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Foreword

The Global Alliance for Buildings and Construction (GlobalABC) is proud to present this third
edition of the Global Status Report on the state of the transition towards a zero-emission,
efficient and resilient buildings and construction sector.

We would like to thank the GlobalABC secretariat hosted by UN Environment, and the
International Energy Agency (IEA) for the coordination of this important work, as well as all the
contributors, which we hope continues to grow each year, in order to realise an accurate and
global vision of the desired buildings transition.

We equally would like thank the governments of France, Germany and Switzerland for their
generous support to make this 2018 edition possible.

This year’s report has strived to be closer to the eight axis of the shared roadmap that we
collectively developed to put the buildings and construction sector on a pathway consistent with
the Paris Agreement.

While energy efficiency remains a top priority for buildings, this year’s edition is enriched by a
chapter looking at minimising the carbon footprint of building materials, as well as reducing the
vulnerability and increasing the resilience of buildings to climate change.

The coming year will be marked by the pairing of the Global Status Report with the forthcoming
IEA-GlobalABC database, a digitalisation of the status report that will give a more detailed and
complete view of the transitions towards zero-emission, efficient and resilient buildings.

We invite other stakeholders from the buildings, construction and real estate sectors to take part
in this new effort.

Signed, the steering committee of the GlobalABC

www.globalabc.org
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Executive summary

This Global Status Report documents the status and trends of key indicators for energy use,
emissions, technologies, policies, and investments to track the buildings and construction sector,
globally and in key regions. Central findings of this report include:

. Buildings play a dominant role in the clean energy transition. Buildings construction and
operations accounted for 36% of global final energy use and nearly 40% of energy-related
carbon dioxide (CO;) emissions in 2017.1

- Global buildings sector energy use continues to grow, but not as quickly as population or
floor area. Heating, lighting and household cooking are the most improved building end
uses. Continued increases in population and floor area are and will be the principal factors
of rising energy demand in buildings.

. Buildings and construction sector emissions appear to have levelled off since 2015,
although they still represent the largest share of total global energy-related CO, emissions.
A clean energy transition will enable a steady decrease in future emissions.

. Global dialogue is supporting progress in developing policies for sustainable buildings.
Most countries have submitted nationally determined contributions (NDCs) that relate to
buildings and some have improved them; however, many NDCs still lack specific actions.

. Countries are continuing to implement and update building energy codes and
certification policies. However, most expected future buildings growth is in countries that
do not have mandatory energy codes and policies in place today.

. Investment in energy efficiency in buildings has slowed. Incremental energy efficiency
investment increased by 4.7% in 2017 (3% adjusted for inflation), which is the lowest rate
of increase in recent years.

International agreements and initiatives are providing direction

A process of international dialogue on climate change began in 2018, facilitated through the
Talanoa Dialogue. Discussions are in the first five-year cycle (2015-20), after which all Parties to
the United Nations Framework Convention on Climate Change (UNFCCC) take stock of their
progress towards achieving their long-term objectives under the 2015 Paris Agreement.

Five countries updated their NDCs in 2017-18 with specific mentions of buildings and
construction. For instance, Canada revised its previously submitted NDC with new targets for the
buildings sector, including “net-zero energy ready” building codes to be adopted by provinces
and territories.

A total of 136 NDCs now reference the buildings sector, compared to 132 in 2017. Most NDCs still
do not have specific targets or policy actions on buildings, although analysis of NDCs and existing
building policies show that around 63% of buildings-related CO, emissions are now covered — a
slight improvement from 60% coverage previously.

The Global Alliance for Buildings and Construction (GlobalABC) is supporting countries in their
NDC updates, and it contributed to the Talanoa Dialogue in March 2018 when it set out how the
global buildings and construction sector can facilitate emissions reductions. Furthermore, the
GlobalABC is developing a guidance tool on incorporating buildings sector climate actions in
NDCs, aiding parties wishing to develop or update meaningful NDCs regarding buildings and
construction.

! These data cover buildings and construction, including the manufacture of materials and products for buildings construction,
such as steel, cement and glass. Further information is available in the section “Global status”.
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Buildings sector policies and investments are not improving quickly enough

The number of building codes implemented has grown over the past 10 years, with 69 countries
now having either voluntary or mandatory buildings energy codes in place or under
development. This is an increase from 54 countries in 2010. However, despite this progress,
two-thirds of countries still do not have building energy codes, and most changes in 2017-18
were updates to previously existing energy codes.

Similarly, only 85 countries have adopted building certification programmes. Updates in 2017-18
appear to be concentrated in countries that already had building energy codes or certification
programmes. While use of certification programmes is growing, voluntary certification still
remains common in most countries.

Many jurisdictions and organisations are supporting sustainable buildings and construction
beyond NDCs, building energy codes and certificates. For example, Mexico plans to eliminate
electricity subsidies that discourage energy efficiency investments. Mayors from 19 cities,
representing 130 million people globally, committed in 2018 to achieving net-zero carbon in new
buildings by 2030. Cities also made 443 additional commitments pledging to move towards 100%
electricity generated from renewable sources of energy (renewable electricity) by 2035.

Global efforts do not provide the necessary momentum to drive major change towards
sustainable buildings and construction. Energy efficiency spending for buildings appears to be
slowing down, with incremental energy efficiency investment increasing by only 4.7% (3%
adjusted for inflation) in 2017, compared to the 6-11% annual growth rates from 2014 to 2016.

Social and economic benefits are at hand and ready for the taking

The multiple benefits of energy-efficient, resilient and sustainable buildings are significant. They
include local benefits such as job creation, increased productivity, reductions in local air
pollution, and poverty alleviation. All of these enable greater social and economic development.
For example, the WELL Building Standard includes optimising indoor daylight levels, where
studies in Europe have shown that people living and working in well-lit and properly conditioned
spaces report poor health half as often.

Some countries and cities have seen substantial job creation as part of energy efficiency actions
and related to the incremental investment of more than 140 billion United States dollars (USD) in
buildings’ energy efficiency in 2017. Further benefits include increasing access to cleaner fuels
and technologies in buildings, which will reduce exposure to indoor-generated air pollution and
increase access to energy services. For the first time ever, the number of people without access
to electricity fell to less than 1 billion in 2017, down from 1.7 billion in 2000.

Achieving sustainable buildings and construction starts today

The global average building energy intensity per unit of floor area needs to be at least 30% lower
than current levels. Actions ranging from sustainable material choices and building design to
urban planning measures, adaptation and resilience plans, clean energy transitions, and building
operations and renovation approaches all provide an opportunity to realise this ambitious target,
as identified by the GlobalABC in its Global Roadmap.

The good news is that examples in this report illustrate how countries, cities, organisations and
other stakeholders are already working towards sustainable buildings and construction. Realising
the potential of the buildings and construction sector to meet the Sustainable Development
Goals and avoid the lock-in of inefficient buildings requires global efforts, ranging from policy,
technology, and financing tools to increased international co-operation, greater education and
awareness, and better training and capacity building across the buildings value chain.
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Global status

Tracking the buildings and construction sector shows that there is progress on policies, a stalling
of investment growth in energy efficiency, a levelling off in emissions and a growth in energy.

Energy and emissions in the buildings and construction sector

Recent trends in energy consumption and energy-related carbon emissions for the global
buildings and construction sector are varied, with increasing energy use but limited growth in
buildings-related emissions. Buildings construction and operations accounted for 36% of global
final energy use and 39% of energy-related carbon dioxide (CO;) emissions in 2017 (Figure 1). The
buildings and construction sector therefore has the largest shares of energy and emissions, even
when excluding construction-related energy use for transport associated with moving building
materials to construction sites.

Figure 1 ¢ Global share of buildings and construction final energy and emissions, 2017

Non-residential
8% Emissions

Residential (direct)
6%

Energy

Transport
Transport 23%

28% Residential (indirect)

1%

Residential

229 Non-residential (direct)
0

3%

Non-residential (indirect)
8%

Constructionindustry
6% Constructionindustry, 11%

Note: Construction industry is an estimate of the portion of the overall industry sector that applies to the manufacture of materials for

buildings construction, such as steel, cement and glass.

Sources: Derived from IEA (2018a), World Energy Statistics and Balances 2018, www.iea.org/statistics and IEA Energy Technology

Perspectives buildings model, www.iea.org/buildings.

Key message ® The buildings and construction sector is a key actor in the fight against climate change: it
accounted for 36% of final energy use and 39% of energy- and process-related emissions in 2017.

Energy trends

Global final energy consumption in buildings increased by more than 6 exajoules (EJ), or roughly
5%, between 2010 and 2017, as energy efficiency gains were outpaced by continued strong
growth in buildings sector activity and energy service demand (Figure 2). By contrast, energy
demand growth was less than the nearly 17% floor area growth during the same period and
appears to have decoupled slightly from population growth. This is a positive signal from long-
standing historical trends, but is a phenomenon largely due to shifts away from energy-intensive
traditional use of biomass in developing countries. This trend may reverse as increasing wealth
allows for greater modern energy service demand in those countries. Another trend is the shift of
growth in energy demand to emerging economies, especially in hot and humid climates.

Electricity use in buildings has had the largest growth, with 15% growth globally since 2010, or
the equivalent of the total electricity consumed in Japan and Korea in 2017. This shift to
electricity is not immediately a clean energy transition, given the strong role of fossil fuels in
global electricity production, particularly in emerging economies where electricity growth is
strongest. The growth of electricity in buildings is followed by that of renewable sources of
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energy, which increased by 14% between 2010 and 2017. Natural gas use increased by nearly 5%
during that period, a portion of which substituted less-efficient coal use in buildings, which
dropped by almost 8% globally since 2010. Other fuel types, including oil and traditional use of
biomass, remained stable over the same period.

Figure 2 ¢ Global buildings sector final energy use by fuel type and change in indicators, 2010-17

Final energy (EJ) Change since 2010 Fuel type
125 20% = Coal
m Oil
100 15% m Biomass (traditional)
Commercial heat
e - Renewables
0 Natural gas
| Electricity
50 5% :/!/: Change in growth
= Floor area
7
25 0% —mE == Population
=eo~=Energy

0, . .
2010 201120122013 201420152016 2017 " 301020112012 2013 2014 2015 2016 2017~ Emissions
Notes: Energy data are not normalised for weather, so yearly energy change may be due to climatic differences. Biomass (traditional)
refers to conventional solid biomass (e.g. charcoal and forest or agricultural resources) used in inefficient heating or cooking
equipment. Renewables includes solar thermal technologies as well as modern biomass resources (e.g. pellets and biogas).

Sources: Derived from IEA (2018a), World Energy Statistics and Balances 2018, www.iea.org/statistics and IEA Energy Technology
Perspectives buildings model, www.iea.org/buildings.

Key message e Final energy demand in buildings has risen by 5% since 2010, with the impact from the
growth in floor area and population outpacing the impact of energy efficiency improvements.

The shift in global fuel use in buildings is partially due to changing end-use consumption, with
space cooling and electrical appliance energy growth leading electricity demand growth in
buildings. Space cooling energy use increased globally by more than 20% between 2010 and
2017, while appliance electricity demand grew by 18% and space heating decreased by around
4%. Space heating energy reductions, given the large use of fossil fuels for heat production
relative to other end uses, are also contributing to the larger share of electricity use in buildings.

Change in building energy intensity per unit of floor area, as a proxy for energy efficiency, shows
that global average space heating and lighting energy intensities have improved the most since
2010 (Figure 3). This has offset growth in population and increases in wealth to achieve
important energy savings per floor area in recent years. The shift to energy-efficient
technologies, such as light-emitting diodes (LEDs) and heat pumps in some markets, has played a
role in those energy intensity improvements. Building envelope measures have also helped to
improve heating and cooling energy intensities per square metre (m?2), through improved thermal
performance (e.g. material choice) and better building design and orientation.
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Figure 3 » Global buildings final energy use and change in intensity by end use, 2010-17

Final energy (EJ) Change in energy intensity since 2010

0
125 12% Appliances and other

100 6%  mCooking
75 0% Lighting
Water heating
50 -6%
| Space cooling
25 -12%
m Space heating
-18%

2010 2011 2012 2013 2014 2015 2016 2017

Notes: Energy intensity is final energy per unit floor area. Appliances and other includes household appliances (e.g. refrigerators,
washers and televisions), smaller plug loads (e.g. laptops, phones and electronics) and other services equipment.

Sources: Derived from IEA (2018a), World Energy Statistics and Balances 2018, www.iea.org/statistics and IEA Energy Technology

Perspectives buildings model, www.iea.org/buildings.
Key message ¢ Space cooling and appliances and other plug loads are the fastest-growing building end
uses; however, only space cooling has grown in energy intensity per unit floor area.

Separating the impacts of influential factors of global building energy use illustrates the influence
on buildings sector energy use from population, floor area and other energy service demand
activity (e.g. growing ownership of household appliances and rising use of cooling equipment).
Globally, building envelope measures (e.g. improved windows and insulation) and improvements
in performance of building energy systems (e.g.heating, cooling and ventilation) and
components (e.g. cooking equipment) have all helped to offset the effects of population, floor
area and energy service activity in buildings (Figure 4). Climate effects from warmer winters have
also limited overall energy growth. However, the hot summers of 2017 and 2018 prompted air-
conditioning (AC) growth (not visible given the smaller share of cooling energy use globally).

Figure 4 e Influence of factors on global buildings energy use, 2010-17

Change in final energy since 2010 (EJ)
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Notes: Access indicates increased access to modern energy services in buildings, notably electricity in developing countries. Building
use reflects changes in energy service (e.g. change in temperature setting). Climate indicates changes in cooling or heating degree
days. Envelope reflects energy performance (i.e. thermal resistance) of the building shell. Systems include energy technologies and
equipment, such as heating, cooling, ventilation, lighting, appliances, cooking equipment and miscellaneous plug loads. Total energy
change is the overall change in final energy since 2010 when the other factors are taken into account.

Source: Derived from IEA (2018a), World Energy Statistics and Balances 2018, www.iea.org/statistics and IEA Energy Technology
Perspectives buildings model, www.iea.org/buildings.

Key message e Buildings sector energy use continues to grow, despite improvements in building
envelopes and systems, which are not fast enough to offset strong population and floor area growth.
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Residential buildings, which accounted for more than 70% of total final energy consumption in
buildings globally in 2017, are most influenced by population and floor area. Floor area has the
largest influence on energy growth for non-residential buildings (Figure 5). Improved energy
access in developing countries has enabled an increase in energy use, but not by as much as it
could have because households have shifted from traditional use of biomass to modern fuels
(e.g. electricity, liquefied petroleum gas and natural gas). To provide the same energy service
(e.g. for heating or cooking), modern fuels are generally less energy intensive in terms of energy
use than traditional fuels (e.g. conventional solid biomass).

Figure 5 ¢ Influence of factors buildings energy use by building type, 2010-17

Residential change in final energy since 2010 (EJ) Non-residential change in final energy since 2010 (EJ)
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Notes: Access indicates increased access to modern energy services in buildings, notably electricity in developing countries. Building
use reflects changes in energy service (e.g. change in temperature setting). Climate indicates changes in cooling or heating degree
days. Envelope reflects energy performance (i.e. thermal resistance) of the building shell. Systems includes energy technologies and
equipment, such as heating, cooling, ventilation, lighting, household appliances, cooking equipment and miscellaneous plug loads.
Total energy change is the overall change in final energy since 2010 when the other factors are taken into account.

Sources: : Derived from IEA (2018a), World Energy Statistics and Balances 2018, www.iea.org/statistics and IEA Energy Technology
Perspectives buildings model, www.iea.org/buildings.

Key message ¢ Although there are differences in building energy-use patterns between the residential
and non-residential subsectors, both have seen gradual energy efficiency gains since 2010.

Emissions trends

Buildings sector emissions appear to have levelled off in the last few years, stabilising at around
9.5 gigatonnes of carbon dioxide (GtCO;) annually in 2015-17, or 28% of the global energy-related
CO; emissions. Indirect emissions (i.e. emissions from power generation for the consumption of
electricity and commercial heat) account for the dominant share of energy-related CO, emissions
in the buildings sector, representing around 70% of total buildings-related emissions from energy
consumption in 2017 (Figure 6).

