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Energy Efficiency in Emerging Energy Efficiency in Emerging UCL Energy Institute,
Economies (E4), Economies (E4), University College London
International Energy Agency International Energy Agency EREDA Consultants Inc.
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Energy Efficiency Training Week: Buildings facilitators
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Estefania Mello Elisete Cunha Marlz_Mora Liliana Campos
Architect and Urban Architect and Urban Techni l(éoor O:na]:tér, . . Coordinator,
Planner, Planner, ec dn:ah' oard o frllaglneerlng Programme for Energy
Procel, Brazil Procel, Brazil and Arc |tectur§ of Fahama Efficient Buildings,
Supervisor, Mexico
Panama Canal Authority,
Panama
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Energy Efficiency Training Week: Buildings Content Programme
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Training Day 2:
Part A: Key concepts towards Zero-Carbon:
- Where to start (current status, benchmarks)

- Zero-carbon buildings (concepts)
- Smart / grid-interactive buildings

Part B: Overview of energy efficient and low-carbon solutions
- Energy efficient building design practices

- Low/zero-carbon materials
- Energy efficient building systems and operations

IEA 2022. All rights reserved.
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Energy Efficiency Training Week: Buildings Content Programme

Training Day 3:

Part A: Policy Package

- What is a policy package and how to construct it
Policy package approach to supporting energy efficiency and zero-carbon buildings performance
Building codes and standards: what are they, how do they work, how to develop and adopt
MEPS: what are they, how do they work, how to develop and adopt
Regional and international examples of codes and regulations

Part B: Multiple benefits of energy efficiency
- Type of multiple benefits
- Methods and indicators
- Regional and international examples

IEA 2022. All rights reserved. Page5
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Energy Efficiency Training Week: Buildings Content Programme
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Training Day 4:
Part A: Zero-carbon buildings strategies and action areas

- What are the Roadmaps for Buildings and Construction
- Building collaborations to enable strategies

- International examples

Part B: Zero-carbon buildings indicators and evaluation
- Data and indicators for tracking building energy efficiency and zero-carbon adoption

- Approaches to evaluation for assessing policy and programme progress and direction

Part C: Financing energy efficiency and zero-carbon buildings
- Types of financing for efficient and zero-carbon buildings
- Incentives (financial and non-financial) for efficiency and zero carbon

IEA 2022. All rights reserved.
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Breakout group activities
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Each day we will split into three Breakout groups

Groups are defined in advance (you will be automatically assigned into the Breakout during the session)

Group leads are:
1. Group 1: lan Hamilton & Estefania Mello & Maria Mora
2. Group 2: Ksenia Petrichenko & Elisete Cunha
3. Group 3: Cornelia Schenk & Liliana Campos

In each group, you will discuss the self-assignment and your reflections on a series of questions.

IEA 2022. All rights reserved.
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Energy Efficiency Training Week: Buildings Content Programme
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Be sure to:
- Participate

Share your experience

Ask questions

Do the assignments

Have fun!

Source: People matter, 2022

IEA 2022. All rights reserved. Page 8
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Energy Efficiency Training Week: Navigating
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Buildings
stream

Welcome to the Buildings Stream! Below, please find a complete schedule of activities for this module throughout the Training Week. You can find a personalized schedule under "MY SPACE" in
the top ribbon, on the right. The personalised schedule will include which breakout groups you have been assigned to throughout the week.

May 2, 2022 (4) May 3, 2022 (6) May 4,2022 (6) May 5, 2022 (16) May 6, 2022 (11)

[E May 3,2022 © 9:00 AM - 10:30 AM [ May 3,2022 © 10:30 AM - 12:00 PM [E May 3,2022 © 12:00 PM - 1:00 PM
© Buildings stream © Buildings Self-study + submit assignment © Buildings breakout 1

Buildings Self-study + submit assignment
(Tuesday)

> >

Building Session 1: Lecture (Tuesday) Buildings breakout 1 (Tuesday)

[E May 3,2022 © 12:00 PM - 1:00 PM [ May 3,2022 © 12:00 PM - 1:00 PM [E) May 3,2022 © 1:00 PM - 1:30 PM
Buildings breakout 2 Buildings breakout 3 [ Buildings stream

> > >

Buildings breakout 2 (Tuesday) Buildings breakout 3 (Tuesday) Buildings Report Back (Tuesday)

IEA 2022. All rights reserved. Iea Terms and Conditions Privacy Policy Page 9
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Team starter activity
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Buildings Training Session Assignment

By the end of Day 3, please take a photo of something in your home or place of work that you think most
represents building energy efficiency!

Submit the photo here: Google Form Link

IEA 2022. All rights reserved. Page 10
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Training Day 2:
Part A: Key concepts towards Zero-Carbon:
- Where to start (drivers of energy use)

- Zero-carbon buildings (concepts)
- Smart grid-interactive buildings

Part B: Overview of energy efficient and low-carbon solutions
- Energy efficient building design practices

- Low/zero-carbon materials
- Energy efficient building systems and operations

IEA 2022. All rights reserved.
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Key concepts towards Zero-Carbon

IEA 2022. All rights reserved. Page 13
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Drivers of building energy use
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Form causes energy use: including through shape, size, materials, window placement.
Form enables energy efficiency: including thermal mass, passive solar and natural ventilation.

