



































Appendix B
Cadmus Group PowerPoint Slides

SEM Evaluation Workshop Report —MetaResource Group
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SEM Evaluation Workshop
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Schedule

 Introductions and Agenda 9 —9:15 am
e Presentation 9:15-11 am

e 10-Minute Break @ 11 am

e Presentation 11:10 - 12 pm

e Lunch @ 12 pm & Break Until 12:15 pm
e Presentation 12:15-12:30 pm

e Discussion 12:30 -1 pm
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INTRODUCTIONS
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Cadmus Team

* Hossein Haerl
e Jim Stewart

o Heidi Ochsner

» Jennifer Huckett
e Mesut AVCi
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SEM Evaluation Experience

e NEEA Industrial Initiative

 NEEA Commercial Real Estate SEM Cohorts

« BPA Energy Management Pilot

« Energy Trust Production Efficiency (current)
o CA CEl Pilot

e BC Hydro Continuous Optimization Program
« BC Hydro Workplace Conservation Initiative
e PPL Electric CEl Program

« DOE/EPA Better Plants Program
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Agenda

SEM evaluation perspectives, 9:15-9:30 am

Energy savings estimation methods, 9:30-10:15 am
Persistence, 10:15-10:30 am

Sampling methods, 10:30-11 am, 11:10-11:25 am
Level of SEM adoption, 11:25-11:45 am

Other impacts 11:45-12 pm

Non-energy benefits, 12:15-12:30 pm

Discussion, 12:30 — 1 pm
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SEM EVALUATION PERSPECTIVES
AND CHALLENGES
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SEM Evaluation In Perspective
e SEM encourages O&M practices and behavioral
changes
— Establishing the baseline/Persistence of savings

o SEM affects multiple energy end-uses
— Whole-building/site energy-use data and billing
analysis
 Savings are small percentage of site energy use
— Dependent on level of SEM adoption

— Large analysis sample or data on main drivers of
energy use required
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Level of SEM Adoption

 Applicability
— Measures and tracks market diffusion of SEM
— Measures and tracks an organization’s progress in the

SEM program

— Could help explain why some facilities have higher

savings than others

dentifying popular and effective measures
nforming deemed savings
nforming potential savings

Provides insight into persistence of energy savings at

an organization
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SEM Evaluation Challenges

o Randomized field experiments are difficult

— Small numbers of large commercial and industrial
customers

— Heterogenelty in customer energy use and
Industry type

— Program design (opt-in) and utility control over
recruitment/participation

11
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SEM Evaluation Challenges

* Quasi-experimental methods often used but...

— Strong assumptions required to achieve unbiased
savings estimates

— Savings estimates sensitive to regression specification
and estimation

— Can be difficult to separately estimate capital and
O&M measure savings

 Persistence of savings during and after treatment
not well understood

— Necessary to re-evaluate over time

12
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ENERGY SAVINGS ESTIMATION
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Measure Types

e O&M
e Behavioral

« Capital measures (new or replacement
equipment)
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Savings Estimation Steps

Review documentation and collect data
Verify individual measure savings
Facility energy use regression

O&M savings estimation

Reporting

15
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ENERGY SAVINGS ESTIMATION

16
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Review Documentation

o List of projects implemented and timing

* Regression model specification and supporting
documentation

 Capital measure savings calculations and supporting
documentation
e Other relevant information
— Renovations or expansions
— Changes to processes
— Changes to product lines during baseline or test period
— Changes to the energy team

17
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* Develop data collection plan in collaboration
with implementation contractor

 Facility variables
— Energy use
— Qutputs (intermediate or final)
— Capital measure savings
— Production process or personnel changes

e \Weather

Collect Data

18



ENERGY SAVINGS ESTIMATION
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Verify Capital Measure Savings

e Three methods
— File review

— On-site data collection to verify installation and
operating characteristics for a sample of measures

— Data logging or obtain EMS trend data, where
available, and as necessary and relevant

20



File Review

Organize information, identify gaps
Understand the systems & measures
Review initial calculation methods
Identify key parameters for calculations
Prepare evaluated savings calculations
Contact sites

Obtain details to prepare for on-site visit (safety
equipment, training, initial information on
measures)

21
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On-Site Data Collection

 Communicate on-site support and access

 Verify equipment is installed and operating
properly

e Determine whether to obtain EMS trend data or
Install data loggers

» Acquire contextual information to support
savings calculations (nameplate information,
operating hours, operating temperature,
production data, etc.)

