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Introduction  

LBNL	  is	  supported	  by	  the	  U.S.	  Department	  of	  Energy	  to	  conduct	  
non-‐classified	  research,	  operated	  by	  the	  University	  of	  California	  

–  Provides	  technical	  assistance	  to	  states—primarily	  state	  energy	  offices	  and	  
uElity	  regulatory	  commissions	  

–  Assistance	  is	  independent	  and	  unbiased	  
 

The	  	  presenta+on	  was	  funded	  by	  the	  U.S.	  Department	  of	  Energy’s	  Office	  of	  Electricity	  
Delivery	  and	  Energy	  Reliability-‐Na+onal	  Electricity	  Delivery	  Division	  under	  Lawrence	  

Berkeley	  Na+onal	  Laboratory	  Contract	  No.	  DE-‐AC02-‐05CH11231.	  	  

Disclaimer	  
This	  presentaEon	  was	  prepared	  as	  an	  account	  of	  work	  sponsored	  by	  the	  United	  States	  Government.	  While	  this	  presentaEon	  is	  believed	  
to	  contain	  correct	  informaEon,	  neither	  the	  United	  States	  Government	  nor	  any	  agency	  thereof,	  nor	  The	  Regents	  of	  the	  University	  of	  
California,	  nor	  any	  of	  their	  employees,	  makes	  any	  warranty,	  express	  or	  implied,	  or	  assumes	  any	  legal	  responsibility	  for	  the	  accuracy,	  

completeness,	  or	  usefulness	  of	  any	  informaEon,	  apparatus,	  product,	  or	  process	  disclosed,	  or	  represents	  that	  its	  use	  would	  not	  infringe	  
privately	  owned	  rights.	  Reference	  herein	  to	  any	  specific	  commercial	  product,	  process,	  or	  service	  by	  its	  trade	  name,	  trademark,	  

manufacturer,	  or	  otherwise,	  does	  not	  necessarily	  consEtute	  or	  imply	  its	  endorsement,	  recommendaEon,	  or	  favoring	  by	  the	  United	  States	  
Government	  or	  any	  agency	  thereof,	  or	  The	  Regents	  of	  the	  University	  of	  California.	  The	  views	  and	  opinions	  of	  authors	  expressed	  herein	  
do	  not	  necessarily	  state	  or	  reflect	  those	  of	  the	  United	  States	  Government	  or	  any	  agency	  thereof,	  or	  The	  Regents	  of	  the	  University	  of	  

California.	  Ernest	  Orlando	  Lawrence	  Berkeley	  NaGonal	  Laboratory	  is	  an	  equal	  opportunity	  employer.	  	  
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Topics 

•  This	  Webinar	  
– Basics	  of	  EE	  and	  EE	  EM&V	  
– High	  level	  overview	  of	  how	  EE	  fits	  into	  CPP	  pathways	  
– EE,	  EM&V	  and	  CPP	  Resources	  

•  Next	  Webinar—December	  15th	  	  
– EM&V	  in	  CPP	  mass	  and	  rate	  plans,	  and	  the	  CEIP	  
– Discussion	  of	  EM&V	  topics	  in	  CPP	  documents	  out	  for	  
review	  

– More	  detail	  on	  selected	  topics	  selected	  from	  today’s	  
webinar?	  
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Energy Efficiency Basics 
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What is Efficiency? 

•  Energy	  ConservaGon:	  Doing	  with	  less	  of	  a	  service	  in	  
order	  to	  save	  energy:	  
–  Using	  less	  energy	  and	  probably	  geOng	  less	  output/service	  quality	  	  
–  Example:	  Turning	  up	  the	  thermostat	  to	  get	  less	  cooling	  

•  Energy	  Efficiency:	  	  The	  use	  of	  less	  energy	  to	  provide	  the	  
same	  or	  an	  improved	  level	  of	  output	  or	  service	  to	  the	  
energy	  consumer	  in	  an	  economically	  efficient	  way:	  
–  Using	  less	  energy	  to	  perform	  the	  same	  func+on	  
–  Example:	  A	  more	  efficient	  air	  condi+oner	  

•  Turning	  street	  lights	  off	  versus	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
installing	  efficient	  street	  light	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
lamps	  and	  controls	  
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Why is Efficiency Important?   

•  Cost	  savings	  
•  Reliability	  improvement	  

•  Environmental	  impact	  
miEgaEon	  
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Why Efficiency: Its Relatively Cheap 
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!

California Energy Efficiency 436 14th Street, Suite 1123                   Telephone 916.390.6413 
 Industry Council           Oakland, CA  94612 www.efficiencycouncil.org 

 
 

 

Notes: 

1. Indicated values are averages based on assumptions and data described in the indicated 
source documents; individual resources may have costs significant different than 
presented average values. 

2. End Use Energy Efficiency value is weighted average national Program Administrator 
Cost of Saved Energy during 2009-2011, 2012$, levelized at 6% discount rate. Source: 
“4,000+ (Program) Years of Efficiency: Preliminary Results of a Program-Level 
Analysis of the Administrator Cost of Saved Energy”, Steven R. Schiller, Lawrence 
Berkeley National Laboratory, Presented at the 2013 ACEEE National Conference on 
Energy Efficiency as a Resource, Nashville, Tennessee, September 24, 2013 

3. Other (supply) resources costs are average values from US Energy Information Agency 
Levelized Cost of New Generation Resources in the Annual Energy Outlook 2013, U.S. 
average levelized costs (2011 $/megawatthour) for plants entering service in 2018, 
http://www.eia.gov/forecasts/aeo/electricity_generation.cfm  

4. Efficiency values based on savings at end-use consumer site, supply side values based on 
net AC power available to the grid 

 

November 1, 2013 
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Why Efficiency: Increases Reliability  
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•  Less	  demand	  =	  less	  generaEon,	  transmission	  and	  
distribuEon	  required	  and	  less	  fuel	  	  

•  Can	  be	  targeted,	  modular,	  and	  quickly	  implemented	  
•  Capacity	  &	  electricity	  reliability	  benefits,	  and	  supports	  
renewable	  integraEon	  	  

•  Bocom	  line—if	  your	  boat	  sank,	  	  
	  	  	  	  	  would	  you	  rather	  swim	  	  
	  	  	  	  	  1	  mile	  or	  ½	  mile	  to	  shore	  
	  



Why Energy Efficiency: Multi-Pollutant Reductions 

•  Demand-‐side	  efficiency	  reduces	  emissions	  by	  avoiding	  the	  need	  to	  
generate	  electricity	  in	  the	  first	  place	  

•  Efficiency	  is	  included	  as	  a	  top	  measure	  to	  meet	  the	  reducEon	  goals	  
of	  state	  GHG	  miEgaEon	  plans	  
–  Of	  the	  approximately	  30	  state-‐level	  climate	  change	  acEon	  plans	  that	  have	  been	  

completed	  since	  2000,	  efficiency	  programs	  were	  in	  the	  “top	  10”	  GHG	  reducEon	  
measures	  and	  in	  many	  cases	  were	  among	  the	  top	  five	  measures	  	  	  

•  Of	  course	  all	  types	  of	  power	  plant-‐related	  emissions	  are	  reduced	  
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are!not!yet!fully!mature.!Maryland!continues!to!expand!its!energy!efficiency!programs!under!the!
Empower!Maryland!Act,!with!further!air!quality!benefits!expected!to!accrue.36!!

!
Energy!efficiency!is!included!as!a!top!measure!to!meet!the!reduction!goals!of!state!GHG!mitigation!
plans.!Of!the!approximately!30!stateDlevel!climate!change!action!plans!that!have!been!completed!since!
2000,!energy!efficiency!programs!were!“top!10”!GHG!reduction!measures!in!the!plans,!and!in!many!
cases!were!among!the!top!five!measures.37!!
!
Table!3.4D1!illustrates!the!variety!of!air!pollutants!and!the!interrelationship!among!their!impacts.!
!
Health!and!Welfare!Impacts!of!Air!Pollutants!and!Energy!Efficiency!Reduction!Potential!

Pollutant( Climate(
Forcer(

Acidifying(
Substance(

Eutrophying(
Substance(

Ozone(
Precursor(

Particulate(
Matter(or(
Precursor(

Can(Be(
Reduced(
Through(
Energy(

Efficiency(
Ammonia!(NH3)! ! X! X! ! X! X!
Carbon!Dioxide!(CO2)! X! X! ! ! ! X!
Carbon!Monoxide!(CO)! X! ! ! X! ! X!
Heavy!Metals!(HM)! ! ! ! ! X! X!
Methane!(CH4)! X! ! ! X! ! X!
Nitrogen!Oxides!(NOx)! X! X! X! X! X! X!
NonDMethane!Volatile!Organic!
Compounds!(NMVOC)! X! ! ! X! X! X!

Primary!Particulate!Matter!(PM)! X! ! ! ! X! X!
Polycyclic!Aromatic!
Hydrocarbons!(PAH)! ! ! ! ! X! X!

Sulfur!Dioxide!(SO2)! X! X! ! ! X! X!
!
!
The!energy!savings!associated!with!energy!efficiency!measures!are!not!limited!to!savings!at!the!end!
user’s!site.!The!average!fossilDfueled!power!plant!in!the!U.S.!is!about!32!percent!efficient!thermally,!
meaning!that!about!twoDthirds!of!the!fuel!is!not!converted!to!electricity.38!Additional!losses!occur!during!
the!transmission!and!distribution!(T&D)!of!electricity.!The!Energy!Information!Administration!estimates!
average!T&D!losses!to!be!6!percent,39!though!losses!as!high!as!20!percent!are!possible!during!peak!
periods!of!electricity!demand.!Thus,!eliminating!the!consumption!of!one!unit!of!electricity!(site!savings)!
can!yield!savings!of!several!equivalent!units!of!fuel!consumption!(source!savings)!and!avoid!the!
emissions!associated!with!that!consumption.40!
!
Besides!being!a!lowDcost!energy!resource,!energy!efficiency!also!lowers!the!cost!of!environmental!
compliance.!Researchers!looked!at!multiple!air!pollutants!and!determined!what!it!would!cost,!solely!
through!pollution!controls,!to!reduce!air!pollutant!health!impacts!by!50!percent.!They!compared!that!to!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
36!Aburn!2013.!!
37!State!climate!action!plans!at!http://www.climatestrategies.us/policy_tracker/state/index.!Personal!communication!with!Chris!
James,!Regulatory!Assistance!Project,!August!2015.!
38!Laitner!2013.!!!
39!EIA!2015.!Data!are!average!for!the!period!1990!to!2012.!
40!This!description!does!not!apply!to!combined!heat!and!power!(CHP)!applications,!which!can!be!as!high!as!90!percent!thermally!
efficient.!CHP!applications!match!power!generation!to!onDsite!electricity!and!steam!(or!heat)!demand.!!

Table Source: SEE 
Action Guide for States: 
Energy Efficiency as a 
Least-Cost Strategy to 
Reduce Greenhouse Gas 
Emissions and Meet 
Energy Needs in the 
Power Sector 
(forthcoming) 



So What Is The 
Problem? 
 
Challenges to 
Energy Efficiency 
 
Or – How many people does it 
take to screw in a LED? 
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Efficiency’s	  Version	  of	  the	  Tragedy	  of	  the	  
Commons	  
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Efficiency is a great cost-
effective mechanism for 

society to save energy and 
reduce emissions, but…

there is a paradox …. 

It is not necessarily the 
choice that individual 

energy users make 
because of various market 

barriers 

Thus,	  intervenGon	  is	  required	  to	  meet	  full	  potenGal	  
of	  efficiency	  



Challenges and Opportunities 

Challenges	  

•  Front-‐end	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
investment	  requirements	  

•  Principal	  agent	  problem	  (property	  
owner/tenant)	  

•  Lack	  of	  informaEon	  	  

•  TransacEon	  costs	  

•  Lack	  of	  knowledgeable	  
contractors,	  suppliers,	  etc.	  

