,000 S 100,000 S 150,000
Total Avoided Costs S 190,000 S 190,000 S 250,000 S 350,000 S 425,000
Discounted Benefits S 179,245 S 169,099 S 209,905 S 277,233 S 317,585

Present Value - Benefits

$ 1,153,067

Net Present Value

$ 110,943

Benefit/Cost Ratio = 1.11

ENERGY TECHNOLOGIES AREA

Source: Myles Collins, Berkeley Lab
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Poll

The “Rule of [what number?]” is a shortcut we can use for
calculating the number of years it would take to halve the discount
factor. The formula is:

[number]

. = years to get discount factor of 0.5
discount rate Y g f f

1. Rule of 86
2. Rule of 50
3. Rule of 25
4. Rule of 72
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Perform a Sensitivity Analysis

) Assesses how sensitive net present value is to the
set of assumptions used

0 Adjust assumptions and see how the net present
value changes

0 Determine which assumptions have the most (and
least) influence on the end result

1 Monte Carlo simulation is a useful tool when one
or more inputs are represented by a distribution
and a mathematical model can be used to
calculate results

The method generates model inputs randomly from
the distributions and uses the model to calculate
results

The input generation and calculation process is
repeated thousands of times and results are
aggregated

15
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Make a Recommendation

Assess any other factors which may be important to stakeholders, but which
are not captured in the quantitative results of the BCA, such as:

Distributional impacts®
Are certain customers bearing more of the costs and others realizing more of the benefits?
Are vulnerable or disadvantaged communities benefitting from the decision?
Impact of uncertainty
How robust are results to broken assumptions?
Is uncertainty sufficiently deep that hedging should be considered?

Other potential benefits that could not be monetized (e.g. job creation, customer
experience)

Recommend an alternative based on results of BCA and consideration of other
factors

*For example, see Berkeley Lab, 2024, Distributional Equity Analysis for Energy Efficiency and Other Distributed Energy Resources: A Practical Guide

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ENERGY MARKETS & PoLicy
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https://emp.lbl.gov/publications/distributional-equity-analysis
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Other Cost-Effectiveness Evaluation Methods
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Lowest Reasonable Cost

- Lowest reasonable cost / best fit is a cost-effectiveness test with the goal to minimize utility
revenue requirement — e.g., for utility investments to meet grid needs

Not Required

Need for the To identify the Which option is _Inclgded Benefits are not
Lowest : : Typically :
investment has  investment that  the lowest-cost . necessarily
Reasonable includes only _
. been meets the need way to meet the g accounted for;
Cost / Best Fit : utility system
established at lowest cost need? presumed to be
costs
worth the costs
: Included
: Do the benefits  Included
Need for the To determine Extent of
: of the Extent of costs )
investment has  whether to make . benefits
BCA investment depends upon
not been the proposed : depends upon
: : outweigh the BCA test
established investment BCA test
costs? chosen
chosen

Source: Woolf & Havumaki, 2022
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https://eta-publications.lbl.gov/sites/default/files/synapse_grid_mod_economic_assess_20220519.pdf

Multi-Criteria Decision Analysis

0 A systematic approach to scoring alternatives when
decision-makers face multiple conflicting objectives

0 Useful when some criteria are difficult or impossible to
monetize (e.g., alignment with a policy objective)

- General process lllustrative Example Comparing Three Alternatives
Determine set of criteria - Reliability | Sustainability | Electrification Equity -
Determine weighting of each criterion Total
Score each alternative along each criterion Score Weight Score Weight Score Weight Score Weight Score
) Alternative
Calculate total weighted score A 5 0.40 3 0.20 5 0.10 2 025 3.6

- Results of BCA (e.g., benefit-cost ratio) can Altemative 3 544 3 0.20 2 010 2 025 25

oS B
be one of the criteria .
Alternative

c 2 0.40 4 0.20 1 0.10 5 0.25 3.0

0 Perspectives are incorporated through
weighting of policy objectives

Stakeholder engagement is important for
determining criteria weighting

L 20

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy



Value-Spend Efficiency

o Provides a way to compare multiple alternatives

o For each alternative, divides total score by the cost to create a normalized
efficiency score

1 Can be used to prioritize mutually exclusive projects and select more than
one for implementation

- Reliability Sustainability Electrification Equity ---

Total Spend
Score Weight Score Weight Score  Weight Score Weight Score Cost Efficiency

Alternative 5 0.40 3 0.20 5 0.10 2 025 36 $50M  0.72
Aliernalive 3 0.40 3 0.20 2 0.10 2 025 25  $2.0M  1.25
Alternative 5 0.40 4 0.20 1 0.10 5 025 30 $3AM 095

Source: Myles Collins, Berkeley Lab
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Questions/Comments

Myles Collins

(510) 685-0765
mtcollins@lbl.gov

s o
EH 2 ENERGY TECHNOLOGIES AREA

ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

ENERGY MARKETS & PoLicy

22




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



