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Summary
In 2015, the world’s nations gathered to limit the global mean temperature increase to
well below 2°C and pursue efforts to limit it to 1.5°C. Henceforth, the Paris Agreement
came into existence. This bold target requires fast decarbonisation to put the world on
track for a net zero CO2 emissions pathway by 2050. The needed greenhouse-gas (GHG)
emissions reduction policies encompass the whole economy. In this context, the
buildings sector accounts for one third of the final energy consumption and one fifth of
the CO2 emissions. It is therefore one of the main culprits behind climate change (IPCC,
2015). Consequently, highlighting the importance of adequate policies in this sector for
the decrease of global GHG-emissions.
This study aims to track and assess the GHG-emissions intensity-reduction policies of the
buildings sector. To accomplish this, I studied policies with respect to construction
materials, appliances, economic incentives and, behaviour related policies and barriers.
This study analyzes the performance of the G20 member states. Research questions
focused on determining indicators and benchmarks to assess policy stringency, and
apply them to determine the G20 countries’ policy stringency and to score each country
with regards to GHG-emission reduction.
The approach to assess policies is based on the methodology used by the Climate Action
Tracker. The recent literature was reviewed to more comprehensively expand and
augment this tracker. This tracker calculates each country’s individual score per
indicator. This is done, by using a set of literature-based benchmarks. The study also
considers incentives and disincentives (i.e. barriers), both of which are then assigned a
weight that ascribes a level of importance to each indicator, and then for each segment.
First, segments, indicators and benchmarks were identified by reviewing existing
literature and government regulations. Each segment addresses a different
building element that influences energy, emissions consumption and assesses the
stringency of relevant policies that tackle each of the components. The indicators
were classified into five segments: building envelope, HVAC (heating, ventilation
and air conditioning) systems, appliances, renewable systems, and overarching
indicators. To score every regulation within a country, each indicator within a
segment was assigned a benchmark.
Then the identified indicators and benchmarks were applied. To carry out my
assessment, policies were documented from government websites, databases and
literature, and a score was awarded for each indicator based on the country’s
policies. Finally, weights were assigned to each indicator and each segment based
the indicator or segment’s impact has decarbonising the buildings sector.
The results show a mean score for the G20 of 36 out of 100. Only Germany, the UK,
France and the European Union (EU) scored above 60 but no single country scored
over a 65. India, Russia, Saudi Arabia, Turkey, Argentina and Indonesia all scored
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below 20. The sensitivity analysis indicates strong robustness in the results. Altering
the weights for the sensitivity analysis shows accurate ranking of the G20 countries
to one position.
The limitations in this study pertain predominantly to a lack of data and not being
able to convert building policies into a common indicator that would allow for
annual kWhm-2 to be measured. The data issue was addressed by using every
available source of information (government websites, databases and research
articles) and substantially studying the policy measures of each country. To address
energy consumption I identified an indicator (i.e. residential wall U-values), which
was used as a representative sample of building codes, that have an annual impact
on kWhm-2. Overall, my results concur with the existing literature, and at the same
time expose many different policy measures used to decrease GHG-emissions.
Furthermore, the results rank the countries similarly to other studies, therefore
despite the challenges faced, this indicates robust results.
This study mainly concludes on the inadequacy of current GHG-emission reduction
policies. The country scores stress that large increases in policy adequacy are
needed if the targets set by the Paris Agreement are to be met. The building
envelope had the largest impact on energy efficiency and thus this segment needs
the most improvements. Various regulatory approaches to reduce GHG-emissions
are available to countries. If used to the country’s advantage, these can have a
positive effect since countries have different energy-consumption patterns for
buildings.
Finally, we recommend scholars and policy makers to carry out multiple studies like
this one to cover all the main economic sectors and identify where and how bestpractice policies can be implemented to more effectively reduce GHG-emissions.
This indicates a shift away from simply counting policies to measure impact,
recommending their adequacy assessment. Additionally, if countries aim to meet the
Paris Agreement, the policies’ stringencies in the buildings sector should
substantially increase.
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1 Introduction
On November 4th, 2016, following the ratification by more than 55 parties representing
over 55% of international anthropogenic CO2 emissions, the Paris Agreement entered
into force. This marked a hallmark victory against climate change. In the Paris
Agreement adopted at the 21st annual Conference of Parties (COP) in 2015, signatories
committed to hold the increase in global temperature well below 2°C above preindustrial levels with the intent to pursue efforts to limit the increase to 1.5°C (UNFCCC,
2015). Currently, 174 parties have ratified the agreement, all of which have submitted
their Nationally Determined Contributions (NDCs) (UNFCCC, 2017). The NDCs state in
what manner each party will reduce its greenhouse gas (GHG) emissions to comply with
the Paris Agreement’s targets. However, limiting the increase in temperature to 2°C will
require drastic emissions reductions, by means of strong policies that will bring drastic
improvements in areas such as; energy efficiency, greater share of renewable energy,
and advanced energy systems with carbon capture and storage (CCS) (Ürge-Vorsatz et
al., 2012b; IPCC, 2015).
Even though there have been great strides made in the international negotiations
process, these will not amount to anything without the backing of new policies put in
place by the member parties. The commitments made at COP21 are not all legally
binding (UNFCCC, 2015). Furthermore, the emission reduction targets described in the
NDCs will result in a temperature rise well above 2°C of pre-industrial levels (Mooney,
2016; Rogelj et al., 2016; UNEP, 2016). Doubts exist, as to whether industrialized nations
are meeting the pledges made at the Paris Agreement and whether they are enacting
policies required to decrease their CO2 output (Victor et al., 2017). A variety of projects
have attempted to track climate change mitigation policies, such as the Climate Action
Tracker, the Climate Change Performance Index, the EU Climate Policy Tracker and
others. This has allowed for national climate policies to be monitored and compared to
the promises made by parties at past COPs.
Only having climate policies in place is insufficient. To ensure that such policies have the
desired impact, their stringency must be assessed. Various ways to measure stringency
are available. Examples include; survey indicators, monetary indicators, performance
indicators and policy-specific indicators. A variety of previous studies have focused on
this, such as the Climate Change Performance Index (CCPI) by Germanwatch, which
looks at 58 nations and covers around 90% of global emissions (Burck et al., 2009). The
basis of the CCPI is expert surveys with at least 3 experts per country. These experts rate
the stringency of the policies of the country on a scale from 0 to 5. Another example of
this has been the Climate Action Tracker (Höhne et al, 2011), followed by the 2016
assessment of policy adequacy in energy sector by Iacobuta (2016) and the transport
sector by van Hoof (2017). Both of which follow the methodology developed by Höhne
et al. (2011). It is based on a definition of indicators and a rating from 0 to 4 for each of
these indicators, using precise guidance on each of the ratings to ensure objective rating
as much as possible.
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1.1 Problem Statement
According to the International Panel on Climate Change (IPCC)’s fifth assessment report,
the buildings sector represents one third of the final global energy consumption. This
accounts for one fifth of the total CO2 emissions (IPCC, 2015). In a business as usual
scenario the energy demand in the buildings sector could increase by one third by 2050
(Ürge-Vorsatz et al., 2012B). This alone would make the 2°C target unattainable.
However, studies have shown that, with good policies, the energy demand could be
halved, even by considering the increase in population and area of buildings (ÜrgeVorsatz et al., 2012b). Retrofitting existing buildings could pose a 50%-90% reduction in
energy demand from them. Furthermore, this would create an estimate saving of US$57
trillion in heating and cooling alone by 2050, with an initial investment of US$15 trillion.
However, to achieve these targets of over 40% energy use reduction, strict codes would
have to be implemented. This would represent a four-fold increase in energy efficiency
(due to the increase in building surface area) (Ürge-Vorsatz et al., 2012b). Additionally,
due to the long life span of buildings, these targets can easily become unattainable due
to risk of lock-in to carbon intensive practices (Ürge-Vorsatz and Herrero, 2012a; ÜrgeVorsatz et al., 2012b; IPCC, 2015). Therefore accentuating the importance of immediate
action in this sector.
Although substantial GHG-emission reductions in the buildings sector require a great
effort, increased energy efficiency in the buildings sector has been shown to have many
co-benefits (Bollen et al., 2009; Ürge-Vorsatz and Herrero, 2012a: Ürge-Vorsatz et al.,
2012b; IPCC, 2015; Kerr et al., 2017; Younger et al., 2008). The economic advantages
from saved energy amount to trillions of dollars (Ürge-Vorsatz et al., 2012b), this has the
potential to provide a strong platform to implement energy saving policies in the
buildings sector (Kerr et al., 2017). Another advantage is the social co-benefits that arise
when these policies are implemented. Given the large amount of retrofitting required
this would provide jobs and therefore have the potential to stimulate the global
economy (Kerr et al., 2017). According to the IPCC (2015) an increase in building
efficiency can also reduce energy poverty by decreasing the cost for energy. Studies
have shown that with proper retrofitting the monthly cost of energy can drop
significantly (Ürge-Vorsatz and Herrero, 2012a; Kerr et al., 2017). In a study by
Hermelink (2007) the cost of district heating per house in a Hungarian town retrofitted
by SOLANOVA dropped from 96€ (pre-retrofit) to 16€ (post-retrofit). Research also
demonstrates that a decrease in the cost of energy can have positive health impacts. For
example, adequately heated homes cause a decrease in medical costs (Lidell, 2008), and
with it, a decrease in premature deaths (Clinch and Healy, 2001; Marmot et al., 2011).
There is no single policy that is sufficient to achieve the energy saving standards
required to achieve the 2°C target in the buildings sector. When these policies are
provided as combination packages, the results are greater than the sum of the individual
policies (Murphy et al., 2012; Tamback et al., 2010). For instance, to enact a change in
appliance standards, countries have at their disposal a variety of tools such as minimum
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standards, incentives for high efficiency equipment, energy labels and communication
campaigns that when used together are more cost-effective and create larger energy
savings (Boza-Kiss et al., 2013). With retrofitting and building construction a similar
situation occurs, where energy efficiency policies, audits, retrofitting incentives,
voluntary programmes, other financial incentives and tax exemptions coupled together
create a larger increase in energy efficiency than if carried out separately (Murphy et al.,
2012). However, these policy packages must be sensitive to the country and market
they are to be implemented in. They must be designed based on the country’s capacity
to enact said policies and ensure that they are salient to the country’s political structure
with regards to the buildings sector. Due to this, the same policies are not easily
transferable from one country to another.
Current studies focus on the advantages provided by energy efficiency policies, be them
economic or social (Boza-Kiss et al., 2013; IPCC, 2015). The adequacy of emissionintensity reduction policies has been assessed in the past (Höhne et al., 2011; Iacobuta,
2016), however, none have thoroughly analyzed the buildings sector. Building codes and
appliance standards are defined by countries in different ways and have not been
transformed into more generic indicators, therefore comparisons between countries are
complex. This accentuates the importance of carrying out a study that assesses the
commitments made by different parties.