22



Data Logging / EMS Data

« Data can be analyzed to calculate energy
savings for individual measures or processes

 Data can also be included in the regression
analysis to help explain facility-level energy
consumption

« More granular information (often one to five
minute intervals) which provides much more
contextual data than monthly billing data

23



Gas data rarely sub-metered

« Often provided only on monthly
basis, which makes it difficult to
use for energy efficiency analysis

e Working with Cadmus, one
Northwest utility added “pigtails”
to their gas meters at ten sites

* \We connected pulse adaptors,
which gave us one-minute interval
data on gas flow rates |

24



ENERGY SAVINGS ESTIMATION

25



Facility Regression Estimation

Begin with the implementation team’s model
Establish the validity of the baseline

Estimate other model specifications, if necessary
— Update the model with more recent billing data

Conduct other analyses depending on study
objectives and budget

— Persistence of savings

— Estimate savings for large O&M projects using regression
— Other?

26
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Facility Regression Specification

 Site energy-use regression analysis
« Metered site energy use per unit of time e,

= 9(Yp Wy K, 1)
where

y, = vector of final outputs (e.g., Ibs of carrots, gallons of
treated wastewater)

= vector of weather variables (e.g., HDD, CDD, etc.)

k vector of capital measure variables (indicator variables or
engmeermg savings estimates)

. = indicator variable(s) for SEM activity

27
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Facility Level Modeling Challenges

« Validity of models depends on controlling for major
sources of energy use

« No unobserved changes in energy use correlated with
SEM activity

e Requires accurate measurements of model variables
and correctly characterizing relationships between
energy use and other variables

 Savings estimates may be sensitive to model
specification and estimation

— Omitted variable bias

28
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Common Modeling Challenge #1

« Unavalilability of data can constrain energy use modeling and
ability to detect savings

e Common data limitations

— Low frequency (monthly and bi-monthly) energy-use data.

« Solutions: Install higher frequency meters, perform statistical power
analysis to estimate probability of detecting savings

— Production data reported at a lower frequency than energy use.
 Solution: Match energy use and production frequencies.

— Unavailability of engineering savings estimates for capital
measures.

 Solution: Capture impacts with indicator variables

— Ambiguity about initiation of SEM activities
 Solution: Assume activity starts later rather than earlier

29
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Common Modeling Challenge #2

* |nstallation of incentivized capital project(s) during
baseline period

 Solutions
A. Explicitly control for capital project in energy use
regression

* Include engineering savings estimates or indicator variable (if
savings estimate not available) as regressor

B. Limit analysis sample to period after capital projects

C. Adjust energy use in periods after capital projects to
account for project savings

30
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Common Modeling Challenge #3

o Installation of incentivized capital project(s) in
post-SEM training period

e Solutions:

A. Subtract evaluated capital measure savings from
total site savings after regression analysis

B. Incorporate capital measure savings as an
explanatory variable in regression analysis

* Requires accurately distributing capital measure
savings across relevant time periods

31
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Common Modeling Challenge #4

e Experienced a major change in the baseline
period (operations/processes/physical
characteristics of the plant)

e Solutions:

— Case 1: Energy impacts of change can be measured
A. Explicitly control for change in energy use regression
— Case 2: Energy impacts of change cannot be

measured

B. Confine attention to baseline period after change
occurred

32
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Common Modeling Challenge #5

* Experienced a major change in post-SEM period
(operations/processes/physical characteristics of
the plant)

e Solutions:

— Case 1: Energy impacts of change can be measured
A. Explicitly control for change in energy use regression

— Case 2: Energy impacts of change cannot be measured

B. Confine attention to post-SEM period before change
occurred

33
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Common Modeling Challenge #6

 |nstallation of incentivized capital project(s) or
experience major change (operations
/processes/physical characteristics of the plant) at
the same time as SEM training

e Solutions:

— Case 1. Confounding energy impacts can be measured

A. Estimate facility savings and subtract capital project or
process change savings

— Case 2: Confounding energy impacts cannot be
measured

B. No solution

34



CADMUSEf;;,
' ite

Facility Energy Use — Assessmg Model
Validity

* Models must yield accurate estimates of baseline
energy use
o Verifying validity of baseline involves checking:
— Model explanatory power (R?)
— Within-sample predictions
— Out-of-sample predictions

— Signs and statistical significance of explanatory
variables

— Robustness checks — results sensitive to omission or
inclusion of variables?