•  Uncertainty	  in	  documenEng	  
benefits	  

OpportuniGes	  
•  UElity	  programs	  
•  Codes	  and	  Standards	  
•  Performance	  contracEng	  
•  DistribuEon	  efficiency	  
•  Etc.	  
•  Etc.	  
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Efficiency is an Established Resource 

•  Efficiency	  programs	  have	  been	  in	  place	  in	  the	  
U.S.	  for	  several	  decades,	  and	  every	  state	  has	  
programs	  in	  place	  	  

•  Many	  uEliEes	  include	  demand-‐side	  efficiency	  in	  
the	  resource	  plans	  they	  develop	  to	  guide	  
investment	  decisions	  and	  operaEonal	  plans	  

•  Nevertheless,	  there	  is	  significant	  (and	  
‘renewing’)	  untapped	  efficiency	  potenEal	  
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There are a lot of options for new construction 
and retrofit efficiency savings 
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Broad Categories of 
Efficiency Program 

“UElity”	  programs 

Codes	  and	  standards 

Performance	  contracEng 

DistribuEon	  system	  
improvements	   

Water	  conservaEon/
energy	  efficiency	  
combinaEon	  projects 

Financing	  programs 

Low	  income/at-‐risk/
disadvantaged	  community	  
programs 

Strategies	  

Funding	   Lead	  Entity	   Time	  Frame	  

§ Utility	  customers	  
§ Public/General	  funds	  
§ Cap	  and	  Trade	  Auction	  

Funds	  
§ Consumers	  
§ Industry	  

	  

• Local	  and	  state	  
agencies	  

• Federal	  Entities	  
• Utilities	  
• Non-‐profits	  
• Industry	  

collaboratives	  

• Short	  Term	  –	  Quick	  
Start	  

• Medium	  term	  
• Long	  Term	  

Market	  Segments/	  Sectors	   Objectives	   Implementation	  Strategies	  

• Market	  Segments	  
• Upstream	  
• Mid-‐stream	  
• Down	  stream	  

• Market	  Sectors	  
• Commercial	  
• Residential	  and	  

Multi-‐Family	  
• Low	  Income	  
• Agricultural	  

• Market	  
transformation	  

• Resource	  
Acquisition	  

• Pilots	  
• Infrastructure	  

development	  
	  

• Voluntary	  
• Direct	  Install	  
• Incentives	  
• Financing	  

• Mandatory	  
• Codes	  
• Standards	  

 



High level sense of efficiency’s potential 

•  Codes	  and	  Standards	  
–  Savings	  from	  Codes	  and	  Standards	  have	  each	  grown	  from	  
essenEally	  zero	  to	  about	  1%	  of	  naEonal	  electricity	  sales	  in	  2012	  and	  
growing	  

•  UGlity	  efficiency	  programs	  	  
–  Grown	  from	  very	  small	  impacts	  in	  the	  1980s	  to	  about	  0.5%	  annual	  
decreases	  in	  electricity	  consumpEon	  naEonally	  

–  Based	  on	  current	  state	  policies,	  savings	  from	  these	  programs	  could	  
reach	  0.8%	  to	  1.1%	  per	  year	  of	  naEonal	  electricity	  sales	  by	  2025	  

•  Using	  broad	  generalizaGon—efficiency	  can	  probably	  save,	  cost-‐
effecGvely,	  at	  least	  1%	  to	  2%	  (some	  say	  3%)	  of	  electricity	  sales	  each	  
year	  

•  For	  comparison,	  EIA’s	  2012	  reference	  case	  projects	  that	  U.S.	  electric	  
retail	  sales	  will	  grow	  by	  0.58%	  annually	  through	  2025	  	  
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It	  depends	  on	  so	  many	  factors,	  but:	  



EM&V Basics 
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Planning, Implementing, and Evaluating 
Efficiency Programs  

ES-3November 2012 www.seeaction.energy.gov
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AND UNCERTAINTY: “HOW GOOD IS  
GOOD ENOUGH?”
�ĂĐŚ�ŽĨ�ƚŚĞ�ďƵůůĞƚƐ�ĂďŽǀĞ�ŝŶ�^ĞĐƟŽŶ��^͘ϯ�ĚĞĮŶĞƐ�ĂŶ�͞ĞƐƟŵĂƚĞ͟� 
ǀĞƌƐƵƐ�ĂŶ�ĞǆĂĐƚ�ǀĂůƵĞ͘�dŚŝƐ�ŝƐ�ďĞĐĂƵƐĞ�ĞŶĞƌŐǇ�ĂŶĚ�ĚĞŵĂŶĚ�ƐĂǀŝŶŐƐ�ĂƐ�
ǁĞůů�ĂƐ�ŶŽŶͲĞŶĞƌŐǇ�ďĞŶĞĮƚƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ĞĸĐŝĞŶĐǇ�ĂĐƟŽŶƐ�ĐĂŶŶŽƚ� 
ďĞ�ĚŝƌĞĐƚůǇ�ŵĞĂƐƵƌĞĚ͘�/ŶƐƚĞĂĚ͕�ƐĂǀŝŶŐƐ�ĂŶĚ�ďĞŶĞĮƚƐ�ĂƌĞ�ďĂƐĞĚ�ŽŶ�
ĐŽƵŶƚĞƌĨĂĐƚƵĂů�ĂƐƐƵŵƉƟŽŶƐ͘�hƐŝŶŐ�ĐŽƵŶƚĞƌĨĂĐƚƵĂů�ĂƐƐƵŵƉƟŽŶƐ�
ŝŵƉůŝĞƐ�ƚŚĂƚ�ƐĂǀŝŶŐƐ�ĂƌĞ�ĞƐƟŵĂƚĞĚ�ƚŽ�ǀĂƌǇŝŶŐ�ĚĞŐƌĞĞƐ�ŽĨ�ĂĐĐƵƌĂĐǇ� 
ďǇ�ĐŽŵƉĂƌŝŶŐ�ƚŚĞ�ƐŝƚƵĂƟŽŶ�;Ğ͘Ő͕͘�ĞŶĞƌŐǇ�ĐŽŶƐƵŵƉƟŽŶͿ�ĂŌĞƌ�Ă�
ƉƌŽŐƌĂŵ�ŝƐ�ŝŵƉůĞŵĞŶƚĞĚ�;ƚŚĞ�ƌĞƉŽƌƟŶŐ�ƉĞƌŝŽĚͿ�ƚŽ�ǁŚĂƚ�ŝƐ�ĂƐƐƵŵĞĚ�
ƚŽ�ŚĂǀĞ�ďĞĞŶ�ƚŚĞ�ƐŝƚƵĂƟŽŶ�ŝŶ�ƚŚĞ�ĂďƐĞŶĐĞ�ŽĨ�ƚŚĞ�ƉƌŽŐƌĂŵ�;ƚŚĞ� 
͞ĐŽƵŶƚĞƌĨĂĐƚƵĂů͟�ƐĐĞŶĂƌŝŽ͕�ŬŶŽǁŶ�ĂƐ�ƚŚĞ�ďĂƐĞůŝŶĞͿ͘�&Žƌ�ĞŶĞƌŐǇ�ŝŵƉĂĐƚƐ͕�
ƚŚĞ�ďĂƐĞůŝŶĞ�ĂŶĚ�ƌĞƉŽƌƟŶŐ�ƉĞƌŝŽĚ�ĞŶĞƌŐǇ�ƵƐĞ�ĂƌĞ�ĐŽŵƉĂƌĞĚ͕�ǁŚŝůĞ�
ĐŽŶƚƌŽůůŝŶŐ�;ŵĂŬŝŶŐ�ĂĚũƵƐƚŵĞŶƚƐͿ�ĨŽƌ�ĨĂĐƚŽƌƐ�ƵŶƌĞůĂƚĞĚ�ƚŽ�ĞŶĞƌŐǇ� 
ĞĸĐŝĞŶĐǇ�ĂĐƟŽŶ͕�ƐƵĐŚ�ĂƐ�ǁĞĂƚŚĞƌ�Žƌ�ďƵŝůĚŝŶŐ�ŽĐĐƵƉĂŶĐǇ͘ �dŚĞƐĞ�
ĂĚũƵƐƚŵĞŶƚƐ�ĂƌĞ�Ă�ŵĂũŽƌ�ƉĂƌƚ�ŽĨ�ƚŚĞ�ĞǀĂůƵĂƟŽŶ�ƉƌŽĐĞƐƐ͖�ŚŽǁ�ƚŚĞǇ� 
are determined can vary from one program type to another and 
ĨƌŽŵ�ŽŶĞ�ĞǀĂůƵĂƟŽŶ�ĂƉƉƌŽĂĐŚ�ƚŽ�ĂŶŽƚŚĞƌ͘ �

�ĞĐĂƵƐĞ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ǀĂůƵĞƐ�ĂƌĞ�ĞƐƟŵĂƚĞƐ͕�ƚŚĞŝƌ�ƵƐĞ�ĂƐ�Ă�ďĂƐŝƐ�
ĨŽƌ�ĚĞĐŝƐŝŽŶ�ŵĂŬŝŶŐ�ĐĂŶ�ďĞ�ĐŚĂůůĞŶŐĞĚ�ŝĨ�ƚŚĞŝƌ�ƐŽƵƌĐĞƐ�ĂŶĚ�ůĞǀĞů�ŽĨ�
ĂĐĐƵƌĂĐǇ�ĂƌĞ�ŶŽƚ�ĚĞƐĐƌŝďĞĚ͘�dŚĞƌĞĨŽƌĞ͕�ĞǀĂůƵĂƟŽŶ�ƌĞƐƵůƚƐ͕�ůŝŬĞ�ĂŶǇ�
ĞƐƟŵĂƚĞ͕�ƐŚŽƵůĚ�ďĞ�ƌĞƉŽƌƚĞĚ�ĂƐ�͞ĞǆƉĞĐƚĞĚ�ǀĂůƵĞƐ͖͟�ƚŚĂƚ�ŝƐ͕�ďĂƐĞĚ�ŽŶ�
ƚŚĞ�ŝŵƉĂĐƚ�ĞǀĂůƵĂƟŽŶ͕�ǀĂůƵĞƐ�ĂƌĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ďĞ�ĐŽƌƌĞĐƚ�ǁŝƚŚŝŶ�ĂŶ�
ĂƐƐŽĐŝĂƚĞĚ�ůĞǀĞů�ŽĨ�ĐĞƌƚĂŝŶƚǇ͘ �DŝŶŝŵŝǌŝŶŐ�ƵŶĐĞƌƚĂŝŶƚǇ�ĂŶĚ�ďĂůĂŶĐŝŶŐ 
ĞǀĂůƵĂƟŽŶ�ĐŽƐƚƐ�ǁŝƚŚ�ƚŚĞ�ǀĂůƵĞ�ŽĨ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ĞǀĂůƵĂƟŽŶ�ŝŶĨŽƌŵĂƟŽŶ 
ĂƌĞ�Ăƚ�ƚŚĞ�ŚĞĂƌƚ�ŽĨ�ƚŚĞ�ĞǀĂůƵĂƟŽŶ�ƉƌŽĐĞƐƐ�ĂŶĚ�ůĞĂĚƐ�ƚŽ�ƉĞƌŚĂƉƐ�
ƚŚĞ�ŵŽƐƚ�ĨƵŶĚĂŵĞŶƚĂů�ĞǀĂůƵĂƟŽŶ�ƋƵĞƐƟŽŶ͗�͞,Žǁ�ŐŽŽĚ�ŝƐ�ŐŽŽĚ�
ĞŶŽƵŐŚ͍͟�dŚŝƐ�ƋƵĞƐƟŽŶ�ŝƐ�Ă�ƐŚŽƌƚ�ǀĞƌƐŝŽŶ�ŽĨ�ĂƐŬŝŶŐ�;ϭͿ�ǁŚĂƚ�ůĞǀĞů�
ŽĨ�ĐĞƌƚĂŝŶƚǇ�ŝƐ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ĞŶĞƌŐǇ�ƐĂǀŝŶŐƐ�ĞƐƟŵĂƚĞƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�
ĞǀĂůƵĂƟŽŶ�ĂĐƟǀŝƟĞƐ͕�ĂŶĚ�;ϮͿ�ŝƐ�ƚŚĂƚ�ůĞǀĞů�ŽĨ�ĐĞƌƚĂŝŶƚǇ�ƉƌŽƉĞƌůǇ�ďĂůĂŶĐĞĚ�
ĂŐĂŝŶƐƚ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�ĞīŽƌƚ�;Ğ͘Ő͕͘�ƌĞƐŽƵƌĐĞƐ͕�ƟŵĞ͕�ŵŽŶĞǇͿ�ƵƐĞĚ�ƚŽ�
ŽďƚĂŝŶ�ƚŚĂƚ�ůĞǀĞů�ŽĨ�ĐĞƌƚĂŝŶƚǇ͍�

dǁŽ�ƉƌŝŶĐŝƉůĞƐ�ĂƌĞ�ŝŵƉŽƌƚĂŶƚ�ǁŚĞŶ�ĐŽŶƐŝĚĞƌŝŶŐ�͞ŚŽǁ�ŐŽŽĚ�ŝƐ�ŐŽŽĚ�
ĞŶŽƵŐŚ͗͟�;ϭͿ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ŝŶǀĞƐƚŵĞŶƚƐ�ƐŚŽƵůĚ�ďĞ�ĐŽƐƚͲĞīĞĐƟǀĞ͕�
ĂŶĚ�;ϮͿ�ĞǀĂůƵĂƟŽŶ�ŝŶǀĞƐƚŵĞŶƚƐ�ƐŚŽƵůĚ�ĐŽŶƐŝĚĞƌ�ƌŝƐŬ�ŵĂŶĂŐĞŵĞŶƚ�
ƉƌŝŶĐŝƉůĞƐ�ĂŶĚ�ƚŚƵƐ�ďĂůĂŶĐĞ�ƚŚĞ�ĐŽƐƚƐ�ŽĨ�ĞǀĂůƵĂƟŽŶ�ĂŐĂŝŶƐƚ�ƚŚĞ�ǀĂůƵĞ�
ŽĨ�ƚŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�ĞǀĂůƵĂƟŽŶ�;ŝ͘Ğ͕͘�ĞǀĂůƵĂƟŽŶ�ƐŚŽƵůĚ�
ĂůƐŽ�ďĞ�ĐŽƐƚͲĞīĞĐƟǀĞͿ͘�dŚĞ�ǀĂůƵĞ�ŽĨ�ƚŚĞ�ŝŶĨŽƌŵĂƟŽŶ�ŝƐ�ĚŝƌĞĐƚůǇ�ƌĞůĂƚĞĚ�
ƚŽ�ƚŚĞ�ƌŝƐŬƐ�ŽĨ�ƵŶĚĞƌĞƐƟŵĂƟŶŐ�Žƌ�ŽǀĞƌĞƐƟŵĂƟŶŐ�ƚŚĞ�ďĞŶĞĮƚƐ�;ƐĂǀŝŶŐƐͿ�
ĂŶĚ�ĐŽƐƚƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĞĸĐŝĞŶĐǇ�ŝŶǀĞƐƚŵĞŶƚƐ͘�dŚĞƐĞ�ƌŝƐŬƐ�ŵŝŐŚƚ�
ďĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĞƌƌŽƌƐ�ŽĨ�ĐŽŵŵŝƐƐŝŽŶ�Žƌ�ĞƌƌŽƌƐ�ŽĨ�ŽŵŝƐƐŝŽŶ͘��Ŷ�
ĞƌƌŽƌ�ŽĨ�ĐŽŵŵŝƐƐŝŽŶ�ŵŝŐŚƚ�ďĞ�ŽǀĞƌĞƐƟŵĂƟŶŐ�ƐĂǀŝŶŐƐ͕�ǁŚŝĐŚ�ŝŶ�ƚƵƌŶ�
ĐĂŶ�ƌĞƐƵůƚ�ŝŶ�ĐŽŶƟŶƵŝŶŐ�ƉƌŽŐƌĂŵƐ�ƚŚĂƚ�ĂƌĞ�ŶŽƚ�ĐŽƐƚͲĞīĞĐƟǀĞ�ĂŶĚͬ
Žƌ�ŽǀĞƌƉĂǇŝŶŐ�ĐŽŶƚƌĂĐƚŽƌƐ͕�ĂĚŵŝŶŝƐƚƌĂƚŽƌƐ͕�ĂŶĚ�ƉĂƌƟĐŝƉĂŶƚƐ͘��Ŷ�ĞƌƌŽƌ�ŽĨ�
ŽŵŝƐƐŝŽŶ͕�ŽŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�ŵŝŐŚƚ�ďĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƵŶĚĞƌĞƐƟŵĂƟŶŐ�
ƐĂǀŝŶŐƐ�Žƌ�ŶŽƚ�ŝŵƉůĞŵĞŶƟŶŐ�ĞĸĐŝĞŶĐǇ�ĂĐƟŽŶƐ�ďĞĐĂƵƐĞ�ŽĨ�ƚŚĞ�ĚŝĸĐƵůƚǇ�
ŝŶ�ĚŽĐƵŵĞŶƟŶŐ�ƐĂǀŝŶŐƐ͕�ďŽƚŚ�ŽĨ�ǁŚŝĐŚ�ĐĂŶ�ƌĞƐƵůƚ�ŝŶ�ƵŶĚĞƌŝŶǀĞƐƟŶŐ�ŝŶ�
ĞĸĐŝĞŶĐǇ�ĂŶĚ�ƌĞůǇŝŶŐ�ŽŶ�ŽƚŚĞƌ�ĞŶĞƌŐǇ�ƌĞƐŽƵƌĐĞƐ�ƚŚĂƚ�ŚĂǀĞ�ƚŚĞŝƌ�ŽǁŶ�
ƌŝƐŬƐ�ĂŶĚ�ƵŶĐĞƌƚĂŝŶƟĞƐ͕�ƐƵĐŚ�ĂƐ�ĨƵĞů�ĐŽƐƚƐ�ĂŶĚ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ŝŵƉĂĐƚƐ͘�

ES.5 EVALUATION AND THE EFFICIENCY  
PROGRAM PROCESS 
�Ɛ�ƐŚŽǁŶ�ŝŶ�&ŝŐƵƌĞ��^͘Ϯ͕�ƚŚĞ�ĞĸĐŝĞŶĐǇ�ƉƌŽŐƌĂŵ�ƉƌŽĐĞƐƐ�ĐŽŶƐŝƐƚƐ�ŽĨ�
ƉůĂŶŶŝŶŐ͕�ŝŵƉůĞŵĞŶƟŶŐ͕�ĂŶĚ�ĞǀĂůƵĂƟŶŐ�ĂĐƟǀŝƟĞƐ͘�dŚƌŽƵŐŚŽƵƚ�ƚŚŝƐ�
ƉƌŽĐĞƐƐ͕�ƐĂǀŝŶŐƐ�ǀĂůƵĞƐ�ĂƌĞ�ƚǇƉŝĐĂůůǇ�ŝŶĚŝĐĂƚĞĚ�ďĂƐĞĚ�ŽŶ�ĞƐƟŵĂƚĞƐ�
ƉƌĞƉĂƌĞĚ�ĂƐ�ƉĂƌƚ�ŽĨ�ĞĂĐŚ�ĂĐƟǀŝƚǇ͘ �KŶĞ�ǁĂǇ�ƚŽ�ĚĞƐĐƌŝďĞ�ƚŚĞƐĞ�ƐĂǀŝŶŐƐ�
ŝƐ�ǁŝƚŚ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ĐůĂƐƐŝĮĐĂƟŽŶƐ͕�ĂůƐŽ�ĚŝƐƉůĂǇĞĚ�ŝŶ�&ŝŐƵƌĞ��^͘Ϯ͗�
ͻ� WƌŽũĞĐƚĞĚ�ƐĂǀŝŶŐƐ͗�ǀĂůƵĞƐ�ƌĞƉŽƌƚĞĚ�ďǇ�Ă�ƉƌŽŐƌĂŵ�ŝŵƉůĞŵĞŶƚĞƌ�

Žƌ�ĂĚŵŝŶŝƐƚƌĂƚŽƌ�ďĞĨŽƌĞ�ƚŚĞ�ĞĸĐŝĞŶĐǇ�ĂĐƟǀŝƟĞƐ�ĂƌĞ�ĐŽŵƉůĞƚĞĚ

FIGURE ES.2: Workflow and reporting for planning,  
implementing, and evaluating efficiency programs  
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Why Evaluate?  

•  Document	  impacts:	  Document	  the	  energy	  savings	  of	  
projects	  and	  programs	  in	  order	  to	  determine	  how	  
well	  they	  have	  met	  their	  goals;	  e.g.,	  has	  there	  been	  a	  
good	  use	  of	  the	  invested	  money	  and	  Eme?	  Provide	  
PROOF	  of	  the	  effecEveness	  of	  energy	  management.	  

•  Resource	  Planning:	  To	  support	  energy	  resource	  
planning	  by	  understanding	  the	  historical	  and	  future	  
resource	  contribuEons	  of	  energy	  efficiency	  as	  
compared	  to	  other	  energy	  resources.	  Provide	  data	  to	  
support	  efficiency	  as	  a	  reliable	  resource.	  

•  Understand	  why	  the	  effects	  occurred:	  IdenEfy	  ways	  
to	  improve	  current	  and	  future	  projects	  and	  programs	  
as	  well	  as	  select	  future	  projects.	  “You	  can’t	  manage	  
what	  you	  don’t	  measure”	  and	  “Things	  that	  are	  
measured	  tend	  to	  improve”.	  
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DĂƌŬĞƚ�ĞǀĂůƵĂƟŽŶƐ�ĂƌĞ�ĐƌŝƟĐĂů�ĨŽƌ͕ �ďƵƚ�ŶŽƚ�ĞǆĐůƵƐŝǀĞůǇ�ƵƐĞĚ�ĨŽƌ͕ �
ƉƌŽŐƌĂŵƐ�ǁŝƚŚ�ŵĂƌŬĞƚ�ƚƌĂŶƐĨŽƌŵĂƟŽŶ�ĞůĞŵĞŶƚƐ�ĂŶĚ�ŽďũĞĐƟǀĞƐ͘�
�ǆĂŵƉůĞƐ�ŽĨ�ŵĂƌŬĞƚ�ĞǀĂůƵĂƟŽŶƐ�ĂƌĞ�ƉŽƚĞŶƟĂů�ƐƚƵĚŝĞƐ͕�ďĂƐĞůŝŶĞƐ�
ƐƚƵĚŝĞƐ�ĂŶĚ�ŵĂƌŬĞƚ�ĞīĞĐƚƐ�ƐƚƵĚŝĞƐ͘

Evaluations have three primary objectives,  
as shown in Figure ES.1:
ͻ� �ŽĐƵŵĞŶƚ�ƚŚĞ�ďĞŶĞĮƚƐ�;ŝ͘Ğ͕͘�ŝŵƉĂĐƚƐͿ�ŽĨ�Ă�ƉƌŽŐƌĂŵ�ĂŶĚ�ĚĞƚĞƌŵŝŶĞ�

ǁŚĞƚŚĞƌ�ƚŚĞ�ƐƵďũĞĐƚ�ƉƌŽŐƌĂŵ�;Žƌ�ƉŽƌƞŽůŝŽ�ŽĨ�ƉƌŽŐƌĂŵƐͿ�ŵĞƚ�ŝƚƐ�ŐŽĂůƐ
ͻ� /ĚĞŶƟĨǇ�ǁĂǇƐ�ƚŽ�ŝŵƉƌŽǀĞ�ĐƵƌƌĞŶƚ�ĂŶĚ�ĨƵƚƵƌĞ�ƉƌŽŐƌĂŵs through 

determining why program-induced impacts occurred
ͻ� ^ƵƉƉŽƌƚ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ĨŽƌĞĐĂƐƟŶŐ�ĂŶĚ�ƌĞƐŽƵƌĐĞ�ƉůĂŶŶŝŶŐ by 

ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ŚŝƐƚŽƌŝĐĂů�ĂŶĚ�ĨƵƚƵƌĞ�ƌĞƐŽƵƌĐĞ�ĐŽŶƚƌŝďƵƟŽŶƐ�
ŽĨ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ĂƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ŽƚŚĞƌ�ĞŶĞƌŐǇ�ƌĞƐŽƵƌĐĞƐ͘

 

DĂŶǇ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ĞǀĂůƵĂƟŽŶƐ�ĂƌĞ�ŽƌŝĞŶƚĞĚ�ƚŽǁĂƌĚ�ĚĞǀĞůŽƉŝŶŐ 
ƌĞƚƌŽƐƉĞĐƟǀĞ�ĞƐƟŵĂƚĞƐ�ŽĨ�ĞŶĞƌŐǇ�ƐĂǀŝŶŐƐ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�Ă�ƉƌŽŐƌĂŵ�
ƚŽ�ĚĞŵŽŶƐƚƌĂƚĞ�ŝŶ�ƌĞŐƵůĂƚŽƌǇ�ƉƌŽĐĞĞĚŝŶŐƐ�ƚŚĂƚ�ƉƵďůŝĐ�Žƌ�ĞŶĞƌŐǇ� 
ĐŽŶƐƵŵĞƌ�ĨƵŶĚƐ�ǁĞƌĞ�ƉƌŽƉĞƌůǇ�ĂŶĚ�ĞīĞĐƟǀĞůǇ�ƐƉĞŶƚ͘��ĞǇŽŶĚ� 
ĚŽĐƵŵĞŶƟŶŐ�ƐĂǀŝŶŐƐ�ĂŶĚ�ĂƩƌŝďƵƟŽŶ͕�ƚŚŽƵŐŚ͕�ŝƐ�ƚŚĞ�ƌŽůĞ�ŽĨ�ĞǀĂůƵĂƟŽŶ 
 in improving programs and providing a basis for future savings  
ĞƐƟŵĂƚĞƐ�ŝŶ�ƌĞƐŽƵƌĐĞ�ƉůĂŶƐ͘�dŚĞƌĞĨŽƌĞ͕�ĞǀĂůƵĂƟŽŶ�ďŽƚŚ�ĨŽƐƚĞƌƐ� 
ŵŽƌĞ�ĞīĞĐƟǀĞ�ƉƌŽŐƌĂŵƐ�ĂŶĚ�ũƵƐƟĮĞƐ�ŝŶĐƌĞĂƐĞĚ�ůĞǀĞůƐ�ŽĨ�ŝŶǀĞƐƚŵĞŶƚ�
ŝŶ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ĂƐ�Ă�ůŽŶŐͲƚĞƌŵ͕�ƌĞůŝĂďůĞ�ĞŶĞƌŐǇ�ƌĞƐŽƵƌĐĞ͘�WĞƌŚĂƉƐ�
ƚŚĞ�ŝŵƉĞƌĂƟǀĞ�ĨŽƌ�ĐŽŶĚƵĐƟŶŐ�ĞǀĂůƵĂƟŽŶ�ŝƐ�ďĞƐƚ�ĚĞƐĐƌŝďĞĚ�ďǇ�Ă�ƋƵŽƚĞ�
ĂƩƌŝďƵƚĞĚ�ƚŽ�:ŽŚŶ�<ĞŶŶĞƚŚ�'ĂůďƌĂŝƚŚ͗�͞dŚŝŶŐƐ�ƚŚĂƚ�ĂƌĞ�ŵĞĂƐƵƌĞĚ�
ƚĞŶĚ�ƚŽ�ŝŵƉƌŽǀĞ͘͟ 2

ES.3 IMPACT EVALUATION METRICS
KŶĞ�Žƌ�ŵŽƌĞ�ŽĨ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƚŚƌĞĞ�ŵĞƚƌŝĐƐ�ĂƌĞ�ƵƐƵĂůůǇ�ƌĞƉŽƌƚĞĚ�ĂƐ�
ƚŚĞ�ŽƵƚƉƵƚ�ŽĨ�ŝŵƉĂĐƚ�ĞǀĂůƵĂƟŽŶƐ͗
ͻ� ��ƐƟŵĂƚĞƐ�ŽĨ�ŐƌŽƐƐ�;ĞŶĞƌŐǇ�ĂŶĚͬŽƌ�ĚĞŵĂŶĚͿ�ƐĂǀŝŶŐƐ͘ These are 