1.2 Research objectives
This study aims to assign a score to the G20 countries showing the adequacy of their
buildings sector policies at achieving the commitments made at the twenty-first
conference of the parties (COP21). This study also aims to develop a set of indicators
and benchmarks (points of reference for policies based on which a score is awarded to
each indicator) for the buildings sector as well as use this tool to compare the G20
countries and their policies.
This research aims to design a policy tracker tool that assesses the stringency of existing
energy-related policies in the buildings sector. This tool will be used to analyze the
policies that have an effect on the GHG-emissions for the buildings sector. In addition,
this study will apply the developed tool to assess the performance of the buildings
sector in the G20 member states.

1.3 Research questions
1. What indicators (incentives, barriers and limitations) and benchmarks can be
defined to assess the policy stringency on the GHG-emission-intensity in the
buildings sector?
2. What is the policy stringency, on reducing GHG-emissions in the buildings sector
for the G20 countries?
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This thesis study will first introduce the methodology (Section 2) where previous work
done by Höhne et al., (2011) is used as a basis for the development of this study. This
section also shows the differences between the methodology developed for the Climate
Action Tracker and this study. Many policy aspects of the buildings sector can be
explored, however, given the time limitations of the thesis study a clear scope had to be
defined (Section 2.3). The first research question is addressed in Section 3, where the
reasoning for each indicator, segment and benchmark is developed. Section 4 shows
how different weights were assigned to each indicator, country and segment, a method
of policy stringency assessment previously un-attempted in the buildings sector. This
section also shows the results and provides the ranking of the G20 countries. Then the
sensitivity analysis proves the robustness of the results. The discussion (Section 5) has
the limitations of this study as well as how these were overcome. The conclusions
(Section 6) show that the EU has the best policies and why the G20 countries are far
from achieving the targets of The Paris Agreement.
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2 Methodology
To develop indicators and benchmarks, a qualitative assessment of existing policies was
carried out. This was based on the method developed for the Climate Action Tracker by
Höhne et al. (2011) and the Good Practices Policy Menu designed by Iacobuta (2016),
for the buildings sector. The Climate Action Tracker divides the different policy areas
into activity (consumption of energy), energy efficiency, renewable energy, low carbon
and non-energy. In the initial part of this research indicators and their benchmarks were
developed to fit into the policy areas. Afterwards, there was an assessment of the
adequacy of the policies implemented by the member states of the G20.