IEA

2022. All d. P 15
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Drivers of building energy use: function
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Energy follows function : people don’t demand energy, they demand energy services.

. All i d.
Sourees: "GEPR page 16
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Building energy use: globally

Buildings account for...

Other
6%
Other Residential
6% 22%
Transport
23%
Transport
2o Non-residential
8%
Buildings construction
industry
6%
Other industry Other construction industry Other industry
26% 6% 24%
U]
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Residential (direct)
6%
Residential (indirect)
11%

Non- residential (direct)

Non-residential (indirect)
7%

Buildings construction

industry
10%
Other construction
industry
10%

Building energy use plays alarge role in the global energy system.

IEA 2022 Allights reserved. SOUTCe: |EA Energy Technology Perspective 2021
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Drivers of building energy use:

Change since 2010
25% Change in growth
-—-—ﬂ'.
0 @
20% /,/j —e~Floor area
L]
15% /.——/ -m=Population
° P
10% o-"/ — =a=E missions
/./ -—______.__....---" \
. — .z:-";’h-s:‘—_gﬁ —+=Energy
“___‘—k & & \
0% —Qé“v/

5%
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020e

Despite energy efficiency improvements, the energy consumed in buildings is still highly correlated to population
growth.

IEA 2022. All rights reserved. Sources. |EA ETP 2021 Page 18
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Building energy use
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Building energy use: over the building lifecycle

Raw Material

 Lifecycle analysis can estimate the

impacts of each stage of the building life.

» The lifecycle includes embodied plus
Retrofit and ' i icqj
Transportation operational energy and emissions.

Each step of the lifecycle of the building results in energy input and emissions output.

Source M AlastEE based on Built Constructions Magazine Faoezo
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Residential and non-residential buildings...

Residential (90 EJ)
Non-residential (35 EJ)

o

4%

B Space heating ™ Space cooling ® Water heating Lighting ® Cooking ® Appliances ® Other

Residential buildings use more energy for cooking and water heating.
Non-residential buildings use more energy for space cooling, lighting and other equipment.

IEA2022. Allighisreserved. - 5o rce: IEA Energy Technology Perspective 2017 Page21
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Building energy use: impact on energy markets
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Primary energy use depends on energy utilities...

Buildings sector final energy consumption (125 EJ)

Oil
4%
Coal
5%
Renewables
3%

District energy 5%

Nuclear
11%

4

Buildings depend heavily on upstream energy and emissions (electricity and commercial heat).

IEA 2022. Al ights reserved. Source: IEA Energy Technology Perspective 2017 Page22
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Building energy use: by end-use

Historic and projected buildings energy use

Final energy (EJ) Change in energy intensity since 2010
150 m Appliances and other
125
m Cooking
100
m Lighting
75
m Water heating
50
m Space cooling
25

m Space heating

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020e

Building energy use in business as usual scenario (RTS) is expected to increase further.

IEA 2022 All rights reserved. Source: IEA Energy Technology Perspective 2021 Page 23
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Building energy use: by end-use

Historic and projected buildings energy use

Change in energy intensity since 2010

10%

5% /l -7" —_— =e=Space heating
—— — =m=Space cooling

0% —u Az;

i i s--:'!/ —e=Water heating
® L J—
\./.\ I\\R:‘“‘-‘_.___. -I-Lighﬁng

-10% .

.\. ‘\»—.___“ —a=Cooking

5% —_

° =a=Appliances and other

-20%. T T T T T T T T T 1
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Building energy use in business as usual scenario (RTS) is expected to increase further.

IEA 2022. All rights reserved. Source: IEA Energy Technology Perspective 2021 Page 24
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Building energy use: how important is space cooling becoming?

600

500

100

400

300

200

Index 1990

_. —Space cooling
L
L d
Pl — A\ | d
- ppliances an
” .
';-—' Lt other equipment
_e==" e Lighting
= o=
= - .
-~ =" Water heating

= Cooking
“ //_ _____________________________

— — , Space heating

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Space cooling energy use in business as usual scenario (RTS) is expected to have significant increases due to

IEA 2022. All rights reserved.

increased ownership.

Source: www.iea.org/eemrl6 Page 25
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Key concepts towards Zero-Carbon

IEA 2022. All rights reserved. Page 26
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Driving energy use down

The path to “net zero” and “low-energy”

IEA 2022. All rights reserved. Page 27



Lo
WDEVELDPMENT BANK REPUBLICA DE PANAMA
OF LATIN AMERICA —— GORIERNO NACIONAL —

Why is buildings decarbonisation so critical?
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Buildings account for...

Oéf;,er Residential (direc)
° 6%
Other Residential Residential (indirect)
6% 22% 11%
Transport
23% Non-residential (direct)
26% - ; Non-residential (indirect)
Non-residential _,W /
8% Z. /%.; 7%
Buildings construction Build in?: di?srt]rs;m“on
ndusty 0%
i i Other construction
Othe; 1lsnc}cliustry Other construction industry Other industry indus
b 6% try
24% 10%

Buildings and construction are a key sector for the clean energy transition, and for the goals of the Paris Agreement

IEA 2022. Allfightsreserved. SoUrce: |IEA Energy Technology Perspective 2021 Page 28



SECRETARIA DE ENERGIA

Lo
WD EVELOPMENT BANK REPUBLICA DE PANAMA
OF LATIN AMERICA — GOBERNG NACIOHAL —

MINISTERIO DE LA PRESIDENCIA E S )

Concept of zero carbon buildings

* Energy-efficient: a building with a high degree of energy
efficiency in its fabric and building services that consume
energy, e.g. heating, cooling, cooking, lighting, ventilation,
hot water, and appliances.

