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Energy Efficiency Training Week: Buildings programme @ &®

Where to start: Energy use in buildings

Where to start: Energy efficiency potential in buildings

Toolkit: Energy efficient building design

Toolkit: Energy efficient building technologies

Special session. Technology demonstration

Where do | get help? IEA's Technology Collaboration Programmes
Toolkit: Energy efficiency policies and target setting

What are the steps? Enabling investment with energy efficiency policies
What are the steps? Implementing building energy codes and standards
What are the steps? Building operations and procurement

Special session. The multiple benefits of energy efficiency

Did it work? Evaluation and energy efficiency indicators

Where do | get help? International and regional energy efficiency initiatives

Energy efficiency quiz: Understanding energy efficiency in buildings

IEA 2019. All rights reserved.



Energy Efficiency Training Week: Buildings b®

Trainers: Brian Dean and Pierre Jaboyedoff

Purpose: To teach the fundamentals of tracking progress with
energy efficiency indicators that are applicable to the buildings
sectors. The course will include a discussion of IEA's methodologies
and how to collect or model data that can be used to estimate
progress from energy efficiency efforts.

Scenario: Leadership wants to know how effective the building
energy efficiency policies have been. How do you determine the
benefits of your policies and programmes?
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Evaluation

What is evaluation?
Ex-ante evaluation

Ex-post evaluation

IEA 2019. All rights reserved.



What is evaluation? &P

Evaluation is an process of understanding a
policy or programme was implemented, effects it had, for
whom and

It leads to policies and programmes



When should you evaluate?

Ex-post evaluation

FEEDBACK

EVALUATION

The term ex-post is a phrase meaning
"after the fact”

MONITORING

jea Q{lﬁ)@

evaluation

The term is a phrase
meaning "before the event”

IEA 2019. All rights reserved.



Ex-ante evaluation analysis approaches e & 9

Technical potential: analysing the total energy efficiency potential without any
economic or market constraints (e.g. analysing the energy savings potential if all
buildings used best available technology)

Economic potential: analysing the energy efficiency potential assuming economic
constraints for cost effectiveness (e.g. analysing the energy savings potential if buildings
used the most-efficient cost-effective technology)

Market potential : analysing the energy efficiency potential assuming market
constraints in implementing energy efficiency (e.g. analysing the enerqgy savings
potential using a adoption curve to estimate typical market implementation given the
available policies and technologies)

Technical potential, economic potential and market potential are used for different purposes

IEA 2019. All rights reserve d.



Ex-post evaluation: did it work? e & @

Measuring activities and outputs is straightforward, if not simple.
Outcomes / impacts are more difficult...

[ The policy } >[ The outcomes ]

Why is it more difficult?

IEA 2019. All rights reserve d.



Ex-post evaluation: did it work? $®

Measuring activities and outputs is straightforward, if not simple.
Outcomes / impacts are more difficult...

The policy The outcomes

Other factors
and influences

Other factors include:
Global, national, local trends / events
Other policies
Something you haven't even thought of...



Energy efficiency data

Indicators manuals

Indicators data pyramid




Data is essential at all stages of the policy cycle (e & @

POLICY » Plan: Inform policy design based on
PATHWAY -
current state and ambition

* Implement: Adapt the policy during
adoption and enforcement stages

» Monitor: Track how the policy is
performing

» Evaluate: Use the data to see what
happened and why

Each step requires appropriate data to be effective



Why do we need data for policy design? e & 9
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Where do you set your minimum energy performance standards (MEPS)?
Without national market data, you may set the MEPS here...
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Why do we need data for policy design? el & 9

Efficiency of air conditioners - collected after MEPS were final

\%
N

c S
= R
Ll

1
w18 $ . *
D 16 . * *
= = o ¢ o o ’0:’ o g * o S R
&2 N @ *® o . % * *
o< 12 9 ‘ e ’*‘0 . ’?0 . 0
g2 0 209 ‘gtﬁ R L IRITR TN
G m R (4 Lo 4 P 4
& g 2 -y
= MEPS
>
N 6
o

4
c
Ll

2

0 5,000 10,000 15,000 20,000 25,000

Energy consumption (BTU/h)

In this case, without appropriate data, MEPS were set too low.
Providing an unfair advantage to benefit importers over local companies...
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How does data help in implementation? e & 9
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Monitoring and Evaluation b?

