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Energy Efficiency Training Week: Buildings Program =@

Where to start: Understanding energy use in buildings

Where to start: Energy efficiency potential in buildings

Toolkit: Energy efficient building design

Toolkit: Energy efficient building technologies

Where do | get help? IEA’s Technology Collaboration Programmes
Toolkit: Enabling investment with energy efficiency policies

What are the steps : Building energy codes and standards

Site Visit: Ministry of Public Works and Housing

What are the steps: Set targets and develop policies

Did it work: Evaluating the multiple benefits of energy efficiency

Did it work: Tracking progress with energy efficiency indicators
Where do | get help? International and regional energy efficiency initiatives
Energy Efficiency Quiz: Understanding energy efficiency in buildings
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Energy Efficiency Training Week: Buildings

Trainer: Brian Dean
Session: 1.5 hours

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 [EA’S
methodologies and how to collect or model data that can
be used to estimate progress from energy efficiency efforts.

Scenario: The Minister wants to know how effective the

building energy efficiency policies have been. How do you go
about answering thise



Energy efficiency indicators

Indicators manuals

Indicators data pyramid
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Energy efficiency indicators: manuals

iea

Energy Efficiency Indicators:
Essentials for Policy Making

Source: IEA energy efficiency indicators

#

Energy Efficiency Indicators:

Fundamentals on Statistics

\ied

A
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Energy efficiency indicators pyramid @

Level of aggregation

V

Data requirement

More detailed data is required to get to Level 3 indicators

Source: IEA energy efficiency indicators © OECD/IEA 2018



Energy efficiency indicators pyramid: residential per household =@
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Data and analysis can be used to get end-use and fuel values

Source: IEA energy efficiency indicators © OECD/IEA 2018



Energy efficiency indicators pyramid: residential per floor area fea

D Data requested in |EA darabase /Total\ Level 1: Energy consumpfion (lighfing and
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Data and analysis can be used to get end-use and fuel values

Source: IEA energy efficiency indicators © OECD/IEA 2018



Energy efficiency indicators: residential =@

Floor area and households (drivers)

Energy demand
Space heating
Space cooling
Water heating
Lighting
Cooking
Appliances (e.g. refrigerators, washers, televisions)
Miscellaneous electricity (e.g. plug loads)

Source: IEA energy efficiency indicators © OECD/IEA 2018



Energy efficiency indicators pyramid: non-residential per floor area

ﬂ‘ 7 H Data requested in |EA database

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

1
1
B
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: 4 Level 3: Energy
' I consumption by end use,
: : by building type and per
Space Water |} Auxiliory ; Auwdliary ; Lighting j Space floor area
heating heating fequipment ' motors coaling

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

Elect. : Gas * Efc.

'
’

3

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

Source: IEA energy efficiency indicators
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Energy efficiency indicators: non-residential

Floor area (driver)
(Services value added)

Energy demand
Space heating
Space cooling
Water heating
Lighting
Miscellaneous energy (“other”)

Source: [EA energy efficiency indicators




Tracking progress approaches

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

\l 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

© OECD/IEA 2017



Energy performance metrics

Limitations &
Energy consumption & sf?’

Energy per person

5

Energy per floor area - 4



Tracking progress: the metrics approach

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

It is often necessary to undertake more
detailed analysis to fully understand the
combined impact of a number of different
factors or driving forces on overall energy
consumption

Source: [EA Building Energy Performance Metrics 2015

Building Energy
Performance Metrics

Supporting Energy Efficiency Progress in Major Economies




Building energy performance metrics: energy consumption =@
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What does this tell us about energy efficiency in buildings?

Source: IEA Building Energy Performance Metrics 2015 © OECD/IEA 2018



Building energy performance metrics: change in energy consumptior¥ ©
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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: energy per person
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What does this tell us about energy efficiency in buildings?
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Building energy performance metrics: change in energy per person @
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What does this tell us about energy efficiency in buildings?
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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: IEA Building Energy Performance Metrics 2015 © OECD/IEA 2018



Building energy performance metrics: change in energy per floor are@ @
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Building energy performance metrics: key information =@
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How useful is this information in identifying progress?