When energy-related emissions from buildings construction (i.e. manufacturing of building
materials) are included, total buildings-related CO, emissions amounted to more than 11 GtCO,
in 2017, or 39% of the global energy-related emissions. That share, and the total emissions from
buildings and construction, remains unchanged from 2016. This is potentially an indicator that
buildings sector emissions have capped, but they are still well below the necessary reductions to
achieve the global Sustainable Development Goals (SDGs) agreed by member states of the
United Nations in 2015.
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Figure 6 * Global buildings energy-related emissions by building type and change in indicators, 2010-17
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Sources: : Derived from IEA (2018a), World Energy Statistics and Balances 2018, www.iea.org/statistics and IEA Energy Technology
Perspectives buildings model, www.iea.org/buildings.

Key message ® Power sector decarbonisation and enhanced energy efficiency in buildings have helped to
stabilise the influences of population and floor area growth on buildings sector emissions.

Sustainable buildings and construction policies

Most countries have included the buildings sector as an area to reduce emissions in their
nationally determined contributions (NDCs). Many have included energy efficiency, fuel
switching, and planning and regulations as part of their strategies to curb emissions. Countries
are also continuing to implement and update building energy codes and certification policies,
even if not explicitly mentioned in the NDC. They offer strong examples of policies that can be
implemented to improve the sustainability of buildings and construction.

NDCs

Reporting of NDCs is the international process of country-level commitments to reduce emissions
to limit the rise in average global temperature to less than 2 degrees Celsius (°C) above
preindustrial levels by 2100 as set in the Paris Agreement. Most countries (193) and the
European Union have submitted NDCs, and the majority of countries (136) mention buildings,
although many NDCs still do not include explicit actions to address buildings sector energy and
emissions (Map 1). Five countries updated their NDCs in 2017-18, and the Palestinian Authority
submitted a new NDC in 2017.

The first round of pledges started in 2015, with ambitions covering the period to 2025 or 2030.
The Talanoa Dialogue process is designed to enable further efforts to improve NDCs by
supporting countries in their efforts to reduce emissions. It has two main ambitions:

. To guide Parties wishing to update their NDCs before 2020 (i.e. for the first five-year cycle)
or to submit new NDCs during the second round of pledges (i.e. after 2020).

. To be the preliminary exercise for the global stocktake of the collective efforts of emissions
reductions that will occur in 2023.

This dialogue has facilitated exchanges among Parties, including directly during the twenty-third
Conference of the Parties (COP 23) in Bonn, Germany, and indirectly through online platforms.
Parties’ inputs to the dialogue will be used in future climate change conferences, including at
COP 24. Sharing and discussing country pledges through the Talanoa Dialogue can set a solid
foundation for increasing national ambitions. The Global Alliance for Buildings and
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Construction (GlobalABC) is also supporting countries in their NDC updates, and it contributed to
the Talanoa Dialogue in March 2018 when it set out how the global buildings and construction
sector can facilitate emissions reductions (GlobalABC, 2018).

Map 1 » Buildings sector emissions coverage in NDCs, 2017-18

* New in 2016 \‘ S

# New in 2017 i

# New in 2018

o NDC: >75% coverage

® NDC: <75% coverage
NDC: <50% coverage
NDC: <25% coverage
NDC: mentions buildings

® NDC: no explicit mention
No known NDC

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.

Notes: Emissions coverage is estimated using specific mentions of measures related to the buildings sector, building end use or
technology with respect to 2017 buildings sector CO2 emissions. Country NDCs that do not explicitly mention building measures or
actions, for example in the case of economy-wide targets in the European Union, have not been counted in the emissions coverage.

Sources: : Derived from IEA (2018a), World Energy Statistics and Balances 2018, www.iea.org/statistics and IEA Energy Technology
Perspectives buildings model, www.iea.org/buildings.

Key message ® The majority of NDCs today do not explicitly cover buildings sector emissions relative to
specific mention of measures countries intend to take to address building energy use and emissions.

NDC submissions in 2017-18 have focused on improving building performance codes and
standards, fuel conservation and phasing out of inefficient products and equipment (Box 1).
Through the Talanoa dialogues, Parties have the opportunity to send signals to public and private
investors through these updates and changes, factoring in recent reductions in the costs of high-
efficiency building technologies. For instance, 47 NDCs already mention a shift to high-efficiency
lighting technologies such as LEDs, whose prices have been cut by a factor of 4 since 2012 and a
factor of 20 since 2008 (NRDC, 2018).
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Box1e NDC updates related to buildings and construction in 2017-18

Canada

In May 2017, Canada revised its previously submitted NDC, following the release of the Pan-Canadian Framework on
Clean Growth and Climate Change. The revised NDC set targets for the buildings sector, including: developing “net-
zero energy ready” building codes to be adopted by provinces and territories by 2030 for new buildings; retrofitting
existing buildings based on new retrofit codes; and providing businesses and consumers with information on energy
performance. Enhancing the energy performance of appliances and equipment is also part of Canada’s ambitions.

France

Metropolitan France reaffirmed its commitment at the end of 2016 to meet pledges submitted at the
European Union (EU) level in 2015, while setting separate targets for its overseas territories and departments. In
addition, French Polynesia released a complementary NDC that plans to promote sustainable construction practices,
with regulations on fuel consumption for the commercial sector. Saint Barthélemy intends to tap into the energy-
saving potential of improved building envelopes and energy-efficient ACs. Saint Pierre and Miquelon committed to
building heating networks to increase energy efficiency and reduce total emissions by 5%.

El Salvador

El Salvador set quantified greenhouse gas (GHG) emissions reduction targets for the energy sector in October 2017:
46% by 2025 compared to a business-as-usual scenario. An additional 15% could be achieved with financial support
from the international community for development of geothermal energy. El Salvador confirmed its ambition to
promote enhanced building envelopes for energy efficiency and thermal comfort, especially for residential and
office buildings. It also wants to reap the benefits of innovative construction practices to meet climate mitigation
and adaptation objectives.

Lesotho

Lesotho released an updated NDC in December 2017, which committed to decarbonising the buildings sector. It
intends to phase out incandescent lighting, introduce energy-efficient stoves in households, implement incentives
for retrofits and regulations for construction, and reduce the share of traditional solid biomass to 10% by 2030.
Lesotho also plans to implement climate-related building codes and standards, launch energy efficiency
programmes, shift to environment-friendly refrigerants, and develop national standards for alternative building
materials and technologies.

Palestinian Authority

In March 2016, the Palestinian Authority formally entered the United Nations Framework Convention on Climate
Change (UNFCCC) and a month later it ratified the Paris Agreement. Its NDC gives priority to climate change
adaptation, but also considers actions to reduce buildings-related emissions by upgrading energy efficiency
standards in buildings and improving upon existing regulations. It aims to increase the uptake of high-efficiency
lighting technologies by 1% every year through new performance standards. It is also integrating solar photovoltaic
(PV) panels on public buildings. The mitigation actions are dependent on financial and capacity-building support
from the international community.

Papua New Guinea

In May 2017, Papua New Guinea confirmed the climate pledges submitted in its first NDC and added explanatory
notes. The country is committed to reducing GHG emissions by 10% by 2030 compared to a business-as-usual
scenario, or 20% by 2030, conditional on international support.

A total of 136 NDCs now reference the buildings sector, but most do not have specific targets or
policy actions on buildings (Figure 7). Analysis of NDCs and existing building policies shows that
more than 50% of buildings-related CO, emissions were covered by existing policies in 2017 — a
slight improvement from 47% coverage in 2016.% If NDCs are realised as future policy, that
coverage would increase to more than 60%. However, the strength of the policies and the
specificity of NDCs need further attention, where coverage does not indicate performance.

2 International Energy Agency (IEA) policy coverage analysis estimates the portion of energy use and emissions associated with
building end uses having requirements within policies or that are mentioned in NDCs. It does not reflect reductions in energy
or emissions and is an indicator of the portion of current energy and emissions that fall under existing or expected policies.
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Figure 7 ¢ NDC and buildings policy coverage, 2017-18
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Notes: The left figure shows the number of Parties having submitted an NDC, and mentioning specific actions related to buildings,
energy efficiency in buildings or renewables in buildings. The right figure shows the number of Parties with energy codes or
certifications, as well as the number of Parties mentioning those policies in their NDCs.

Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message e Even if 194 Parties out of 197 have submitted NDCs, only a part of them mention actions
related to energy efficiency, renewables, energy codes or energy certifications in buildings.

The overlap between existing policies and NDCs is the largest for building envelopes, given the
long history of implementing building energy codes. However, the coverage is weakest in
countries where the largest growth in floor area additions is expected to occur.

There is limited overlap between existing policies and NDCs on space cooling. Countries that have
current performance standards for ACs generally do not mention cooling in their NDCs, and
countries that mention cooling in their NDCs generally do not have existing policies. This
indicates a need to emphasise updating existing cooling policies for many countries, and also
means that emissions coverage for space cooling could quadruple under current NDC pledges.
Space cooling demand under current policies is expected to triple by 2050, with large
implications for electricity supply stability and local air pollution (IEA, 2018b).

There is also limited overlap between existing policies for cooking and NDCs, suggesting coverage
could increase by 70% under current pledges. Most national pledges related to cooking aim to
promote clean cook stoves, through improved biomass or liquefied petroleum gas stoves. Those
improvements would have the immediate effect of reducing indoor air pollution from the
combustion of traditional solid biomass, where household air pollutants are responsible for more
than 4 million premature deaths each year (WHO, 2018).

The share of emissions covered by NDCs and policies is an indicator of the impact of current
ambitions. However, as just 20 countries are responsible for around 80% of current buildings
sector emissions, this indicator tells less about the number of countries committed to taking
climate mitigation actions. For example, while 86% of CO; emissions related to building
envelopes in 2017 were covered by existing policies or NDC commitments, 25% of countries,
comprised of mainly developing countries whose heating and cooling demands are expected to
grow quickly, do not have a code or mention building envelopes in their NDCs (Figure 8).
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Figure 8 ¢ Share of buildings emissions covered by NDCs, policies or both, 2017-18
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share of current buildings sector CO2 emissions that would fall under existing or announced policies and NDCs.

Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message ¢ Buildings sector emissions coverage varies greatly across end uses, with the largest
coverage from policies and NDCs for lighting equipment and building envelope components.

Considerable effort is needed to increase policy coverage of building energy consumption and to
ensure that the performance of those polices improves. The shared repository of national
objectives in NDC submissions and through the Talanoa Dialogue can help enable more-
ambitious climate commitments. For example, certain planned policies within or in support of
NDCs submitted to the UNFCCC are good indicators towards achieving global momentum around
sustainable buildings and construction (Box 2).

Box 2 e Examples of policies from NDCs supporting climate commitments

Canada

The Low Carbon Economy Fund provides federal funding to subnational jurisdictions to leverage investments in
projects that will reduce GHGs and help meet or exceed Canada’s climate commitments (Government of Canada,
2018a).

Switzerland

Switzerland’s new Energy Act came into force on 1 January 2018 (SFOE, 2018). One focus is to increase energy
efficiency in buildings, including use of a CO, tax on stationary fuels (heating and industry). Since 2018, up to
450 million Swiss francs (CHF) per year from the CO, tax has been available for building refurbishments (Le
Programme Batiments, 2018) and to subsidise geothermal energy. Switzerland is revising its Federal Act on the
Reduction of CO, Emissions, which will be the basis for implementation of its NDC and includes a section on buildings
(Government of Switzerland, 2018a, 2018b).
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Building energy codes

Building energy codes, or standards, are requirements set out by a jurisdiction (e.g. national or
subnational) that focus on reducing the energy used for a specific end use or building
component. The number of building codes implemented has grown over the past ten years, with
69 countries now having either voluntary or mandatory buildings energy codes in place and
eight others under development (Map 2).

Map 2 ¢ Building energy codes by jurisdiction, 2017-18
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This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.

Source: Derived from IEA (2018c), Energy Efficiency Policies: Buildings, www.iea.org/topics/energyefficiency/policies/buildings.

Key message ® Many developing economies still do not have mandatory building energy codes, despite
high construction rates in these regions.

This number is an increase from 54 countries in 2010. However, despite this progress, two-thirds
of countries still do not have building energy codes, and most changes in 2017-18 were updates
to previously existing energy codes. In addition, strength remains either limited or voluntary in
most countries with codes.

Of the 69 countries with codes, 54 have mandatory building energy codes, with 16 having
mandatory codes for only certain segments of the sector. Greater coverage, adoption and
improvement in building energy code strength are needed to continue to improve energy
performance for new buildings and major refurbishments.

Countries and subnational jurisdictions have continued to update or enact new policies on
building energy codes in recent years (Box 3). Most of those code changes were updates, with
developing countries in Africa, Latin America, Asia and the Pacific still lacking any form of building
energy codes, whether voluntary or mandatory.
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Box 3 e Examples of building energy codes by jurisdiction

Argentina

Argentina’s national government has developed a national standard for thermal envelope performance that applies
to social housing. This social housing policy is the first national standard for building energy performance, and
building codes in Argentina are generally local policies.?

Canada

Canada has a continuous improvement process and is guided by the target of achieving net-zero energy ready
buildings by 2030. The National Energy Code of Canada for Buildings 2017 pushes towards that target with a 10%
energy savings compared to the 2011 version (NRCC, 2018).

Canada (British Columbia)

British Columbia has committed to taking steps to increase energy efficiency requirements to make buildings net-
zero energy ready by 2032. The province developed the Energy Step Code in April 2017 as a voluntary standard for
higher efficiency in buildings through a performance-based approach (British Columbia, 2018). The city of
Vancouver has also developed a Zero Emissions Building Plan and is working to advance the education and support
for zero-emissions buildings construction. Through this process, the city is planning to change and develop new
policies and guidelines to increase the penetration of zero-emissions buildings (City of Vancouver, 2018).

Colombia

Bogota has become the first subnational jurisdiction in Colombia to implement national Resolution 549/15. Through
the Building Efficiency Accelerator, Bogota committed publicly to implementing a building energy code, with official
support from multiple city departments. It was then determined that the Colombian national green building policy
could not be implemented without collecting additional information on the baseline of building efficiency in the city to
develop clear pathways for compliance. A consortium of the Consejo Colombiano de Construccion Sostenible
partnership, Bogota city officials, Building Efficiency Accelerator and the Pacific Northwest National Laboratory then
assessed how to adapt, adopt and implement the national green building guidelines into a usable construction code.
Bogota also enlisted Colombian university researchers, utility executives and construction leaders to collect data to
develop a local baseline and define multiple pathways for compliance with the energy- and water-saving code. As
Bogota is finalising legal adoption and implementation of the code, it will work with the national government to
improve the existing national policy and provide assistance to other cities to ease the process of adoption in other
parts of the country.*

Denmark

Danish building regulations have introduced two renovation classes, where owners can choose from two different
levels to renovate buildings. The advantage is that the methodology follows the approach for new buildings, where
renewable energy is included, and owners get benchmarks to new and existing buildings. The best class also sets
requirements for indoor comfort levels to the new building code level.”

European Union

An amendment (2018/844/EU) to the Energy Performance of Buildings Directive (EPBD) was published on
19 June 2018. This amendment introduces revisions to the EPBD to accelerate renovation of existing buildings. The
aim is for a buildings stock that is highly energy efficient and decarbonised by 2050 in a cost-effective
transformation to nearly zero energy buildings. Member states have until March 2020 to transpose provisions into
national law (European Commission, 2018a).

France

Decree No. 2017-919 of 9 May 2017 sets a requirement to undertake energy performance improvements when a
major renovation occurs. This requires increased insulation when renovating 50% of an exterior surface (e.g. fagade
renovation, roof replacement or transformation of a non-heated space into housing) with the aim for a “no-regret”
approach through optimised cost during an existing renovation process (République Frangaise, 2018a). The French
Energy Transition Law also sets a requirement on users and owners of tertiary buildings to reduce their final energy
consumption, as compared to 2010, by 40% in 2030, 50% in 2040 and 60% in 2050, either through improved
building operations or physical building and system improvements.®

3 Written communication from Ministry of Environment and Sustainable Development, Argentina.
4 Written communication from World Resources Institute.

5 Written communication from VELUX.

6 Written communication from Directorate General for Planning, Housing and Nature, France.
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Germany

The Energy Conservation Ordinance has been in effect since 2016 and requires new buildings to achieve a reduction
of primary energy consumption by 25% and an improvement in building insulation by 20% (BMWi, 2018). The
insulation improvement is a continuation of significant improvements in Germany through a series of policies that
have achieved more than 75% heating energy savings since 1975 (IEA, 2016).