ƚŚĞ�ĐŚĂŶŐĞƐ�ŝŶ�ĞŶĞƌŐǇ�ĐŽŶƐƵŵƉƟŽŶ�ĂŶĚͬŽƌ�ĚĞŵĂŶĚ�ƚŚĂƚ�ƌĞƐƵůƚ�
ĚŝƌĞĐƚůǇ�ĨƌŽŵ�ƉƌŽŐƌĂŵͲƌĞůĂƚĞĚ�ĂĐƟŽŶƐ�ƚĂŬĞŶ�ďǇ�ƉĂƌƟĐŝƉĂŶƚƐ�ŝŶ�
ĂŶ�ĞĸĐŝĞŶĐǇ�ƉƌŽŐƌĂŵ͕�ƌĞŐĂƌĚůĞƐƐ�ŽĨ�ǁŚǇ�ƚŚĞǇ�ƉĂƌƟĐŝƉĂƚĞĚ͘�

ͻ�  �ƐƟŵĂƚĞƐ�ŽĨ�ŶĞƚ�;ĞŶĞƌŐǇ�ĂŶĚͬŽƌ�ĚĞŵĂŶĚͿ�ƐĂǀŝŶŐƐ͘ These 
ĂƌĞ�ƚŚĞ�ĐŚĂŶŐĞƐ�ŝŶ�ĞŶĞƌŐǇ�ĐŽŶƐƵŵƉƟŽŶ�Žƌ�ĚĞŵĂŶĚ�ƚŚĂƚ�ĂƌĞ�
ĂƩƌŝďƵƚĂďůĞ�ƚŽ�ĂŶ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ƉƌŽŐƌĂŵ͘�dŚĞ�ƉƌŝŵĂƌǇ͕ �ďƵƚ�
ŶŽƚ�ĞǆĐůƵƐŝǀĞ͕�ĐŽŶƐŝĚĞƌĂƟŽŶƐ�ƚŚĂƚ�ĂĐĐŽƵŶƚ�ĨŽƌ�ƚŚĞ�ĚŝīĞƌĞŶĐĞ�
ďĞƚǁĞĞŶ�ŶĞƚ�ĂŶĚ�ŐƌŽƐƐ�ƐĂǀŝŶŐƐ�ĂƌĞ�ĨƌĞĞ�ƌŝĚĞƌƐ�;ŝ͘Ğ͕͘�ƚŚŽƐĞ�ǁŚŽ�
ǁŽƵůĚ�ŚĂǀĞ�ŝŵƉůĞŵĞŶƚĞĚ�ƚŚĞ�ƐĂŵĞ�Žƌ�ƐŝŵŝůĂƌ�ĞĸĐŝĞŶĐǇ�ƉƌŽũĞĐƚƐ͕�
ƚŽ�ŽŶĞ�ĚĞŐƌĞĞ�Žƌ�ĂŶŽƚŚĞƌ͕ �ǁŝƚŚŽƵƚ�ƚŚĞ�ƉƌŽŐƌĂŵ�ŶŽǁ�Žƌ�ŝŶ�ƚŚĞ�
ŶĞĂƌ�ĨƵƚƵƌĞͿ�ĂŶĚ�ƉĂƌƟĐŝƉĂŶƚ�ĂŶĚ�ŶŽŶͲƉĂƌƟĐŝƉĂŶƚ�ƐƉŝůůŽǀĞƌ͘ �EŽŶͲ
ƉĂƌƟĐŝƉĂŶƚ�ƐƉŝůůŽǀĞƌ�ƌĞĨĞƌƐ�ƚŽ�ƐĂǀŝŶŐƐ�ĨƌŽŵ�ĞĸĐŝĞŶĐǇ�ƉƌŽũĞĐƚƐ�
ŝŵƉůĞŵĞŶƚĞĚ�ďǇ�ƚŚŽƐĞ�ǁŚŽ�ĚŝĚ�ŶŽƚ�ĚŝƌĞĐƚůǇ�ƉĂƌƟĐŝƉĂƚĞ�ŝŶ�Ă�
ƉƌŽŐƌĂŵ͕�ďƵƚ�ƚŚĂƚ�ŶŽŶĞƚŚĞůĞƐƐ�ŽĐĐƵƌƌĞĚ�ĚƵĞ�ƚŽ�ƚŚĞ�ƉƌŽŐƌĂŵ Ɛ͛�
ŝŶŇƵĞŶĐĞ͘�WĂƌƟĐŝƉĂŶƚ�ƐƉŝůůŽǀĞƌ�ƌĞĨĞƌƐ�ƚŽ�ƐĂǀŝŶŐƐ�ĨƌŽŵ�ĂĚĚŝƟŽŶĂů�
ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ĂĐƟŽŶƐ�ƚĂŬĞŶ�ďǇ�ƉƌŽŐƌĂŵ�ƉĂƌƟĐŝƉĂŶƚƐ�ĂƐ�Ă� 
ƌĞƐƵůƚ�ŽĨ�ƉƌŽŐƌĂŵ�ŝŶŇƵĞŶĐĞ͕�ďƵƚ�ǁŚŝĐŚ�ĂƌĞ�ŶŽƚ�ĚŝƌĞĐƚůǇ�ƐƵďƐŝĚŝǌĞĚ�Žƌ 
ƌĞƋƵŝƌĞĚ�ďǇ�ƚŚĞ�ƉƌŽŐƌĂŵ͘�EĞƚ�ƐĂǀŝŶŐƐ�ŵĂǇ�ĂůƐŽ�ŝŶĐůƵĚĞ�ĐŽŶƐŝĚĞƌĂƟŽŶ�
of ŵĂƌŬĞƚ�ĞīĞĐƚƐ�;ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ�ŽĨ�Ă�ŵĂƌŬĞƚͿ͘� 
� �ĞƚĞƌŵŝŶŝŶŐ�ŶĞƚ�ƐĂǀŝŶŐƐ�ŝŶǀŽůǀĞƐ�ƐĞƉĂƌĂƟŶŐ�ŽƵƚ�ƚŚĞ�
ŝŵƉĂĐƚƐ�ƚŚĂƚ�ĂƌĞ�Ă�ƌĞƐƵůƚ�ŽĨ�ŝŶŇƵĞŶĐĞƐ�ŽƚŚĞƌ�ƚŚĂŶ�ƚŚĞ�ƉƌŽŐƌĂŵ�
ďĞŝŶŐ�ĞǀĂůƵĂƚĞĚ͕�ƐƵĐŚ�ĂƐ�ĐŽŶƐƵŵĞƌ�ƐĞůĨͲŵŽƟǀĂƟŽŶ�Žƌ�ĞīĞĐƚƐ�
ŽĨ�ƉƌŝŽƌ�ĂŶĚͬŽƌ�ŽƚŚĞƌ�ƉƌŽŐƌĂŵƐ͘�'ŝǀĞŶ�ƚŚĞ�ƌĂŶŐĞ�ŽĨ�ŝŶŇƵĞŶĐĞƐ�
ŽŶ�ĐŽŶƐƵŵĞƌƐ͛�ĞŶĞƌŐǇ�ĐŽŶƐƵŵƉƟŽŶ�ĂŶĚ�ƚŚĞ�ĐŽŵƉůĞǆŝƚǇ�ŝŶ�
ƐĞƉĂƌĂƟŶŐ�ŽƵƚ�ďŽƚŚ�ƐŚŽƌƚͲƚĞƌŵ�ĂŶĚ�ůŽŶŐͲƚĞƌŵ�ŵĂƌŬĞƚ�ĞīĞĐƚƐ�
ĐĂƵƐĞĚ�ďǇ�ƚŚĞ�ƐƵďũĞĐƚ�ƉƌŽŐƌĂŵƐ�;ĂŶĚ�ŽƚŚĞƌ�ƉƌŽŐƌĂŵƐͿ͕�ĂƩƌŝďƵƚ-
ŝŶŐ�ĐŚĂŶŐĞƐ�ƚŽ�ŽŶĞ�ĐĂƵƐĞ�;ŝ͘Ğ͕͘�Ă�ƉĂƌƟĐƵůĂƌ�ƉƌŽŐƌĂŵͿ�Žƌ�ĂŶŽƚŚĞƌ�
ĐĂŶ�ďĞ�ƋƵŝƚĞ�ĐŽŵƉůĞǆ͘�dŚŝƐ�ŝƐ�ĐŽŵƉŽƵŶĚĞĚ�ďǇ�Ă�ŐĞŶĞƌĂů�ůĂĐŬ�
ŽĨ�ĐŽŶƐĞŶƐƵƐ�ĂŵŽŶŐ�ƉŽůŝĐǇŵĂŬĞƌƐ�ĂŶĚ�ƌĞŐƵůĂƚŽƌƐ�ŽŶ�ǁŚŝĐŚ�
ƐŚŽƌƚͲƚĞƌŵ�ĂŶĚ�ůŽŶŐͲƚĞƌŵ�ŵĂƌŬĞƚ�ŝŶŇƵĞŶĐĞƐ�ĂŶĚ�ĞīĞĐƚƐ�ƐŚŽƵůĚ�
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FIGURE ES.1: Evaluation objectives 

�ŽĐƵŵĞŶƟŶŐ�ƚŚĞ�ďĞŶĞĮƚƐ�ŽĨ�ĞĸĐŝĞŶĐǇ͕ �ƵƐŝŶŐ�ĐƌĞĚŝďůĞ�ĂŶĚ�
ƚƌĂŶƐƉĂƌĞŶƚ�ŵĞƚŚŽĚƐ͕�ŝƐ�Ă�ŬĞǇ�ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƐƵĐĐĞƐƐĨƵůůǇ�
ŝŵƉůĞŵĞŶƟŶŐ�ĂŶĚ�ĞǆƉĂŶĚŝŶŐ�ƚŚĞ�ƌŽůĞ�ŽĨ�ĞĸĐŝĞŶĐǇ�ŝŶ�ƉƌŽǀŝĚŝŶŐ�
ƐĞĐƵƌĞ͕�ƐƚĂďůĞ͕�ƌĞůŝĂďůĞ͕�ĐůĞĂŶ͕�ĂŶĚ�ƌĞĂƐŽŶĂďůǇ�ƉƌŝĐĞĚ�ĞŶĞƌŐǇ͘ �
dŚĞƌĞĨŽƌĞ͕�ĞǀĂůƵĂƟŽŶ�ŝƐ�ŶŽƚ�ĂŶ�ĞŶĚ�ƵŶƚŽ�ŝƚƐĞůĨ�ďƵƚ�ĂŶ�ĞīĞĐƟǀĞ�
ƚŽŽů�ĨŽƌ�ƐƵƉƉŽƌƟŶŐ�ƚŚĞ�ĂĚŽƉƟŽŶ͕�ĐŽŶƟŶƵĂƟŽŶ͕�ĂŶĚ�ĞǆƉĂŶƐŝŽŶ�ŽĨ�
ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ƉƌŽŐƌĂŵƐ͕�ĂŶĚ�ƚŚƵƐ�ƚŚĞ�ĞĸĐŝĞŶƚ�ƵƐĞ�ŽĨ�ĞŶĞƌŐǇ͘

EVALUATION SUPPORTS SUCCESSFUL  
EFFICIENCY PROGRAMS



Evaluation Types – Real Time or Ex-Post 
EvaluaGon	  Type	   DescripGon	   Example	  Uses	  

Impact	  EvaluaGon	   QuanEfies	  direct	  and	  indirect	  changes	  
associated	  with	  the	  subject	  program(s).	  

Determines	  the	  amount	  of	  
energy	  and	  demand	  saved.	  

Process	  EvaluaGon	   Indicates	  how	  the	  procedures	  associated	  
with	  program	  design	  and	  implementaEon	  
are	  performing	  from	  both	  the	  
administrator’s	  and	  the	  parEcipants’	  
perspecEves.	  

IdenEfies	  how	  program	  designs	  
and	  processes	  can	  be	  improved.	  

	  	  

Market	  Effects	  
EvaluaGon	  

Analyzes	  how	  the	  overall	  supply	  chain	  and	  
market	  for	  energy	  efficiency	  products	  have	  
been	  affected	  by	  the	  program.	  Market	  
baselines	  and	  PotenEal	  Studies. 

Characterizes	  changes	  that	  have	  
occurred	  in	  efficiency	  markets	  
and	  whether	  they	  are	  
acributable	  to	  and	  sustainable	  
with	  or	  without	  the	  program.	  

Cost-‐EffecGveness	  
EvaluaGon	  

QuanEfies	  the	  costs	  of	  program	  
implementaEon	  and	  compares	  them	  with	  
program	  benefits.	  

Determines	  whether	  an	  energy	  
efficiency	  program	  is	  a	  cost-‐
effecEve	  investment	  compared	  
with	  other	  programs	  and	  energy	  
supply	  resources.	  

Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	   19	  



FOCUS OF THIS 
PRESENTATION IS IMPACT 
EVALUATION – BUT THE 
FOLLOWING FEW SLIDES 
INTRODUCE THE OTHER 
STUDY TYPES 

Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	   20	  



Process Evaluations 

•  Recommend	  ways	  to	  
improve	  a	  program’s	  
efficacy	  and	  effecEveness	  	  

•  Frequency:	  	  	  
n  For	  a	  new	  program	  	  
n  Whenever	  there	  are	  
major	  changes	  in	  the	  
program	  

n  Or	  aser	  2-‐3	  years	  

Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	  

Process	  evaluaEons	  are	  parEcularly	  
valuable	  when:	  
n  The	  program	  is	  new	  or	  has	  many	  changes	  

n  Benefits	  are	  being	  achieved	  more	  slowly	  
than	  expected	  

n  There	  is	  limited	  program	  parEcipaEon	  or	  
stakeholders	  are	  slow	  to	  begin	  
parEcipaEng	  

n  The	  program	  has	  a	  slow	  startup	  

n  ParEcipants	  are	  reporEng	  problems	  

n  The	  program	  appears	  not	  to	  be	  cost-‐
effecEve	  

21	  



Market Studies 

n  Market	  Baseline	  -‐	  	  studies	  look	  at	  the	  
broader	  market	  for	  EE	  products	  and	  
services	  and	  establishes	  exisEng	  levels	  of	  
efficiency—done	  before	  program	  

	  
n  Market	  Effects	  -‐	  look	  at	  the	  broader	  

market	  effects	  of	  EE	  programs	  	  (e.g.,	  
someEmes	  rebate	  programs	  may	  
increase	  product	  availability	  and	  drive	  
product	  prices	  down,	  resulEng	  in…)	  

Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	   22 



Potential Studies 
Ex-Ante Estimates 
 

Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	   23	  

Example:	  Gross	  Technical,	  
Economic,	  and	  CumulaEve	  
Market	  Demand	  Savings	  	  



IMPACT  
EVALUATIONS 
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EM&V Definitions  
– Impact Evaluations Perspective 

•  EvaluaEon	  -‐	  Performance	  of	  studies	  and	  
acEviEes	  aimed	  at	  determining	  the	  
effects	  of	  a	  program	  or	  poruolio.	  