* Low-carbon: a building that is energy efficient (low-energy)
and is supplied by low-carbon energy.

* Nearly-zero carbon: a building that is energy efficient and
may have some available renewable energy supply (onsite
or offsite), but complete demand offset.

 Net-zero carbon: a building that is energy efficient and
relies on renewable energy sources that meet the energy
demand over the course of a period.

« Zero-carbon: a building that is energy efficient and its
energy demand is completely met through renewable
energy generated either onsite or offsite.

« Whole life-cycle net-zero carbon: zero-carbon buildings,
in which embodied carbon emissions from the materials
used in their construction

IEA 2022. All rights reserved.
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Energy-efficient
buildings

Whole life
zero-carbon
buildings

Green materials
(bricks, timber,
glass and steel)

Net zero-
carbon or
zero-carbon
buidlings
Onsite renewable and/or

decarbonised grid (green
power and district energy)

Nearly
zero-carbon
District buildings

heating/cooling

o

Onsite renewable
(solar or PV)

Page 29
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Concept of net zero

» Net-zero energy: over the course of a year, the
building has consumed as much energy as has
been generated on site, resulting in a net-zero
annual energy consumption.

Annual energy
consumption

Renewable
energy
generation

Final or primary energy?
Allow off-site generation?
Is net zero = efficient?

IEA 2022. All rights reserved.
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» Net-zero carbon: over the course of a year, the
building has emitted as many carbon emissions
as have been offset on site, resulting in a net-
zero annual carbon emission.

Annual carbon
emissions

Carbon emissions
offset on-site

What about embodied
carbon?

Page 30
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Towards Net Zero Carbon Buildings: Developing
a Roadmap for Energy Efficiency in Buildings
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Buildings in a Net Zero Emissions Scenario
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Activity

8” +96%
- .. - Mitigation measures
]

W Behaviour and

¢ QTR | WU | RN | BN | R
~ B . avoided demand
Activity II Energy efficiency
2 m Electrification
28% global 51% m H'ydrogen-based
?2;2%’ 7 Measures W Bioenergy
emissions 1 ool e Other renewables
(excluding Other fuel shifts
embodied
carbon)

2020 2030 2050

Electrification and energy efficiency account for nearly 70% of buildings-related emissions reductions through to
2050

IEA 2022. All rights reserved. Source: IEA (2021), Net Zero by 2050, IEA, Paris https://www.iea.org/reports/net-zero-by-2050 Page 32



SecReTARAGE EneRA E S ] '4 ’I\‘ P @ WORLD BANK GROUP I eq

Lo
WD EVELOPMENT BANK REPUBLICA DE PANAMA
OF LATIN AMERICA — GomENO NACIONAL —

Final energy consumption by fuel and end-use in buildings in NZE

Building envelope Heating equipment stock
~ 400 e @ e 100 B 4 "
c g £
c
S ° T c
= 300 ...................................................... 75 o e f s 3 S
o ~ =
O Q =5
200 v s e 50 5 e R . 2
i = b
100 - 25 I - .................. 1
2020 2030 2050 2020 2030 2050
- - = Distri
W Retrofit ZCRB = New ZCRB Other Coal and oil = Gas District heat
. ) . | i Biomass Solar thermal m Hydrogen
Intensity (right axis): © Heating ® Cooling = Heat pumps Other

By 2050, over 85% of buildings are zero-carbon-ready, reducing average useful heating intensity by 75% and average
useful cooling intensity by almost 50%

IEA 2022. All rights reserved. Source: IEA (2021), Net Zero by 2050, IEA, Paris https://www.iea.org/reports/net-zero-by-2050 Page 33
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The Road to Net Zero: What is needed to get there?

2020
Improve
; ; by 6% per
Energy intensity ygar e
2030
Share of existing
buildings net-zero <1%

read
Avoided demand in
homes from behaviour

Stock of heat pumps _ZEREIIIITN!

Dwellings with solar

2 illi
thermal 50 million

Appliances unit
consumption (relative
to 2020

Distributed PV
generation

320 TWh

IEA 2022. All rights reserved.

2030

4% per
year 2030-
2040

20%

12%

600 million

400 million

-25%

2200
TWh

2050

3% per
year

2040-2050

>85%

14%

1 800
million

1200
million

-40%

7 500
TWh

And also:

v" 100% lighting by LEDs
by 2030

v" Universal access to
electricity and clean
cooking by 2030

v All new buildings are
zero-carbon-ready by
2030

v’ 2.5% buildings are
retrofitted to be zero-
carbon-ready every
year by 2030

Source: IEA (2021), Net Zero by 2050, IEA, Paris https://www.iea.org/reports/net-zero-by-2050
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What is a zero-carbon-ready building?