Monitoring provides headline data on policy performance
What happens as a result of the policy?
Evaluation provides an understanding of what is happening / has happened

Why and what can be done about it?

Why is monitoring and evaluation needed?
Understand what happens as a result of the policy
Verify the policy is performing as expected
Ability to change policy during its implementation
Learn for other policies
Understand the energy efficiency and energy market more
What drives changes in the market?

How do energy consumers react?



Main sources of data, information and indicators e & @

Management information/reporting

Measurement e.g. meter readings, compliance data
Experiments/testing

Modelling

Surveys

Interviews and focus groups

IEA 2019. All rights reserved



Resource of methods for capturing data, information and indicators G2 ¢ @

Haome » ClassicStats » Topics » Energy efficiency = EE Indicators Manual

Energy Efficiency Indicators Statistics: Country Practices Database

A supplernent to the publication Energy Efficiency Indicators: Fundamentals on Statistics, this database presents practices on collection of data for developing efficiency
indicators from a variety of OECD Members and non-Members.

Practices are searchable by country and territory, sector, methodology and type of available documentation. By sharing these experiences, we hope to help countries and
organisations to develop their own energy efficiency indicators programmes.

Countries, territories Sector

and economies

Aloania -

Australia

Austria

Belarus

Belgium

Bosnia and
Herzegowvina

Brazil

Bulgaria

Canada hd

Industry
Residentia
Services
Transport

Methodology Awvailable content

Administrative
SOUrces
Measuring
Modelling
Surveying

Reset

methodology
project web site
questionnaire
report

results

Search

Search by keywords

www.iea.org/eeindicatorsmanual

IEA 2019. All rights reserved.



Energy efficiency indicators: manuals el & 9

International ' 4 Intomational

iea EnergyAg;—.'n(y ‘,' iea Energy Agency
Energy Efficiency Indicators: Energy Efficiency Indicators:
Essentials for Policy Making Fundamentals on Statistics

Source: |[EA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators pyramid (e & 9

N\

Level of aggregation

V

Data requirement

More detailed data is required to get to Level 3 indicators

Source: [EA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators pyramid: residential per household

Level 1: Energy consumpfion (wafer heaf-
ing and appliances) by households

Level 2: Energy consumpfion (wafer
heafting and appliances) by house
fype and households. House fypes
are less relevant for household-

Single: Single & Apart- | Mohilé
detuched:oh"foched: ment »homes

houses: houses » v related end uses
| } | |
' 1 Level 3: End-use energy
. % consumpfion by household
water | Large ! smal (and'by house fype where
heating! appliances lappliance available)
¥ : T 7 ; T i Level 4: Fuel-spedfic wafer
- ' > - : - - heafing and appliance
' ' T ' ) fype energy consumpfion
. ' L - - - 8 by households (and
Iec‘rncny: Gos ‘Wood? Gil fFridgaFreezerClothesClothes,Range] by house fype where
- - 1 - washer dryer |« available)
: Gos:  Gog Level 5: Fuel-
Y e « Elee :EI et spedfic appliance
i = o energy con-
y Unit energy consumption for new , sumpftion by
: and stock of appliances - households

Data and analysis can be used to get end-use and fuel values
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Source: |[EA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators pyramid: residential per floor area

Level 1: Energy consumpfion (lighfing and
space heafing and cooling) by floor area

Level 2: Energy consumpfion (lighf-
ing and space heafing and cooling)
by house fype and by floor area

Singles Single ; Apart- ; Mohil
derachediatftached? ment ! homes
houses: houses ' i