Source: IEA Building Energy Performance Metrics 2015 © OECD/IEA 2018



Building energy performance metrics: choosing the right metric =@

120

What are these types
of energy
performance metrics
noft telling us about
—Residential/capita €Nergy demand and

efficiency progresse

—Residential
110

100

o ——Residential/dwelling .
Behavioure

% ——Space heating TC/dwelling TeChnOIogy?

o Efficiencye

——Space heating TC/floor area Income e

60 T T T T T T T T T T T T T T T T T T T T 1
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 © OECD/IEA 2018



Energy demand analysis

Beyond metrics

Bars held analysis o

© OECD/IEA 2017



Tracking progress: beyond metrics

Understanding different drivers, technology choices and energy
efficiency potential are needed for deeper understanding of tfrends

How much energy

service? How are we meeting
Depends on energy service
behaviour, income, glemand?
Cculture, efc. e.g. incandescent

bulbs v. CFLs or LEDs
Energyuseful * sharegecy

EffiCienCYtech

Energyiotar = z

tech

How efficient is the
technology used?

Source: IEA Energy Technology Perspectives © OECD/IEA 2018



Tracking progress: bars held analysis =@

“What if"” analysis across indicators

Proportional distribution of energy savings by holding only
changing one indicator at a fime
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Source: IEA Energy Technology Perspectives © OECD/IEA 2018



Decomposition

Logarithmic Mean Divisia Index (LMDI)
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Building energy decomposition: breaking down the impacts =@

600.0

400.0

200.0

0.0 A

Population Houses per capita dwelling size appliance diffusion
(inverse of (appliances per
-200.0 occupancy) 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: IEA Energy Technology Perspectives © OECD/IEA 2018



Building energy decomposition: historical frends and projections ©

Decomposition of global final energy demand in buildings by key contribution

75
Other
50 ........................................... I .........
I I I I I I o M Floor area
O
LSNP WU WL S W W W - O ~BROBSO . e N B B B

B Household occupancy

D 0 re—0 ®

225 s Mo e o A
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 © OECD/IEA 2018



Building energy decomposition: historical frends and projections

Decomposition of global final energy demand in buildings by key conftribution

Historical B2DS
1990 . 2014
1995 u ’ 2020
2000 2025
2005 = 2030 [ B
2010 P 2035 [
2045 L
-75 -50 -25 0 25 50 75
2050 T T ,
El
2055 [
M Population H Floor area
M Activity M Envelope improvements 2060
Product performance M Technology choice -100 75 50 25 0 25 50 75 100
M Others ¢ Annual energy change EJ

Further, with decomposition, we see that energy efficiency measures under the B2DS reverse historical trends,
offsetting increasing global population, building activity and growing floor area.

Source: IEA Energy Technology Perspectives 2017 © OECD/IEA 2018



Process for Tracking Progress

Key steps in the process

Group exercise

EEEEEEEEEEEEE



Tracking progress: Key steps in the process

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

Pecent change et t0 2000

Step 2: Define the tracking indicators » h
What performance metrics can you usee il I ...
What data is needed? RETTTTTHHTTTTTLI11]

Step 3: Assess the data e
What analysis method should you use?

Step 4: Tell the story .

How do you visualise the results2 o i m D w

How would it vary across countriese

© OECD/IEA 2018



Example: Tracking progress in the Building Efficiency Accelerator

Stage O

Stage 1

Stage 2

Development

Stage 3

Implementation

Stage 4

Improvement

Goal
» Establish shared vision
Indicators

*  Number and type of
organizafions at kick-
off event

+ Type of engagement
with organizations

Methods

+ Recognition in event
summary report and
media coverage

« Participation in working
groups

Source: Building Efficiency Accelerator

Goal

+ 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

* Enfer datainto ENERGY
STAR Portfolio Manager

Goal

+ Select project and
develop project
documentation

»  Obtain project funding
Indicators

* Investment grade audits
for 4 buildings

+ |dentify funding/ finance
fo implement EE
measures in audits

Methods

»  Share audit results with
key stakeholders and
potfential funders

*«  Meet funders terms and

metrics

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

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

© OECD/IEA 2018



Group discussion and exercise =@

Scenario:

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

How do you go about answering thise |
° “ u{
Group exercise:

We will split into groups /X d
We will use the data and calculate progress

We will discuss findings in the main group

EEEEEEEEEEEEE



Group exercise: track progress in cooling

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



Group exercise: tracking progress on space cooling (example 1) @

SEER of air-conditioners by country, 2017

SEER (W/W)
14
12 —
[
10 ®
8 ®
® ° . o ®
6 I I ® ¢
Y e ° ® ¢ ¢ ! _l_ —l:
2
0
Europe Japan Korea China United  Singapore Canada Australia  Thailand India Saudi
States Arabia
I Typical available — Market average ® Minimum available ® Bestavailable
Best available technology efficiency levels vary widely between countries.
And, best available technology is much more efficient than the market average.