Scope
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» Operational carbon (scopes 1 and 2)
» Embodied carbon (scope 3)

Energy use

* Reduce demand through passive design, high performance building
envelope, high performance equipment

Energy supply

* Integrate locally available renewable resources, with energy storage
where relevant

Integration with power systems

» Connectivity and automation to provide a flexible resource to the energy
system

Net zero carbon construction value chain

» Promote material efficiency to reduce material demand

+ Alternative materials and construction practices to lower embodied
emissions

IEA 2022. All rights reserved. Page 35
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Smart Grid Interactive Buildings

IEA 2022. All rights reserved. Page 36
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What is a smart grid interactive efficient building?

e ESMAP @ WORLD BANK GROUP

» An efficiently designed building that has adopted
smart systems for its operation and that is two-way
grid interactive with the utility grid to enable further
efficiencies and grid management opportunities.

Grid Integrated Building: Load Profiles

Typical Commercial

Energy Efficient
Building i

Building

Energy Efficient

B solarPy

- “Grid-Interactive Buildings have a holistically
optimized blend of energy efficiency, energy
storage, renewable energy, and load flexibility

technologies enabled through smart controls.

Energy Demand (kW)

- This results in a lower, “flatter,” more flexible
energy load profile, which in turn delivers a
more resilient and productive building,
optimizes capital investments, reduces
operating costs, and provides access to new
revenue.” Rocky Mountain Institute, 2022

Efficiency Improves curve
[lowers and flattens)

Adding solar offsets

significant loads, often

coincident with utility

peak loads

+ Reduces enérgy
consumption and
demand charges

+ Reduces energy
consumption and
demand charges

= BUT_can cause steap
ramping of loads and
utility issues

IEA 2022. All rights reserved. Source: RMI, Value potential for Grid Interactive Efficient Buildings. 2019

1ed

Grid Integrated
Building with
Energy Efficiency,
Solar PV, and
Load Flexibility

Shifts building loads to

match generation, further

reducing peaks

+ Optimizes energy
consumplion and demand
charge savings while
supporting grid stability
and resillence

+ Demand response
capability during grid peak
SCONArios provices.
additional revenue

Page 37
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Why are GEBs important?
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 Grid interactive buildings: Grid-interactive efficient buildings

L A . Solar/ £ / i::j;ﬁ
- Allow utilities to communicate with storage

building systems to manage load
profiles and respond to changing

HVAC

Energy information system
Zone Controls

Lighting

technologies and energy demands controls oo
i i I Building
(i.e. heat pump ownership) Eﬂi}ﬂ o ) St
- Allow buildings to optimize services Window = m e g“yi?jrﬁeme”t meter
during periods time-use pricing or shading ity s
periods of grid capacity challenges. At o | [ Smart Utility
L. o Efficient AT e thermostats power
- Allow greater optimization of building  windows li' 4 | @ o
. . d wall
integrated renewable generation for """ 1| O
. . i | =
onsite and grid use. | |0 et cking
i 0 (AT e
Charglng
{E\‘ % Cal |
i |

IEA 2022. All rights reserved. Source: ACEE, State of the Market: Grid-Interactive Efficient Building Utility Programs Page 38
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Challenges for GEBs

 Grid interactive buildings need:

- Open, fair and accurate programs for
grid-building interactions to enable
energy and cost savings.

- Well designed interoperability
standards with building energy
management systems.

- Multi-stakeholder coordination towards
GEB system policy design and
organization structure (i.e.
responsibility)

IEA 2022. All rights reserved.
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Grid interactivity

Load flexibility

Demand response

Source: ACEE, State of the Market: Grid-Interactive Efficient Building Utility Programs
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GEB program’l
’
P
DER aggregation pilot @ ,,’
’
’
’
o\
’b,o(),l
&7

ADR program that also K.\{\’\-i,'

promotes energy é\o’z

efficiency measures \e,“’z

[ J =\ e
\Qﬁ‘\ ,I Streamlined energy
(/O@Q,/ @ efficiency and demand
i response program
Automated demand ,’ [ ]
response (ADR) program ,’ Energy efficiency
PY 27 program that cross-
,’ promotes separate DR
’(' programs
”
7
»7 Smart energy
e management programs
Ud
Simple energy efficiency <« ———————*  Smart energy management

Energy efficiency

Page 39
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Where to learn more
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IEA Energy Efficiency in Buildings MOOC

Energy Se

» Find more on the above topics in the MOOC here: https://elearning.iea.org/courses/course-
v1:IEA+BUILDINGS1+Open/about

- Module 1 — Energy Use:

- Lesson 1
= The lifecycle of buildings
= Drivers of building energy use (Part | and II)
= Building energy use
- Lesson 2 - Energy efficiency potential
= How much potential is there

IEA 2022. All rights reserved. Page 41
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Efficient building design
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Path to zero emissions or net zero energy buildings

Energy sufficiency Energy efficiency Renewable energy
&
o B Reduce energy needs B Reduce energy consumption M Reduce CO, emissions
'5 by using renewable energy

> Land-use policies Building energy codes Land-use policies

% Building energy codes S&L policies Building energy codes

o S&L policies for equipment
Bioclimatic design principles Mandatory S&L for: Mandatory share of supply

o Use of passive solutions overall building energy from renewable energy sources

= performance Mandatory S&L for equipment

(=} S

o building elements

measure instrument strategy

and equipment

IEA

2022. All rigf d. P 44
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The tiered approach for the integrated design process

s, E£ES !\.4 AP @ WORLD BANK GROUP Iea

S Integration of:
]
a S « Multiple design
o @ professionals
= 2 .
t.”_ o * Multiple aspects
T S of building
2 E design and

@ .