2.1 Segments, Indicators and Benchmarks
To address research question one and identify potential indicators and benchmarks this
study based its original indicators on the Climate Action Tracker (Höhne et al., 2011).
However, these were developed and expanded to be specific to the buildings sector.
This allowed for more indicators to be considered, and analyse them comprehensively.
Indicators were composed of both incentives, these would be policies that promote
GHG-emissions reduction, as well as barriers, policies that prevent GHG-emissions
reduction. The benchmarks were also adjusted to correspond with the different
indicators present. Indicators and their assigned benchmarks were divided into different
segments, creating sets of indicators grouped together based on policies affecting the
different components of a building. New indicators were also developed based on
existing literature regarding the buildings sector. An analysis of existing policies was
carried out with the purpose of trying to capture every policy that may be relevant to
climate action. This was done with the purpose of ensuring that policies that are not
designed with climate-change mitigation as their central role, but have an impact in
reducing GHG-emissions, were still captured under the umbrella of this study.

2.2 Policy Adequacy Assessment
Once indicators and benchmarks were identified, policies of different countries were
assessed. To find them, this study looked at existing databases (presented in table one),
government websites and other scientific literature. Then each policy was scored in
accordance to the benchmarks. This was all done following the methodology designed
by the Climate Action Tracker (Höhne et al., 2011). This method allowed for a final score
to be awarded to each country, which showed to what extent each member state is
performing in accordance with their commitment to the well below 2°C target.
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Table 1 List of databases used for the research.

Name

Countries

Website

IEA buildings energy
efficiency policies (IEA –
BEEP)
Climate Policy Database
(CPD)
World Energy Council (WEC)

All

https://www.iea.org/beep/

All

http://climatepolicydatabase.org/

All

Indian Renewable Energy and
Efficiency Database
Standards and Labeling
Database
American Council for an
Energy Efficient Economy
Industrial Efficiency Policy
Database
Industrial Energy Efficiency
Policy Database (IEEP
by UNIDO)
Building Performance
Institute in Europe
Database of State Incentives
for Renewables and
Efficiency
Open EI

India

https://www.worldenergy.org/data/energyefficiency-policies-and-measures/
http://www.ireeed.gov.in

All

http://clasp.ngo/Tools/Tools/SLSearch

USA

http://database.aceee.org

All

http://iepd.iipnetwork.org

All

http://unido.olbaid.dk/Default.aspx

Mainly EU

http://bpie.eu

USA

http://www.dsireusa.org

USA

Clean Energy Info Portal

All

EU Building Stock
Observatory
Regulatory Indicators for
Sustainable Energy
CLASP

EU

https://openei.org/wiki/Gateway:Incentives_an
d_Policies
http://www.reegle.info/policy-and-regulatoryoverviews
http://ec.europa.eu/energy/en/eubuildings

All

http://rise.esmap.org

All

https://clasp.ngo

IEA – Policies and Measures
(IEA – PM)

All

https://www.iea.org/policiesandmeasures/

Following the methodology laid out by Höhne et al. (2011) scores were aggregated per
segment on a scale from 0 to 100 (0 being a low score and 100 being a high score).
Weights were assigned to each indicator as well as each segment. The weights were
attributed based on the indicators’ ability to meet high GHG-emissions reductions. Their
co-benefits (social or economic) were not assessed in any form. Weights are assigned to
ensure that indicators that have a larger impact on GHG-emission reduction are
12

represented appropriately. Weights were also assigned to each segment, for the same
reasons as those mentioned for the indicators.
To calculate the final performance of each country, the score for incentives, segments,
and the discount factor (barriers) had to be calculated. The formulas, derived by Höhne
et al. (2011) are detailed below;
Score incentives segment =
𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 = 1 +

!
!!!(𝑠𝑐𝑜𝑟𝑒! 

𝑤𝑒𝑖𝑔ℎ𝑡! ), with i = indicator

!"#$%!"#$!!
!!""

Score segment = score incentives  discount factora  discount factorb
Score country=

!
!!!(𝑠𝑐𝑜𝑟𝑒!"#$"%&!

 𝑤𝑒𝑖𝑔ℎ𝑡!"#$"%&! )

(EQ 1)
(EQ 2)
(EQ 3)
(EQ 4)

Once all the incentives have been identified and according to their benchmarks assigned
a score, they are multiplied times their percentage weight. Formula one gives a score for
the segment by adding all the scores of every indicators of that segment. The discount
factor represents the barriers present in a member state for the development of GHG
mitigation measures in the buildings sector, negative scores and weights are assigned to
them. These are policies that hinder the implementation of emission reduction
measures. These are presented as a percentage impact following formula two. Then to
calculate the score for a segment (following formula three) the score for the incentives
of a segment is multiplied times all the barriers (discount factors). To calculate the total
score of incentives for a country (formula 4), the scores for every segment are added up.
This process is represented in Figure 1.
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Segment
Incentives

Benchmarks

Score

1

xyz

25

60%

2

xyz

50

40%

Weighting

Incentives
Score
35

Segment
Score
24.5

Discount
factors

Barriers
a

123

-25

-70%

0.825

b

123

-75

-30%

0.85

Figure 1 Method of calculation for stringency of policies to determine the segment score, including incentives and
barriers. Adapted from (Höhne et al., 2011).