Level 3: End-use energy
consumpfion by floor area

|
|
Space »  Space I (and by house type where
heafing | cooling Lighfing available)
7 T T ; T ' Level 4: Equipment
: : : . . : energy consumpftion
ormal? Mid- & High 2 Other gCentral air Window air) Nodfurf’l;ier b‘;\ floor area (ahnd by
efﬁctencyfefficienw:efflciencyf equip.:condiﬁoning:condiﬁonmq etal ous’? fgre AGREre
furnace, furnace 4 furnace 4 ' . ' avatiable)
T T . - . : = - Level 5: Fuel-spedfic
: = P " ' ' equipment energy
. ' I i ' 1+ No further No further consumpfion
Ol Wood ] GGS: 5 : : detail : detail by households
P i ' ; (a;gebtfyfl\gr':e

available)

Data and analysis can be used to get end-use and fuel values
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Source: |[EA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators pyramid: non-residential per floor area

Level 1: Energy consumption per floor area
Energy use per value-added.

Total

Commercial
and Public
—Services

Level 2: Energy consumption by
building type per floor area

Health Etc.
care

|
Educational * Offices

N |
senfices
1

Level 3: Energy
consumption by end use,
by building type and per
floor area

R

Space Lighting

heating

Water | Auxiliary ; Auxiliory
heating fequiprrent ' motors

Space
coaling

Level 4: Energy
consumpfion by
fuel fype, by end
use, by building
fype and per
floor area

Qil Hect. Gas Etc.

Data and analysis can be used to get end-use and fuel values

jea @5)@

Source: |[EA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators: online courses at edx.iea.org e &y @

. International |
1€2a/ Energy Agency

» Step-by-step and

sector-by-sector
Welcome to the |IEA online course on Energy throuah ener
Efficiency Indicators. g gy
By joini » first onli rofessi I courses, 1ill come face-to-face 11 1 1
Ll B on b s e o eaiices inbe efficiency indicators.

shared and global progress to be tracked.

 Self-paced and
Interactive.

* No set time limit to
complete the course,
to fit into your

International EnergyAgency prOfeSSional and
Energy Efficiency Indicators: Essentials for .
S i personal lives.

Source: edX.iea.Org IEA 2019. All rights reserved.



Energy efficiency indicators online course: expert videos e &y @

CPevious | 5 | & | @ | @ | 8 B B B 8 8 9 B8 B8 B Next > < Previous H (=] H = = Next >

The IEA's Work on Energy Efficiency Data Collection Methods: An Overview

Welcome to lesson 3 of Module 3, where we will review the 4 key methods for data collection and how they can be applied in the context of the

Please check your network firewall if the video does not load automatically. i ites ol

*Please check your network firewall if the video does not load automatically.

» Speed 1.0x «

»Speed 1.0x  ®

IEA, 2014, Energy Efficiency Indicators: Fundamentals on Statistics

< Previous Next >

Source: edX,iea.Org IEA 2019. All rights reserved.



Energy efficiency indicators online course: interactive exercises

ction: Energy Efficiency 101 >

< Previous (2] (2]

(2]

nergy Efficiency Potencial In s ors

g o

Energy Efficiency Potential In Four Sectors

Energy efficiency gains can be realised in many economic sectors. The graph below shows the realised vs unrealised potential for energy efficiency in
four sectors. Do you know which sectors offer the highest potential? Have a guess and try to associate the four sectors with each column. Drag and

drop accordingly. This exercise does not count for your final grade.

Power
Transport Industry § generation § Buildings

100% —+
80% i
60% —

Source: edx.iea.org

— DU

(5]

2]

< Previous

Next >

< Previous (=] H E=4

a

Practice Exercise: Building Indicators Using Energy and Activity Data

H Bookmark this page

Mext >

Energy and activity data are indispensable for the construction of indicators. Energy consurnption data usually serves as a numerator, while activity
data serves as a dencminator. For example, to construct the indicator "space cooling energy consumption per value added” (C2a) we need the

energy data "total cooling energy consumption™ and the activity data "total value added”

Have a look at the incomplete equations, as well a5 the list of energy and activity data beneath them. Drag and drop the data to build five indicators,
each one assoriated to an end use in the services sector. Reflect on the level of disaggregation of the indicators you constructed

Space heating

Lighting

Water heating

Space cooling

Other equipment

ENERGY DATA

ACTIVITY DATA

?