- construction

I

ks

[

Tier 3: Mechanical

%)
=
Q
®
>,
73]
3
)
7]
L]
o
N
o
R
[

EA 2

Sour
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Integrated Design Process: Tier O — Site Design

2 e CS !\.4 AP @ WORLD BANK GROUP qu

Landscaping
» Impact on solar gains on building
* Impact on airflow

» Seasonal variation

Wind patterns

 Dominant wind direction in hot summer

c
D
tn
Q
Q
=
/)]
5
|
2
=

21" March,
15 hours

» Layout of buildings for natural ventilation potential

Building orientation & building shape
« Solar gains on facades ’1;\\

« Optimal orientation of facades

IEA 2022. All rights reserved. Page 46
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Integrated Design Process: Tier 1 — Building Design
Building envelope is often the main source of heat gain/loss

s e S y ,/\ B @ WORLD BANK GROUP 124

« Walls, windows, roof, uncontrolled air infiltration

* There is a wide variation in the quality of building envelopes:

35%
Windows
with
inadequate
shading

U~35 W/m2 K
Monolithic concrete wall

10%
Windows
with
shading

-
D
)
Q
(]
()]
S
S
S
11]
-
| .
-
[

U~0.5W/m2K
Source: Adapted from Lechner, Norbert: Heating, Cooling, Lighting : Sustainable Design Methods for Architects
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Integrated Design Process: Tier 2 — Passive Systems

e s ESMAP @wom_n BANKGROUP £=Jo|

“modern” architecture
70-100% glazed, no
natural ventilation, all
air systems

“sustainable”
architecture 15-40%
window to wall ratio,
bioclimatic design
approach, natural/nybrid
ventilation, external
movable solar protection,
radiant cooling

“ancient” architecture
(low window to wall ratio,
natural ventilation, ...

[7}]
S
(]
»
>
/9]
3
1]
[7}]
]
o
N
1
ko
=
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Integrated Design Process: Tier 3 — Mechanical Systems

After all of the passive options are used, mechanical
systems can deliver the designed comfort:

Active heating systems

Active cooling systems

 Fans

« Active lighting Intelligent
controls
Flexibility

IEA 2022. All rights reserved.

Source: Adapted from Lechner, Norbert: Heating, Cooling, Lighting : Sustainable Design Methods for Architects Pageas
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Integrated Design Process: Tier 4 — Smart systems

Adopting smart technologies to monitor and manage
system operations and user interfacing offers an
opportunity to further achieve efficiencies through:

« Smart occupant sensing
 Daylight/artificial light shifting
« Automated weather adjusted comfort controls

 Grid interactive buildings

IEA 2022. Al rights reserved. Source: Adapted from Lechner, Norbert: Heating, Cooling, Lighting : Sustainable Design Methods for Architects Page 50
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Integrated Design Process: Tier 5 — Clean Renewable Energy

Onsite zero carbon clean energy provides an opportunity
to meet building energy demand through:

» Lowering cost of energy bills through onsite generation
* Producing clean energy and helping to reduce air pollution
* Increasing building and grid resilience

« Be a “Prosumer” by selling excess energy

IEA 2022. All rights reserved. Source: Adapted from Lechner, Norbert: Heating, Cooling, Lighting : Sustainable Design Methods for Architects Page 51
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Path to net zero emission buildings

IEA 2022. All rights reserved.

Current status
(2020)

Typical:
150-180 watts
perm2 OTTV

Passive design
and natural/
hybrid ventilation
strategies not
optimised

Use of external
shading in some
regions

Light/reflective
surfaces to
reflect solar
radiation not

common

Insulation is
used in colder
climates, very

little in hot

climates

ES .h. i ,A\ P @WORLD BANKGROUP
gy Sector Management Assstance Program
Short term Long term
(2030) (2050)
Identify appropriate Bu;' dtiir'lngisf:téric
targets for OTTV act“.’ordin to
depending on building building lypge _—
type and bioclimatic zone climate
Passive and hybrid Passive and hybrid
strategies identified for strategies
all bioclimatic regions widespread and
Including natural ventilation optimised in all
for hot and humid climates climates
External shading in Use of static and
about half of new movable external
buildings shading
In more than half of new widespread in all
buildings buildings

Reflective surfaces for
roofs for half of new
buildings
Reflective roofs and walls

Insulate walls or roofs in
about half of new
buildings
Insulate roofs and walls

Use of light or
reflective roofs and
walls widespread
in all countries

Insulate roofs and
walls in all new
buildings, in all

climates

1ed
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Path to net zero emission buildings

IEA 2022. All rights reserved.