•  Measurement	  and	  VerificaEon	  -‐	  Data	  
collecEon,	  monitoring,	  and	  analysis	  
associated	  with	  the	  calculaEon	  of	  gross	  
energy	  savings	  from	  individual	  sites	  or	  
projects.	  M&V	  can	  be	  a	  subset	  of	  
program	  evaluaEon.	  	  	  	  

•  EM&V	  -‐	  The	  term	  “evaluaEon,	  
measurement,	  and	  verificaEon”	  is	  
frequently	  seen	  in	  efficiency	  evaluaEon	  
literature.	  EM&V	  is	  a	  catchall	  acronym	  
for	  determining	  both	  program	  and	  
project	  impacts.	   
Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	   25	  



Two Components to Impact Evaluation: 
	  	  	  	  	  1.	  Verify	  potenEal	  to	  generate	  savings	  
	  	  	  	  	  	  2.	  Determine	  savings	  	  

Example:	  LighGng	  Retrofit	  	  

PotenGal	  to	  Save:	  
Before:	  60	  Wacs/fixture	  
A)er:	  	  13	  Wacs/fixture	  
	  

Savings:	  
Savings	  determined	  based	  

on	  operaEng	  hours	  and	  
lifeEme	  of	  lamps	  

Example:	  New	  Car	  
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PotenGal	  to	  Save:	  
Before:	  10	  MPG 	  	  
A)er:	  	  50	  MPG	  
	  

Savings:	  
Savings	  determined	  based	  on	  
how	  many	  miles	  driven	  and	  
for	  how	  many	  years	  



Verification 

•  Usually	  some	  physical	  assessment	  of	  at	  least	  a	  sample	  of	  the	  
individual	  projects	  is	  done	  

•  Ensures	  that	  the	  measures	  installed	  are	  to	  specificaEon	  and	  
thus	  have	  the	  potenEal	  to	  save	  

•  PotenEal	  to	  generate	  savings	  can	  be	  verified	  through	  
observaEon,	  inspecEons,	  and	  spot	  or	  short-‐term	  metering	  
conducted	  immediately	  before	  and	  aser	  installaEon	  	  

•  SomeEmes,	  all	  you	  may	  need	  is	  verificaEon	  and	  the	  use	  of	  a	  
deemed	  savings	  value	  
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Savings Cannot Be Measured -   
	  	  	  	  They	  Are	  Es+mated	  	  
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Graph	  of	  Energy	  ConsumpGon	  Before,	  During	  And	  Aaer	  Project	  Is	  Installed	  
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Savings are Determined with a 
Counterfactual 
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2. Concepts and Issues in Estimation of Energy Savings 

In this section, we first discuss the issues and uncertainty involved with estimating energy savings caused by a 
residential energy efficiency program, and the statistical methods for quantifying this uncertainty. We then 
present experimental design as a method for dealing with these issues in order to obtain savings estimates that are 
accurate and robust. Those familiar with causal inference, statistics, and experimental design may want to go 
directly to Section 3.  

Theoretically, the true energy savings from an energy efficiency program is the difference between the amount of 
energy that households in the program use relative to the amount of energy that those same households would 
have used had they not been in the program during the same time period (this is often called the counterfactual; 
see Figure 3). However, we can never observe how much energy those households would have used had they not 
been in the program, because at any given time a household must either be in the program or not. 

Therefore, one common approach is to estimate the energy savings by measuring the difference between the 
energy use of the households participating in the program (the treatment group) relative to the energy use of a 
comparison group of households that we consider similar to those in the participant households (the control 
group), during the same period of time.23 As shown in Figure 4, the difference between the energy use of the 
households in the treatment and the control group can be attributed to three sources: 

1. The true impact of the program 

2. Pre-existing differences between households in the treatment and control group, which is called bias or 
selection bias 

3. Inherent randomness.24 

                                                                 
23 In the remainder of this report, we use terminology commonly used in experimental design. The group of participant households that are 
intended to receive the program are called the treatment group while the group of households in the constructed comparison group that are 
not intended to receive the program are called the control group. 
24 It could be that for the population that was chosen, for the time interval over which the energy use was monitored, the households in the 
treatment group randomly happened to lower their energy use at around the same time that the program started. The precision of an estimate 
of energy savings (as discussed below) quantifies the effect of this inherent randomness and allows us to decide whether or not it is a problem. 

Households in 
Program  

Counterfactual: 
Exact Same 

Households, Same 
Time Period, No 

Program 

Energy 
Use 

Energy 
Use 

True 
Program 
Savings 

Alternate Universes  

True Program 
Savings 

Figure 3. True program savings 

Counterfactual	  analysis	  occurs	  
when	  a	  person	  modifies	  a	  factual	  
antecedent	  (a	  thing	  or	  event	  that	  
existed	  before	  or	  logically	  precedes	  
another)	  and	  then	  assesses	  the	  

consequences	  of	  that	  modifica+on.	  	  

Counterfactual:	  
Similar	  Households,	  
Same	  Time	  Period,	  

No	  Program	  
	  
	  
	  
	  

Households	  in	  
Program	  

	  
	  
	  
	  



Savings Baselines and Adjustments 

•  Savings	  =	  (energy	  use	  without	  program,	  i.e.	  the	  baseline)	  –	  
(energy	  use	  with	  program)	  +/-‐	  “adjustments”	  

•  Baseline:	  
–  Baseline	  definiEon:	  condiEons	  (including	  energy	  consumpEon)	  that	  would	  

have	  existed	  without	  implementaEon	  of	  the	  EE	  acEvity.	  	  
–  The	  key	  challenge	  with	  quanEfying	  EE	  savings	  is	  the	  idenEficaEon	  of	  an	  

accurate	  baseline	  from	  which	  to	  determine	  energy	  savings.	  
	  

•  Adjustments	  for	  non-‐project	  related	  influences:	  
–  Individual	  building	  changes:	  RenovaEons,	  home	  occupants	  (e.g.,	  new	  

baby),	  business	  acEviEes	  (e.g.,	  number	  of	  employees,	  operaEng	  hours),	  
plug	  loads	  

–  Broader	  changes:	  weather,	  economy,	  energy	  prices,	  other	  programs	  
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Savings Baseline Options for Efficiency 
Programs – Typical Applications 
Program	  Category	  for	  
Purposes	  of	  Baseline	  
DeterminaGon	  

ExisGng	  
CondiGons	  
Baseline	  

Codes	  and	  
Standards	  Baseline	  

Common	  PracGce	  
Baseline	  

	  

Early	  replacement	  or	  retrofit	  of	  
funcGonal	  equipment	  sGll	  within	  
its	  current	  useful	  life;	  	  Process	  
improvements	  

	  

X	  -‐	  ExisGng	  condiGons	  
baseline	  for	  the	  

remaining	  life	  of	  what	  
is	  replaced	  

X	  -‐	  C&S	  baseline	  for	  the	  
Gme	  period	  aaer	  the	  
remaining	  life	  of	  the	  
replaced	  equipment	  

X	  -‐	  Common	  pracGce	  
baseline	  for	  the	  Gme	  

period	  aaer	  the	  remaining	  
life	  of	  the	  equipment	  

Replacement	  of	  func6onal	  
equipment	  beyond	  useful	  life	  

	  

	  	  
	  

X	  
	  
X	  

Unplanned	  replacement	  for	  (of)	  
failed	  equipment	  	  

	  

	  	  
	  

X	  

	  

X	  

New	  construc6on	   	  	  
	  

X	  

	  

X	  

Non-‐equipment	  based	  programs	  
(e.g.,	  behavior-‐based	  and	  
training	  programs)	  

	  	   	  	  
X	  –	  What	  control	  group	  
would	  be	  doing	  in	  the	  
absence	  of	  the	  program	  
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Impact Evaluation Metrics 
•  Gross	  Savings:	  	  The	  change	  in	  energy	  consumpEon	  and/or	  

demand	  that	  results	  directly	  from	  program-‐promoted	  acEons	  
taken	  by	  program	  parEcipants	  regardless	  of	  the	  extent	  or	  nature	  
of	  program	  influence	  on	  their	  acEons.	  

•  Net	  Savings:	  	  Refers	  to	  the	  porEon	  of	  gross	  savings	  that	  is	  
acributable	  to	  the	  program.	  AcribuEng	  changes	  to	  one	  cause	  
(i.e.,	  a	  parEcular	  program)	  or	  another	  can	  be	  quite	  complex.	  

•  Non-‐Energy	  Impacts:	  	  Impacts	  associated	  with	  program	  
implementaEon	  or	  parEcipaEon.	  Can	  be	  posiEve	  or	  negaEve.	  
Some	  examples	  include:	  avoided	  emissions	  and	  environmental	  
benefits,	  producEvity	  improvements,	  jobs	  created	  and	  local	  
economic	  development,	  reduced	  uElity	  customer	  disconnects,	  
higher	  comfort	  and	  convenience.	  	  
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Impact Evaluation 
Methods 
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Approaches for Determining Gross Energy 
Savings 
•  Deemed	  (sEpulated,	  default)	  values	  or	  calculaEons	  	  

–  Use	  historical	  and	  verified	  data	  to	  projects	  and/or	  measures	  with	  correct	  
applicability	  condiEons	  	  

–  Typically	  applied	  to	  “prescripEve”	  or	  “standard” measures	  
–  Widely	  used	  and	  potenEally	  very	  cost-‐effecEve	  to	  apply	  
	  

•  Comparison	  group	  EM&V	  methods	  
–  Conduct	  StaEsEcal	  analyses	  of	  large	  volumes	  of	  metered	  energy	  usage	  data.	  
–  Typically	  applied	  to	  “mass	  market”	  and	  “residenEal”	  programs	  and	  with	  a	  control	  

group	  versus	  a	  parEcipant	  group	  
	  

•  Project-‐based	  measurement	  and	  verificaEon	  (M&V)	  	  
–  Determine	  savings	  from	  a	  sample	  of	  projects.	  	  
–  These	  savings	  are	  then	  applied	  to	  all	  of	  the	  projects	  in	  the	  program.	  	  	  
–  Typically	  applied	  to	  “calculated”	  or	  “custom” measures	  	  
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All	  of	  these	  approaches	  can	  take	  and	  are	  taking	  advantages	  of	  advances	  in	  
“big	  data,”	  load	  monitoring	  technology	  and	  analyEcal	  tools	  –	  “EM&V	  2.0”	  



Deemed Savings 
•  Deemed	  Savings	  Value:	  (S+pulated	  Savings	  Value,	  Unit	  Energy	  Savings).	  

EsEmate	  of	  energy	  or	  demand	  savings	  for	  installed	  EE	  measure	  ‘per	  unit’:	  
–  Used	  for	  well	  understood	  and	  documented	  EE	  measures	  

o  For	  example:	  energy-‐efficient	  appliances	  such	  as	  washing	  machines,	  computer	  
equipment	  and	  refrigerators,	  and	  lighEng	  retrofit	  projects	  with	  well-‐understood	  
operaEng	  hours	  

–  Has	  been	  developed	  from	  reliable	  data	  sources	  and	  analyEcal	  methods	  	  
–  Is	  applicable	  to	  the	  situaEon	  being	  evaluated	  

•  Deemed	  Savings	  CalculaGon:	  An	  agreed-‐to	  (sEpulated)	  engineering	  
algorithm(s)	  used	  to	  calculate	  the	  energy	  and/or	  demand	  savings	  associated	  
with	  an	  installed	  EE	  measure(s)	  	  
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•  Common	  sources	  of	  deemed	  savings	  values	  are	  previous	  evaluaEons	  and	  
studies	  that	  involved	  actual	  measurements	  and	  analyses	  

•  With	  deemed	  savings,	  the	  per-‐unit	  MWh	  values	  are	  determined	  and	  agreed	  to	  
by	  parEes	  prior	  to	  EE	  implementaEon	  

•  When	  deemed	  savings	  are	  used	  to	  quanEfy	  MWh	  savings,	  a	  separate	  
verificaEon	  process	  is	  needed	  to	  confirm	  the	  quanEty	  of	  units	  installed	  



Deemed Savings and Algorithm Resource 
Databases – AKA “TRMs”  
•  TRM	  is	  a	  resource	  (document,	  database,	  website)	  that	  includes	  informaEon	  

used	  in	  program	  planning,	  reporEng	  and	  evaluaEng	  of	  EE	  programs	  which	  can	  
include:	  	  
–  Energy	  efficiency	  measures	  metrics	  or	  characterisEcs	  (e.g.	  ,savings)	  
–  Engineering	  algorithms	  to	  calculate	  savings	  
–  Specific	  parameters	  needed	  to	  calculate	  savings	  
–  Factors	  for	  applying	  to	  calculated	  savings	  (e.g.,	  net-‐to-‐gross	  raEos)	  

•  Typically	  include	  documentaEon	  of:	  
–  AssumpEons	  (e.g.,	  baselines)	  used	  to	  prepare	  values	  
–  CalculaEons	  of	  values	  
–  When	  (what	  appropriate	  applicaEons)	  to	  apply	  values	  and	  algorithms	  

•  Provide	  a	  common	  reference	  for	  uElity	  program	  managers,	  implementers,	  
evaluators,	  and	  regulators	  
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Examples:	  
•  California	  DEER	  Database	  
•  Northwest	  Regional	  Technical	  Forum	  



Deemed Savings - risk and rewards  

They	  are	  used	  a	  lot	  for	  gross	  and	  net	  savings—they	  
provide	  certainty!	  
 