-~ -~ -~

-~

# Total heating energy consumption
= Total cooling energy consumption
= Water heating energy consumption in office buildings
= Lighting energy consumption in schools
» Other equij energy ption in

b

« Total floor area cooled
» Total floor area heated

= Number of employees for warehouses

= Number of students for schools
* Number of employees for offices

IEA 2019. All rights reserved.



Energy efficiency indicators online course: assessment tests

Module 2: Assessment Test

~ - - T
. -
- -
— .
- -
> C , >
. -~ <.’ ;-
~ et -— oS

1. In the context of the residential sector, understanding how various factors impact energy consumption is essential to
determine where the largest potential to reduce energy consumption lies.

1.0 point possible (graded)
@ True

False

o

w

2. Which are the six main end uses in the residential sector:

1.0 point possidle (graded)
Space heating

A mrm L T

Source: edx.iea.org
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itm cu1o. All rights reserved.



Energy efficiency indicators online course: interactive discussion forums: é @

£ Previous =) Mext 3

Module 3: Discussion Forum
[] Bookmark thiz page

' - . .f‘
b

~ Y
rffj:ﬁ f“j;f rf;tr ﬁ“’rjfrfﬁf; 11‘1““11 i: . f"f

Add a Post

® Barriers to dats collection in the services sector

T CONSIULT ENEFEY eflcle ncy Indicators, statistidans need Doth energy data and activity datz. Yet Inthe case of services sector both actiity and emergy data might be har...

7 Main end use in the services SeCtor in your country
What ks the maln end use In the Seniices Sactar in your country?

® Addressing data collection challenges in the services sector
Think about these challenges In the case of your country and try to propose possible solutions for Imiproving dats collection In key services subsectars such as affice bulldl..

£ Previous Mext ¥
Source: edx.iea.org ~ .3, Allrights reserved.
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Evaluation approaches

Energy performance metrics: Typically primary level indicators (e.g.
energy per person) that do not clearly show the role of efficiency.

Energy demand analysis: A “bars held” or “what if” approach by holding
indicators constant than can under-estimate energy efficiency gains

Decomposition analysis: Can be complex to understand, but very
valuable

IEA 2019. All rights reserved.



ENERGY 1§ UK
iea -“?

Energy performance metrics

Limitations

Energy consumption

Energy per person

Energy per floor area . | P



Evaluation: choosing the right metric el & 9

120

What are these types of
energy performance
metrics not telling us

about energy demand

—Residential/capita aNd efficiency progress?

—Residential
110

100

=0 ——Residential/dwelling BehaVlour?
?
% ——Space heating TC/dwelling TEChnO[Ogy
- Efficiency:
——Space heating TC/floor area /ncome?
60 T T

1990 1995 2000 2005 2010

Index: 1990=1. Data for IEA18 (Australia, Austria, Canada, Denmark, Finland, France, Germany, Ireland, Italy, Japan, Netherlands, Norway, Slovakia, Spain, Sweden, Switzerland, UK, USA).
TC: Temperature Corrected.

The right energy performance metric is crucial to understanding & tracking progress over time.

Source: IEA energy efficiency indicators database IEA 2019. Al rights reserved.



Evaluation: Building energy performance metrics e &9

Limitations of Energy Performance Metrics

Metrics cannot predict variation in overall energy
consumption or quantify the impact of individual
components or factors on overall energy
consumption.

Building Energy

It is often necessary to undertake more detailed Performance Metrics
analysis to fully understand the combined

impact of a number of different factors or driving

forces on overall energy consumption. "B

IEA 2019. All rights reserved.

Source: IEA Building Energy Performance Metrics 2015



Building energy performance metrics: energy consumption el & 9
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What does this tell us about energy efficiency in buildings?

Source: |IEA Building Energy Performance Metrics 2015 IEA 2019. All rights reserved.



Building energy performance metrics: change in energy consumptior & €
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Building energy performance metrics: energy per person el & 9
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Building energy performance metrics: change in energy per persori: & 2
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Building energy performance metrics: energy per floor area
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What does this tell us about energy efficiency in buildings?