Current status
(2020)

Simple,
unprotected
glazing common

Typical: single-
glazing, high
thermal
transmittance

Minimal
opimisation of
daylight through
design or
controls

Limited use of
tools in the
design process
of new buildings

Short term
(2030)

Low-e/low-SHGC glazing
in commercial buildings
Increased use of low-e/
SHGC in residential

Increased use of double-
glazing in commercial
sector where appropriate
Increased use in
residential buildings

About half of new
buildings optimise
daylight
Most new buildings

Integrated design in
most projects
BIM and simulation used in
design phase

A\ P @ WORLD BANKGROUP

Long term
(2050)

Widespread use of
low-e or solar
control glass

where appropriate

Double-glazing
available and used
where appropriate

All new buildings
undertake analysis
to optimise
daylight

Integrated design
process and
simulation tools for
all construction
projects

1ed
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Low/Zero-Carbon Materials
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Decarbonising materials

» The manufacturing, transportation and
use of all construction materials for
buildings resulted in energy and process
CO2 emissions of 3.5 Gt in 2019, or 10%
of all energy sector emissions.

* Reducing the embodied carbon of
buildings construction materials is a key
part of achieving net zero carbon
buildings.

IEA 2022. All rights reserved.

i ESI'4 ’I\‘P @WORLD BANKGROUP qu

Decomposition of embodied cement and steel sector CO2
emissions in buildings construction, 2000-2020

Cement Steel

1600 1000
s
(@]

9 1200 750
=

800 500

400 250

0 T T T 0 T T r
2000 Buildings Industry 2019 2020* 2000 Buildings Industry 2019 2020*
factors factors factors factors

BEmissions BConstruction (floor space) @Building frames OHeight BO0ther BMaterial CO; intensity

IEA 2020. All rights reserved.
* Projected emissions for the year 2020 account for construction activity indicator for the first half of 2020 followed
by an assumed economic recovery facilitated by no further major lockdowns for the second half of 2020.
Notes: This figure is based on a logarithmic mean divisia index which compares each influencing factor contributing
to embodied emissions in 2019 relative to 2000 to assess their contribution to the change in emissions. Other
includes increased material use per unit of new floor area related to changes in building code enforcement and
construction practices, as well as the effect of existing floor area renovation.
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Decarbonising materials

» The factors that influence
embodied carbon include:

- Construction technique,
- Material demand,
- Durability,

- Origin (recycled versus virgin
and location),

- Composition,
- Manufacturing processes, and
- Reusability and recyclability.

IEA 2022. All rights reserved.

rm
W

>
0

-

o
-
-
-

End of life
b

Use stage
embodied
carbon

Carbon emissions associated
with materials and processes

required for the upkeep of the
built asset throughout its
lifecycle

@ WORLD BANKGROUP

1ed

Embodied
carbon
Carbon emissions associated
Carbon emissions ¢ : with materials and
Mng:m' incurred d‘ { construction processes
“or recycling of materials throughout the whole

lissions avoids 0 lifecycle of a building or
renewal w = infrastructure

Energy use

Operational %
carbon i %
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Path to net zero emission buildings

Reduce
embodied
carbon

| EICHE
efficiency

Energy efficienc

for materials
manufacturers

Decarbonise
materials
production

Local material
alternatives

Tools for
resource

efficiency

IEA 2022. All rights reserved.

Current status

(2020)

Minimal
assessment
of embodied

carbon of
projects

Limited effort
to reduce
demand or
procure
alternatives

Energy-
intensive
manufacturin
g processes

Manufacturin
g processes
reliant on
fossil fuels

Minimal use
of local low-
carbon
techniques or
materials

Minimal use

of
standardised
tools

ES i .4 ,A\P @WORLD BANK GROUP qu
Short term Medium term Long term
(2030) (2040) (2050)
Increased tools for
" t:s;os;ment N?;xro%mb::vllod Net-rz:ro :mbodit:d
gies for net-zero buildings in some CAIDONIONMOS)
emb%dlettiiﬁg%rbon Counirios new buildings
iden

Design and construction methods for optimising
material use and prioritising low-carbon materials
encouraged
Guidelines for designers and manufacturers on alternative
materials or processes developed

Adoption of current BAT in all sectors, as well as EMS
and energy networks
Specific targets set for key subsectors

Develop biomass and waste heat recovery strategies,
electrification of processes, switch to cleaner fuels,
including hydrogen
Targets set for the decarbonisation of heat and electricity

Development of low-carbon local alternatives for
materials and techniques
Incentives to encourage the use of local materials rather
than imports, used where appopriate

Regional approach to adopt harmonised tools for
evaluation of projects and reducing embodied carbon
developed.

Drivers to use standardised tools put in place

Notes: The proposed global target is in bold. Below that is the proposed accelerated target.

Widespread
adoption of low-
carbon alternatives
and material-
efficient designs

Energy efficiency
mainstreamed in all
manufacturing and

supply chain

Widespread
decarbonisation of
industrial
processes and
power systems

Widespread
adoption of low-
carbon materials
and techniques

Widespread use of
tools such as BIM,
standardisation,
pre-fabrication etc

A 2020. All rights reserved
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Energy efficient systems and operations

IEA 2022. All rights reserved. Page 58
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What systems are we talking about ?
Energy consumption by end-use in ASEAN
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=~ 8000 B Appliances and
o
> 7000 other
o ® Cooking
€ 6000
L
5 000 Lighting
4000 B Water heating
3000
2 000 - Space cooling
. —
1000 - E— . M Space heating

0 ’—_—_ _—_—‘
2018 2030 2018 2030 2018 2030

| All buildings | Residential | Non-residential |

Prioritise water heating and appliances (residential) and lighting, cooling and appliances (non-residential). BUT AC
ownership in households is growing.