India

India took a step forward in 2018 with the development process for its first national model building energy code for
residential buildings. The draft Energy Conservation Building Code for Residential Buildings has been developed to
enable simple enforcement while also improving occupant thermal comfort and enabling the use of passive systems
(BEE, 2018; BEEP India, 2018).

Japan

The Act on the Improvement of Energy Consumption Performance of Buildings (Building Energy Efficiency Act) came
into effect in 2017. The Act includes regulatory measures for mandatory compliance with energy efficiency
standards for non-residential buildings with floor areas over 2 000 m?. It also requires mandatory notification to
administrative agencies of plans for new construction, extensions and renovations for buildings with floor areas of
300 m? or more (MLIT, 2018a).

Mexico

The Mexican federal government, in collaboration with stakeholders, developed a national model code when it
published the Energy Conservation Code (CASEDI, 2016; CONAVI, 2017). This links legal code language and existing
building standards, including for non-residential and residential thermal envelopes (e.g. standards
NOM-ENER-008-2001 and NOM-ENER-020-2011). This national model code is not mandatory until local
governments adopt it in their local building regulations, which are not common. The Mexican National Housing
Commission (CONAVI), which previously developed a building code for social housing that includes a chapter on
sustainable development, is supporting the process to have locally adopted codes. CONAVI is also promoting
sustainable solutions through a simulation tool developed with the support of Germany and the Passiv Haus
Institute that has been used for 230 000 homes built over the last three years in Mexico.”

Switzerland

While each canton can individually adopt codes, the building energy codes in Switzerland are harmonised. The
codes for the canton of Bern were revised in 2017-18 and will be submitted to a public vote (referendum). For
building refurbishment, Switzerland applies a target value for deep refurbishment of 75 kilowatt hours (kWh) per
m?, which is about double the value of the mandatory standard for new buildings. For non-residential buildings, the
code limits electricity use in buildings with floor areas over 500 m? and requires improvements every five years
(EnDK, 2018a, 2018b). From 2020 onwards, new buildings shall produce their own thermal energy and a substantial
proportion of electricity through integration of renewables. Electric resistance heaters and water heaters will be
forbidden. A building refurbishment programme will subsidise building insulation and the integration of renewables
by up to CHF 450 million per.?

United States

As of May 2018, the California 2019 Building Energy Efficiency Standards is the first code in the United States to
require solar PV systems on new homes. In addition, the code also targeted energy efficiency, including 30%
reduction in energy use for non-residential buildings (CEC, 2018).

The New York State Energy Research and Development Authority has developed a stretch code (NYStretch Code —
Energy) supplement with amendments to the latest national model codes (the 2018 International Energy Conservation
Code and ASHRAE 90.1-2016) to increase the overall efficiency and sustainability of buildings (NYSERDA, 2018). New
York City also developed an energy code revision handbook, which includes the goals of the 2019 code to incorporate
the latest version of the NYStretch Code — Energy based on Local Law 32 of 2018 (NYC, 2018).

Viet Nam

The national technical regulation QCVN 09:2017/BXD on energy efficiency buildings was revised and issued in
December 2017 with the support of the Danish government and the participation of experts from the Viet Nam
Association for the Built Environment, the International Finance Corporation (IFC) and the Pacific Northwest
National Laboratory (Viet Nam, 2018).

7 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
8 Written communication from Swiss Agency for Development and Cooperation.
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Building energy certification

Building energy certification includes programmes and policies that evaluate the performance of
a building and its energy service systems. Certification may focus on rating operational energy
use or the expected (or notional) energy use of the building. It can be voluntary or mandatory for
all or part of a buildings sector.

85 countries now have adopted building certification programmes (Map 3). The use of
certification programmes is growing, with increasing take up of voluntary certification among
high-end buildings sectors as a means of adding value. There is still a lack of large-scale adoption
of full mandatory certification programmes outside the European Union, which means that
tracking of building energy performance over time and subsequent disclosure are still limited.

Map 3 e Building energy certification programmes by jurisdiction, 2017-18
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Source: Derived from IEA (2018c), Energy Efficiency Policies: Buildings, www.iea.org/topics/energyefficiency/policies/buildings.

Key message e Certification programmes are still primarily voluntary in most countries.

Five Green Building Councils (Australia, Brazil, Canada, France and South Africa) have developed
Net Zero Carbon building standards, which use carbon reductions as the primary indicator of
building performance (WorldGBC, 2018a). Several countries and subnational jurisdictions also
updated their building energy certification policies in 2017-18 (Box 4).

Box 4 e Examples of building energy certification, rating and labels

Argentina

Energy certification for buildings in Argentina is in the development and testing phase. The certification will initially
be voluntary and will then transition to mandatory.®

Canada

Canada launched the ENERGY STAR certification programme for Canadian commercial and institutional buildings in
March 2018. The programme recognises commercial and institutional buildings with an ENERGY STAR score greater
than 75 and that meet other programme requirements (NRCAN, 2018a). Canada is also expanding its energy

9 Written communication from Ministry of Environment and Sustainable Development, Argentina.
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management programme (International Organization for Standardization [ISO] standard 50001) for industry to
include commercial and institutional building energy management (NRCAN, 2018b). For residential buildings,
Natural Resources Canada updated the ENERGY STAR for New Homes Standard in Ontario in 2017 to reflect changes
made to the Ontario Building Code and to be about 20% more energy efficient than a typical home (NRCAN, 2018c).

European Union

Under the EPBD, energy performance certificates (EPCs) must be issued when a building is sold or rented, and they
must also be included in all advertisements for the sale or rental of buildings (European Commission, 2018a). The
EPBD encourages member states to link their financing measures for energy efficiency improvements to the energy
savings, notably using EPCs to compare energy performance before and after renovation.

France

Some 500000 housing units and 2 000 non-residential buildings, totalling 85 million m? are “Haute Qualité
Environnementale” (HQE) certified. More than 800 000 housing units and 120 million m? of non-residential buildings
are also “EFFINERGY” certified. Additionally, 50 000 house units each year are new “NF habitat HQE” certified,
representing around 15% of the new residential buildings market.1°

Japan

Japan has innovative building certifications that ensure energy saving and earthquake-resistant, resilient buildings.
There are two types of energy saving certifications. One is for remodelling and achieving 10% energy savings
compared to the building energy code. The other is for buildings that meet the building energy code (MLIT, 2018a,
2018b).

Malta

Energy Performance of Buildings Regulations were published in February 2018 to strengthen the enforcement of
EPCs in Malta as of March 2018 (Government of Malta, 2018).

Mexico

Mexico was the first country to develop a nationally appropriate mitigation action (NAMA) focused exclusively on
social housing. To enable such homes, which are designed to maximise energy efficiency and comfort, the
government prioritises public resources to finance social housing with NAMA certification. The certificate is under
analysis to ensure all new social houses are labelled according to their performance (NAMA Facility, 2018).

Sweden

EPCs in Sweden cover energy consumption for heating, cooling, water heating, property electricity and energy
performance. The certificates contain information on suggested measures (if provided by the building auditor) to
reduce energy consumption. Most EPCs use consumption data rather than modelled data (Boverket, 2018).
International sustainability labels (Leadership in Energy and Environmental Design [LEED], Building Research
Establishment Environmental Assessment Method [BREEAM] and Passive House) are common for advanced
projects, but are still the exception on an overall scale rather than the norm (GBIG, 2018a).

Switzerland

There is a building passport/certification harmonised among cantons in Switzerland. The certification applies mainly
to public buildings (e.g. schools and hospitals) but not office buildings (EnDK, 2018c). In some municipalities, it is
mandatory for public buildings or new buildings to use the “Minergie” certification, but it is widely used as a
voluntary code. Minergie includes multiple certification levels: Minergie A (plus-energy buildings), Minergie P
(lowest-energy buildings) and Minergie Eco (sustainable materials) (Minergie, 2018; EnDK, 2018b).

Ukraine

In July 2017, Ukraine established a certification programme for the energy performance of buildings, enacted as the
Energy Performance of Buildings Bill Number 4941-d (Government of Ukraine, 2018).

Viet Nam

More than 60 green buildings have been certified in Viet Nam,! including through the Viet Nam Green Building
Council and the IFC Excellence in Design for Greater Efficiencies (GBIG, 2018b). This certification system has also
been used to certify nearly 8 700 homes in Viet Nam and over 200000 m? of floor space to provide over
7 200 tonnes of carbon dioxide (tCO,) per year of emissions savings (IFC, 2018).

10 Written communication from Ministry of Ecological and Inclusive Transition, France.
11 Written communication from Ministry of Construction, Viet Nam.
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Other commitments and actions

Beyond NDCs, building energy codes and certificates, some jurisdictions and organisations have
begun to address building energy performance through other policies and activities (Box 5). This
includes actions such as informing building owners of operation and maintenance activities in
their buildings (e.g. building passports) and the use of subsidies to enable sustainable buildings
and construction.

Box 5e Examples of other sustainability commitments and actions

Clean Energy Ministerial

Ministers and heads of administration of five countries (Argentina, France, Germany, Morocco and Switzerland)
launched a call for engagement in building and climate strategies and co-operation. They were later joined by Mexico.

European Union

Building renovation passports are being used in some European countries as a means of triggering energy-efficient
building renovations through a long-term step-by-step renovation roadmap to achieve deep renovation. Existing
initiatives include the “individueller Sanierungsfahrplan” (individual renovation roadmap) in Germany, the Flemish
“Woningpas” (dwelling passport) in Belgium and the “Passeport Efficacité Energétique” (energy efficiency passport) in
France (BPIE, 2018). The revised EPBD also provides the framework for member states to introduce optional
programmes for building renovation passports to stimulate cost-effective deep energy renovation.

France

The first National Low-Carbon Strategy in France has been assessed and the second version will be released by the
end of 2018. It includes more ambitious targets and measures related to the construction sector, including new
building energy codes in 2020, with carbon performance as a life-cycle methodology. National stakeholders in France
developed an action plan to enable energy performance improvement in existing buildings (Fédération CINOV, 2018).

Mexico

Mexico plans to eliminate the electricity subsidy that discourages the investment required for efficient technologies.
It is promoting distributed generation (e.g. PV cells on roofs in urban areas) and is strengthening incentives to buy
energy-efficient appliances through an electricity bill.*?

UN Environment and the Ecological Living Module

The Ecological Living Module was developed by UN Environment and Yale University in collaboration with UN Habitat
to spark discussion and new ideas on how sustainable design can provide decent, affordable housing while limiting
climate change and the overuse of natural resources. The 22 m? “tiny house” is adaptable, energy-efficient and fully
off-grid, and uses sustainable materials, simple construction techniques and next-generation green technology.

12 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
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Investment and finance for sustainable buildings

Total energy efficiency spending®® for buildings increased by 4.1% (2.5% adjusted for inflation) in
2017 to 423 billion United States dollars (USD) (Figure 9). Energy efficiency investments slightly
outpaced the 3-4% annual growth rate of the total investment in buildings construction and
renovation, which grew to an estimated USD 5 trillion in 2017. This indicates that there is a slow-
down in the rate of energy efficiency investments as a share of the total investment when
compared to the 6-11% annual growth rates from 2014 to 2016.

Figure 9 ¢ Global energy efficiency investments and total spending on buildings, 2017

2017 energy efficiency
spending in buildings

Envelope

Lighting

USD 423 billion

Appliances

Note: HVAC = heating, ventilation and air conditioning.
Source: Derived from IEA (2018d), Energy Efficiency Investment Database, www.iea.org/buildings.

Key message ¢ Energy efficiency remains a small portion of the overall spending on buildings.

A deeper measure of investment is the incremental energy efficiency investment in buildings,
which increased by 4.7% (3% adjusted for inflation) to USD 140 billion in 2017 (Figure 10). The
incremental investment for new or renovated buildings is the change in cost for services
(e.g. design, delivery and installation) and products (e.g. lighting, equipment and materials) that
achieves increased energy efficiency beyond the investment required for the minimum
performance legally allowed. For building types and products that do not have energy efficiency
requirements, this cost is the incremental spending on energy-efficient services and products
beyond what would have otherwise been spent (which, in some cases, is no spending). For the
incremental investment in buildings achieved due to the improvement in energy efficiency
policies, this cost is the incremental spending required to achieve the new energy performance
requirements beyond the previous level to which the market had already adapted.

There are other indicators for the magnitude and trends in energy efficiency investment, including
government spending, government policies, consumer spending, role of development banks and
efficiency programme influence on investment. Examples of increased investment include:

. The People’s Republic of China (hereafter “China”) has observed growth and weakness in
the construction, with residential buildings construction increasing by 9.4% in 2017. This is
well ahead of Chinese office market construction at 3.5% and buildings for commercial
business, which decreased by 1.2% in 2017 (National Bureau of Statistics of China, 2018).

13 Total energy efficiency spending is the sum of all energy efficiency project costs, which include the sum of incremental
energy efficiency investment and all other costs for energy efficiency services and products.
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. The German investment bank KfW continued to play a leading role in energy efficiency
investment in residential buildings. While reducing its overall commitment to housing by
10% in 2017, it increased the share of programme spending dedicated to energy efficiency
from 49% to 59%, which resulted in increased incremental investment (KfW, 2018).

. France has the second-largest annual incremental energy efficiency investment in buildings
in Europe. This investment is enabled by government policies including tax credits, loans Ppage | 27
and regulations for energy efficiency renovations and nearly zero energy buildings
construction (République Francaise, 2018b, 2018c).

. One of the most successful programmes globally in enabling energy efficiency investment
is the ENERGY STAR label for highly efficient products in North America. This voluntary
label represents annual spending of more than USD 100 billion, equivalent to nearly a
quarter of global energy efficiency spending in the buildings sector (ENERGY STAR, 2018).

Figure 10 ¢ Global investment in energy efficiency in buildings, 2017
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Source: Derived from IEA (2018d), Energy Efficiency Investment Database, www.iea.org/buildings.

Key message ¢ While residential buildings have nearly three-quarters of the global buildings energy use,
they comprise only half of the incremental energy efficiency investment in buildings.
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Bridging the investment gap

The process of bridging the investment gap is improving knowledge of the benefits of energy

efficiency, for example by understanding the total life-cycle costs and savings or by
understanding the impact on a range of government budget items. Some global examples show
support for the effort to enable more energy efficiency investment (Box 6).

Box 6 ¢ Examples of investment for sustainable buildings and construction

European Union

The Energy Efficient Mortgage Initiative aims to create a standardised “energy-efficient mortgage”. Building owners
are incentivised to improve the energy efficiency of their buildings or acquire a property that is already energy
efficient by preferential financing conditions linked to the mortgage. Based on a lower capital charge, banks providing
energy-efficient mortgages will offer the possibility of a preferential interest rate or additional funds at the time of
origination of the mortgage or re-mortgaging in return for measurable energy-efficient improvement (EeMAP, 2018).

France

A 2017 study found that refurbished office buildings in France have energy consumption 12% less than the average
energy use of office buildings that do not have energy efficiency as a determinant of refurbishment work. However, it
is difficult to understand the true cost for energy efficiency as it typically becomes an objective embedded in the
overall refurbishment plans. Commercial real estate owners are starting to provide energy savings within their
building improvement efforts.’4

French law has also made it possible to create a new category of stakeholders that provide third-party financing
(i.e. those that can provide a combined offer of technical and financial services aimed at renovating private housing).
Regional councils have created more than six semi-public corporations, which are now operational. To boost the
financing of green investments, the French law on energy transition sets a requirement for institutional investors to
report on their management of climate-related risks in their investment portfolio.'”

India

Energy Efficiency Services Limited, an Indian state-owned “super” energy services company, has been successful in
using bulk procurement to increase uptake of energy efficiency in India. For example, it has pushed down the price of
LEDs and helped to create local manufacturing jobs to meet the need for energy-efficient lighting. LEDs now cost less
than USD 1 (around 60 Indian rupees [INR]), down 80% through the bulk purchase of over 308 million lamps with
LEDs in the last four years without the need for subsidies. Through its first procurement round of ACs in 2017, the
lowest-price bidder offered high-efficiency, five-star ACs that can save 30-40% on the cooling electricity bill for
INR 35 000, a cost slightly higher than that of the cheapest AC units on the market.