2.3

Scope

A clear scope had to be defined for this study, since it had the potential to become a
large study encompassing more than is possible given the time frame provided.
This study focused solely on the buildings sector, which accounts for 32% of final energy
consumption and 19% of CO2 emissions (IPCC, 2015). To fully account for all the policies
relating to climate-change mitigation with regards to this sector, both residential as well
as commercial buildings were analysed. This study focused on policies that affect
emission-intensity. Other aspects associated with these policies were not considered,
such as policies to reduce floor space. The study included direct emissions of the
building sector (e.g. gas use for heating) as well as indirect emissions from electricity
use.
This study aimed to identify all the policies that affect GHG-emissions in the buildings
sector. To accomplish these targets, a variety of policy instruments (as well as
accompanying policies) were used. These include policies regarding taxation, grants or
loans, and information instruments.
Given the limited time, this study focused solely on nation wide policies and did not look
at regional or city level governance approaches. Even though this might have created a
bias for countries that favour nation wide regulation over more decentralized
governance, it would be impossible to look at every policy enacted by every city,
member of the G20 nations.
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The EU does not make legislation, but provides targets and directives for other member
states to follow. For some indicators the targets are enough to assign a score, however,
for others the EU’s score had to be extrapolated from other EU members. To then assign
a score I took the average score of the four EU members of the G20, Germany, France,
Italy and the UK, as well as the scores that would have been assigned to Poland. The
reason for also adding Poland was to try and get a more representative sample for all of
EU by including an eastern European country with a large population.
The countries selected for the study are the G20 member nations. They were chosen
because they represent 85% of the global GDP and 74% of global emissions (Climate
Transparency, 2017; IEA, 2017c; PIK, 2017). Furthermore, they are comprised of nations
of every continent with different governance styles. This was done to provide the
research with a good global representation of current policies in the buildings sector.
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3 Research Question 1: Indicators and Benchmarks
To carry out this assessment following the methodology previously delineated, the first
step that must be taken is to divide the buildings sector into a variety of segments.
Overall, a total of five segments were identified, these are loosely based on the
segments mentioned in the article by Höhne et al. (2011). They are the following:
-

Building envelope1;
HVAC systems2;
Appliance standards3;
Renewable systems in buildings4; and
Overarching indicators5.

Within the aforementioned segments I defined a total of thirty-one indicators that aim
to cover all policies with regards to building energy efficiency as well as all the
components of buildings. The policies have been assessed based on these indicators.
One way to assess the impact of buildings policies on GHG-emissions is by means of
integrated assessment models, such as the Energy Technology Perspectives 2017 (ETP)
from the International Energy Agency (2017b) that determines three scenarios of global
temperature increase: 6 Degree (6DS), 4 Degree (4DS) and 2 Degree Scenarios (2DS).
However, modeling energy use in buildings is complex, and for this study it would
require us to do so for a variety of building configurations taking into consideration an
endless variety of building envelopes and their components. This would require every
kind of HVAC system, all the appliances in a country, every renewable energy system in
a building, and all their policies with different aims to be considered. This is not feasible
within the scope of this study nor was it possible to convert all the legislation of a
variety of countries into a common energy consumption metric. While integrated
assessment models have to rely only on a small set of policies that can be implemented,
here I could cover a much broader array of buildings policies.
Identifying what an ‘average’ building is for each country was not possible due to a lack
of information. Consequently, this study identifies a set of indicators for the buildings
sector, in which the highest benchmark score for all segments would represent a
scenario, in which the country maintained its GHG-emissions below those needed to
achieve a 2DS. For this purpose, I used secondary sources to identify the indicators and
respective benchmarks required for this assessment, in line with a 2°C scenario.

1 Reasoning for choosing this segment in Section 3.1.
2 Reasoning for choosing this segment in Section 3.2.
3 Reasoning for choosing this segment in Section 3.3.
4 Reasoning for choosing this segment in Section 3.4.
5 Reasoning for choosing this segment in Section 3.5.
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In the following sections these segments will be broken down and their purpose
elaborated alongside their corresponding indicators.

3.1 Building envelope
The policies that fall under the indicators in this segment, relate to the structure and
materials used for buildings. In most countries this is represented by the building codes,
however, included in this segment we also find other indicators that indirectly affect the
building envelope. These may be in the form of financial subsidies or legislature to
promotes a stronger adoption of energy efficient practices in buildings. The building
envelope does not in itself use any energy, however, if badly constructed, it puts more
pressure on other systems requiring a higher energy use for the same effect. This
segment is included in this study since the envelope prevents energy loss from the
building, generally by insulation (IPCC, 2015).
This study represents a small percentage of the building codes generally addressed for
the construction of buildings. But I have chosen a representative sample6 that indicates
the political commitment by member states of the G20 to abide by their commitments
to limit their CO2 emissions. Furthermore, policies between countries varied greatly in
the way they were designed. Some had precise energy or economic requirements, while
others had language that was more open to interpretation. This meant that not every
policy had precise numerical (and therefore measurable) targets. Additionally some
would be dependent on multiple other factors, such as economic incentives, which were
dependent on a variety of variables (income of applicant, age, value of home, etc.),
therefore requiring the benchmarks to be designed to address these complications and
prevent errors in the results. This has also made comparison between countries difficult,
in some cases due to the differences in metrics and in others due to the large array of
policies available for the same indicator but with slight weather and location variables.

6

Reasoning for what makes it a representative sample in Section 3.1.1.1.
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Table 2 Indicators and benchmarks considered within the Building Envelope segment with a concise reasoning as to
why they were chosen.
Indicator
Insulation for
HDD

Potential measures
-U-values for
external residential
walls

Insulation for CDD -U-values for
external residential
walls

-Grants, loans,
subsidies or rebates
for renovation which
improves energy
efficiency for the
building

Incentives

Mandatory audits
- Residential
Mandatory audits
- Commercial
Financial
incentives for
envelope
renovation Residential

Financial
incentives for
envelope
renovation Commercial

-Grants, loans,
subsidies or rebates
for renovation which
improves energy
efficiency for the
building

Promotion of
NZBEs

-Existence of policies
-Recognition of
NZEBs

Benchmarks
100: Equal or lower U-value than
best practice scenario
75: Higher U-value than best
practice, but below factor of 2
50: U-value between factor of 2 and
3 of best practice
25: U-value above factor of 3 of
best practice
0: No U-value
100: Equal or lower U-value than
best practice scenario
75: Higher U-value than best
practice, but below factor of 2
50: U-value between factor of 2 and
3 of best practice
25: U-value above factor of 3 of
best practice
0: No U-value
100: Yes
0: No
100: Yes
0: No
100: At least two financial
mechanisms that cover the entire
building envelope, plus incentives
that go beyond the building
envelope, such as providing aid for
audits and giving detailed
information as to how to increase
building envelope energy efficiency.
75: At least two financial
mechanisms that cover the entire
building envelope.
50: Incentives that cover the entire
building envelope. But through a
limited number of tools.
25: One or two incentive tools that
cover limited aspects of the building
envelope.
0: None
100: At least two financial
mechanisms that cover the entire
building envelope, plus incentives
that go beyond the building
envelope, such as providing aid for
audits and giving detailed
information as to how to increase
building envelope energy efficiency.
75: At least two financial
mechanisms that cover the entire
building envelope.
50: Incentives that cover the entire
building envelope. But through a
limited number of tools.
25: One or two incentive tools that
cover limited aspects of the building
envelope.
0: None
100: Policies promoting NZEBs

Rational for benchmarks
A best practice curve for U-values plotted
against HDDs. These have been calculated
based on cost efficiency (IEA, 2006) and CO2
climate targets for wall constructions
(Boermans and Petersdorff, 2007).