IEA 2022. All rights reserved. Page 59
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Setting the level of ambition: what are we trying to achieve?

Building systems and operations:

What are we trying
to achieve

IEA 2022. All rights reserve

Low operational » Climate
energy » Typology
Low capital cost « Choice of
Comfortable systems

Easy to « Operation and
maintain maintenance
Resilient

Low emission

How might we
measure that ?

« Annual energy
consumption, EPI
(kWh/m?2/year)

« Efficiency of
systems

» Use of
procedures

Page 60
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Drivers of building energy use: systems

Once energy needs have been reduced through passive measures, the principle
factors become:

Correctly
sized and Efficient Correctly Correctly
designed components maintained operated
systems

* Designer * Manufacturer * Facilities * Operator/

Responsible:
manager occupant

IEA 2022. All rights reserved. Page 61
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What operations are we talking about?

SecReTARAGE EneRA E S ] '4 ’I\‘ P @ WORLD BANK GROUP I eq

« Building operations consists of the activities necessary to Implementing smart management
operate, maintain, and manage buildings. This includes
maintaining the HVAC systems, plumbing, electrical, and
building system configuration.

» Operation and management activities, methods, and
approaches should enable energy savings while
maintaining or enhancing indoor environmental quality
and equipment reliability.

» Good operation and management practices will lead to the
efficient operation of buildings. Can also lead to increased
productivity of occupants, and a longer lifetime of the
building and its components.

» Operation management Improvements focus on:
- Management: goals, planning, accounting
- Teamwork: staffing, training, outsourcing
- Resources: documentation: tools, assessments Asys smart management, 2019

- Energy-Efficient operation and maintenance: Tune-up,
automated controls, scheduling, tracking, prevention

IEA 2022. All rights reserved. Page 62
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System and operations technology gaps

m

Technologies that are relevant to building systems and operations include:

Residential Non-residential
Cooking & water heating Space cooling HVAC
- More efficient fuels eg. - Split systems - Central HVAC, pumps and fans, commissioning
Electricity or gas - Inverters - Air cooled vs water cooled chillers
- Heat pump - Window units, - Split systems, inverters, heat pumps
- Solar thermal portable ACs - District systems
- District heating - Fans - Evaporative cooling, heat recovery, free cooling

- Temperature set point

Appliances & lighting Ventilation Lighting Controls & Energy management

- Efficient appliances with - Properly sized - LED - Variable speed drives
low standby power and positioned - Dimming, daylight harvesting - Smart and connected sensors
- “Smart” devices kitchen extract - Building management systems
- LEDs PRIEEES ST EUIET leetks - Daylight control of lighting
- Smart meters - Efficient data centres - Audit tools, metering
- Efficient and low standby losses | - Maintenance tools

Consider for implementation: which are available locally? Which are currently affordable? Expensive? Are specially
skilled workers or tools required?

IEA 2022. All rights reserved. Page 63
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Energy management in buildings: 7 key steps © It an enerey management

programme

* Implement energy efficiency measures

2. Determine efficiency targets

- All cost effective measures that have benefit to owners and

occupants
: 3. Conduct
7. Monitor
ener
* Monitor performance performance assesements
- Evaluation of energy efficiency
- Data collection / sensors / energy management systems
4. ldentify
° I 1 6. Implement ener
Continuous improvement Impleme —ry
opportunities
- Use the information collected to continue the process again
back at step 3 to identify more energy savings opportunities for 6 Calculate
. . t d
continuous improvement paybacks

Adapted from: India Bureau of Energy Efficiency, Energy Management in your School, Hospital, Hotel.

IEA 2022. All rights reserved.

Page 64



SECRETARIA DE ENERGIA

Lo
WD EVELOPMENT BANK REPUBLICA DE PANAMA
OF LATIN AMERICA — GomENO NACIONAL —

ISTERIO S| Cl. LS

Path to net zero emission buildings

Current status
(2020)

Few buildings
with robust O&M
tools

Maintenance

tools

Energy audits
expensive and
tools not widely

available

Audit tools

Few buildings
using smart
BMS

Few buildings
using EMS or
strategies

Few buildings
Sensors and using digital or

controls smart sensors

IEA 2022. All rights reserved. and controls

Short term
(2030)

About half use 0&M
tools

Most use digital O&M
tools

About half of buildings
use audit tools

Most use audit tools

Increased use of BMS
About half of large
buildings use BMS

Most large buildings
use EMS
Increasing smart meters
in residential

About half using
automated and smart
systems
Most with automated and
smart systems

i AP @ WORLD BANK GROUP

Long term
(2050)

All buildings
with digital O&M
manuals and
tools

Audit tools are
regularly used
and widely
available

Wide use of
digital smart
BMS

Wide use of
digital smart
EMS including
residential
sector

Wide use of

digital smart

sensors and
controls

1ed
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Path to net zero emission buildings

Current status

Benchmarking

IEA 2022. All rights reserved.