Source: |EA Building Energy Performance Metrics 2015
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Building energy performance metrics: change in energy per floor aréa & @
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Energy demand analysis

Bars held analysis




Evaluation: Energy demand/bars held analysis or “what if” analysis

Proportional distribution of energy savings

How much energy service? How are we meeting

Depends on behaviour, income, energy service demand?
culture, etc. e.g. incandescent bulbs v. CFLs

\ / or LEDs
EneTQYuseful * Sharetech
EffiCienCYtech

T

How efficient is the
technology used?

Energyiotar = z

tech

Source: IEA Energy Technology Perspectives

Energy Savings (6DS to 2DS) by Contribution (EJ)

0.12

0.1

0.08

iea Q{i})@

2015
2020

Intensity Improvement

2025

2030
2035

Equipment Efficiency

2040
2045
2050

W Technology Switching

IEA 2019. All rights reserved



Decomposition

Logarithmic Mean Divisia Index (LMDI)




Evaluation: Building energy decomposition o & D

600.0

400.0

200.0

0.0 -

Overall change Population Houses per capita dwelling size appliance diffusion
-200.0 (inverse of occupancy) (appllans:es per
dwelling)
-400.0
-600.0
-800.0

Proportional distribution of energy savings by holding only changing one indicator at a time.
Decomposition analyses can be extremely valuable — but complex.

Source: |EA Energy Technology Perspectives IEA 2019. All rights reserved.



Evaluation: Building energy decomposition el & 9

Decomposition of global final energy demand in buildings by key contribution

75

Other

()] e T e ] I ...... I ...... I ...... I
I I I I I I . o M Floor area
O) O O

e T EEEE R

@ 0 re—%®

B Household occupancy

LS S0 B W W W W W . ..
Energy efficiency
-50

e Final energy change

-75

Through decomposition, we can see that energy efficiency is significant, but not keeping up with the
growth in total energy consumption in buildings.

Source: IEA Energy Technology Perspectives 2017 IEA 2019. All rights reserve d.
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Process for Tracking Progress

Key steps in the process

Examples




Tracking progress: Key steps in the process el &

Step 1: Identify what needs to be tracked
What story should be told?
What were the objectives?
What are the risks?

Petent change relatie o 2000

Step 2: Define the tracking indicators »
What performance metrics can you use? ) i i ...
2 Y LR 0RO
What data (s heeded? T T il il “ I ‘ II II ooy
o 4002 qo9% 102 4998 000 ook o0k 000 008 0 gk A d u Population
Step 3: Assess the data
What analysis method should you use?
Step 4: Tell the story
How do you visualise the results? e B

UUUUU

How would it vary across countries?

—————

IEA 2019. All rights reserved



Example: Tracking progress in the Building Efficiency Accelerator

Stage 0

Goal

Establish shared vision

Indicators

Number and type of
organizations at kick-
off event

Type of engagement
with organizations

Methods

Source: Building Efficiency Accelerator

Recognition in event
summary report and
media coverage

Participation in
working groups

Stage 1

Goal

e Collect baseline data to
inform selection of
policy and project

Indicators

*  Number of public
buildings for which we
collect energy
consumption and use
characteristic data

Methods

* Enter data into ENERGY
STAR Portfolio Manager

A

Stage 2

Development

Goal

» Select project and
develop project
documentation

* Obtain project funding
Indicators

* Investment grade audits
for 4 buildings

* Identify funding/ finance
to implement EE
measures in audits

Methods

» Share audit results with
key stakeholders and
potential funders

e Meet funders terms and

metrics

Stage 3

Implementation

Goal

* Successfully install EE
measures in buildings

Indicators

* Reduce energy use of
buildings by 15% or
more

* Reduce energy costs of
buildings by 15% or
more

Methods

* Track energy use and
costs in ENERGY STAR
Portfolio Manager

For continuous improvement I

iea (&)

Stage 4

Improvement

Goal

Improve city energy
productivity

Indicators

$GDP per kWh

Residents with Tier 1
energy services per kWh

Methods

Develop data and
management system for
continuous
measurement,
monitoring and
improvement

@

o

IEA 2019. All rights reserved.