But,	  Must	  Be	  Used	  With	  CauEon	  
•  Have	  to	  be	  applied	  where	  appropriate—only!	  
•  The	  use	  of	  deemed	  values	  in	  a	  savings	  calculaEon	  is	  

an	  agreement	  to	  accept	  a	  sEpulated	  value,	  
irrespecEve	  of	  what	  actually	  “happens.”	  

•  When	  using	  deemed	  values,	  it	  is	  important	  to	  realize	  
that	  technologies	  alone	  do	  not	  save	  energy—it	  is	  
how	  they	  are	  used	  that	  saves	  energy.	  
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Comparison Group EM&V - Statistical Data Analysis 

•  Large-‐scale	  data	  analysis	  applies	  a	  variety	  of	  staEsEcal	  methods	  to	  measured	  
facility	  energy	  consumpEon	  meter	  data	  (almost	  always	  whole-‐facility	  uElity	  meter	  
billing	  data)	  and	  independent	  variable	  data	  (e.g.,	  weather)	  to	  esEmate	  savings	  

•  These	  methods	  are	  generally	  used	  to	  esEmate	  program-‐level	  savings,	  not	  facility-‐	  
or	  project-‐level	  savings	  	  

•  Specifically,	  comparison	  group	  EM&V	  methods	  determine	  program	  savings	  based	  
on	  the	  differences	  in	  electricity	  consumpEon	  pacerns	  between	  a	  comparison	  
group	  and	  the	  program	  parEcipants	  	  

•  Comparison	  group	  approaches	  may	  involve:	  
–  Randomized	  control	  trials	  (RCTs)	  using	  non-‐parEcipants	  as	  control	  group	  
–  Quasi-‐experimental	  methods	  using	  non-‐parEcipants	  or	  parEcipants	  (Eme	  series)	  as	  

control	  group;	  the	  Eme	  series	  is	  most	  common	  

•  Usually	  net	  savings,	  sort	  of….	  

•  Because	  the	  effects	  of	  implemented	  measures	  is	  reflected	  in	  the	  observed	  
parEcipant-‐comparison	  differences,	  separate	  verificaEon	  is	  not	  required	  
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Project–Based Measurement and Verification 
(M&V) 
•  M&V	  is	  determining	  gross	  savings	  for	  individual	  projects	  or	  measures	  
•  To	  obtain	  program	  savings	  using	  M&V,	  either:	  

–  Determine	  the	  savings	  of	  each	  project	  in	  a	  program—for	  example,	  
for	  a	  program	  with	  a	  limited	  number	  of	  large	  industrial	  or	  
commercial	  projects	  	  

–  Select	  a	  representaEve	  sample	  of	  projects	  and	  apply	  the	  sample	  
projects’savings	  to	  the	  enEre	  populaEon,	  i.e.,	  the	  program	  
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M&V	  methods	  are	  defined	  in	  the	  InternaEonal	  Performance	  Measurement	  and	  
VerificaEon	  Protocol	  (IPMVP);	  the	  leading	  internaEonal	  energy	  efficiency	  M&V	  
protocol:	  	  
•  Owned	  by	  “EVO”	  —non-‐profit	  organizaEon—with	  document	  drasing	  and	  peer	  

review	  technical	  commicees	  
•  IPMVP	  translated	  into	  10	  languages	  and	  is	  used	  in	  more	  than	  40	  countries	  	  
•  Since	  going	  online,	  there	  have	  been	  more	  than	  25,000	  downloads	  of	  the	  IPMVP	  
More	  informaEon	  can	  be	  found	  at	  www.evo-‐world.org	  



Summary of IPMVP Options 
•  The	  IPMVP	  has	  four	  M&V	  opEons:	  	  OpEons	  A,	  B,	  C,	  and	  D	  

–  Retrofit	  isola+on—assessing	  savings	  from	  each	  EE	  measure	  
individually	  (IPMVP	  OpEons	  A	  &	  B).	  	  

–  Whole	  facility—analyzing	  savings	  from	  each	  EE	  measure	  in	  a	  project/
facility	  collecEvely	  (IPMVP	  OpEon	  C,	  review	  of	  energy	  bills	  or	  OpEon	  
D,	  calibrated	  simulaEon)	  

–  Some	  combinaEon	  of	  the	  above	  	  

•  The	  opEons	  are	  generic	  M&V	  approaches	  for	  determining	  
energy	  savings	  from	  projects—one	  is	  not	  becer	  than	  another,	  
just	  have	  different	  pros	  and	  cons	  

•  Four	  opEons	  provide	  a	  range	  of	  approaches	  to	  determining	  
energy	  cost	  avoidance,	  depending	  on	  the	  characterisEcs	  of	  
the	  efficiency	  projects	  being	  implemented,	  and	  balancing	  
accuracy	  in	  reporEng	  with	  the	  cost	  of	  conducEng	  M&V	  
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IPMVP: Retrofit Isolation and Whole Facility 
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The	  Whole	  Facility	  OpGons:	  
OpEon	  C	  or	  D	  -‐	  Addresses	  all	  
effects	  in	  the	  facility—
retrofits	  AND	  other	  changes	  
(intended	  and	  unintended)	  

The	  Retrofit	  IsolaGon	  OpGons:	  
OpEon	  A	  or	  B	  -‐	  Addresses	  only	  
the	  retroficed	  system—ignores	  
interacEve	  effects	  beyond	  the	  
boundary	  (although	  these	  may	  
be	  independently	  addressed)	  

Whole	  Facility	  
Measurement	  
Boundary	  

Motors	  
+	  VSDs	  

Retrofit	  
IsolaEon	  
Boundary	  



A “Typical” Combination for Determining Gross 
Savings for a Portfolio of Efficiency Programs 

•  Set	  of	  prescripEve	  programs	  use	  deemed	  savings	  values	  for	  
savings	  (e.g.,	  residenEal	  CFLs,	  commercial	  venElaEon	  motors,	  
commercial	  building	  lighEng)	  

•  Set	  of	  custom	  programs	  use	  calculated	  ex-‐ante	  savings	  esEmates	  
and	  100%	  site	  verificaEon	  with	  spot	  measurements	  to	  confirm	  
assumpEons	  (e.g.,	  commercial	  HVAC	  measures)	  

•  Another	  set	  of	  custom	  programs	  use	  M&V	  savings	  analyses	  
(OpEons	  A,	  B,	  C	  and/or	  D),	  defined	  in	  a	  guideline,	  on	  a	  census	  of	  
projects	  (e.g.,	  industrial	  process	  measures)	  	  

•  ResidenEal	  weatherizaEon	  program	  uses	  large	  scale	  billing	  data	  
analyses	  with	  comparison	  groups	  
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Getting from Energy Savings to Avoided 
Emissions 

The	  basic	  approaches:	  
– Applying	  emission	  factors	  (e.g.,	  pounds	  of	  CO2	  per	  MWh)	  
to	  energy	  savings	  	  

– Using	  emissions	  scenario	  analyses,	  e.g.,	  using	  computer	  
models	  to	  esEmate	  the	  difference	  in	  emissions	  from	  
power	  plants	  with	  and	  without	  the	  reduced	  energy	  use:	  
o Average	  emissions	  approaches	  	  
o Marginal	  emissions	  approaches	  	  
o Dispatch	  modeling	  approaches	  	  
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EM&V Planning 
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Evaluation is Integral to Planning—
Implementation-Evaluation Process  
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ES.5.4 Evaluation Planning Issues
dŚĞ�ĞǀĂůƵĂƟŽŶ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ƉůĂŶŶŝŶŐ�
ĚŽĐƵŵĞŶƚƐ�ůŝƐƚĞĚ�ĂďŽǀĞ�ĂƌĞ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚŚĞ�ƉƌŽŐƌĂŵ�ŽďũĞĐƟǀĞƐ͕�
ƌĞŐƵůĂƚŽƌǇ�ŵĂŶĚĂƚĞƐ�;ŝĨ�ĂŶǇͿ͕�ĞǆƉĞĐƚĂƟŽŶƐ�ĨŽƌ�ƋƵĂůŝƚǇ�;ŝ͘Ğ͕͘�ƌĞůŝĂďŝůŝƚǇͿ�
ŽĨ�ƚŚĞ�ĞǀĂůƵĂƟŽŶ�ƌĞƐƵůƚƐ͕�ĂǀĂŝůĂďůĞ�ďƵĚŐĞƚƐ͕�ƟŵŝŶŐ�ŽĨ�ƌĞƉŽƌƟŶŐ�ĚĞĂĚ-
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FIGURE ES.4: Evaluation is integral to a typical cyclic 
planning-implementation-evaluation process  

When	  to	  Evaluate:	  
	  

•  EvaluaEons	  should	  be	  produced	  within	  a	  
poruolio	  cycle	  or	  very	  soon	  aser	  the	  
compleEon	  of	  a	  cycle	  	  

•  In	  a	  Emely	  manner	  and	  provide	  feedback	  
for:	  

•  Ongoing	  program	  improvement	  
•  SupporEng	  poruolio	  assessments	  
•  Support	  the	  planning	  of	  future	  

poruolio	  cycles,	  load	  forecasts,	  and	  
energy	  resource	  plans	  	  

•  Can	  also	  be	  used	  to	  inform	  future	  
evaluaEons,	  in	  parEcular	  through	  updaEng	  
deemed	  savings	  values	  
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The Big Issues of EM&V 

•  Fundamental	  issue	  of	  EM&V	  

•  How	  certain	  does	  one	  have	  to	  
be	  of	  savings	  esEmates	  and	  is	  
that	  certainty	  balanced	  
against	  the	  amount	  of	  effort	  
uElized	  to	  obtain	  that	  level	  of	  
certainty?	  	  

•  EM&V	  investments	  should	  
consider	  risk	  management	  
principles—balance	  the	  costs	  
and	  value	  of	  informaEon	  
derived	  from	  EM&V	  (i.e.,	  
EM&V	  should	  be	  cost-‐
effecEve).	  
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•  First	  –	  Defining	  a	  baseline	  
against	  which	  efficiency	  
acEons	  are	  compared	  for	  
determining	  energy	  savings	  
and	  whether	  acribuEon	  
should	  be	  considered—the	  
counterfactual	  

•  Second	  –	  Establishing	  level	  of	  
performance	  confidence	  and	  
risk	  for	  efficiency	  relaEve	  to	  
other	  opEons	  meeEng	  energy	  
use,	  cost,	  reliability,	  etc.	  goals	  

How	  good	  is	  good	  enough?	   As	  compared	  to	  what?	  

EM&V	  is	  About	  Risk	  
Management	  



Energy Savings – Regulator vs. Consumer Perspective  
Energy Avoidance 

•  Regulators/uEliEes/resource	  planners	  focus	  on	  
how	  much	  energy	  would	  have	  been	  consumed	  if	  
the	  consumers	  had	  not	  taken	  the	  energy	  
efficiency	  acEon.	  They	  want	  to	  know	  how	  much	  
energy	  is	  avoided.	  To	  do	  so	  they	  make	  
adjustments.	  

•  Energy	  consumers	  osen	  use	  the	  word	  ‘savings’	  
to	  describe	  ‘cost	  reducEons.’	  They	  might	  make	  
‘technical’	  adjustments	  but	  certainly	  not	  
‘resource’	  adjustments.	  

•  Result	  –	  savings	  for	  consumers	  might	  be	  
different	  than	  savings	  determined	  from	  a	  
resource/regulatory	  perspecEve	  
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Structure for Defining Evaluation Activities 

•  EM&V	  Framework	  –	  Primary	  
document	  that	  lays	  out	  top	  level	  
structure.	  This	  is	  perhaps	  the	  
principal	  document	  that	  all	  
stakeholders	  can	  focus	  on	  and	  
provide	  high	  level	  input.	  