Certification for

operational
performance

Building
passports

Energy audits

(2020)

Some voluntary

benchmarking

programmes or
tools

No countries
with certification
based on
operational
performance

Limited
voluntary and
silo information
collection

Some
disclosure of
operational
performance

Auditing
undertaken for
large buildings

in some

jurisdictions

Few uses of
incentives or
disincentives
related to
performance

Short term
(2030)

Voluntary system in
place for commercial
typologies
30% of all buildings
rated

Voluntary
certification based
on benchmarks

20% of all buildings
certified

Half of building
passports with
energy data
Most of building
passports

Disclosure for about
half of large
buildings
Disclosure for all
public buildings

About half of large
buildings doing
regular audits
Most non-residential
doing regular audits

20% of jurisdictions
with non-fiscal
incentives

30% fiscal and non-
fiscal incentives

\ |D @ WORLD BANKGROUP

Long term
(2050)

Benchmarking tools
available and used
for all building

types

Mandatory
certification of in-
operation
performance for all
building types/uses

Mandatory use of
comprehensive
building passports

Mandatory
disclosure of energy
performance

Regular audits and
energy management
to improve
performance

Widespread use of
incentives/
disincentives to
improve building
performance

1ed
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Where to learn more
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IEA Energy Efficiency in Buildings MOOC

Energy Se

» Find more on the above topics in the MOOC here: https://elearning.iea.org/courses/course-
v1:IEA+BUILDINGS1+Open/about

- Module 1 — Energy Use:

Lesson 1
= The lifecycle of buildings

= Drivers of building energy use (Part | and II)
= Building energy use
Lesson 2 - Energy efficiency potential
= How much potential is there
Lesson 3 - Energy efficient building design
= Integrated design process
Lesson 4 — Energy efficient building technologies

= Envelop technologies

IEA 2022. All rights reserved. Page 68
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Question 1 — Written assignment

* Rank the selected energy efficient and low-carbon technologies in | - ﬁj]l

.

order of their importance for transitioning the buildings sector in your —_—
country toward zero-carbon.

Question 2 - Written assignment

.

* In your opinion, explain why your top-three choices are crucial for
enabling the transition towards zero-carbon buildings in your 2
country? Feel free to describe the importance of other energy >
efficient and low-carbon strategies that are not included in the
ranking question.

IEA 2022. All rights reserved. Page 7
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Self-study activity
Question 3 — Written assignment ‘ ﬁ]]

-
<
-
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-

.

* Rank the selected barriers in terms of their impact on limiting the
uptake of energy efficient and low-carbon buildings in your country.

Question 4 — Written assignment

.

* In your opinion, explain why your top-three choices for barriers are -
the most impactful ones? Feel free to discuss the importance of I
other barriers that may not be included in the ranking question.

IEA 2022. All rights reserved. Page 71
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Breakout group activity

» We will now be split into three groups:

* Group leads are:
1. Group 1: lan Hamilton & Estefania Mello & Maria Mora
2. Group 2: Ksenia Petrichenko & Elisete Cunha
3. Group 3: Cornelia Schenk & Liliana Campos

* In each group, describe the key actions needed to move towards energy efficient and zero-carbon buildings,
their current status, their advanced practice, and timelines for their potential adoption, as well as needs for
capacity building and other support.

Okay — now to your groups!

IEA 2022. All rights reserved. Page 73
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Energy Efficiency Training Week: Day 2 Coursework

Buildings Training Activity

Use Mentimeter.com and provide a few words on:

Go to www.menti.com and use the code 8310 9882

What do you think is the most impactful energy efficiency
measure discussed today (Day 2) - you can mention up to 3

https://www.menti.com/fxnnlwbbyn

Results

IEA 2022. All rights reserved.
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Key learning points of Day 2
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Energy sufficiency Energy efficiency Renewable energy
&
o B Reduce energy needs B Reduce energy consumption M Reduce CO, emissions
5 by using renewable energy

> Land-use policies Building energy codes Land-use policies

‘-g Building energy codes S&L policies Building energy codes

o S&L policies for equipment

Bioclimatic design principles Mandatory S&L for: Mandatory share of supply

o Use of passive solutions overall building energy from renewable energy sources
= performance Mandatory S&L for equipment
(=} S

o building elements

measure instrument strategy

and equipment
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Energy Efficiency Training Week: Buildings Content Programme

Training Day 3:

Part A: Policies and regulations

- What is a policy package and how to construct it
Policy package approach to supporting energy efficiency and zero-carbon buildings performance
Building codes and standards: what are they, how do they work, how to develop and adopt
MEPS: what are they, how do they work, how to develop and adopt
Regional and international examples of codes and regulations

Part B: Multiple benefits of energy efficiency
- Type of multiple benefits
- Methods and indicators
- Regional and international examples
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Team starter activity

-
~
-

REMINDER: Buildings Training Session Assignment

For Day 3, please take a photo of something in your home or place of work that you think most represents
building energy efficiency!

Submit the photo here: Google Form Link
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https://docs.google.com/forms/d/e/1FAIpQLSfLbHcE8A-ipyfW_XZ3fqckQDHc02uPWkP32XJt-nSgeHEhOw/viewform?usp=sf_link
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Energy Efficiency Training Week: Day 2 Learning Objectives

Key Learning Objectives:

» Understanding key energy efficiency and zero-carbon buildings concepts
» Understanding energy efficient building design practices
» Understanding energy efficient building systems and operations

» Understanding embodied carbon and low/zero carbon materials
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