Ireland

The Irish government’s National Mitigation Plan commits to support the Deep Retrofit pilot programme with an
additional 21.2 million euros (EUR) between 2017 and 2019. This funding is beyond existing incentive programs for
traditional building renovation and includes up to 50% of the total capital and project management costs for a deep
energy retrofit and up to 95% for voluntary housing association homes and the homes of those that are in energy
poverty (SEAI, 2018).

Mexico

Mexico created a Special Fund for Climate Change to finance programmes, activities and technology transfer
measures that are complementary to those already financed by the Global Environment Facility and all bilateral and
multilateral financing. CONAVI is also providing a social housing subsidy for families considering housing, where the
energy and water performance of the home represents up to 15% (or approximately USD 550) of the total subsidy.
Current investment in sustainable solutions in social housing roughly doubles this investment directly in the housing
solution to achieve performance benchmarks. This incentive has proven important for the creation of a market of
sustainable technologies and enabling local green jobs.%®

United States

Green bonds issued primarily for energy efficiency tripled from USD 16 billion in 2016 to USD 47 billion in 2017,
outpacing green bonds dedicated to renewable and other energy sources for the first time (Figure 11). Green bonds

4 Written communication from Observatoire de I'immobilier durable.
15 Written communication from Directorate General for Planning, Housing and Nature, France.
16 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
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can provide investors with greater certainty and transparency that their investment will contribute towards specific
green projects or activities. Fannie Mae’s green mortgage-backed securities now account for nearly 60% of green
bonds issued primarily for energy efficiency (Fannie Mae, 2018).

Figure 11  Global green bond issuance by use of proceeds, 2014-17
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Notes: Green bonds included are those labelled under the Climate Bonds Standard and Certification Scheme. Allocation by energy
end use follows Climate Bonds Initiative conventions. Non-energy includes uses such as forestry and climate adaptation projects.
Other energy share of total includes non-energy and renewable energy bonds.

Source: Derived from Climate Bonds Initiative (2018), Labelled Green Bonds Data, www.climatebonds.net/cbi/pub/data/bonds.

Key message e Energy efficiency is increasing as a share of a growing market for green bonds.

The Property Assessed Clean Energy (PACE) programme is another financing tool through which property owners in
the United States can obtain funds to finance energy efficiency measures. PACE allows for the repayment of funds
through charges attached to property tax bills, and it supports the deployment of a range of renewable energy,
energy efficiency and water conservation projects. There are two types of PACE programmes: residential and
commercial. Most investment has been in the residential sector (Figure 12). However, the annual funding of
commercial PACE programmes nearly doubled in 2017, with most projects being in California, the first state in the
United States to enact enabling legislation.

Figure 12 e PACE by sector, 2014-17 (left) and commercial PACE by state, 2013-17 (right)
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Source: PACENation (2018), PACE Market Data, http://pacenation.us/.

Key message ® Commercial PACE loans are increasing rapidly, but are much smaller than those for
residential PACE.

Following its success in the United States, the funding model used by the PACE programme is now expanding to other
regions. The Australian funding programme modelled on PACE, called Environmental Upgrade Agreements, has
financed projects worth more than USD 60 million. The Canadian province of Alberta is developing the PACEAIberta
programme. In Europe, Spain is developing a EuroPACE programme pilot (PACENation, 2018).
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Government spending

Government and government-regulated spending on programmes, policies and incentives
relating to energy efficiency in buildings was USD 67 billion in 2017 (IEA, 2018d). This sets the
enabling environment for energy efficiency investment by consumers and companies, resulting in
total energy efficiency spending of more than six times the government and government-
regulated spending. It also enables the cost of more-efficient products and services to be lower
compared to a market without government-supported programmes, policies and incentives.

Government ability to enable investment can be split into seven categories: administrative costs,
tax exemptions, public procurement, grants, loans (and loan guarantees), auctions and
obligations. Each country has different cultural and political situations that can make one of these
categories easier to roll out to enable energy efficiency in buildings. The category of loans is the
largest due to the German and KfW loan programme for energy-efficient buildings and also that
of the Netherlands. Grant spending is second largest due to grant-based investment in China,
Germany and France. Obligations are largest in the United States, the United Kingdom, Canada
and Italy. Tax exemptions are largest in France, followed by Italy, the United States and the
Netherlands. Administrative spending, auctions for energy services and public procurement are
relatively small in comparison (Figure 13).

Figure 13 ¢ Government and policy-related spending on energy efficiency in buildings, 2017
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Source: Derived from IEA (2018d), Energy Efficiency Investment Database, www.iea.org/buildings.

Key message e Administrative costs are a small portion of government investment that enables energy
efficiency investment.
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Pathways to sustainable buildings and construction

The global average building energy intensity per unit floor area would need to be 30% lower than
current levels to be on the IEA Sustainable Development Scenario pathway of limiting the rise in
average global temperatures to less than 2°C above preindustrial levels by 2030 (Figure 14).
Recently the IEA examined the energy efficiency components of the Sustainable Development
Scenario and developed the IEA Efficient World Strategy, which found that many new buildings
are already on this path (IEA, 2018e). Further, some countries are starting efforts to enable a
sustainable pathway (Box 7).

Figure 14 ¢ Global building final energy use per unit of floor area, 2000-30
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Note: Energy intensity as shown here is the final energy use in buildings per m2.
Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message ® Energy use per m? in buildings needs to be reduced by 30% by 2030 to be in line with the
Paris Agreement and follow the Sustainable Development Scenario.

The multiple benefits of energy-efficient, resilient and sustainable buildings are significant. They
include local benefits such as job creation, increased productivity, reductions in local air pollution
and poverty alleviation. All of these enable (IEA, 2018f):

. Improved energy access. Energy efficiency is vital for improving energy access by
increasing the available bandwidth in energy networks, improving reliability and reducing
costs for access to secure, affordable and sustainable energy.

. Better health and well-being. Energy efficiency measures can support good physical and
mental health, primarily by creating healthy indoor living environments with improved air
temperatures, humidity levels, noise levels and air quality.

. Poverty alleviation. Energy efficiency retrofitting of low-income housing offers a more
enduring solution to energy poverty than continuous support through energy subsidies.

. Increased comfort. Improved insulation, heating, cooling and ventilation systems are
beneficial to improving thermal comfort and air quality, consistently improve mental
health, and significantly reduce respiratory diseases, cardiovascular diseases and allergies.

. Higher employment. Energy efficiency employment in buildings and construction helps
increase economic productivity, creating direct and indirect jobs.

. Greater productivity. A healthier and more comfortable work environment improves
productivity and decreases employee absenteeism.

Page | 31



Page | 32

2018 Global Status Report

Towards a zero-emission, efficient and resilient buildings and construction sector

Box 7 ¢ Examples of sustainable buildings pathway efforts

European Union

The European Union commits to fully decarbonising buildings by 2050. In July 2018, the EPBD entered into force to
strengthen action to propel the European Union towards a highly efficient and decarbonised building stock. It lists a
series of measures that will enable citizens, owners and tenants to live in better buildings in terms of energy
performance, comfort and well-being, including: actions to stimulate deep renovation, the identification of trigger
points for renovation, policies and actions to target the worst-performing segments of the building stock and an
outline of initiatives to contribute to the alleviation of energy poverty. Member states have to provide indicative
milestones for 2030 and 2040 and measurable indicators (e.g. renovation rates or a cap on energy consumption per
m?) to track and measure progress. The strategies must also address issues such as health, well-being and air quality.

The revised EPBD requires member states to consult publicly on the renovation strategy and to continue inclusive
consultation during implementation. It also maintains some of the earlier requirements to introduce nearly zero
energy buildings by 2020 as standard for all new buildings in the European Union, and mandatory EPCs to provide
information to owners and tenants. Reflecting the EU commitment to implement the Paris Agreement, all EU
member states are required to prepare and implement long-term renovation strategies with the aim to reach a
highly efficient and fully decarbonised building stock by 2050. These strategies create opportunity for member states
to introduce new policies and measures to support the renovation of their national building stocks.

To support EU member states in their implementation efforts, a feasibility study assessing the introduction of the
building renovation passport as a complement to EPCs is part of the new regulation. The European Union also
intends to provide support for e-mobility through the EPBD, requiring the preparation of technical infrastructure in
buildings for electric-vehicle charging points. A new voluntary smartness indicator will provide information about the
ability of a building to manage and reduce energy demand in a proactive way, with the aims to reduce energy
demand and to improve grid integration of renewable energy sources®’.

France

The French Energy and Environment Agency (ADEME) 2035-50 energy and climate scenarios indicate that the
buildings sector will contribute to the clean energy transition through a primary strategy of building renovations,
equal to 500 000 units per year through to 2030 and 750 000 units per year through to 2050 (ADEME, 2018).

This report examines the following areas of opportunity to tap into those multiple benefits and
achieve a sustainable pathway for the buildings and construction sector:

. human factors: human skills, behaviour, decisions, user control, health and well-being

. technology solutions: envelope and system technologies

. architecture solutions: building design to achieve passive or zero-emissions buildings

- material solutions: embodied energy for structural materials and bio-based options

. resilient buildings: building durability for extreme weather events and climate change

. urban solutions: role of local jurisdictions through urban planning and district solutions

. clean energy transition: decarbonising energy and access to modern energy services

. circular economy: life-cycle loop through design, operation, maintenance, refurbishment,
reuse and recycling.

17 Written communication from Building Performance Institute Europe.
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Human factors

People (as designers, builders, owners, operators and users of buildings) play a critical role in
influencing the energy and environmental performance of buildings. These influences relate to
how a building is designed (e.g. architectural and material choices), the way owners prioritise
investment in energy performance, the management practices of building operators, and the
comfort norms and demand use of available service levels (e.g. lighting, heating and cooling).

The influences of buildings and how people use buildings in relation to productivity, health and
well-being, learning, environmental quality and exposure to pollution are many. Bringing user
experience into the design and operation of buildings will help ensure that energy use and
services can meet user needs. Three areas of response to human factors in buildings are
highlighted below.

Human skills, behaviour and decisions

People spend most time indoors. Therefore, the indoor building environment and building
physical systems are important influencers of daily human experience. Having the skills and
knowledge to enable decision making on sustainability by building occupants is a challenge. Even
with the necessary knowledge, other priorities (e.g. comfort or convenience) reduce the
occurrence of efficient behaviour. Various activities are helping to build global capacity through
information and education efforts (Box 8).

Box 8 ¢ Examples of capacity building to enable improved decision making

France

France has started a media campaign to promote home retrofits by private owners through the Sustainable Building
Plan in recognition of the need for increased comfort, air quality and health. Free and independent advice by non-
profit organisations arranged by the government helps home owners prepare their retrofit projects. A charter to
encourage voluntary improvements of energy performance in tertiary building is also being rolled out for non-
residential buildings. This is in addition to green deals to include energy performance as a decision-making criterion
in real estate transactions and multi-owner housing property management. Retrofitting of education buildings is
recognised as being important because it involves all levels such as school executives, teachers, children and
parents.'®

Mexico

Mexico’s switch towards a sustainable housing sector has created a growing market of specialised suppliers and
professionals. To ensure technologies are included in CONAVI sustainability programmes, great efforts and
investments have been made towards capacity building and product certification evidencing performance and
durability. CONAVI has trained roughly 1 500 architects and engineers in the use of a sustainable housing simulator,
and is expecting to increase this number through academic programmes.*®

User control

Providing the ability for building users to have control over their space is a means of introducing
closer alignment of building systems and user needs. Smart sensing and intelligent systems can
better enable users to modify indoor services (heating, cooling, lighting, etc.) to provide a more-
comfortable indoor environment. For instance, area-based lighting with occupant sensors and
desk-based light level controls can provide a balance between ensuring lights are turned off
when unoccupied but are available for users when at their desks.

18 Written communication from Directorate General for Planning, Housing and Nature, France.
19 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
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The integration of digital smart systems and controls among existing analogue or passive building
components and systems is evolving (IEA, 2017a). This will be influenced by the interest of
building occupants to better manage their space conditions and operation of services. Making
use of controls to support building users to achieve energy savings while matching individual
needs will continue to develop as building owners and operators continue to invest in these
systems. Policies to support future adoption of information and communication technology (ICT)
for energy management will ensure these opportunities are not lost in the future (Box 9).

Box 9 e Examples of digital occupant and user controls

European Union

The EPBD provides direction for all new buildings to be “smart ready” by including a “smart readiness indicator”. This
would measure the capacity of a building to use ICT to adapt the operation of buildings to better meet occupant
needs, provide resilience to the grid and contribute to energy savings through automation of building systems
(European Parliament, 2018a).

France

The Luminem project in Bobigny illustrates the power of using building management systems and sensors embedded
throughout the building to actively manage energy performances and optimise energy use and comfort. These
systems offer computer and hand-held applications for users to control their environment (Construction21, 2018).

United Kingdom

Households in the United Kingdom are transitioning to smart and connected home devices that can help manage
energy. A 2017 survey found a growth in the number of households with control devices including smart meters (in
21% of households), smart home plugs (7%), smart thermostats (7%) and smart lighting (6%), along with a growing
number of other devices (e.g. smart white goods, boiler monitors, smart blinds and shutters) (techUK, 2017).

Health and well-being

Health and safety is a primary focus area for professionals in the construction and operation of
buildings industry. Regulations and building codes in most countries ensure that buildings are
built to a high standard to protect the user and that safety is part of standard construction
practices. Understanding and recognition of the relationship between health and well-being and
building design, construction and operations is growing. However, improved guidance and
regulations are needed in this area.

The process of adopting methods for healthy environments is growing. This is through voluntary
standards like the WELL Building Standard (IWBI, 2018) and the health components of the LEED
and BREEAM certifications. The key components contributing to a healthy building include:
ventilation, air quality, thermal environment, moisture, dust and pest control, safety, security,
water quality, acoustic environment, lighting and views (For Health, 2017).

Multiple examples exist of integrating human factors into building design and operation (Box 10).
Identifying the benefits of low-carbon and high-energy-performance buildings, in particular the
role that these types of buildings can have in improving health, is an important motivation for
their implementation. For instance, work at Harvard T.H. Chan School of Public Health
(United States) has shown that using green building certification standards has considerable
energy, economic and health benefits, with USD 5.8 billion in health benefits from reductions in
air pollution emissions and USD 7.5 billion in energy savings across six countries using LEED
(Brazil, China, Germany, India, Turkey and the United States) (MacNaughton et al., 2018).

A study from Canada found that office buildings designed with green certification demonstrated
higher scores on employee survey outcomes related to job satisfaction, value and engagement
compared to similar buildings without a green-certification design (Newsham, Veitch and Hu,
2018). A 2017 study of tenants of French office buildings showed that user expectations for
well-being focus on: light, calm, view of green areas and access to public transportation
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(OID, 2017), and in Europe, the Healthy Home Barometers for 2016, 2017 and 2018 have shown a
link between buildings with poor energy performance and human health. People living in cold
and dark buildings report poor health up to twice as much as people living in buildings that are
well heated and lit by daylight.?®

Box 10 e Examples of factors for achieving health and well-being

Construction 21 Green Solution Awards 2018

There is a trend to put users at the centre of energy efficiency and to address health comfort and well-being among
builders competing in the Construction 21 Green Solutions Awards 2018. Many of the competitors address issues of
thermal comfort, in winter and in summer, and visual comfort through more sources of daylight or the layout of
interiors. Some examples of buildings taking human factors into account are found in the Construction21 Green
Solutions Awards 2018.2*

European Union

The new EPBD requires taking multiple benefits into account, such that renovation strategies are now supposed to
include “an evidence-based estimate of expected energy savings and wider benefits, such as those related to health,
safety and air quality” (European Parliament, 2018b).

France

The Delta Green development in Saint-Herblain focused on providing a high level of natural light (100%) across the
working surface through high ceilings (3.3 metres) and optimising the orientation of the facade (Construction21,
2018). Similarly, the Beehive development in Begles focused on fagade openings and treatments to optimise daylight
(Construction21, 2018).

Spain
The School of Industrial Engineering of the University of Valladolid is using the WELL Building Standard and also

focusing on optimising indoor daylight levels. The approach includes the use of natural light through fibre optics to
extend natural light to the interior of the building (Construction21, 2018).