Source: [EA © OECD/IEA 2018



Group exercise: track progress in cooling

Step 2: Define the tracking indicators
What performance metrics can you usee
What data do you have on cooling and buildingse

Issues with metrics and indicators

How do you separate the influencese (Income; demand; population; climate;
efficiency)

What options are there for metricse
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



Group exercise: tracking progress on space cooling (example 2) ' @

Change in global cooling energy use illustrated by different metrics, 2000-15

300
— 250
o
o e Energy use
S .
£ 200 e Fnergy use per capita
§ Energy use per household
o e Energy use per m2
% 150 gy p
o e Fnergy use per GNI unit
S B
ks e Energy use per GDP unit
o
< 100
3 === Energy use per m2 cooled
[
- . == Energy use per m2 cooled per CDD
0

2000 2015

“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 © OECD/IEA 2018



Group exercise: tracking progress on space cooling (example 3) ' @

Global weighted average residential SEER of air-conditioners, 1990-2017

SEER (W/W)
5
4 —-_0—_“--~---—----.
__ ’___," — Residential - in use
3 ”__ __________ - -
/
2
=== Residential - sales
1
0
1990 1995 2000 2005 2010 2015

More efficient cooling technologies are being sold.
But the efficiency levels are well below the best available technologies.

Source: [EA © OECD/IEA 2018



Group exercise: Track progress in cooling

Step 3: Assess the data

What analysis method can you usee¢

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

How do you visualise the datae

What part of the story is important for your countrye

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



Group exercise: tracking progress on space cooling (example 4) = @

Share of building energy use covered by regulations, 2000-17

100%
80%
60%
40%
20% ————g—_/’_’
0%
2000 2005 2010 2015 2017
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 © OECD/IEA 2018



Group exercise: tracking progress on space cooling (example 5) @

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

TWh
1200
® Envelope
1000 m Equipment efficiency
800 - H Climate
B AC use
600 ,
® AC ownership
400 Floor area
200 B Households
) Population
Energy use Activity factors Energy efficiency Energy use
2000 2000 - 2015 2015

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 © OECD/IEA 2018



Group discussion and exercise =@
Scenario:

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

How do you go about answering thise

Group exercise: . e u
e Splif into groups of 3-4 people

e Review the handout, use the data and calculafe OGRESS

e Return to the main group fo discuss your methods and
findings



iea

www.led.org

#energyefficientworld
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Energy efficiency indicators: residential buildings

Space Heating

Space hedting energy
onsumption per capita

Coverage

Overall

Energy data

Total space heating energy
onsumption

Activity data

Total population

Recomm ended

indicator

Space hedting energy
consumption per dwelling

Overall

Total space heating energy
onsumption

Total number of dwellings

Space hedting

energy consumption

per floor area

Lidem er floor area
ected)

Bl Heating

Overall

Total space heating energy
onsumption

Total floor area

By dwelling type

Space heating energy consump-

fion of dwellings type A

Floor aren of dwellings
type A

By heating system

Space heating energy
consumption of dwellings
with system o

Floor aren of dwellings
with heating system o

By energy source

Cooling

" Water heating

Space heating energy
consumption of dwellings

\IfI'IQ AR AFMY CANFSA 7

Lighting

Floor aren of dwellings
with energy source Z

- Cooking

0 Appliances




Energy efficiency indicators: residential buildings iea
Space Cooling
Indicator Coverage |Energy data Activity data Code %g
Space cooling energy consumption per Overdll Total space cooling energy ~ Total number of dwellings 9
dwelling with air conditioning (A/C) verd consumption with A/C f
Total space cooling energy
Overall e Total floor aren cooled b ©
: Space cooling energy con- Floor aren cooled of dwell-
T By dwelling type sumption of dwellingstype A  ingstype A with A/C Ga
: . Space cooling ener
consum ption per floor aren of By type of cooling  °F g eNErgy. ... Floor aren cooled of dwell-
dwellings with A/C JQZ& 9 consumption of dwellings with e A e o (3b
A/C system o
Space cooling energy Floor area cooled of
By energy source  consumption of dwellings with dwellings with A/Cenergy (3¢
A/Csystem energy sourceZ  source Z
B Heating Cooling Water heating Lighting Cooking 1 Appliances

© OECD/IEA 2018



Energy efficiency indicators: residential buildings

iea

Water Heating

=
m Energy data Activity data Code| E.