No best practice U-values were available in
correlation with CDD. Therefore the best
practice curve for U-values plotted against
HDDs was extrapolated for CDD.

Since this is a measure either implemented
or not, full value is given when it is.
Since this is a measure either implemented
or not, full value is given when it is.
A wide variety of financing mechanisms that
cover the entire building envelope is
necessary to ensure and promote increased
energy efficiency in buildings so that the
necessary targets are reached (UNEP, 2009).

This indicator has the same reasoning for its
benchmarks as the financial incentives for
envelope renovation of residential homes.

Since this indicator can take many forms
and is not quantifiable in a comparable
manner between nations a full score will be
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25: NZEBs legalistically defined

awarded if NZEBs are promoted and a
partial score if they are at least defined in
0: No policies or legal definition for the legal system and therefore recognized
(Laustsen, 2008).
NZEBs
Barriers

Landlord tenant
problem
Penalties for
improper building
code
implementation

-Policies targeting
the issue
-Fines
-Refusal of permits
-Cancelation license

-100: Yes
0: No
Each 25 (start at -100)
+25: Refusal to occupy
+25: Refusal to construct
+25: Economic penalty
+25: Suspension or loss of license

Since exact values are dependent on each
individual project.
A combination of incentives and deterrents
ensure the best potential for increasing
efficiency (Laustsen, 2008). This list of
benchmarks represents the tools available
for policymakers.

3.1.1.1 Insulation
This indicator has been chosen as a metric to represent all envelope related building
codes. Building codes for countries are normally composed of thousands of regulations.
Furthermore, they are country specific and hard to compare with other countries due to
the different climates. I have taken the metric of U-value for building walls for the
residential sector to represent the stringency of the building codes with relation to the
building envelope. U-value for walls in the residential sector is the most prevalent value
assigned in the building codes for every country. Furthermore, walls account for 35% of
the heat loss from buildings with roofs accounting for 25%, draughts 15%, windows 10%
and the other 15% from a variety of things, such as pipe insulation, air intake, shading,
etc. (AS, 2010).
The insulation indicator is then further divided into heating and cooling. This has been
done to ensure that appropriate weighted values are assigned to each country. This
ensures that countries that get a high score for insulation HDD but have a low number
of HDDs do not get a high weighted score. Since very little energy will be used for
heating. This is then the same scenario with CDDs.
For the highest benchmark score a study from Boermans and Petersdorff (2007) was
used to plot a curve for the most cost optimal wall U-value for residential buildings, to
increase insulation with the aim of reaching the GHG-emission reduction targets to
maintain temperature increase below 2°C. This curve is based on the most cost optimal
way to reduce GHG-emissions in Europe, in accordance with the aforementioned
targets. Even though this study is designed for Europe similar U-values with regards to
HDDs would be required to maintain emissions on track to stay well below a 2°C
increase in temperature (LaFrance, 2013; IEA, 2013b). Furthermore, Boermans and
Petersdorff’s, (2007) study is the only one that had a best practice scenario of HDD
plotted against wall U-values, and therefore the most adequate for this study. I cannot
use the more recent IEA 2DS (2017) scenario or the Paris Agreement (2015) climate
targets since no studies that link them and wall U-values have been performed.
Smaller U-values represent better insulation, therefore each time the U-value increased
by a factor of one above the cost optimal value, the member state lost an extra 25
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points. The study used is based on U-values of walls versus HDD, however, I used the
same curve for CDD. I assume that the shape of the curve is the same and therefore the
error of doing so is small. The same method was used for Insulation HDD and CDD. Even
though this method of benchmarking does not directly correlate to emissions, it still
allows us to easily compare a countries regulatory commitment to policies that ensure
higher energy efficiency through the building envelope.
3.1.1.2 Mandatory audits
Mandatory audits monitor the current state of compliance and enforcement in
buildings. This allows for better data on the current state of the building envelopes
throughout a country. Furthermore, it can help with the development of future
regulation to tackle pervasive issues found with existing building envelopes (IPCC, 2015).
Audits can be useful if combined with other tools, such as education and economic
incentives for renovation (UNEP, 2009). Since audits are either mandatory or not, and
therefore they are beneficial or not, a score of 100 or 0 is awarded respectively.
3.1.1.3 Financial incentives for building envelope renovation
Financial incentives have a great potential to reduce GHG-emissions if used efficiently.
These incentives can convert renovations from a costly endeavour into a financially
beneficial action, by decreasing the initial cost and then maintaining monthly energy
bills lower than prior to the renovation (Ürge-Vorsatz et al., 2012b). Furthermore, the
co-benefits of bringing down the cost of energy (in turn also reducing the load on power
supplying companies) and decreasing GHG-emissions should also make these incentives
attractive to governments (Kerr et al., 2017).
To ensure the strongest impact by financial incentives, they must cover the entire
building envelope. However, given the bureaucratic complexity of some of these
incentives, it is necessary for a wide array of them to be awarded. This ensures that they
cover the highest percentage of the population and that there is more widespread use
and adoption of them. In best-case scenarios, this kind of incentives should also cover
audits and should also provide detailed information into methods of improving energy
efficiency in the building envelope. This is due to a lack of knowledge and understanding
by the general public on the impact of construction materials and building energy flows
on energy consumption (UNEP, 2009). Due to the large amount of incentives and their
different purposes (some building renovation incentives target climate, and others,
social welfare), comparing them based on a sum of money is not possible (Kerr et al.,
2017). This is in part because the amount awarded varies within a country based on a
array of variables, such as; income, cost of renovation, impact of renovation, materials
renovated, geographic location of the building, size of the building and many more.
Comparing among countries from a purely economic perspective is also not feasible
since the GDP, weather, cost of materials and cost of labour can be vastly different.
Therefore I have ensured that the benchmarks are set based on impact on the whole
building and accessibility to the incentives.
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3.1.1.4 Promotion of Net Zero Energy Buildings (NZEBs)
Laws that promote NZEBs have a clear advantage in reducing GHG-emissions. With the
buildings sector being responsible for 32% of the final energy consumption, these
buildings represent a clear way of reducing that number (IPCC, 2015). The EU has
highlighted the importance of these buildings and requests that its member states
promote them (EPBD, 2010). However, there are few policies that promote NZEBs, and
we do not know the actual impact they are likely to have on reducing GHG-emissions.
Globally these buildings are still at the proof of concept stage and therefore some
countries have not even drafted a legal definition of what an NZEB is or should be.
Therefore, the intermediate benchmark of legal definition has been given, since it
indicates that the country has the potential to move forward with legislation that may
promote NZEBs.
3.1.1.5 Landlord tenant problem
The landlord-tenant problem prevents landlords and tenants from renovating their
building since neither party takes full advantage of the benefits. The landlord has no
economic reason to improve energy efficiency of homes since a decrease in the cost of
energy will not translate into more savings for them. At the same time, renters are not
likely to occupy the house for long enough for renovation investments to become an
economically beneficial investment, and they are therefore unlikely to want to make the
investment (Hirst, 2013). Given the large number of rental homes throughout the world,
a lack of solution can be a barrier to GHG-emission reduction from the buildings sector
(Höhne et al., 2011). Multiple solutions to the problem exist and it is not possible to
benchmark them by effectiveness since few legislative solutions have been put in place
(Williams, 2008). Consequently, countries could only score a 0 for having a solution in
place, or -100 for not having one.
3.1.1.6 Penalties for improper building code implementation
Penalties for not following the building codes are essential in ensuring that energy
requirements are met. Without them, regardless of the legal building requirements, we
are likely to find a lack of compliance (Höhne et al., 2011). In cases were there are
strong enforcement policies, GHG-emissions from buildings can be reduced
substantially. However, lack of enforcement can also mean that regardless of legislation
none of the energy efficiency targets are being met (GBPN, 2014; Laustsen, 2008). I have
identified four of the most commonly used tools by countries to ensure compliance
(shown in Table 2) and assigned each one the same score of 25, a combination of them
being the most likely way to ensure compliance of the building codes.