Technology solutions

Technology development has the potential to reshape energy use in buildings. The evolution in
technologies is being influenced by changes in policy ambitions, industry priorities and consumer
demand for products, including their expectations for energy services. The transition towards the
adoption of more-efficient building technologies has begun to shift building energy performance.
For example, manufacturers globally have started to produce high-efficiency LEDs, and their
share in global lighting sales has increased substantially in recent years (Figure 15). Energy
efficiency standards and labelling have also steered the diffusion of best-available household
appliances in developed and developing markets.

Despite some positive progress for certain clean energy technologies, the transition towards
high-efficiency and low-carbon solutions is not happening at the same pace for all building end
uses. For instance, space heating and water heating (accounting for 53% of the global building
energy use in 2017) have had limited progress to date. Neither building envelopes nor heating
solutions are improving fast enough to keep up with the increasing demand for thermal comfort,
and the small market shares of low-emissivity windows (enabling improved occupant comfort by
allowing heat gains during winter and reducing them during the summer) and heat pumps are
two examples demonstrating that market transformation is still slow.

20 Written communication from VELUX.
21 Written communication from Construcion21.
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Figure 15 ¢ Share of equipment stock for key energy efficiency technologies, 2000-17
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Windows: Dinosaurs in a Sustainable World? https://arpa-e.energy.gov/sites/default/files/03%20-%20Selkowitz%20-
%20ARPA%20E selk final.pdf.

Key message e Clean technology deployment remains unbalanced across building end uses and needs
further promotion to drive transitions to energy-efficient and low-carbon building technologies.

NDCs represent an opportunity for better knowledge sharing of current and upcoming
technology challenges to transform building technology markets to a more sustainable path.
Policies that are more assertive and better designed should be implemented to promote clean
technology deployment. Further steps that can help advance specific strategies for the roll-out of
sustainable energy technologies for buildings and construction include:

. reviewing global strategies for efficient technology, including the Global Roadmap (UN
Environment and GlobalABC, 2016) and the efficient world strategy (IEA, 2018e)

. setting specific technology policy pathways with quantified targets that track deployment
and progress

. engaging stakeholders to ensure alignment of objectives and commitment to meet targets

. working with GlobalABC partners and stakeholders to provide an evidence base of
sustainable solutions.

Building envelopes

Mandatory and voluntary building energy codes exist in 69 countries worldwide, but nearly
two-thirds of countries still do not have mandatory building energy codes that cover the entire
buildings sector. Building energy codes can also play a role in improving the energy performance
of existing buildings, but policy targets and ambitions are not reflected in real market trends.

A range of building policy packages were introduced in 2016 and 2017, spanning local
jurisdictions, regional authorities and national governments (Box 11). These include introductions
or updates of building energy codes, building energy certification and incentive programmes. For
instance, China released a Standard for Energy Consumption of Buildings in December 2016 that
included prescriptive indicators of actual energy use for various types of buildings and which sought
to limit total buildings sector energy consumption. Nigeria launched its first building energy code in
September 2017, and Mexico published in March 2017 a roadmap to guide building energy codes
and standards development, with a goal of zero-energy and emissions buildings.

Building energy certification is inadequate to influence major change in the buildings market,
even if it is becoming increasingly common (although it is typically voluntary or covers only
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a certain number of buildings). In 2017, the ISO published the energy performance of buildings
standard 1SO 52000-1, which established a systematic and comprehensive structure for assessing
building energy performance (ISO, 2017). But harmonisation is just one step towards moving
markets to compulsory energy certification.

Building envelope measures fall short of sustainability targets, despite some progress. Near-zero-
energy construction shares are typically less than 5% in most markets, and typical renovation
rates are around 1-2% of the building stock per year with 10-15% energy intensity improvements.
Achieving sustainability targets would require high-performance envelopes to become the global
construction standard and for refurbishment rates to double and to avoid the lock-in of
inefficient buildings and their subsequent emissions.

Box 11 e Examples of sustainable envelope technology

India

The Indo-Swiss Building Energy Efficiency Project (BEEP) supported the introduction of external movable shades in
India to limit cooling needs through reduced solar heat gains. Shading systems for windows can reflect more than
80% of solar radiation, while letting natural daylight through, in comparison to single-pane windows that only block
around 20% of solar radiation. BEEP also supports the adoption of best practice natural ventilation, which is critical in
India as most buildings are not cooled. Smart Ghar is one example of an affordable housing project in Rajkot where
1176 social dwelling units benefit from natural ventilation. BEEP is also conducting research on large-scale
application of earth-air tunnels for cooling in collaboration with the University of Geneva in Switzerland (BEEP India,
2018).

Mexico

Mexico has placed emphasis on sustainable housing development and has approved an integrated approach towards
sustainable housing design, considering housing as a system to enable continuous performance improvement
through the addition of new technologies and materials.??

Spain

Research at the Institute of Advanced Architecture of Catalonia is developing a series of passive cooling options that
include technologies to control temperature by imitating the human body to regulate temperature through
transpiration as well as technologies that enable shading based on devices that tilt closed when liquid is evaporated
by solar heat (Architecture Daily, 2017).

Switzerland

Research is being conducted at the Swiss Federal Institute of Technology in Zurich on a technology that can be used
in hot and dry climates. It is a three-layer membrane that can be used as a “passive cooling curtain”. This technology
functions by allowing evaporation of water from the middle water-attracting layer through holes in the outer water-
repellent layers, resulting in heat extraction from the air and passive cooling of the space without the use of energy
(ETH Zurich, 2017).

United States

Researchers at the University of Colorado in Boulder are working on a plastic film technology that can cool without
consuming energy or water. It is a thin film that can reflect solar heat gain while also allowing heat rejection in the
form of infrared thermal radiation (CU Boulder Today, 2017).

Heating and cooling systems

Space and water heating

Global energy demand for space heating has remained stable in recent years at around 42 EJ.
This is due to energy intensity improvements in major heating markets such as Canada, the
United States, Europe, the Russian Federation and China. Water heating represents 24 EJ in

22 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
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annual energy consumption, with traditional use of biomass in developing countries accounting
for nearly 7% of that total.

Energy use intensity of space and water heating globally has decreased since 2010 at more than
2% per year. However, energy efficiency progress is overshadowed by continued investments in
carbon-intensive and less-efficient heating technologies. Fossil fuels still supply most space and
water heating needs in buildings, representing more than 55% of the final energy use for heating
and of heating equipment sales in 2017 (Figure 16). Direct emissions from heating have therefore
remained at 2.3 GtCO; annually, or 80% of the total direct emissions from buildings.

Low-carbon and energy-efficient options such as heat pump and solar thermal technologies offer
significant potential to improve the energy and carbon intensities to heat buildings. However,
their share of sales would need to triple to more than one-third of new heating equipment
deployed in the coming decade to meet sustainability ambitions. Energy-efficient and low-carbon
district heating can also support decarbonisation of heating in buildings while providing greater
energy system flexibility. Market-based instruments and energy efficiency policies need to push
the market towards those clean energy technologies that are most efficient when deployed in
efficient buildings.

Figure 16  Global sales shares of space and water heating technologies, 2010-17
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Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message ¢ Heating equipment sold globally is not moving fast enough towards clean and energy-
efficient products such as electric heat pumps and solar thermal technologies.

Space cooling

Global surface temperatures in 2017 were, on average, more than 0.8°C above preindustrial
levels for the third year in a row (NOAA, 2018). However, local effects could be greater. In
densely populated cities such as Beijing, Paris or Mexico City, temperatures could be more than
2°C above seasonal norms (New York Times, 2018), which are exacerbated during heat-waves.

Temperature changes are not without consequences, as final energy demand for space cooling
grew to around 2 000 terawatt hours (TWh) in 2017 (a doubling since 2000). Wealth remains the
primary factor of cooling growth. The global stock of ACs reached 1.6 billion units in 2017;
however, the largest markets are not in the hottest countries. Some 2.8 billion people live in
places with average daily temperatures above 25°C all year; yet, only 8% of them have an AC
(IEA, 2018Db).
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Increased demand for cooling is placing greater pressure on power generation and was
responsible for 15% of average global peak electricity load in 2017. As cooling demand is
extremely sensitive to weather conditions, this value could go as high as 50% or more, which has
been the case on hot days in places like California, Saudi Arabia East or even Beijing, China.

Power generation was responsible for a third of sulphur dioxide emissions and 15% of nitrogen
oxides emissions in 2015 (IEA, 2016). Since 2015, space cooling has been responsible for more
than 15% of global electricity demand growth across all energy sectors. It is therefore increasingly
contributing to outdoor air pollution through power generation.

The energy performance of ACs has grown steadily since 2000 due to continued research and
development (R&D) investments and the implementation of minimum energy performance
standards (MEPS) in fast-growing markets. The seasonal energy efficiency ratio (SEER) of AC units
sold worldwide typically ranges between 3 and 5. This means that, under local climate conditions
and AC usage patterns, 1 kWh of electricity provides 3-4 kWh of cooling equivalent. Japan and
Europe are the most advanced at promoting energy-efficient ACs for residential buildings, with
an average SEER exceeding 5 (Map 4). Best-available technologies can have SEERs exceeding 10,
but these often come with higher upfront costs due to non-energy efficiency features. In many
countries, MEPS for ACs are too low to push the markets to high-efficiency products.

Map 4 e Average cooling degree days (CDDs) and SEERs of residential ACs, 2017
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Source: IEA (2018f), The Future of Cooling: Opportunities for Energy-efficient Air Conditioning, www.iea.org/cooling.

Key message ¢ Regions with some of the highest annual average CDDs also have some of the lowest SEER
performance levels.

From global initiatives to academic research and product innovation, progress is being achieved
in the development of heating and cooling systems that can change the market and continue to
push efficiency into the future (Box 12).
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Box 12 ¢ Examples of heating and cooling system technology

IEA Technology Collaboration Programmes

The IEA Energy in Buildings and Communities Technology Collaboration Programme has started a new project called
Resilient Cooling that is examining how resilient and carbon-neutral technologies can be developed and
implemented to face the challenge of building overheating prevention and cooling in dense urban environments. The
outcomes of the project will include solutions for passive and active cooling technologies.

The Comfort and Climate Box is another international project being researched through IEA Technology
Collaboration Programmes based on goals set out in Mission Innovation Challenge 7 on Affordable Heating and
Cooling of Buildings. It aims to achieve future energy savings for multiple end uses through heat pumping and energy
storage other technologies in potential combination with other clean energy technology, such as solar PV (Mission
Innovation, 2017).

Singapore

The National University of Singapore announced in January 2018 the development of a prototype of a sustainable AC
unit that uses water instead of refrigerant in an effort phase out chlorofluorocarbon and hydrofluorocarbons. This
prototype consumes 40% less electricity to operate and can cool a space to as low as 18°C. This is possible through
the use of two new technologies: a membrane dehumidifier and a “counter-flow dew-point evaporative cooler”,
developed by the university’s research team (Eco-Business, 2018).

United States

Carrier announced the launch of the highly efficient ductless single-zone system. At 9 000 British thermal unit hours,
it is rated at 42 SEER (British thermal units per watt [W] hour seasonal efficiency), equivalent to more than 12 SEER
(W per W seasonal efficiency), making it the most-efficient AC you can buy in North America (Carrier, 2018).

Appliances and lighting

The energy consumed by the six main household appliances (refrigerators, freezers, dishwashers,
clothes washers, dryers and televisions) has increased at an average annual rate of 1.4% per year
since 2010. Rising ownership rates and consumer preferences for larger and more advanced
technologies have contributed to this growth, especially in emerging economies (Figure 17).
Meanwhile, concerted efforts to implement MEPS and labelling have enabled technology
progress. Without MEPS and labelling, the energy use for the six main household appliances
would now be 50% higher than in 2010, while it is actually less than 5% higher. Increasing the
stringency of MEPS and continuing to raise consumer awareness through labelling can help tap
into additional savings.

Figure 17 e Factors influencing global appliance energy use, 2010-17
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Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message e Appliance energy use has increased since 2010, but energy efficiency gains from MEPS
and labelling efforts have helped achieve significant energy savings.
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Although MEPS have played a role in achieving more efficient products, appliances and plug loads
are not on track to meet climate ambitions. Less than 35% of the energy consumed by the major
household appliances was covered by national or local policies in 2016. The refrigerator and
freezer market is the most regulated, and policy coverage is expanding to other products.
Continuing this effort and updating existing policies will be critical to bringing best-available
technologies to scale and achieving expected savings. The stand-by power of smaller plug loads
and connected devices, which could represent more than 60% of the energy used by appliances
globally by 2030 (IEA, 2017a), has also decreased in major markets such as the European Union,
India, Korea and Mexico, thanks to mandatory energy performance standards.

Global final energy consumption for lighting in buildings appears to have reached a plateau at
around 1 800 TWh in 2015. High-efficiency lighting technologies, including LEDs, are helping to
hold energy demand constant, despite growth in global buildings floor area and lighting services.

The surge in use of LEDs promises to provide greater energy savings in coming years, with the
LED market share exceeding 33% of residential lighting sales in 2017. LED performance
(measured in luminous efficacy by lumens [Im] per W) also continues to improve — with market
averages (around 96 Im/W) 70% higher in 2017 than in 2010. In many markets, LED efficacies
(residential) already exceed 110 Im/W. Conversely, incandescent lamps have typical efficacies
around 13 Im/W and have decreased to less than 5% of market sales. The share of halogens and
compact fluorescent lamps also peaked in 2015 and has since declined to about 55% of the
residential market.

Current market trends indicate LEDs are on track to meet climate targets, although they are not
the dominant lighting technology globally. Countries should update policies to extend the phase-
out of incandescent lamps to also include the phase-out of halogen lighting (with halogen lamps
being, on average, 80% less efficient than LEDs). Progress on efficient appliances and lighting
continues through policy and technology efforts (Box 13).

Box 13 ¢ Examples of energy-efficient appliances and lighting

Colombia

Colombia has announced its Return and Save programme to replace 1 million refrigerators within 5 years, targeting
low and medium income households. The subsidy is via a reduction in value-added tax (VAT) levels on the most-
efficient refrigerators, reduced from 19% to 5%. Old appliances are removed and delivered to authorised agents for
recycling and refrigerant disposal (under Montreal Protocol commitments). The national budget balance is expected
to be positive, as the reduction in VAT revenue is offset by the reduction in energy use and therefore energy
subsidies. Other benefits include growth in the labour market by 2 000 directly created jobs and 10 000 indirect
ones, promotion of the recycling industry and better use of materials in the economy.

European Union

The 2017 revision of the EPBD introduced the smart readiness indicator. This will measure building capacity to use new
technologies and electronic systems to adapt to the needs of the consumer, optimise operation and interact with the
grid. The intention is to future-proof the ability of a building to be ready to adopt smart demand-side technologies and
appliances to better manage energy use and allow for greater user control (European Commission, 2017).

Japan

Tokyo Institute of Technology and Kyoto University are developing a red-light-emitting semiconductor that uses
“earth-abundant elements”, such as nitrogen and zinc components, as an alternative to rare materials, which can
reduce the production costs of red LEDs and solar cells (Eletimes, 2018).

Korea

LG announced the first commercially available LED to achieve 220 Im/W. Previously, 200 Im/W was achieved by
Philips in 2016 for lamps developed for Dubai (Lux Review, 2018).
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Architecture solutions

Building and community design can significantly affect occupant comfort, demand for energy
services, materials use and resulting sustainability of buildings. Passive building and community
design measures are among the most efficient and effective ways to reduce operational energy
demand for heating, cooling and lighting (Box 14). A building with passive design can reduce the
need for energy including through the provision of daylight, use of thermal mass, reduction of
solar heat gain, provision of natural ventilation and control of air circulation. Building standards
and guides continue to push to higher levels of energy performance by reducing the demand for
energy reduction, which relies heavily on passive designs. Examples include:

. The Zero Code, which has been developed as a national and international building
standard for construction of commercial, institutional, mid-rise and high-rise residential
buildings. It focuses first on efficiency, including building envelope and daylighting, passive
heating, cooling and ventilation, and efficient systems, equipment and controls. After
demands are reduced, onsite and offsite renewable energy is included (Zero Code, 2018).