•  Annual	  Plans	  –	  Indicates	  major	  
acEviEes	  that	  will	  be	  conducted	  
during	  the	  evaluaEon	  cycle	  

•  EvaluaEon	  Research	  Plans	  –	  Created	  
for	  the	  major	  EM&V	  acEviEes	  

•  Site	  Specific	  M&V	  Plans	  –	  For	  custom	  
project	  sites	  that	  are	  analyzed	  and	  
inspected	  
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EM&V Framework 

•  Primary	  document	  that	  lays	  out	  key	  aspects	  of	  evaluaEon	  such	  as:	  
–  DefiniEons	  
–  EvaluaEon	  principles	  
–  Allowable	  approaches	  
–  Metrics	  for	  determinaEon	  of	  gross	  and/or	  net	  savings	  
–  ReporEng	  requirements	  
–  Schedules	  
–  Roles	  and	  responsibiliEes	  of	  various	  enEEes	  	  

•  Tends	  to	  be	  “fixed”	  for	  several	  years,	  but	  can	  be	  updated	  
periodically	  

•  Sets	  expectaEons	  for	  the	  content	  and	  scope	  of	  subordinate	  
evaluaEon	  documents,	  such	  as	  a	  poruolio	  cycle	  EM&V	  plan	  	  
–  Whereas	  the	  subordinate	  EM&V	  documents	  contain	  a	  higher	  level	  of	  detail	  and	  

apply	  to	  narrower	  Eme	  frames,	  the	  EM&V	  framework	  is	  the	  principle	  document	  on	  
which	  all	  stakeholders	  can	  focus	  and	  provide	  input	  
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Who Does What EM&V Activities 
Common	  factors	  	  
for	  deciding:	  

Impact	  
•  Administrator	  (uElity)	  conducts	  EM&V	  with	  internal	  staff	  
•  Administrator	  (uElity)	  conducts	  EM&V	  with	  third-‐party	  

consultants	  
•  Commission	  (or	  Commission	  surrogate)	  conducts	  EM&V	  

with	  third-‐party	  consultants	  
•  Administrator	  (uElity)	  conducts	  EM&V	  and	  Commission	  (or	  

Commission	  surrogate)	  conducts	  review/audit	  

Process	  

•  Almost	  always	  done	  by	  administrator	  (uElity)—with	  internal	  
staff	  or	  more	  osen	  third-‐party	  consultants	  

Market	  

•  Almost	  always	  done	  by	  administrator	  (uElity)—with	  internal	  
staff	  or	  more	  osen	  third-‐party	  consultants—but	  can	  be	  
iniEated	  by	  others	  parEcularly	  if	  looking	  at	  statewide	  or	  
regional	  market	  analyses	  (good	  to	  combine	  resources)	  

Planning	  

•  EE	  potenEal	  studies—can	  be	  done	  as	  part	  of	  uElity	  or	  
regional	  resource	  planning	  

Examples	  of	  Who	  Does	  What	  in	  
UGlity	  Programs:	  

•  RealiEes	  and	  percepEons	  
of	  conflict	  of	  interest	  

•  Resources	  and	  capability	  
to	  manage	  and	  Emely	  
implement	  

•  Resources	  to	  conduct	  
(major	  issue	  in	  industry	  is	  
lack	  of	  human	  EM&V	  
capacity)	  
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Demand-Side Energy 
Efficiency in the Clean 

Power Plan 

Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	   53	  



Disclaimers 
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The	  informaEon	  presented	  herein	  does	  not	  represent	  and	  is	  not	  suggesEve	  of	  any	  U.S.	  Department	  of	  
Energy	  (DOE)	  or	  Lawrence	  Berkeley	  NaEonal	  Laboratory	  (LBNL)	  posiEons	  with	  respect	  to	  the	  Clean	  
Power	  Plan	  (CPP),	  CPP	  documents,	  or	  strategies/acEons	  that	  states,	  electricity	  generaEng	  units	  (EGUs),	  
or	  others	  should,	  can	  or	  may	  take	  with	  respect	  to	  CPP	  compliance.	  	  
	  	  
In	  addiEon,	  some	  of	  the	  informaEon	  and	  concepts	  referenced	  herein	  are	  based,	  at	  least	  in	  part,	  on	  
these	  proposed	  EPA	  documents:	  
Federal	  Plan	  Requirements	  for	  Greenhouse	  Gas	  Emissions	  from	  Electric	  UElity	  GeneraEng	  Units	  
Constructed	  on	  or	  Before	  January	  8,	  2014;	  Model	  Trading	  Rules;	  Amendments	  to	  Framework	  
RegulaEons,	  and	  
EvaluaEon	  Measurement	  and	  VerificaEon	  (EM&V)	  Guidance	  for	  Demand-‐Side	  Energy	  Efficiency	  (EE).	  
	  	  
These	  documents	  are	  in	  proposed	  and	  dras	  form,	  respecEvely,	  for	  public	  input;	  as	  such	  they	  are	  
subject	  to	  change.	  DOE	  and	  LBNL	  are	  not	  taking	  posiEons	  on	  the	  proposed	  documents.	  
	  	  
State,	  EGUs,	  or	  other	  parEes	  should	  contact	  their	  U.S.	  EPA	  regional	  office	  if	  they	  have	  quesEons	  
concerning	  the	  CPP.	  	  Further	  informaEon	  on	  the	  CPP	  can	  be	  found	  at	  the	  U.S.	  EPA	  CPP	  website:	  
hcp://www2.epa.gov/cleanpowerplan/clean-‐power-‐plan-‐exisEng-‐power-‐plants	  	  
	  



State Plan Types and Overall Approaches 

•  States	  pick	  a	  mass-‐	  or	  rate-‐based	  goal	  approach	  	  
•  States	  submit	  a	  “State	  Plan”	  for	  affected	  EGUs	  to	  implement	  

interim	  and	  final	  goals	  (or	  federal	  plan	  is	  implemented)	  
•  Federal	  enforcement	  is	  on	  the	  EGUs	  
•  Two	  State	  Plan	  types:	  

–  Emission	  standards	  plan	  –	  EGU	  source-‐specific	  requirements	  ensuring	  
all	  affected	  EGUs	  meet	  their	  goals	  	  

–  State	  measures	  plan	  –	  mixture	  of	  measures	  implemented	  by	  the	  state,	  
such	  as	  renewable	  energy	  standards	  and	  efficiency	  programs	  	  
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Plan	  Type	   Goal	  

Emissions	  Standard	  Plan	   Rate	  or	  mass-‐based	  goal	  

State	  Measures	  Plan	   Mass-‐based	  goal	  only	  



Many CO2 Reduction Opportunities 
•  Heat	  rate	  improvements	  
•  Fuel	  switching	  to	  a	  lower	  carbon	  content	  fuel	  
•  Combined	  heat	  and	  power	  
•  Qualified	  biomass	  co-‐firing	  and	  repowering	  
•  Renewable	  energy	  (new	  &	  capacity	  uprates)	  	  ̶-‐	  wind,	  solar,	  hydro	  
•  Nuclear	  generaEon	  (new	  &	  capacity	  uprates)	  
•  Electricity	  transmission	  and	  distribuEon	  improvements	  
•  Carbon	  capture	  and	  uElizaEon/sequestraEon	  for	  exisEng	  sources	  
•  Demand-‐side	  energy	  efficiency	  measures,	  programs	  and	  policies	  	  
Energy	  efficiency	  improvements	  are	  expected	  to	  be	  an	  important	  
part	  of	  state	  compliance	  across	  the	  country	  and	  under	  all	  state	  

plan	  types,	  providing	  energy	  savings	  that	  reduce	  emissions,	  lower	  
electric	  bills,	  and	  lead	  to	  posi6ve	  investments	  and	  job	  crea6on	  	  
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Energy Efficiency Supported in CPP 

CPP	  encourages	  states	  to	  select	  efficiency	  as	  a	  compliance	  
path:	  

•  Under	  a	  mass-‐based	  approach,	  energy	  efficiency	  
automaEcally	  “counts”	  toward	  compliance	  and	  states	  can	  
use	  an	  unlimited	  amount	  to	  help	  achieve	  their	  state	  goals	  

•  Under	  a	  rate-‐based	  approach,	  CPP	  enables	  states	  to	  get	  
credit	  for	  all	  eligible	  energy	  efficiency	  projects	  whose	  
electricity	  savings	  are	  documented	  via	  EM&V	  

•  The	  Clean	  Energy	  IncenEve	  Program	  (CEIP)	  provides	  
addiEonal	  incenEves	  for	  early	  investment	  in	  demand-‐side	  
energy	  efficiency	  in	  low-‐income	  communiEes	  
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Eligible Efficiency 

•  Demand-‐side	  energy	  efficiency	  may	  include	  a	  range	  of	  
eligible	  measures	  that	  are	  zero-‐emi|ng	  and	  avoid,	  rather	  
than	  simply	  shis,	  the	  use	  of	  electricity.	  Very	  wide	  range	  of	  
programs,	  projects	  and	  measures	  could	  be	  eligible	  	  

•  Primary	  requirement	  is	  that	  the	  measures	  can	  be	  
quanEfied	  and	  verified	  in	  accordance	  with	  the	  EM&V	  
requirements	  in	  the	  CPP	  Emission	  Guidelines	  	  

•  Savings	  from	  projects	  installed	  today	  (since	  2012)	  that	  are	  
sEll	  achieving	  quanEfiable	  and	  verifiable	  energy	  savings	  in	  
2022	  may	  be	  applied	  during	  the	  compliance	  period	  

 
Steven	  Schiller,	  WIEB	  December	  7,	  2015	  	   58	  



How EE/RE Fits in the     - slide from U.S. EPA        
Clean Power Plan 
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CPP EE EM&V In One Slide 
Do	  I	  need	  to	  do	  EM&V	  for	  CPP?	  
•  Mass	  –	  	  

–  EGU	  Emission	  Standards	  Plan	  –	  Not	  
really	  

–  State	  Measures	  Plan	  –	  Yes,	  but	  not	  
fundamental	  to	  compliance	  
calculaEons	  

•  Rate	  –	  
–  EGU	  Emission	  Standards	  Plan	  -‐	  Yes,	  

fundamental	  to	  compliance	  
calculaEons	  

•  CEIP	  –	  	  
–  Mass	  or	  rate	  plans	  -‐	  Yes	  

EM&V	  Requirements	  
•  Prepare	  an	  EM&V	  plan	  that	  provides	  

for	  quanEfied	  and	  verified	  savings	  by	  
applying	  industry	  best-‐pracEce	  
protocols	  and	  guidelines	  	  

•  Provide	  regular	  interval	  EM&V	  and	  
periodic	  reports	  

•  Use	  a	  baseline	  that	  represents	  what	  
would	  have	  happened	  in	  the	  
absence	  of	  the	  demand-‐side	  EE	  
acEvity—common	  pracEce	  baseline	  

•  Address	  savings	  persistence	  
•  Have	  independent	  verificaEon	  
•  No	  double	  counEng	  

For	  the	  CPP,	  EM&V	  is	  primarily	  associated	  with	  successfully	  quanEfying	  and	  verifying	  
savings	  for	  generaEng	  emission	  rate	  credits	  (ERCs)	  and	  adjusEng	  an	  emission	  rate	  
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Efficiency EM&V Coverage in the CPP 
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Type	  of	  EM&V	  
InformaGon	  

Summary	  

CPP	  Emissions	  Guidelines	  	   Requirements	  	  	   Must	  do	  for	  CPP	  compliance	  to	  
quanEfy	  and	  verify	  savings	  

Proposed	  Model	  Trading	  
Rule	  
	  
Proposed	  for	  Comment	  

EM&V	  provisions	  that	  will	  be	  
presumpEvely	  approvable	  if	  
included	  in	  state	  regulaEons	  
governing	  how	  EE	  is	  to	  be	  
quanEfied	  by	  EE	  providers	  and	  
verified	  by	  independent	  
enEEes	  acEng	  on	  behalf	  of	  the	  
state.	  	  

Strongly	  recommended	  
characterisEcs	  of	  EM&V	  for	  
approvable	  State	  Plans.	  Any	  
alternaEve	  EM&V	  approaches	  
proposed	  by	  a	  state	  would	  have	  to	  
“…	  demonstrate	  to	  the	  EPA’s	  
saEsfacEon	  that	  its	  alternaEve	  
provisions	  are	  as	  stringent	  as	  the	  
presumpEvely	  approvable	  
approach….”	  	  

Proposed	  EM&V	  Guidance	  
for	  Demand	  Side	  EE	  	  
Proposed	  for	  Comment	  	  

Applicable	  guidance	  	   Further	  informaEon	  and	  
recommendaEons	  covered	  in	  
this	  companion	  document	  

	  



Energy Efficiency in the CPP –  
Rate-Based Approach 

 
 
 
CPP	  Emissions	  Rate	  =	  	  

(Affected	  EGU	  Emissions,	  lbs/year)	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

(Affected	  EGU	  GeneraEon,	  MWh/year)	  +	  (ERCs,	  MWh/year)	  
Example:	  
•  Emission	  =	  1,000,000	  lbs/year	  
•  GeneraEon	  =	  1,000	  MWh/year	  
•  Emission	  rate	  =	  1,000	  lbs/MWh	  
•  Target	  =	  800	  lbs/MWh	  
•  ERCs	  required	  =	  250	  MWh/yr	  	  	  	  	  	  	  CPP	  Rate	  =	  800	  lbs/MWh	  
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•  EE	  can	  be	  used	  to	  generate	  Emission	  Rate	  Credits	  (ERCs)	  that	  
are	  used	  to	  help	  meet	  the	  rate	  target	  	  

•  Rate	  based	  approaches	  are	  where	  there	  are	  significant	  CPP	  
EM&V	  and	  tracking	  requirements	  for	  EE	  

Metric is 
Annual MWh 



The ERC Process – slide from Franz Litz, Program Consultant, Great Plains Institute 

!	  Liability	  for	  improperly	  issued	  ERCs	  lies	  with	  the	  affected	  EGU	  who	  
uses	  them	  for	  compliance	  !	  
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Liability for improperly issued ERCs lies with the 
Affected EGU who uses them for compliance.