3.2 HVAC systems
This segment relates to all the building equipment required to maintain a comfortable
living environment within it. Most of the energy directly consumed by buildings is for
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heating and cooling (IPCC, 2015), hence this segment represents the highest energy use,
however, it is dependent on the efficiency of the building envelope (UNEP, 2009). The
HVAC system also includes other active systems such as ventilation and the automatic
controls that are responsible for activating heating/cooling and ventilation. Within this
segment I have also included other indirect aspects that affect the performance of HVAC
systems, such as incentives, labeling and audits.
As has been the problem throughout this study, finding exact value for energy
consumption for the HVAC system and converting them into a common metric has not
been possible. As a consequence I had to rely on overarching benchmarks that ensure
that all aspects of HVAC systems are covered, and required that legislation to be present
for all of them to receive full scores.
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Incentives

Table 3 Indicators and benchmarks considered within the HVAC Systems segment with a concise reasoning as to
why they were chosen.
Indicator
Potential measures Benchmarks
Mandatory Audits
100: Yes
0: No
Minimum Energy -Minimum energy
100 = MEPS for heating, cooling,
Performance
performance
ventilation and automatic building
Standards (MEPS) standard regulations controls.
for heating, cooling, 75 = MEPS for heating, cooling and
ventilation and
ventilation
automatic controls. 50 = MEPS for heating and cooling
25 = MEPS for heating or cooling
0 = No MEPS
Financial
-Grants, loans,
100 = More than 2 financial tools
incentives for
subsidies or rebates that cover the entire HVAC system,
HVAC renovation for renovation to
plus incentives that go beyond the
- Residential
increase energy
HVAC system, such as providing aid
efficiency of HVAC for audits and giving detailed
systems.
information as to how to increase
efficiency of HVAC systems.
75 = A variety of tools (composed of
at least two tools such as subsidies
and grants) that cover the entire
HVAC system.
50 = Incentives that cover more
than 2 aspects of HVAC system. But
limited to one type of incentive.
25 = One or two incentive tools that
cover one aspect of HVAC system.
0 = None
Financial
-Grants, loans,
100 = More than 2 financial tools
incentives for
subsidies or rebates that cover the entire HVAC system,
HVAC renovation for renovation to
plus incentives that go beyond the
- Commercial
increase energy
HVAC system, such as providing aid
efficiency of HVAC for audits and giving detailed
systems.
information as to how to increase
efficiency of HVAC systems.
75 = A variety of tools (composed of
at least two tools such as subsidies
and grants) that cover the entire
HVAC system.
50 = Incentives that cover more
than 2 aspects of HVAC system. But
limited to one type of incentive.
25 = One or two incentive tools that
cover one aspect of HVAC system.
0 = None
HVAC system
-Voluntary labels.
100: A variety of voluntary and
labeling
-Mandatory labels. mandatory labels (both private and
governmental).
75: Mandatory labels.
50: Voluntary government labels.
25: Voluntary non-governmental
labels.
0: No labels.

Rational for benchmarks
Since this is a measure either implemented
or not, full value is given when it is.
Heating and cooling can have the largest
impact energy efficiency improvements out
of HVAC systems (Levine et al., 2007). This is
followed by ventilation (IPCC, 2015). Lastly
automatic controls can further improve
energy efficiency in buildings, but are
currently rarely used (Pan et al., 2015).
A wide variety of financing mechanisms that
cover the entire HVAC system is necessary
to ensure and promote increased energy
efficiency in buildings so that the necessary
targets are reached (UNEP, 2009).

This indicator has the same reasoning for its
benchmarks as the financial incentives for
HVAC renovation of residential homes.

Labels act as a form of audits (IPCC, 2015).
As policy packages in combination the
policies have a stronger impact in unison
than the sum of one another (Boza-Kiss et
al., 2013). Mandatory labels ensure that
information regarding energy consumption
is provided, voluntary labels can then go
above the government standards.