« Passive building standards, such as Passive House (PassivHaus), which focus on minimising
energy demand for space conditioning through insulation, windows and air tightness. The
trends for using certification such as Passive House continue to increase, with estimates of
more than 60 000 Passive Houses built worldwide in 2017 (Passipedia, 2018).

. The Energiesprong programme, which is a combination of a new building and whole house
refurbishment standard with a funding mechanism. The process has been effective with
social housing to enable an investment process that uses energy savings for finance and
maintenance while keeping the same monthly expenses for tenants. Energiesprong is
based on a standard that guarantees the operational performance of the buildings and
therefore prioritises the need to maintain energy savings (Energiesprong, 2018).

Cold-climate countries are benefiting from standards and programmes that reduce heat loss and
summer-time solar gains. However, passive cooling and shading will need to play a large role in
helping to eliminate or reduce the need for active cooling, particularly in emerging economies in
hot countries. In hot and humid conditions, using lightweight building materials, shading and air
movement can effectively reduce the cooling load, while heavyweight materials with water and
green spaces can provide passive cooling in hot and dry climates.
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Box 14 e Examples of architectural solutions for sustainable buildings

France

Passive Houses are being built across France in efforts to meet its near-zero-energy building efforts for 2020.
Examples include: the Avenidor development, which is the first certified Passive House and 100% independent
building through a 19.2 kilowatt-peak and 15 kilowatt-storage system, and Thémis, an 11 000 m? commercial office
development in Paris, which includes vegetation on the fagades, the roof and inside the building to create a cooler
climate during the summer, thus reducing the estimated cooling demand to 1.7 kWh/m? per year (Construction21,
2018). In Saint Etienne, 53 Fauriel is the first protected historic monument to be renovated to the Passive House
standard. This office uses the concept of “a box in the box” to limit thermal bridges by putting a new thermal
envelope within the existing building to protect the historic fagade (Passive House Database, 2018).

India

The energy performance index of the Forest Department Head Office Building in Jaipur was reduced to an actual
consumption of 43 kWh/m?, which is less than half the 90 kWh/m? limit for five-star buildings in India. This was
achieved through conventional measures such as a lower window-to-wall ratio, improved insulation, a high-
reflectivity roof, double pane low-emissivity windows, high-efficiency water-cooled chillers using treated
wastewater, and a grid-connected rooftop PV system.?3

Mexico

The construction of passive housing in Mexico is gaining support including through the EcoCasa programme,
managed by the Sociedad Hipotecaria Federal that provides grants to builders to add energy efficiency into buildings.
This was supported by the Latin American Investment Fund to build up to 600 Passive Houses in Mexico. Adjusting to
the local conditions, a Passive House development in Morelia in Michoacan state focused on thermal envelopes and
shading to reduce space cooling demand (International Passive House Association, 2018).

Singapore

A new development at Singapore Management University is being designed to be an onsite net-zero-energy building
using the Building and Construction Authority green mark rating system. It will make use of natural ventilation and
advanced displacement cooling to reduce energy demand and provide a comfortable environment (SMU, 2018).

Spain
The Towers of Bolueta in Bilbao have been certified as the tallest Passive House building at 88 metres tall, including

361 residences and 45 840 m? of net floor area. The heating energy demand is calculated as 6 kWh/m? per year,
compared to a standard building at 56 kWh/m? per year (Construction21, 2018).

United Kingdom

Wilmcote House in Portsmouth is a refurbishment of three 11-storey tower residential buildings using passive design
(EnerPHit) standards. The refurbishment focused on using external wall insulation and double-glazing to reduce
heating energy demand (ECD Architects, 2018).

Material solutions

CO, emissions resulting from material use in buildings account for 28% of the annual buildings-
related CO; emissions. Most of these emissions are a result of cement and steel manufacturing,
which have high process emissions and are used in large quantities. Aluminium, glass and
insulation materials are secondary contributors. While countries are taking action to address
direct emissions?* (e.g.from fossil fuel combustion in buildings) and indirect emissions®
(e.g. from electricity consumption), ambitions to reduce embodied carbon in buildings are in the
background. The relative importance of embodied carbon? in the global buildings and
construction carbon footprint is therefore increasing.

23 Written communication from Swiss Agency for Development and Cooperation.

24 Building-related emissions can be partitioned into three scopes. Direct emissions from fossil fuel combustion in buildings are
buildings scope-1 emissions.

25 Indirect emissions from power and heat generation make up buildings scope-2 emissions.
26 Embodied carbon, or CO, emissions from the use of materials for buildings, are part of buildings scope-3 emissions.
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The Royal Institution of Chartered Surveyors has published guidance on embodied carbon for its
members. It mandates a whole-life approach to reduce carbon emissions in buildings and sets
out specific mandatory principles and supporting guidance for the interpretation and
implementation of a new methodology for life-cycle environmental assessment of buildings
(EN 15978). Specific objectives include providing a consistent whole-life carbon assessment
implementation plan and reporting structure for built projects, and promoting the reliability of
whole-life carbon assessments by acting as a solid reference for the industry (RICS, 2017).

Material demand trends

Buildings embodied carbon (i.e. buildings scope-3 or other indirect emissions) is primarily based
on material demand. Cement and steel use in buildings increased 4% by weight annually from
2000 to 2015 because of construction in rapidly developing and emerging economies. This global
trend is largely influenced by China, which accounts for nearly 40% of building material use
today, up from 30% in 2000 (Figure 18). The strong issuance of building permits in China and the
considerable growth of the construction market in the mid-2000s has been a critical factor of
global construction trends over the last two decades. Other fast-growing markets have
contributed to material demand growth, particularly those in India and Southeast Asia in recent
years as floor area has grown rapidly.

Market trends have changed recently, with global building material demand growth slowing to
around 3% since 2015. This is a result of China’s construction market slowing down since 2012,
when investments in fixed assets for Chinese construction levelled off and started to decrease.
Annual floor area additions and the resulting steel and cement demand have peaked in China.
The 3% global increase in cement and steel demand has therefore been led by other rapidly
developing markets. In particular, India has recently become the fastest-growing construction
market and is likely to be a major influence on construction trends in the coming decade.

Figure 18 ¢ Cement and steel demand for buildings by key region, 2000-17
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Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message ® Cement and steel demand increased considerably from 2000 to 2017, predominantly in
China, and more recently in India and Southeast Asia.
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Material demand has long been influenced by construction rates, but building framing?’ also
influences cement and steel consumption. The distribution of the building stock by type of frame
is different from one region to another. In residential buildings, many countries are heavily
dependent on reinforced-concrete framing, while countries in North America, Oceania and Africa
are more dependent on wood for framing homes (Figure 19). In non-residential buildings,
concrete is the material most frequently used for framing, followed by steel, which is the largest
source of framing for non-residential buildings in North America (Figure 20).

Figure 19 ¢ Global residential building structure material and material intensity, 2017
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Notes: ASEAN stands for the Association of Southeast Asian Nations; North America comprises Canada, the United States and Mexico.
Cement intensity and steel intensity refer to the average cement and steel consumption to build 1 m? of residential floor area (in
kg/m?). Masonry buildings are made of hard units such as bricks, stones or blocks sealed together with mortar. Composite buildings
use several materials as structural elements (e.g. a steel structure with a concrete core).

Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message e Residential building material choice varies considerably depending on the region and has
considerable impact on the material intensity of buildings.

Figure 20  Global non-residential building structure material and material intensity, 2017
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Cement intensity and steel intensity refer to the average cement and steel consumption to build 1 m? (in kg/m?). Masonry buildings
are made of hard units such as bricks, stones or blocks sealed together with mortar. Composite buildings use several materials as
structural elements (e.g. a steel structure with a concrete core).

Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message e Choice of building materials greatly influences cement and steel demand intensities at
the country and even subnational level.

27 Cement-use intensity (i.e. cement use per m? of floor area) typically ranges from 200 kilogrammes per square metre (kg/m?)
to 300 kg/m? for reinforced-concrete-framed buildings. Masonry-framed buildings have a lower intensity that is often under
150 kg/m?, while timber-framed buildings use less than 50 kg/m? of floor space. Steel-use intensity ranges from 60 to
90 kg/m? of steel of floor space for a steel-framed building or a reinforced-concrete-framed building. This material need is
typically halved for masonry-framed buildings, and could be further reduced as bio-based materials are integrated in building
designs.
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Composite construction is rapidly increasing in some markets. A building has a composite frame
when at least two different materials form its structure. Common applications are encased steel
beams in concrete (for all buildings) or steel structures surrounding core concrete bodies (for
high-rise buildings). The use of different materials in construction enables engineers to optimise
building design, making the most of each material’s properties and using them where needed.
Steel-concrete structures currently dominate the composite construction market and but more
innovative designs using low-carbon materials are on the rise to offer a more-substantial building
embodied carbon reduction potential.

Urban development trends also affect building average floor area, height and design, which, in
turn, have an impact on material use. For instance, there is a strong correlation between cement
use per unit floor area and the average number of floors in a building. Recent trends suggest that
average building height has been increasing significantly, especially in regions with rapidly
increasing urbanisation rates. For instance, floor area in buildings of more than 30 storeys
quadrupled in Asia over the last decade (CBTUH, 2018), as urban population increased by more
than 30%. Disparities in the distribution of building types (e.g. single-family, multifamily, office
and commercial buildings) are also responsible for differences in building material intensities.

Moving from concrete and steel construction to composite, timber or bio-based materials could
potentially reduce embodied carbon in buildings. While concrete remains one of the most
common solutions in today’s construction, participants in the Construction21 Green Solutions
Awards 2018 show a growing use of bio-based materials such as:

. wood, commonly used bio-based material for framing and facades

. straw, more accepted as insulation, including in Passive House certified buildings
. rammed earth, found in a couple of projects, although rare

. terracotta, used for roofing and facades

. cellulose and hemp waddings, used for insulation

. sheep wool: used as an insulation mat for the reduction of thermal bridges in one case.

There are multiple factors to consider in building material choice and intensity, including
construction cost, cultural context, applicability of construction techniques to certain building
types and sustainability of material supply. Beyond material choice, improved building design,
lifetime extension, construction material waste reduction, reuse and recycling are material
efficiency strategies that can optimise material use and reduce embodied emissions in buildings.

Life-cycle analysis (LCA) can promote the development of sustainable construction because it
provides a better understanding of construction impacts on embodied and operational energy
(Lehne and Preston, 2018). LCA calculation methods can vary significantly among projects,
making comparisons difficult. Examples of programmes include:

. the E+C- experimental certification in France, which is a step to improve comparability for
energy and carbon in building projects

. the EU framework Level(s), which is a building evaluation system relying largely on LCA.

Globally, LCA is not commonly used today, although it is putting focus on carbon abatement
measures in buildings. Efforts are emerging to collect data and implement policy frameworks
based on LCA, but broadly speaking they fall short on promoting life-cycle assessments globally.

As part of the GlobalABC Work Area 3 on market transformation, the Science Based Targets
initiative (SBTi) is engaging multiple buildings stakeholders (e.g. LafargeHolcim, Saint-Gobain and
Skanska) and overarching bodies (e.g. World Business Council for Sustainable Development,
World Green Business Council and the IEA) in an effort to guide companies in setting and meeting
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GHG reduction targets. The SBTidbuildings project focuses on enabling the buildings and
construction sector to a suitable pathway with objectives to:
. map the carbon footprint of the buildings and construction value chain

. elaborate on a common language allowing study of carbon emissions interdependencies
and assignment of company responsibilities |
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. move away from a vertical approach that breaks down a building carbon budget into

smaller pieces for each subsector

. adopt a horizontal approach, setting performance-based targets to promote demand along
the entire value chain

. define a framework that characterises building life-cycle stages and subsectors
. improve understanding of embodied carbon in buildings

. enable representation of the value chain by inviting building occupiers, property managers
and investors to take part in discussions.

Examples for increasing the sustainability of buildings through the use of materials show a range
of products that are starting to provide creative options (Box 15).

Box 15 ¢ Examples of material solutions for sustainable buildings

Australia

In 2016, the Australian government made changes to building codes recognising massive timber as a viable, code-
compliant construction material for mid-rise buildings. Timber buildings construction could be allowed for up to
eight storeys, while it was previously limited to around three (ABCB, 2016).

Austria

Concrete is being used to enable more-efficient heating and cooling and also as a means of storing excess wind and
solar energy through structural thermal masses (Architektur, 2015). Insulated concrete, lightweight concrete and
concrete as a thermal mass are key to the 100% Haus, such as Haus M in Graz (100% Haus, 2017).

France

The Beehive is one example of a residential building project that increased the share of bio-based materials by using
earth and straw. Triballat is an office building that used prefabricated wood-concrete hemp panels to provide
insulation and structure in an integrated wall, while CFA BTP Blois is an academic building that is based on the use of
wood for structure and facades to help provide a bioclimatic and low-carbon building. LowCal is another office
building project and was developed to be energy positive. It is the first tertiary building to be labelled E4 C2 in the
E+C- experimental certification, and included straw-wood construction, soil-based adobe brick and cellulose
insulation (Construction21, 2018).

INIES is a national reference database putting together nearly 1 100 declarations on more than 70 000 product
environmental profiles on building equipment and services, all of them being certified by a third party. Operated by
the HQE association in France, INIES uses life-cycle inventories to promote high-quality ecodesign of buildings
through assessment of its environmental and health impact.

Mexico

Programmes are being designed to promote low-footprint materials in the housing sector across the country, where
current construction techniques are not the most efficient. Initiatives of companies like CEMEX that are lowering the
production cost of cement through energy and resource efficiency are receiving recognition. Additionally, CONAVI is
planning to promote industrialised materials that will diversify construction methods, accelerate construction times
and improve the LCA of materials.?®

United Kingdom

Brighton Waste House, the “first permanent ‘carbon negative’ public building in Europe”, is an extreme example of an
energy-efficient building that was built out of 90% waste material. London Aquatic Centre received BREEAM Innovation
Credit for the use of concrete mixes with over 80% of secondary aggregate from recycled sources. The project also reduced
material embodied energy by 50% with the use of recycled roof and wall materials (Construction21, 2018).

28 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
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Material policy trends

In some countries, certifications for building-related materials and components are already
effective, some of which are of a mandatory nature. A few NDCs mention improving design and
construction as part of national commitments. Among them, five refer to low-carbon
construction, suggesting that they intend to address embodied emissions for buildings
(Figure 21). China, which is responsible for 40% of the global cement and steel use for buildings
construction and renovation, is one of them:

China reaffirms its intention to control emissions from key sectors including steel and
building materials manufacturing through energy conservation and efficiency
improvement.

Niger has an ambition to promote low-carbon construction through frame-free buildings.

Cameroon expresses interest in building a low-carbon construction and renovation value
chain, in addition to increasing the insulation performance of building envelopes.

Senegal proposes using locally available materials such as bulrush (a water plant) for
insulation as well as innovative construction techniques (e.g. Nubian vaults) to reduce the
carbon footprint of the buildings and construction sector.

Burkina Faso shows interest in promoting climate-friendly materials for buildings
construction in rural and semi-urban areas. Around 3 000 community buildings will be
targeted, while subsidies and tax breaks will favour the construction of another
20 000 low-carbon private residences. The promotion of metal-free and wood housing for
17 000 citizens is also targeted to provide greater resilience to climate change in the rural
and semi-urban areas. Public R&D funding on architectural and construction technologies
will support the development of climate-resilient buildings using low-carbon materials.

Other countries are willing to promote sustainable construction techniques and energy efficiency
at the building design stage. These commitments might include future measures to reduce
indirect emissions from building materials used during construction:

Bhutan is seeking to integrate low-emissions strategies in urban and rural settlements
through green buildings, sustainable construction methods and climate-smart cities.

India reiterates its commitment to regulate construction processes formulated in the
Energy Conservation Building Code. This code includes specifications for building materials.

Korea looks to manage energy efficiency from design through to operation. This ambition
is based on the establishment of new policy instruments such as building codes (e.g. Green
Building Standards) and a system for the performance evaluation of eco-friendly homes.

Peru is developing a NAMA on cement, which aims to establish the enabling environment
to promote low-carbon development in the cement industry while raising its
competitiveness (NAMA database, 2018).