35
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ENERGY SAVINGS ESTIMATION
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O&M Savings Estimation

 O&M savings are estimated conditional on capital
measure savings

e Two approaches for controlling for capital measure
savings
— Subtract capital measure savings from facility savings
— Control for capital measure savings directly in regression

model

« Accurate estimation of O&M savings depends on
obtaining unbiased estimates of capital measure
savings

37
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lllustration of Savings Estimation

— ; Reference (baseline)

consumption
Metered consumption

™S

Facility-level
savings from
regression = sum
of gold and green
areas

kWh

Test period

Baseline period

1 4 7 10 13 16 19 22
Month 38
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ENERGY SAVINGS ESTIMATION
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Reporting - Standard Metrics

For electric and gas results

Verified Savings as
Reported | Verified | LB 80% | UB 80% a Percent of Realization
Savings | Savings Cl Cl Consumption Rate

Capital
Measure
Savings

Savings
Total
Savings

40









CADMUS || "=

Measuring Persistence

43
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SAMPLING

44
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 Historically

— SEM implemented in a relatively small number of
projects and sites

— Census Is feasible and cost effective

— Savings estimates not dependent on sampled
projects — all included in analysis!
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Sampling Challenges

45
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Sampling Challenges, cont’d.

e FUture

— Increasing focus on SEM will lead to higher rates
of participation & larger study populations

— Census will become cost-prohibitive!

— Populations expected to remain heterogeneous,
but with homogeneous subpopulations

— With large populations, sampling can lead
accurate and stable estimates of savings

46
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Sampling Challenges, cont’d.

e Current
— Number of projects greater than in previous years
— Still pretty small but growing fast

— Considerable heterogeneity, homogeneous
subpopulations?

— Sampling & analysis

47
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Sampling

 Steps to developing a sampling plan

1.
2.
3.

Understand the objectives of data collection
Summarize the population & develop the sampling frame

Determine the levels of analysis and confidence /
precision requirements

Define the sample design

48
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1. Understand the Objectlves

 For which part of the analysis is the sampling being
planned?
— Measure level savings estimation (site visits)
« Measure verification or metering?
— Facility level saving estimation (regression analysis)

— Both

» Regression and site visits on all sampled sites?

» Nested design with regression for all sampled sites but site visits
for a subset of these?

o Sampling differs depending on objectives and planned
analyses

« Planning may require a few iterations to balance
objectives and resulting sample sizes with time & effort

49




2. Summarize the Population

e Summarize in terms of
— Total number of projects and sites
— Duration of participation
— Distribution of savings
— Variation of reported savings
— Expected variation in evaluated savings

e Summarize within subpopulations (strata) &
compare

50
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Population Over Time

Recent SEM Participation
D - -
™ 1 Program Administrator
— BPA
= — Energy_Trust
— — NEEA

80

40

Cumulative Number Sites with SEM
20 B0
|

I I I I [
2009 2010 2011 2012 2013

Program Year

* BPA values are number of projects (not sites).
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Special Considerations

Recent SEM Participation

120
|

Program Administrator

— BPA
— Energy_Trust
— NEEA

e Program Activity

o Consider
— Current program year
— Previous program years
 Total number of projects
Increasing quickly! o

2009 2010 2011 2012 2013

100

80

Cumulative Number Sites with SEM
80

Program Year
* BPA values are number of projects (not sites).
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3. Levels of Analysis & CP Requirements

o Confidence / precision (CP) requirements

e Consider whether and how to incorporate
sampling uncertainty into final results

— Regression uncertainty + sampling uncertainty?

— Sampling uncertainty in measure level savings +
regression uncertainty in facility level savings?

— Effects on sample design and sample size
calculations

53



4. Define the Sample Design

* Heterogeneous populations
(common in SEM)

e _ Simple Stratified
— Stratified random sampling random  §f  random
_ samples samples
By savings
By data frequency
e Certainty strata Cluster

sampling

— Probabllity of selection
 Proportional to savings?

 Proportional to probability of
detecting savings?

54
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Sensitivity of Results to Sampling

 Selecting a representative sample is a challenge when
— Populations are small
— Population units are very unique

« Standard sample design and sample size calculation

— Assume sufficiently large populations and representative
samples

— Methods based on target confidence / precision and
expected variation may not be the best approach

— Must consider accuracy
e Example based on a simulation study

55
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Simulation Study

» Application
— Sample design for previous and current years’ projects

— Building level regression and site level measure
verification for selected projects

e Concerns
— Sampling will give inaccurate results

— Population size is small
* Nprevious = 19 projects and Ny e = 12 projects
— Variation is high (but not astronomical)
 Error Ratio = 0.54

56
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Simulation Study, cont’d.