3.2.1.1 Mandatory audits
Mandatory audits hold the same effect in HVAC systems as they do in the building
envelope, they monitor the current state of compliance in buildings, allowing for better
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data collection and development of future regulation (UNEP, 2009). The reason for its
separation is because they fall under different legislation, therefore regulation for one
does not mean regulation for the other. Since audits are either mandatory or not, and
therefore they are beneficial or not, a score of 100 or 0 is awarded respectively.
3.2.1.2 Minimum Energy Performance Standards (MEPS)
Buildings have a very long lifespan and so do HVAC systems, oftentimes running for
longer than was intended. Consequently, setting up stringent MEPS that ensure low
energy consumption is essential to prevent lock-in (IPCC, 2015). MEPS ensure that all
the installed components of the HVAC system comply by a certain set of minimums. This
makes them one of the most efficient indicators highlighted in this study at reducing
GHG-emissions (Geller et al., 2006).
3.2.1.3 Financial incentives
For the reasoning regarding this indicator please refer to Section 3.1.1.3. The same
explanation applies for the HVAC systems.
3.2.1.4 HVAC system labeling
Labels are a form of providing information to consumers that is easy to read and
understand. This ensures that consumers do not have to be knowledgeable about the
technical aspects of their purchases, nor understand the energy consumption of
complex systems. A label can also encourage individuals to buy more energy efficient
equipment (UNEP, 2009). Furthermore, it is also worth noting that labels have been
identified by the IPCC (2015) as one of the most cost effective instruments for reducing
GHG-emissions.
As is the case with many policies in the buildings sector, policy packages have a larger
impact than the sum of individual policies (Harmelink et al., 2008; Tambach et al., 2010;
Weiss et al., 2012; Murphy et al., 2012). However, the specifics of the policies or policy
packages are highly dependent on the product, market structure, institutional capacity
and background conditions in each country (Murphy et al., 2012). This in turn means
that benchmarking labels according to energy consumption is not a feasible way of
doing so for this study. Consequently, I have decided to ensure that there are a variety
of labels covering as many aspects of the sector in as many different ways as possible.
This ensures that for a full score labels must be mandatory and therefore government
prescribed, but that there also be other voluntary labels that help consumers identify
products that go above and beyond the necessary minimums required by governments.

3.3 Appliance standards
According to the UNFCCC (2014) improved policies with regards to appliances could
decrease global GHG-emissions by 0.5 GT equiv. annually. This segment has also been
identified by the IPCC (2015) as one of the most cost effective ways of increasing energy
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efficiency within the buildings sector. Policies with regards to standards, labeling and
subsidies have promoted large increases in the energy efficiency of appliances in OECD
countries (Barthel and Götz, 2013; Labanca and Bertoldi, 2013). These improvements
are starting to become apparent in developing countries (Antwi-Agyei, 2013). On
average, appliance improvements can cause energy savings of around 50% (IPCC, 2015).
In some studies HVAC systems are grouped together with appliances, however, for the
purpose of this study they have been kept separate. Consequently, I have focused on
the appliances that consume the most energy in buildings. Lighting has been considered
in this section, however, it is treated separately since there are multiple policies
covering lighting alone. It has not been possible to create benchmarks based on energy
consumption for appliances, this is because the number of variables for appliances is too
large to assess in this study. The approach taken has been to award scores based on
coverage as opposed to energy usage, a similar method to the one used in the RISE
database. To attain high scores countries were required to have policies covering a large
array of indicators. For this segment the indicators entail standards for appliances that
consume a high percentage of energy versus other appliances, labels that provide
information regarding appliances, and financial incentives that facilitate the purchase of
energy efficient appliances.
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Table 4 Indicators and benchmarks considered within the Appliance Standards segment with a concise reasoning as
to why they were chosen.
Potential measures
-Standards in place.
-Fines for noncompliance.
-Existing appliance
programs.

MEPS for
entertainment
systems

-Standards in place.
-Fines for noncompliance.
-Existing appliance
programs.

MEPS for cook
stoves

-Standards in place.
-Fines for noncompliance.
-Existing appliance
programs.

MEPS for
washers/driers

-Standards in place.
-Fines for noncompliance.
-Existing appliance
programs.

Incentives

Indicator
MEPS for fridges

MEPS for lighting -Standards in place.
-Fines for noncompliance.
-Existing appliance
programs.

Phase out of
-Laws reducing use
incandescent light or prohibiting use of
bulbs
incandescent light
bulbs

Benchmarks
Each 25
+25: Have minimum energy
performance standards been
adopted?
+25: Is there a verification program
in place?
+25: Is it carried out by a third
party?
+25: Is there a penalty for noncompliance with energy efficiency
standards?
Each 25
+25: Have minimum energy
performance standards been
adopted?
+25: Is there a verification program
in place?
+25: Is it carried out by a third
party?
+25: Is there a penalty for noncompliance with energy efficiency
standards?
Each 25
+25: Have minimum energy
performance standards been
adopted?
+25: Is there a verification program
in place?
+25: Is it carried out by a third
party?
+25: Is there a penalty for noncompliance with energy efficiency
standards?
Each 25
+25: Have minimum energy
performance standards been
adopted?
+25: Is there a verification program
in place?
+25: Is it carried out by a third
party?
+25: Is there a penalty for noncompliance with energy efficiency
standards?
Each 25
+25: Have minimum energy
performance standards been
adopted?
+25: Is there a verification program
in place?
+25: Is it carried out by a third
party?
+25: Is there a penalty for noncompliance with energy efficiency
standards?
100 = Already phased out
incandescent light bulbs.
50 = Currently phasing out
incandescent light bulbs.
0: No policies to phase out.

Rationale for benchmarks
All of these steps facilitate a higher level of
compliance of MEPS (Wiel and McMahon,
2003). This is necessary to ensure that the
legislation is being followed. Essentially
preventing the issue of lack of enforcement
becoming a barrier to increasing energy
efficiency (IPCC, 2015).

Same rationale as MEPS for fridges.

Same rationale as MEPS for fridges.

Same rationale as MEPS for fridges.

Same rationale as MEPS for fridges.

Lighting uses 25%-50% of energy in
commercial buildings of OECDs, with a
potential of over 75% in energy reduction
(Ürge-Vorsatz et al., 2012b). The sooner we
reduce the demand the more likely we are
to meet our GHG-emissions reduction
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Appliance labeling -Voluntary labels.
-Mandatory labels.

Financial
incentives to
reduce
incandescent light
bulbs
Financial
incentives for
purchase of
energy efficient
appliances

-Tax rebates,
subsidies, loans or
grants for purchase
of energy efficient
appliances.

100: A variety of voluntary and
mandatory labels (both private and
governmental).
75: Mandatory labels.
50: Voluntary government labels.
25: Voluntary non-governmental
labels.
0: No labels.
100: Incentives available.
0: No incentives.

targets.
Labels act as a form of audits (IPCC, 2015).
As policy packages in combination the
policies have a stronger impact in unison
than the sum of one another (Boza-Kiss et
al., 2013). Mandatory labels ensure that
information regarding energy consumption
is provided, voluntary labels can then go
above the government standards.
These are simply available or unavailable.
Comparing between them is not feasible in
this study.