The explicit mentions in NDCs of construction practices and building materials are positive
developments to achieve sustainable envelopes. However, NDCs, while they may mention
product manufacturing efficiency, generally do not refer to the concept of “embodied energy”.
NDCs and building codes mostly consider materials for reducing heating and cooling energy use,
while a minority address material use for buildings construction.
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Figure 21 ¢ NDCs mentioning the construction sector, 2018

NDC submissions

Construction - scope 1&2 “

Construction - scope 3 H

0 Number of Parties 197

Notes: Construction — scope 1&2 accounts for measures improving the thermal performance of the building envelope, and therefore
reducing direct and indirect emissions from heating and cooling. Construction — scope 3 refers to NDCs suggesting actions to address
embodied carbon in buildings. This count excludes the EU submission that mentions “manufacturing industries and construction”.

Source: Derived from IEA Energy Technology Perspectives buildings model, www.iea.org/buildings.

Key message ® Out of 197 Parties to the UNFCCC, only 5 have mentioned measures to address embodied
carbon in buildings (separate from NDC commitments to decarbonise industrial production).

Resilient buildings

Resilient buildings can withstand the effects associated with incremental and extreme changes in
the environment (e.g. earthquakes, hurricanes, heat-waves, flooding, fire and soil instability).
While buildings were historically built to be structurally sound, as advancements in building size,
materials and uses continue to change, new structural standards have been formulated to ensure
their integrity. The Sendai Framework for Disaster Risk Reduction 2015-2030 (adopted in
May 2015) recommended several indicators related to buildings: number of people whose
dwellings are destroyed; direct economic loss in the housing sector, in cultural heritage; and
number of damaged health, educational or other critical facilities (UNISDR, 2018). The
Sendai Framework concerns weather and climate risks, and could also be integrated into climate
change strategies.

As extreme climate events and associated risks occur more frequently, building standards need
to account for a range of new or increased risks related to climate change, such as extreme
temperatures or storm events. Under these conditions, a resilient building is one that operates
even when it, or the infrastructure around it, fails. Buildings that are built to a high structural or
energy performance standard can still be vulnerable if changes in near- and longer-term climate
events have not been planned for.

Building fabrics will need to adapt to changes in climate that can affect their integrity. They will
also need to adopt new technologies or methods of construction that are better equipped to deal
with a change in climate. Fabrics will need to be built to withstand greater forces of wind and
rain, and extended dry periods that can increase traditional material ageing or require changes in
the type of materials used. Building foundations need greater flexibility and strength to deal with
soil structure changes due to increasing or decreasing water levels or their removal altogether.

Floods

Designing for current and future flood risks is crucial for areas that continue to develop in
coastal zones and in low-lying land. Buildings can be active features of a more-resilient urban
landscape and be designed with better water management features. These include sustainable
urban drainage systems that reduce the amount of impervious materials or that can manage
run-off during storm events. Green roofs and water gardens can help to attenuate water
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run-off during storm events. Governments are now creating policies to address buildings and
flood risk from storm and rising sea levels, for example:

. Monroe County, Florida, which contains the Florida Keys and is a coastal flood zone, has
required buildings to be built a minimum of 30 centimetres above the base flood elevation
since 2016. Parts of the county have a base flood elevation of 3.3 metres, which is
increasing over time (Monroe County, 2018).

. A recent agreement between Da Nang and Quang Nam Provinces in Viet Nam has begun
the creation of a joint water management plan that aims to reduce flooding risks and
better plan the rapid urbanisation along the Vu Gia-Thu Bon river basin (Medium, 2018).

Urban heat islands

The urban heat island effect can be reduced when taken into account in urban planning and or
during the building design phase, through the orientation of buildings, air circulation, materials and
vegetation. Buildings designs may also need to develop, for example, by using highly insulated
construction in areas becoming more prone to heat-waves and elevated temperatures. Landscape
features can also provide evaporative cooling to reduce localised heat islands. Urban heat islands
have a real local impact, and cities are responding with efforts to minimise their effects:

. Since 2003, Tokyo has had a Heat Island Control Measures policy requiring new
construction or expanded buildings to account for their impact on the local heat island by
adopting measures based on their location within Tokyo and the size of the development.
These include increasing the surface reflectance, greening facades and roofs, and
increasing site vegetation (Tokyo Metropolitan Government, 2005).

. The draft New London Plan included development proposals to minimise the impact of the
urban heat island and reduce the need for space cooling through heat-sensitive designs
and materials (Greater London Authority, 2018a). It also includes a statement that
London’s green belt should be protected from inappropriate development and that its
quality should be improved while enhancing access to green infrastructure (Greater
London Authority, 2018b).

Adaptation

Buildings can also be better designed to adapt to changes in climate through the use of adequate
passive and active technologies, including advanced sensors and adaptive technologies.
Economic losses related to extreme events are also likely to increase under a changing climate.
The extent and severity of those losses related to the built environment will be influenced by
adaptability and resiliency. Overall economic losses related to weather disasters in 2017
(including building damage) were estimated at more than USD 200 billion globally, and there
were more than 8 000 victims (Swiss Re Institute, 2018). Institutional investors, who are major
investors in global building stock, will need tools to evaluate their investment risk and its
resilience to climate change events.

The 2018 Resilience Reference Guide (GRESB, 2018), which assesses the sustainability and
resilience of real estate and infrastructure portfolios, includes questions on resilience and climate
risks of organisations’ assets and promotes resilience at the company level. The cost of damage
or the cost of transition (stranded assets or economical loses linked to mitigation or adaptation
measures) is a real concern for investors in building assets. Buildings represent an important
economic asset and are capital intensive. There is therefore a growing recognition for the need
for assessment of climate change risks of building investment portfolios (TCFD, 2017).
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Article 7 of the Paris Agreement establishes a global goal on adaptation to climate change of
enhancing adaptive capacity, strengthening resilience and reducing vulnerability. Within the
national adaptation plans communicated to the UNFCCC, some countries such as Brazil,
Burkina Faso, Kenya and Sri Lanka included measures related to buildings (e.g. reviews of building
regulations and standards and urban planning rules).

The national climate adaptation plan in France established two key measures related to
buildings: the promotion of more-efficient cooling equipment and the reinforcement of summer
comfort requirements in the building code. Summer comfort is particularly important given the
context of the 2018 summer heatwave that averaged 2°C above seasonal norms and is ranked as
the second hottest on record after the 2003 heatwave. As the climate continues to change and
the normal conditions that buildings experience shift, buildings need to withstand these
conditions, which requires more attention to building risk assessment and construction methods.
Global efforts are bringing resiliency to policies, building design and construction (Box 16).

Box 16 ¢ Examples of steps made towards achieving resilient buildings

100 Resilient Cities

The 100 Resilient Cities project is supporting cities to become more resilient and has identified four key steps:
creation of the position of a Chief Resilience Officer in each city; development of a resilience strategy; provision of
access to resilience service providers; and sharing and learning in a global network of member cities (100 Resilient
Cities, 2018).

Australia

The Insurance Council of Australia has developed a building resilience web tool to raise awareness of property
owners by enabling the rating of resilience performance of private buildings (Insurance Council of Australia, 2018).

France

The E.Leclerc centre in Quimper is a supermarket that used white paint on its roof to withstand summer heat and
reduce the urban heat island effect (Construction21, 2018). A study conducted by the Observatoire de I'immobilier
durable and PwC on climate reporting also shows that an increasing number of real estate asset managers map the
climate risks of their portfolios to identify the assets at risk and the measures to implement (OID and PwC, 2017).
Additionally, the label “HQE” (high quality of environment) for housing has included criteria for resilience since
February 2018 (HQE GBC, 2018).

United Kingdom

Thames Amphibious House is designed to rise on its dock-like foundations on the River Thames to avoid flood waters
and increase its resilience to extreme weather events (Construction21, 2018).

United States

The recent LEED-platinum-rated Lucille Packard Children’s Hospital at Stanford University integrates a horizontal
solar shading system with outdoor planters to reduce heat gains through active and passive means (Facility
Executive, 2018). In November 2017, Green Business Certification Inc. adopted RELi as a resilient rating system for
certification of buildings, neighbourhoods, homes and infrastructure developed in 2014 (GBCl, 2017).

Urban solutions

Urban environments have and will continue to have a strong influence on the construction of
buildings and their energy use. Urban environments influence the size, shape and type of
buildings that are built and how they respond to their surrounding environment through
municipal governance, land use and planning controls. Local government planning often has
the power to directly control aspects related to building energy performance, including height
and overshadowing, orientation, building controls and inspection, and requirements around
access to energy and transport infrastructure.
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City? planning typically also influences the adoption of district energy services and integration
of decentralised energy generation. Local governments typically have control over many
buildings, often in the form of municipal offices, schools, public housing, warehouses, and
sanitary and waste services. This makes them a large single-source buyer who can influence
supplier practices and the adoption of more-efficient technologies across their building stocks.

Page | 52 (Cities that own their own utilities have an incentive to address energy performance of their
building stock and of those buildings to which they provide services. The cost of building new
power generation systems can be far greater than that of maintaining and upgrading existing
systems. Adopting energy efficiency among energy customers of a local utility provides a
solution for reducing the rate of energy demand growth.

Municipal governments also play an important role in setting the tone and conditions around
buildings construction through incentives and reporting activities, and, in some cases, through
conditions on issuing building permits. During the 2018 Global Climate Action Summit,
19 mayors, representing 130 million people, committed to all new buildings operating as net-
zero carbon by 2030. The Net Zero Carbon Buildings Declaration that the mayors signed is a
commitment to enacting “regulations and/or planning policy to ensure new buildings operate
as net-zero carbon by 2030 and all buildings by 2050” (C40 Cities, 2018). Beyond the
declaration, 12 businesses, 22 cities, and 4 states and regions also sighed the Net Zero
Buildings Commitment (WorldGBC, 2018b). In addition, 443 commitments have been made in
renewable energy, including through the ICLEI 100% RE Energy Cities and Regions Network,
pledging to move towards 100% renewable electricity (citywide) by 2035, and 100%
renewable energy (including electricity, heating, cooling and transport) by 2050.3°

Energy benchmarking and disclosure programmes provide another means for municipal
governments to direct improvement in buildings construction quality and energy performance
of new and existing buildings. These programmes can be applied to their own building stock or
more widely under compulsory or voluntary systems. In many cases, these data can help set
benchmarks and track progress on improvements in performance and energy use (e.g. the
Tokyo carbon reduction reporting programme mandating the reporting of CO, emissions for
small and medium facilities [Tokyo Metropolitan Government, 2018]). City governments can
also take an active role in making energy and building data more accessible as part of their
public services, for example, by digitalising information on properties and buildings that can
be accessed by owners and residents and used to direct energy programmes.

Local governments can support other levels of government to raise their ambitions, sharing
best practices and climate-related data, on top of their needs to overcome barriers. Global
platforms such as the carbonn Climate Registry, managed by ICLEIl, recognised in the Global
Covenant of Mayors for Climate & Energy, support multilevel governance by recognition of
the key role that communities play in reaching national objectives.3! Urban initiatives are
enabling sustainability through policies, planning and construction (Box 17).

29 The terms “city” and “local government” are used throughout this document, understanding that the geopolitical
institutions of local governments may vary from country to country and terminology used may differ. In this document, a city
refers to a geographical subnational jurisdiction (“territory”) such as a community, a town or a city that is governed by a local
government as the legal entity of public administration.
30 Written communication from ICLEl and www.iclei.org.

31 Written communication from ICLEl and www.carbonn.org.
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Box 17 ¢ Examples of urban initiatives supporting sustainable buildings

Austria

The GreenHouse student dormitory in Vienna supports energy efficiency through connection to an urban heating
network, bike storage and charging stations for electric cars (Construction21, 2018).

France

The recently constructed Paris Court in Porte de Clichy includes a total net floor area of 110 000 m? and is designed
with a district heating system for space and water heating. The development also includes transport mobility
integration (Construction21, 2018).

Mexico

Mexico has created policies to curb urban sprawl, including a policy implemented at the federal level to set the
perimeters of urban containment. This policy provides guidance on the ability to receive incentives based on location
and housing quality in relation to the local environment.3?

Switzerland

The 2000-Watt Society is a model for Swiss energy policy that limits per-capita energy consumption to 2 000 W, a
significant reduction from the current 5500 W per capita. An example for a 2 000 W certified development is the
settlement of Stockacker Sud in Bimpliz, a neighbourhood to the west of the capital Bern. The development is
146 urban apartments that comply with the Minergie P-Eco standard (low energy and highest possible renewable
energy) and is connected to public transport (Swissinfo, 2018).

United States (Los Angeles)

The Energy Atlas of the County of Los Angeles provides online interactive information through which residents and
citizens can view, analyse and compare energy use across the county. The Atlas comprises information on every
property within the county including energy use, fuel type, GHG emissions, building type and age. The Atlas provides
local government with a mechanism to plan climate actions, identify areas of high energy intensity and investment in
energy efficiency, and evaluate the impact of energy efficiency programmes on energy savings (UCLA, 2018).

Clean energy transition

Enabling the transition to a sustainable buildings and construction sector will require swift and
ambitious policy action to innovate and move markets quickly to low-carbon and high-efficiency
technologies and best building practices. This will capture energy savings in the next decade and
reduce the increasing impact that growing electricity demand has on the power sector, whose
global average efficiency is less than 45% (IEA, 2018g).

Shifting to electricity in buildings can offer considerable gains in energy performance through
more-efficient technologies, while tapping into opportunities offered by the growing digital
economy and enabling greater flexibility of demand within the energy sector. However, that
increased electricity demand will also place greater strains on the power sector and should be
planned carefully, to ensure those investments lead to a net reduction in emissions.

The clean energy transition towards sustainable buildings and construction will also require a
strategic shift away from use of fossil fuels in buildings. Fossil fuels still account for 36% of the
final energy consumption in buildings and represent 2.9 GtCO; in annual emissions, or slightly
less than all the emissions produced by the European Union in 2016.

Progress is already noticeable in some areas. For example, sales of heat pumps and renewable
heating equipment have increased by about 5% per year since 2010, representing approximately
10% of the overall heating equipment sales in 2017 (IEA, 2018g). Solar thermal energy use in
buildings, notably for water heating, has almost doubled since 2010. Sales of LEDs now represent

32 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
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around one-third of market sales, owing to reductions in costs, improved quality and greater
options for lighting applications (see “Technology solutions” section above).

Source of clean energy for buildings

Clean energy for buildings can be divided between onsite and offsite generation. Offsite
generation includes renewable energy delivered in the electricity grid. Onsite generation is
enabled by the available energy resources within the boundary of a building site and whose
generation relies on the capture and conversion of solar, wind or thermal energy within that
boundary. Examples of onsite generation include use of solar PVs and solar thermal panels on
buildings and use of geothermal heating and cooling technologies (e.g. with ground source heat
pumps). In some markets, such as the European Union, air source heat pumps are also
considered renewable, producing greater heating and cooling service provision (in calorific
output) than the energy consumed to produce that output.

Onsite generation can be achieved by importing or converting clean fuels and generating thermal
or electric power on the building site. This can be done through the use of biomass, biogas or
hydrogen, for instance. Clean energy generation technologies can be integrated into building
services, for example co-generation,® or biogas from wastewater systems. Building fabrics
provide another opportunity to integrate renewable energy generation through integrated PVs
on roofs and walls, shading and small-scale wind generation.

Improved energy management and demand response can reduce overall consumption of fossil
fuel in buildings (or indirect use of fossil fuels for power generation) to enable a larger share of
clean energy. For instance, shifting when buildings need heating and cooling can reduce peak
energy demand (typically produced using fossil fuels) and potentially shift to renewable energy.
The use of smart controls and smart grids can improve the operational efficiency to lower the
total global buildings energy demand by as much as 10% over the next 20 years (IEA, 2017a).

Access to and use of modern energy services

In 2015 as part of the Transforming our World: 2030 Agenda for Sustainable Development,
member states of the United Nations agreed a specific SDG to ensure access to affordable,
reliable and modern energy for all, and universal access to electricity and clean cooking by 2030
(SDG 7). Access to affordable and reliable energy services is fundamental for reducing poverty
and improving health, increasing productivity, enhancing competitiveness and promoting
economic growth. This is because modern energy services enhance the life of the poor in
countless ways. For instance, electricity provides the highest quality and most-efficient form of
lighting, extending the day and providing extra hours to study or work. Household appliances also
require it, opening up new possibilities for communication, entertainment, heating, etc.