15



Energy Efficiency in the CPP – 
Mass-Based Approach 

•  Emission	  Standards	  plan	  –	  EE	  does	  not	  have	  to	  be	  defined	  and	  
thus	  EM&V	  does	  not	  have	  to	  be	  defined	  in	  plans	  (probably)	  

•  State	  measures	  plan	  –	  EE	  measures	  do	  need	  to	  be	  defined	  and	  
thus	  EM&V	  Plan	  is	  required	  

•  EE	  EM&V	  is	  less	  of	  an	  issue	  with	  mass-‐based	  approach,	  because	  
it	  is	  not	  fundamental	  to	  compliance	  calculaEons	  but:	  
•  EE	  is	  implemented	  with	  complementary	  programs,	  which	  

should	  have	  their	  own	  EM&V	  plans	  
•  California’s	  and	  RGGI’s	  approaches	  can	  be	  examples	  
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EE	  reduces	  emissions	  mass	  “indirectly”:	  
•  Complimentary	  programs	  –	  e.g.,	  energy	  codes,	  EERS,	  

public	  buildings	  programs	  
•  Could	  be	  funded	  with	  allowance	  aucGon	  funds	  



EM&V Requirements 
Emissions	  Guidelines	  (EG)	  requirements	  are	  general	  and	  relaEvely	  
limited,	  including	  (see	  EG	  for	  complete	  descripEon):	  
•  State	  plan	  would	  include	  EM&V	  plan	  for	  quanEfying	  and	  

verifying	  electricity	  savings	  on	  a	  retrospecEve	  (ex-‐post)	  basis	  
using	  industry	  best-‐pracEce	  EM&V	  protocols	  and	  methods	  that	  
yield	  accurate	  and	  reliable	  measurements	  of	  electricity	  savings.	  	  

•  Assessment	  of	  the	  independent	  factors	  that	  influence	  the	  
electricity	  savings	  and	  the	  expected	  life	  of	  the	  savings	  	  

•  Baseline	  that	  represents	  what	  would	  have	  happened	  in	  the	  
absence	  of	  the	  demand-‐side	  EE	  acEvity	  

•  Periodic	  M&V	  reports	  	  
•  Independent	  verificaEon	  
•  Skill	  cerEficaEon	  is	  also	  discussed	  
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EM&V Guidance and Model Trading Rule 
Cover	  wide	  range	  of	  EM&V	  
topics,	  including	  the	  following	  
list	  from	  CPP	  EM&V	  Guidance	  
document:	  
	  
•  EM&V	  Methods	  
•  Electricity	  savings	  metrics	  and	  baselines	  
•  ReporEng	  Emeframes	  and	  consideraEons	  	  
•  Deemed	  savings	  	  
•  Independent	  factors	  	  
•  Accuracy	  and	  reliability	  	  
•  Avoiding	  double	  counEng	  	  
•  Persistence	  of	  savings	  	  
•  Savings	  quanEficaEon/verificaEon	  cycles	  	  
•  T&D	  savings	  adders	  	  
•  InteracEve	  effects	  	  
•  EE	  EM&V	  Protocols	  and	  Guidelines	  	  

	  	  

Also	  Covered	  in	  Guidance	  and/
or	  Model	  Rule:	  
	  
•  Tracking	  and	  compliance	  systems	  	  
•  Independent	  verificaEon	  and	  review	  
•  AddiEonal	  EM&V	  guidance	  for	  several	  

common	  EE	  program	  and	  project	  types	  
•  Programs	  implemented	  using	  uElity	  customer	  funds	  

(“uElity	  EE	  programs”)	  	  
•  Individual	  or	  aggregated	  EE	  projects,	  such	  as	  those	  

implemented	  by	  ESCOs	  or	  at	  industrial	  faciliEes	  	  
•  Building	  energy	  codes	  	  
•  Appliance	  energy	  standards	  	  

•  Glossary	  of	  key	  terms	  	  
•  Templates	  for	  program	  and	  project	  EM&V	  

plans	  	  
•  Examples	  for	  several	  common	  measure	  types	  
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Trading and Tracking – quick notes 
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•  Trading is allowed, encouraged in the Rule – 

–  emission rate credits (for a rate‐based standard) or  

–  allowances (for a mass‐based standard) 

•  Trading of ERCs, including EE ERCs under Rate Based Approach, can 
support CPP compliance: 

–  Intra-state and Inter-state 

–  Final Plan does not require complex air quality modeling to identify 
location of emission impacts from efficiency nor adjustment or 
discounting of efficiency impacts that cross state lines.  

•  This requires implementing “systematic tracking and accounting 
procedures, including the use of well-structured and well-maintained 
tracking and reporting systems such as those already being used by 
many states and EE providers.” 



Resources 
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Resources - CPP 

•  Clean	  Power	  Plan	  website:	  	  hcp://www2.epa.gov/carbon-‐polluEon-‐standards	  	  
	  
•  Specific	  Documents:	  

–  CPP	  Emission	  Guidelines:	  hcp://www.epa.gov/airquality/cpp/cpp-‐final-‐rule.pdf	  	  	  
–  Federal	  Model	  Plan:	  hcp://www.epa.gov/airquality/cpp/cpp-‐proposed-‐federal-‐plan.pdf	  
–  EM&V	  Guideline:	  

hcp://www2.epa.gov/cleanpowerplantoolbox/dras-‐evaluaEon-‐measurement-‐and-‐
verificaEon-‐guidance-‐demand-‐side-‐energy	  	  

•  For	  addiEonal	  resources	  to	  help	  states	  develop	  plans,	  visit	  the	  CPP	  Toolbox	  for	  
States:	  hcp://www2.epa.gov/cleanpowerplantoolbox	  

	  
•  EPA	  Overview	  and	  energy	  efficiency	  presentaEons:	  

hcp://www2.epa.gov/cleanpowerplan/clean-‐power-‐plan-‐overview-‐webinar	  	  
hcp://www2.epa.gov/cleanpowerplan/fact-‐sheet-‐energy-‐efficiency-‐clean-‐power-‐plan	  
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Efficiency Resources 

•  ACEEE	  –	  American	  Council	  for	  Energy	  Efficiency	  Economy	  –	  non-‐profit	  efficiency	  
organizaEon	  hcp://www.aceee.org	  

•  UElity	  and	  other	  program	  administrator	  websites	  (e.g.	  Northwest	  Energy	  
Efficiency	  Alliance	  –	  htpp://www.neaa.org)	  	  

•  U.S.	  DOE	  Energy	  Efficiency	  Office	  —	  hcp://energy.gov/eere/efficiency	  	  

•  EPA/DOE	  State	  and	  Local	  Energy	  Efficiency	  AcEon	  Network	  (SEE	  AcEon)–	  	  

–  focuses	  on	  providing	  assistance	  states	  need	  to	  advance	  policies	  and	  pracEces	  that	  bring	  
energy	  efficiency	  to	  scale.	  hcp://www.epa.gov/cleanenergy/energy-‐programs/seeacEon/	  
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EM&V Resources 

•  EPA/DOE	  State	  and	  Local	  Energy	  Efficiency	  AcEon	  Network	  (SEE	  AcEon)–	  	  
–  focuses	  on	  providing	  assistance	  states	  need	  to	  advance	  policies	  and	  pracEces	  that	  

bring	  energy	  efficiency	  to	  scale.	  hcp://
www.epa.gov/cleanenergy/energy-‐programs/seeacEon/index.html	  

•  The	  Northwest	  Regional	  Technical	  Forum	  –	  	  
–  an	  advisory	  commicee	  established	  to	  develop	  standards	  to	  verify	  and	  evaluate	  

conservaEon	  savings.	  hcp://www.nwcouncil.org/ru/about.htm	  

•  Regional	  EM&V	  Forum	  (Northeast	  and	  Mid-‐AtlanEc)	  –	  	  
–  supports	  the	  development	  and	  use	  of	  common	  and/or	  consistent	  protocols	  to	  

evaluate,	  measure,	  verify,	  and	  report	  the	  savings,	  costs,	  and	  emission	  impacts	  of	  
energy	  efficiency.	  Covers	  11	  states.	  hcp://www.neep.org/emv-‐forum	  

•  EVO	  –	  	  
–  capacity	  building	  for	  M&V	  best	  pracEces	  	  www.evo-‐world.org	  
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EM&V Resources and Support 

State	  and	  Local	  Energy	  Efficiency	  AcEon	  Network	  (SEE	  AcEon),	  facilitated	  by	  the	  U.S.	  
Department	  of	  Energy/U.S.	  Environmental	  ProtecEon	  Agency,	  as	  well	  as	  DOE	  and	  EPA	  
on	  their	  own	  have	  and	  are	  conEnuing	  to	  sponsor	  a	  number	  of	  EM&V	  projects,	  for	  
example:	  
•  Uniform	  Methods	  Project	  
•  Data	  Warehouse	  Project	  
•  Model	  Impact	  EvaluaEon	  Guide	  
•  Guidance	  for	  EvaluaEng	  Behavior	  Programs	  
•  EM&V	  webinar	  series	  (with	  recordings)	  
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www1.eere.energy.gov/
seeacEon/evaluaEon.html	  
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•  An	  EM&V	  industry	  of	  professionals	  exists	  –	  for	  example	  see:	  	  www.evo-‐world.org	  and	  
www.iepec.org	  	  

•  Numerous	  state,	  naEonal	  and	  internaEonal	  guidance	  documents	  and	  protocols	  exist	  

About	  40	  years	  of	  experience	  with	  EE	  EM&V	  



2012 SEE Action Impact Evaluation Guide 
 

•  Describes common terminology, 
structures, and approaches used for 
determining (evaluating): 
–  energy and demand savings  
–  avoided emissions  
–  other non-energy benefits  

•  Does not recommend specific 
approaches—it provides: 
–  context  
–  planning guidance 
–  discussion of issues 

•  Audience: 
–  Public and private energy 

efficiency portfolio administrators 
–  Program implementers 
–  Evaluators  
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Energy-Efficiency 
Program Impact 
Evaluation Guide 
An introduction to and summary of 
the practices, planning, and associated 
issues of documenting energy savings, 
demand savings, avoided emissions, 
and other non-energy benefits 
resulting from end-use energy-
efficiency programs. 
 
A RESOURCE OF THE 
STATE AND LOCAL ENERGY 
EFFICIENCY ACTION 
NETWORK 
 
 

hcp://www1.eere.energy.gov/
seeacEon/	  



2012 SEE Action Impact Evaluation Guide Contents 
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Part	   Chapters	   Intended	  Audience	  
	  	  
Part	  1	  

	  	  
ExecuGve	  Summary	  	  
	  	  

	  
Readers	  interested	  in	  a	  brief	  summary	  and	  introducEon	  to	  impact	  
evaluaEon	  

	  	  
	  	  
Part	  2	  

	  	  
Chapter	  1:	  IntroducGon	  	  
Chapter	  2:	  Energy	  Efficiency	  Program	  EvaluaGon	  Overview	  
Chapter	  3:	  Impact	  EvaluaGon	  Basics	  
	  	  

	  
Readers	  who	  want	  an	  overview	  of	  evaluaEon	  and	  the	  key	  aspects	  
of	  impact	  evaluaEon	  

	  	  
	  	  
Part	  3	  

	  	  
Chapter	  4:	  CalculaGng	  Energy	  Savings	  	  
Chapter	  5:	  Determining	  Net	  Energy	  Savings	  
Chapter	  6:	  CalculaGng	  Avoided	  Air	  Emissions	  

	  

	  
Readers	  who	  want	  addiEonal	  detail	  on	  impact	  evaluaEon	  
approaches—deemed	  savings,	  M&V,	  large-‐scale	  
consumpGon	  data	  analysis	  

	  	  
	  	  
Part	  4	  

	  	  
Chapter	  7:	  Impact	  EvaluaGon	  ConsideraGons	  
Chapter	  8:	  Impact	  EvaluaGon	  Planning	  	  

	  
Program	  implementers,	  evaluators,	  and	  managers/regulators	  of	  
evaluaEons	  looking	  for	  guidance	  on	  key	  evaluaEon	  issues	  and	  
planning	  of	  evaluaEons	  as	  well	  as	  readers	  with	  a	  background	  in	  
evaluaEon	  may	  want	  to	  go	  directly	  to	  these	  chapters	  

	  
	  	  
	  	  
Part	  5	  

	  
Appendix	  A:	  Glossary	  
Appendix	  B:	  Other	  EvaluaGon	  Categories	  and	  Approaches—
Market,	  Process,	  Cost-‐EffecGveness	  
Appendix	  C:	  Resources	  	  
References	  

	  
Readers	  interested	  in	  standard	  energy	  efficiency	  evaluaEon	  
definiGons	  and	  reference	  materials	  as	  well	  as	  summaries	  of	  
process,	  market	  evaluaGons,	  cost-‐effecGveness	  analyses	  and	  top-‐
down	  evaluaGon	  
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UNIFORM METHODS PROJECT 

•  Addresses common residential and 
commercial efficiency measures  

•  Step-by-step calculations for 
determining gross, first-year savings 
using M&V approach 

•  Also cross cutting chapters on some 
EM&V topics (net savings, sampling, 
metering, persistence, peak savings)  

•  Adoption is voluntary 
•  http://energy.gov/eere/about-us/ump-

home   
DOE Goals 
︎Strengthen credibility EE savings 
calculations 
︎ Provide clear, accessible, step-by-step 
protocols  
︎  Support consistency and transparency 
︎  Reduce costs of EM&V  
︎  Allow for comparison of savings 



Discussion/Questions 
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From	  Albert	  Einstein:	  
	  	  
“Everything	  should	  be	  as	  simple	  

as	  it	  is,	  but	  not	  simpler”	  
	  	  

“Everything	  that	  can	  be	  counted	  
does	  not	  necessarily	  count;	  

everything	  that	  counts	  cannot	  
necessarily	  be	  counted”	  
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Steve	  Schiller	  	  
Senior	  Advisor,	  LBNL	  
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