 Evaluate the impact of sampling
— Use results from previous evaluation - census of projects
— Simulate random sampling and results

o Stratified sample design
— Two strata (high / low savings)
— Certainty stratum
* Include projects contributing to top 65% of savings N
— Sample stratum
* Smaller projects included in sample stratum N, =9

— Confidence / precision
¢ 90/10  ny =N
e 90/15  ny, =N

=6

census

=6+7=13
=6+5=11

census sample

census sample

57



Simulation Stuay, cont’d.

e |neach simulation
— Select all census stratum projects
— Randomly sample projects from sample stratum

— Calculate realization rate, total verified savings, precision,
and confidence interval

» Assess performance
— Compare true realization rate to confidence interval

0 Cl covers true realization rate

—— @ Cl does not cover true realization rate

— Coverage rate = percent of time Cl covers true RR

58
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100 simulations

Confidence

True RR = Sa.mpl.e Relative Iz
Realization

94% Precision
Rate LB UB

Simulation 1
Simulation 2
Simulation 3

Simulation 4
Simulation 5
Simulation 6

Contains
true RR
result?

59
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Results — 100 simulations

Simulation Average Averqge Coverage
o n Relative Notes
Conditions RR . Rate
Precision
Census 15 94% 0% 100% No sampling error
Target 90710 13 94% 8% 7304 Cl contains true RR < 75% of
samples
Target 90/15 11 94% 12% 480, © contains true RR < 50% of
samples
Target 90/20 9 9204 18% 39% Cl contains true RR < 40% of
samples
Cl contains true RR < 40% of
0 0 0
Target 80/15 9 92% 18% 39% samples
Only 1 project left after
Target 80/20 7 - - - certainty stratum selected -

cannot compute SE

60
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Future Sampling Research

Investigate and evaluate sample designs
Determine optimal stratification, sample sizes

|dentify constraints
— Program/population changes: more SEM at smaller sites
— Data availability: high frequency data more likely for some sites

Requirements
— Data on census of projects and sites
— Peer review of sampling research
— External validity of program savings estimation
— Collaboration!

61
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LEVEL OF SEM ADOPTION



CADMUS

Measuring SEM Adoption

Program Program'’s Site SEM
Resources Documentation definition

Evaluctor

Questions about
each component

|
e )

Market Research

Responses Identify weak/strong areas

for each <

component Identify components with larger impact on
l energy savings and savings persistence

Overdll Level
of SEM Assess annudlly to track progress

and persistence

Adoption
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Other Evaluation Issues

* Increased participation in other programs?
 How to ensure all savings are counted?
* Which program claims the savings?

* |s there concern about free-ridership
appearing to increase in other programs? If so,
how to address?

65
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NON-ENERGY BENEFITS



Non-energy Benefits

Water savings

Waste stream reduction
mproved safety

ncreased throughput
mproved product quality
_onger equipment lifespan
Emission reductions

67
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DISCUSSION / QUESTIONS
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Appendix D
References and Resources

Consortium for Energy Efficiency (CEE) SEM Minimum Elements:
http://library.ceel.org/sites/default/files/library/11283/SEM Minimum_Elements.pdf

Bonneville Power Administration Monitoring, Targeting & Reporting Reference Guide — Revision 4.0:

Energy Trust Evaluations
Strategic Energy Management Introductory Pilot Evaluation:
http://energytrust.org/library/reports/SEMi_Report _140604.pdf

Commercial Strategic Energy Management Pilot, Report 1:
http://energytrust.org/library/reports/SEM_Report.pdf

Industrial Energy Improvement, Cohort 2, Year 1 Report:
http://energytrust.org/library/reports/IEl Cohort Report.pdf

Industrial Energy Improvement, Cohort 1, Year 2 Report:
http://energytrust.org/library/reports/Industrial Energy Improvement Cohort.pdf

Industrial Energy Improvement, Cohort 1, Year 1 Report:
http://energytrust.org/IEIl-Year-1-Report.pdf

2009-2011 Production Efficiency Impact Evaluation:
http://energytrust.org/library/reports/PE Impact Eval 2009-11.pdf

Kaizen Blitz Pilot, Report 2:
http://energytrust.org/library/reports/Kaizen Blitz Year 2 Report.pdf

Kaizen Blitz Pilot, Report 1:
http://energytrust.org/library/reports/101026 KaizenBlitzPilot.pdf

Cadmus Group has helped the US Department of Energy with some of the Uniform Methods Project
(UMP) work described here: http://energy.gov/eere/about-us/initiatives-and-projects/uniform-
methods-project-determining-energy-efficiency-progr-0

SEM Evaluation Workshop Report -MetaResource Group
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