The IEA provides annual country-by-country data on access to electricity and clean cooking (SDG 7.1)
and is the main source for tracking progress towards renewables (SDG 7.2) and energy efficiency
(SDG 7.3) targets. 2017 saw the number of people without access to electricity fall below 1 billion
for the first time, down from 1.7 billion in 2000 (IEA, 2018h). India completed the electrification of
all villages in early 2018 and plans to reach universal access to electricity in the early 2020s.
However, despite significant steps forward in Kenya, Ethiopia, Tanzania and Nigeria, more than
600 million people are still without access to electricity in sub-Saharan Africa. Some 2.7 billion
people also lacked access to clean cooking, which has remained about the same since 2000.

33 Co-generation refers to the combined production of heat and power.
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Access to modern energy services does not necessarily imply their use. Access for low-income
households is not translating into considerable use of modern energy services in many countries.
The share of electricity in final energy use in buildings in some countries is still far lower than that
of traditional use of biomass, despite increasing electricity access (Figure 22). Affordability of

electricity for low-income households explains part of this trend.
Figure 22 e Residential fuel use and access to electricity, 2000-15
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Source: IEA (2017b), Energy Access Outlook 2017, www.iea.org/energyaccess/.

Key message e The share of electricity is growing, but the use of traditional biomass is still significant in
emerging economies.

Achieving modern energy for all is possible and will bring benefits. To provide universal access,
decentralised systems — led by solar PVs in off-grid and mini-grid systems — will be the least-cost
solution for three-quarters of the additional connections needed. Grid extension will still have a
role to play, especially in urban areas (IEA, 2017b). Other solutions are also needed; for example,
achieving clean cooking for all relies on the deployment of liquid petroleum gas, natural gas and
electricity in urban areas and a range of technologies in rural areas, including increasing the
deployment of improved and advanced biomass cookstoves.

Page | 55



2018 Global Status Report

Towards a zero-emission, efficient and resilient buildings and construction sector

Enabling clean energy transition for buildings and construction is possible, as shown by the
examples of energy-efficient, low-carbon and cost-effective solutions being deployed across the
world (Box 18). Additional effort is needed to expand those efforts and set clear and consistent
expectations on the role of buildings and construction in meeting SDGs, including providing
energy access for all.

Page | 56 Box 18 ¢ Examples of efforts delivering a clean energy transition

Austria

The GreenHouse student dormitory includes solar PV renewable energy and power storage and the Mineroom
student residence includes elevators with energy recovery brakes along with solar PV renewable energy
(Construction21, 2018).

Canada

In December 2017, the Government of Canada announced the Greening Government Strategy to transition to low-
carbon and climate-resilient operations and reduce emissions from buildings and fleets by 80% below 2005 levels by
2050. Goals in the strategy include that all new buildings should be constructed to be net-zero carbon ready starting
at the latest in 2022 and that all facilities will use 100% clean electricity by 2025 (Government of Canada, 2018b).

Build Smart — Canada’s buildings strategy — was endorsed in August 2017. It outlines the actions to reduce GHG
emissions in the built environment by 30% below 2005 levels by 2030. Measures include providing R&D funding,
retrofit financing incentives, strengthening heating equipment standards, labelling/disclosure of building energy use
and development of net-zero energy ready model codes (NRCAN, 2018d).

France

The Convergence building, a retrofit of a former prison in Lyon, includes a geothermal heat pump, House of Ile de
France in Paris includes giant solar thermal water tanks, and the Departmental Direction of Territories and the Sea of
Morbihan-Vannes includes a wood biomass boiler (Construction21, 2018).

Germany

The Stadtwerke in Wolfhagen is a municipal-owned utility that provides electricity, natural gas and water to the city.
The city has sourced its electricity from renewable sources and has invested in local generation of renewable energy
at the Wolfhagen wind farm and solar park since 2008. Alongside this decarbonisation agenda, the city has also
focused on implementing energy efficiency and demand-side management. It received an award from the Federal
Ministry of Research in 2010 to implement its focus on energy efficiency in partnership with the Energieoffensive
Wolfhagen that supports investment in heating system upgrades and energy audits (Stadtwerke Wolfhagen, 2018).

Mexico

Mexico has created a regulation that enables small private energy suppliers to have an interconnection contract with
the federal energy supplier, thus enabling small PV systems to become feasible. This regulation enables small
distributed PV systems for low and medium-income households, and the regulatory framework can be expanded to
enable broader adoption.3*

Norway

In June 2018, the Norwegian government adopted a ban on the use of fuel oil for heating of buildings from 2020. The
ban covers the use of fuel oil for main heating and additional heating in residential buildings, public buildings and
commercial buildings. The purpose of the ban is to reduce GHG emissions from the buildings sector, and is estimated
to reduce them by at least 340 000 tCO, each year in the period 2016-35. Programmes to support households to
phase out the use of fuel oil for heating of buildings have been in place for several years.3>

Circular economy

Circular economy is an approach where there is a continuous loop from the start to end of life for
products. In the buildings and construction sector, the inception of buildings at the design phase
in a circular economy considers all aspects of the life of the building and its materials through the

34 Written communication from Ministry of Agricultural, Territorial and Urban Development, Mexico.
35 Written communication from Ministry of Climate and Environment, Norway.
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construction, operation and end of useful life. To achieve the circular nature, the end of life
would be extended through improved operations, maintenance, refurbishment, reuse and
recycling of the building and building components (Box 19).

Box 19 ¢ Examples of circular economy in the built environment

European Union

The built environment is a target in the European Commission’s policy for circular economy: a regenerative economic
system in which resource and energy consumption are minimised. The EU is targeting to move away from the linear
economic model of “take, make and waste” and towards resource efficiency. Level(s) is the EU voluntary reporting
framework and a tool for designing and constructing sustainable buildings (European Commission, 2018b).

France

The national roadmap for a circular economy provides an ambitious objective of recycling and reusing construction
materials to reduce the environmental impact throughout the whole life-cycle of buildings.3®

India

The city of Ahmedabad in Gujarat state has successfully recycled and reused construction and demolition waste at
the city scale. The Ahmedabad Municipal Corporation has introduced aggregation and collection systems with
promotional policy, which has resulted in segregation and collection of waste in predesignated areas. The waste is
recycled by a commercial enterprise to produce non-structural building materials and is reused in public construction
projects of Ahmedabad Municipal Corporation. Procurement incentives and policies have provided a boost to
replicate this example in other cities in Gujarat (lyer-Raniga et al., n.d.).

Netherlands

Alliander headquarters in the Netherlands could be perceived as a new build. However, it is a reworking and
extension of an existing building, where 92% of the materials are labelled as “circular”. Originally built 30 years ago
to accommodate 600 people, the expansion in 2015 allowed for a further 900 occupants. Some 90% of the building
materials from the existing building were reused or remain on site (Arup & Ellen MacArthur Foundation, 2018).

The concept of circularity has been extolled as value-added strategies for: recirculating (without
reduction in value) of materials, reducing waste upstream and downstream, using “appropriate”
materials, extending the lifetime of products, and deploying new business models to encourage
circularity in materials use and also through socio-economic underpinnings of everyday life.
Circular economy may be defined as a regenerative system in which resource input and waste,
emissions and energy leakage are minimised by closing material and energy loops. This can be
achieved through long-lasting design, maintenance, repair, re-use, remanufacturing, refurbishing
and recycling (Geissdoerfer et al., 2017).

The EU vision for a circular economy is to move away from linear processes, to a scenario where
production and consumption processes are closely linked. Waste and waste management would
then become resources for manufacturing and production, leading to non-linear, closed-loop
production and consumption systems (European Commission, 2015). Examples include:

. The Ellen MacArthur Foundation has identified four common components to enable a
circular economy: 1) circular economy design to enable product reuse, recycling and
cascading; 2) new business models to replace existing business models or seize new
opportunities to enable circularity; 3) reverse cycles to return materials to the Earth or
back into industry; and 4) enablers and favourable system conditions for widespread reuse
of materials and higher resource productivity to become commonplace (Ellen MacArthur
Foundation, 2018).

. All six of the One Planet Network programmes work on the topic of circular economy, and
the Sustainable Buildings and Construction Programme has chosen circular economy as its
priority theme (One Planet Network, 2018).

36 Written communication from Directorate General for Planning, Housing and Nature, France.
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. The World Business Council for Sustainable Development has the circular economy project
Factor 10, which brings together companies to identify new business models, including for
the built environment, to reach Vision 2050 to improve material efficiency by a factor of 10
(WBCSD, 2018).

Achieving “Growth Within” (Ellen MacArthur Foundation, 2017) has identified EUR 115 billion of
investment opportunities in the built environment for designing and constructing buildings based
on circular principles, closing the loop on buildings construction and demolition materials, and
building circular cities. Application of circular principles supports resilience, reduces resource use
and lowers overall emissions, in addition to creating jobs.

Four materials have been identified as key to reducing emissions with respect to the built
environment: cement, steel, plastics and aluminium. These account for 1.6 billion tonnes of
materials used per year in the European Union. A circularity approach can reduce CO, emissions
and thereby reduce the challenge of a decarbonised future. Significant cuts to emissions are
possible. In an ambitious scenario, these could be as much as 300 million tCO, per year in the
European Union by 2050 (out of 530 million tCO, per year in total) and some 3.6 billion tCO, per
year globally, as presented in a new report on material economics (SITRA et al., 2018).
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Global Roadmap recommendations

A global transformation to a highly energy-efficient and low-carbon buildings and construction
sector is key to ensuring global ambitions to limit the rise in average global temperature to less
than 2°C above preindustrial levels by 2030. There is a critical window of opportunity to address
buildings and construction in the coming decade to avoid locking in inefficient buildings for
decades to come. There is an equally critical need to address energy performance improvements
and emissions reduction in the world’s existing buildings stock.

There are many strategies for reducing the energy and climate impact of buildings and
construction. Key priorities identified by the GlobalABC Global Roadmap (UN Environment and
GlobalABC, 2016) include supporting market transformation, training and capacity building for:
1. Urban planning
Use urban planning policies to enable reduced energy demand, increased renewable energy
capacity and improved infrastructure resilience.
2. New buildings

Increase uptake of net-zero operating emissions for buildings.

3. Existing building retrofitting
Increase the rate of building energy renovation and increase the level of energy efficiency in
existing buildings.

4. Existing building operations
Reduce the operating energy and emissions through improved energy management tools and
operational capacity building.

5. Systems

Reduce the energy demand from systems, appliances, lighting and cooking.

6. Materials
Reduce the environmental impact of materials and equipment in the buildings and
construction value chain by taking a life-cycle approach.

7. Resiliency
Reduce building risks related to climate change by adapting building design and improving
resilience.

8. Clean energy
Increase secure, affordable and sustainable energy and reduce the carbon footprint of energy

demand in buildings.

Future work will include developing regional roadmaps to provide more-specific targets by
country and region. For further information on best practice and examples of existing policies
and technologies for the buildings sector, see www.iea.org/buildings.
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GlobalABC work areas

The GlobalABC aims to bring together the buildings and construction industry, countries and
stakeholders to raise awareness and facilitate the global transition towards low-emission, energy-
efficient buildings. The GlobalABC works on a voluntary collaboration basis through a series of
five working areas.

Work Area 1: Awareness and education

The focus is to develop common narratives and key messages as well as to support capacity
building. Topics include: the importance of targets; the need to increase the level of ambition;
how to make the case for finance/policies; bringing out multiple benefits; how to increase
demand for energy-efficient buildings; and training building professionals.

Work Area 2: Public policies

The focus is to be a platform for countries to showcase their policies and enable peer-to-peer
learning; to mobilise GlobalABC members to facilitate national strategies for low-carbon
buildings; to support the development of national alliances; to promote the integration of
sustainable buildings in NDCs; and to enable city and subnational engagement. A local
government public policies group has been created to identify opportunities, facilitate
community-level climate and energy strategies, and promote co-operation among national and
subnational governments.

Work Area 3: Market transformation

The focus is to enable multiple partnerships and a shared culture between private and public
sectors as well as to facilitate market transformation. This includes the development of voluntary
arrangements to prepare regulation and enable innovation in the market. It also includes
developing guidance on science-based targets that can be used to help transform the buildings
and construction sector.

Work Area 4: Finance

The focus is to influence the enabling environment and deployment of innovative financing
mechanisms that increase investment for a low-carbon and resilient buildings sector, including:
improving government and institutional capacity to set and execute policies that support investment
in building-scale energy efficiency and clean energy; expanding knowledge of private and blended
finance mechanisms for reducing sector emissions; and improving access to climate finance.

Work Area 5: Building measurement, data and information

The focus is to reduce CO, emissions from the buildings and construction sector by addressing
data and information gaps and by supporting buildings and construction-related policy and
investment decisions with measurable, reportable and verifiable data. Key barriers include
availability, collection, quality, reporting, storage and accessibility. To overcome these barriers,
the working area team is co-ordinating an industry-wide global effort to develop a digital building
data and information collection tool — the so-called “building passport”. This will help to promote
greater cross-sectoral data transparency, consistency and information exchange.

All work areas welcome new participation. Please contact global.abc@un.org for information.
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GlobalABC members and activities

The buildings and construction sector is characterised by a fragmented value chain. Stakeholder
co-ordination (national and local authorities, international organisations, companies, civil society

and financial institutions) is lacking. The GlobalABC was launched to bring them together.
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(Map 5). It welcomes new members interested in contributing to the global transition towards a
low-carbon, energy-efficient and resilient buildings and construction sector.

Map 5 ¢ GlobalABC membership and participation

® Member country

@ Country with a GlobalABC

partipating member L -

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.

Note: New members are welcome to the GlobalABC and can find more information at www.globalabc.org.

Key message e The GlobalABC gathers 26 countries and 84 non-state organisations and welcomes new
members interested in contributing to the transition to sustainable buildings and construction.

Programme for Energy Efficiency in Buildings

French and German governments jointly initiated the Programme for Energy Efficiency in
Buildings (PEEB) at the end of 2016 at COP 22, and the programme was catalysed by the
GlobalABC. PEEB supports the implementation of the Global Roadmap “Towards low-GHG and
resilient buildings” in its first partner countries: Mexico, Morocco, Senegal, Tunisia and Viet Nam.
PEEB is a partnership programme implemented by the Agence Francaise de Développement,
Deutsche Gesellschaft fiir Internationale Zusammenarbeit GmbH and ADEME.

National Alliances for Buildings and Construction

Morocco and Mexico are the first countries to have a national alliance for buildings and
construction. Mexico launched its GlobalABC chapter on 15June 2018 as an alliance of 46
institutions from the sectors of civil, academic, industrial, real estate and subnational
governments (CONAVI, 2018).
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Acronyms, abbreviations and units of measure

Acronyms and abbreviations

AC
ADEME

BEEP
BREEAM
CHF
CO;
cop
EPBD
EPC
EU
EUR
GHG
GlobalABC
HQE
ICT
IEA
IFC
INR
ISO
LCA
LED
LEED
MEPS
NAMA
NDC
PACE
PEEB
PV
R&D
SBTi
SDG

air conditioning

Agence de I'Environnement et de la Maitrise de I'Energie (French Environment &
Energy Management Agency)

Building Energy Efficiency Project

Building Research Establishment Environmental Assessment Method
Swiss franc

carbon dioxide

Conference of the Parties

Energy Performance of Buildings Directive
energy performance certificate

European Union

euro

greenhouse gas

Global Alliance for Buildings and Construction
Haute Qualité Environnementale

information and communication technology
International Energy Agency

International Finance Corporation

Indian rupee

International Organization for Standardization
life-cycle analysis

light-emitting diode

Leadership in Energy and Environmental Design
minimum energy performance standards
nationally appropriate mitigation action
nationally determined contribution

Property Assessed Clean Energy

Programme for Energy Efficiency in Buildings
photovoltaic

research and development

Science Based Targets initiative

Sustainable Development Goal
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SEER seasonal energy efficiency ratio

UNFCCC United Nations Framework Convention on Climate Change
usD United States dollar

VAT value-added tax
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Units of measure

°C degree Celsius

EJ exajoule

GtCO, gigatonne of carbon dioxide
kg/m? kilogramme per square metre
kWh kilowatt hour

kWh/m? kilowatt hour per square metre

Im/W lumen per watt

m? square metre

tCO, tonne of carbon dioxide
TWh terawatt hour

W watt
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