I Heating

~ (Cooling

" Water hedting

Lighting

- Cooking

B Appliances

Recommend
indicator




Energy efficiency indicators: residential buildings iea

Lighting
Indicator Coverage |Energy data Activity data Code %g
Lighting energy consumption Total lighting energy : —
b Overall R Total populdtion L2a
Lighting energy Overaill I:IICS'L'I:I%I::L':IQ energy Total number of dwellings L2bh  ©
consumption S : :
: : Lighting energy consumption  Number of dwellings of
rer Gl By dwelling type of dwellings of type A type A L3a
gﬁt:li:‘%ﬁgﬁfgv Overall I:IIZL ::]%I::L':lg Snergy Total floor aren L2
: Lighting energy consumption  Total floor area of dwellings
v leese By dwelling type of dwel?ings of type A type A L3b

Bl Heating Cooling [ Water hedting Lighting Cooking [ Appliances

© OECD/IEA 2018



Energy efficiency indicators: residential buildings iea
Cooking

= _

Indicator Coverage |Energy data Activity data Code %g

S2

0 Water hedting Lighting = Cooking B Appliances

B Heating  © Cooling



Energy efficiency indicators: residential buildings

Appliances

iea

Indicator Coverage |Energy data Activity data Code

=

=5
52
==
3=
B_

O

B Heating | Cooling

0 Water hedting Lighting

| Cooking

0 Appliances



Energy efficiency indicators: non-residential buildings iea
Space Heating

Indicator Coverage |Energy data Activity data  |Code

Space heating energy con- Total heating energy
sumption per value added consumption Total value adlded
Total heating energy Total floor ared o
consumption
Space heating energy : Heating energy consumption | Floor area heated with
consumption per floor aren By heating system with system a heating system o
Heating energy consumption | Floor area heated with
By energy source with energy source Z energy source Z
Space heating energy con- : Heating energy consumption | Unit adivity of service
sumption per unit of adivity By service category for service category A category A H3c

B Heating Cooling

Recommended
indicator

0 Water heating Lighting  © Other equipment

© OECD/IEA 2018



Energy efficiency indicators: non-residential buildings iea

Space Cooling
<5

Indicator Coverage |Energy data Activity data Code| £.2
Space coling energy con- Total cooling ener gy
sumption per value added Overcll consumption Total value added (Za

Overall I:;g{ﬁ;liigﬁ energy Total floor area cooled b ©
Space woling : : : : :
eniergy consumption By s'sgnt:te cooling Eotlt:glgi; :nergﬁ ;:n;sum ption FI;t:muLeu with cooling 3
per floor area cooled 2 y g5 2

By service catedor Cooling energy consumption  Floor aren cooled of 3

Y O for service category A service category A

Spuce 'cooling energy con- By service category Cooling-energy consumption  Unit activity of service (3¢
sumption per unit of adivity for service category A category A

B Heating Cooling I Water heating Lighting Other equipm ent
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Water Heating

Indicator Coverage |Energy data Activity data  |Code

Recommended
indicator

B Heating © Cooling ™ Water heating Lighting  © Other equipment

OECD/IEA 2018



Energy efficiency indicators: residential buildings iea

Lighting
<5
Indicator Coverage |Energy data Activity data  [Code| £.2
Lighting energy consumption Total lighting energy
et ualleladted Overall eoxUmtion Total value adcded L2a
Total lighting energy
Lighting Overall consumpion Total floor area L2h
energy consumption i 1 -
per floor area : ighting energy consumption  Floor area of service
By service category for service category A category A L3a
Lighting energy consumption , Lighting energy consumption  Unit adivity of service
per unit adivity By service category for service category A category A b ©

B Heating Cooling " Water hedting Lighting Other equipment
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Other equipment

Indicator Coverage |Energy data Activity data  |Code

Recommended
indicator

B Heating © Cooling ™ Water heating Lighting [ Other equipment
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