Tracking progress example: cooling b9

Step 1: Identify what needs to be tracked

What story should be told about the impact of cooling?
What objectives could be achieved through policies on cooling?
What are the risks and threats from increasing cooling energy use?

Potential issues related to cooling
Demand for and access to cooling thermal comfort
Energy used for cooling based on AC efficiency levels
Peak electricity loads, grid stability and power sector investments
Job creation through design, manufacturing, selling or installing ACs
Sales tax and public budgets financial impacts
Market availability of efficient products



Tracking progress example: cooling b9

Step 2: Define the tracking indicators
What performance metrics can you use?
What data do you have on cooling and buildings?

Issues with metrics and indicators
How do you separate the influences? (Income; demand; population; climate; efficiency)
What options are there for metrics?
Final energy use for cooling
Final energy use for cooling per square meter cooled per cooling degree-day
Change in average efficiency of ACs (stock, sold, manufactured, imported, exported)

Share of products covered by labels or MEPS policies



Tracking progress example: cooling b9

Step 3: Assess the data

What analysis method can you use?

Which method will provide the information needed?
Step 4: Tell the story

How do you visualise the data?

What part of the story is important for your country?

Issues with metrics and indicator analysis methods
What results will be compelling and told with simple visuals or statements?
What options are there for methods?
Energy performance metrics
Bars held analysis
Energy decomposition (LMDI)



Tracking progress: cooling example 1 el & 9

Efficiency of air-conditioners by country, 2017
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Best available technology efficiency levels vary widely between countries.
And, best available technology is much more efficient than the market average.

Source: |[EA IEA 2019. All rights reserved.



Tracking progress: cooling example 2 el & 9

Change in global cooling energy use illustrated by different metrics, 2000-15
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“Energy use per m? cooled per CDD” may be an accurate performance indicator at the building.
But depending on the story you want to tell, “energy use” offers a different story for the country.

Source: [EA IEA 2019. All rights reserved.



Tracking progress: cooling example 3 el & 9

Global weighted average residential SEER of air-conditioners, 1990-2017
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More efficient cooling technologies are being sold.
But the efficiency levels are well below the best available technologies.

Source: [EA IEA 2019. All rights reserved.



Tracking progress: cooling example 4 el & 9

Share of building energy use covered by regulations, 2000-17
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e Space cooling e=== Al residential end-uses
‘ Increasingly more policies are covering space cooling energy use.
But the strength of those policies are not keeping pace with best available technologies.

Source: |[EA IEA 2019. All rights reserved.



Tracking progress: cooling example 5 el & 9

Global decomposition of final energy use for cooling by key contribution, 2000-15

TWh
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Energy efficiency has saved 200 TWh of cooling final energy from 2000 to 2015,
but this has been offset by activity factors contributing to a 650 TWh increase during this period.

Source: |[EA IEA 2019. All rights reserved.



Group discussion &®
Scenario:

The Minister wants to know how effective the building energy
efficiency policies have been.

How do you go about answering this?
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Energy efficiency indicators: residential buildings

Space Heating
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Energy efficiency indicators: residential buildings

iea
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Source: [EA energy efficiency indicators

IEA 2019. All rights reserved




Energy efficiency indicators: residential buildings iea

Water Heating
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Source: IEA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators: residential buildings

iea
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Source: [EA energy efficiency indicators

IEA 2019. All rights reserved.




Energy efficiency indicators: residential buildings iea

Cooking
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Source: IEA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators: residential buildings iea

Appliances
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Source: [EA energy efficiency indicators IEA 2019. All rights reserved.



Energy efficiency indicators: non-residential buildings iea
Space Heating
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Source: [EA energy efficiency indicators 19. All rights reserved.



Energy efficiency indicators: non-residential buildings
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Energy efficiency indicators: residential buildings

iea

Water Heating
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Energy efficiency indicators: residential buildings

iea
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Energy efficiency indicators: residential buildings iea
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Source: IEA energy efficiency indicators IEA 2019. All rights reserved.