100: Four or more economic tools. The variety of economic tools restricts the
Must include the use of loans as
capacity to benchmark them beyond simply
well as one of either grants, rebates counting the number of tools.
or subsidies.
75: Three economic tools.
50: Two economic tools.
25: One economic tool.
0: No economic tools.

3.3.1.1 MEPS
MEPS are the most direct way of reducing the energy intensity of appliances since they
directly affect the energy consumption (IPCC, 2014). Increased energy efficiency,
especially in developing countries, is something that nations must strive towards,
because it is predicted that the number of appliances will increase rapidly as ownership
rates increase with wealth (IPCC, 2014). However, regardless of the projected growth in
stock of these items, the total related energy consumption could decrease if the best
technologies available are installed (Barthel and Götz, 2013; Letschert et al., 2013).
These energy efficiency improvements are currently observable in the field of lighting
which is being revolutionized with the implementation of Light Emitting Diodes (LEDs)
which can bring in energy saving of over 75% and can last up to 25 times longer than
conventional incandescent light bulbs (Taguchi, 2008; Schäppi and Bogner, 2013).
3.3.1.2 Incandescent light-bulb phase out
Lighting is responsible for a large percentage of the final energy consumption in
buildings. It is estimated that over 15% of the final electricity consumption for
commercial buildings is used by lighting, and just under 10% for residential buildings
(UNEP, 2009). However, there have been great strides made in the last two decades,
with lighting retrofits in the early 2000s achieving energy savings of between 30-60% in
commercial buildings (Bertoldi and Ciugudeanu, 2005).
Given the huge potential for energy efficiency improvements in light bulb technology,
many nations have created policy specifically targeting lighting. Due to this reason, the
potential for improvement, and the large energy reductions possible, I have decided to
separate policies promoting the phase out of incandescent light bulbs from other
appliance incentives. Even though many countries have policies regarding incandescent
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light bulb phase out, it is impossible to predict when they will all be out of circulation
within a country, given the long life of these products. Furthermore, measuring the
energy demand decrease from this change is something unpredictable, due to the
variety of alternatives, CFLs and LEDs, and is something that has not been studied on a
country wide scale. Therefore, I have decided to set the benchmarks dependent on the
presence or absence of current policies regarding incandescent light bulb phase out.
3.3.1.3 Appliance labeling
Refer to Section 3.2.1.4.
3.3.1.4 Financial incentives
Financial incentives can promote the adoption of energy efficient appliances. This has
the added co-benefit of reduction in cost of energy, reduction in energy loads and
decreased GHG-emissions (Kerr et al., 2017). These economic incentives are normally in
the form of rebates, subsidies, loans and grants, however, they are highly dependent on
the product and market. This has made a monetary comparison unfeasible and
therefore I have decided a simple documentation of the existence of incentives for
lighting and a sum of the policies available for the rest of appliance incentives to score
countries for these indicators.

3.4 Renewable systems
According to the IPCC (2007) renewables can bring down annual performance from 250400kWhm-2 to 15kWhm-2. This implies that there is a very large potential for energy
intensity reduction. However, if our target is to create NZEBs to handle all energy
requirements through renewable systems, the energy demand from current buildings
must decrease substantially. The cost of installation of these systems varies greatly
depending on region, season and the type of building. For the purpose of this segment I
will not consider indirect or passive forms of renewable energy supply, such as; passive
heating, ventilation and building orientation, since these are considered within the
building envelope. This section will only consider active renewable energy systems, such
as; photovoltaic, wind/water turbines, biomass, etc.
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Table 5 Indicators and benchmarks considered within the Renewables segment with a concise reasoning as to why
they were chosen.

Incentives

Indicator
Mandatory
renewable energy
policies

Barriers

Potential measures
-Regulations
requiring the use of
renewable energy in
buildings.
Incentives for
-Grants, loans,
renewable energy subsidies or rebates
systems
for the installation
or use of renewables
energy systems in
buildings.
Subsidies or tax
-Discounts on
exemption on
energy use
electricity use in -Subsidized electric
buildings
charges

Benchmarks
100 = Policies in place.
0 = No policies in place.

Rational for benchmarks
Since the exact impact of these policies
could not be calculated a full value was
applied when regulation was available.

100 = Policies in place.
0 = No policies in place.

Exact values for incentives that
promote renewable energy systems
are not available. Therefore, full scores
will be applied if incentives available.

100 = Subsidies and/or tax
exemptions.
0 = No subsidies and/or tax
exemptions.

Since exact subsidy values, specifically
applicable for electricity use in
buildings, are not available, full
deduction will be applied.

3.4.1.1 Mandatory renewable energy policies
Even though buildings with integrated renewable energy systems are only feasible in
low-density buildings, they are a necessary component of NZEBs (Johansson et al.,
2012). These systems are not likely to make high-energy intensity buildings, such as;
hospitals and high-rise buildings into NZEBs, but could help lower the energy demand
load (Johansson et al., 2012). The purpose of this indicator is to document whether
there is a political commitment backed up by regulation that in some way demands the
implementation of renewable energy systems. If available, these types of regulations
are very diverse and still in early stages of development and implementation, therefore
the benchmarks are a full score for any policy available and no score if no policies were
being attempted.
3.4.1.2 Incentives for renewable energy systems
Like with other incentives within this sector there are also multiple co-benefits (Kerr et
al., 2017). Incentives for renewable energy systems can make them more affordable to
consumers and at the same time provide energy independence. The exact amount
provided by these incentives is dependent on a large array of variables and is not readily
available in government websites, therefore a maximum score of 100 has been awarded
in cases where incentives were available and a minimum score of 0 if they were not
available.
3.4.1.3 Subsidies or tax exemptions on electricity use in buildings
These kinds of barriers can provide a roadblock towards GHG-emission reduction
(Höhne et al., 2011). They lower the price of electricity within buildings and can
therefore promote higher use of electricity and as a consequence more emissions. This
decreases the return on financial investments and prolongs the payback time or
implementing energy efficient technologies (Ürge-Vorsatz et al., 2012b). The exact
amount provided in subsidies is not available and in some countries is dependent on the
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income of the beneficiary. As a result this barrier did not penalize nations that have no
energy subsidies and the ones that did received a score of -100.

3.5 Overarching indicators
Policies within this segment impact the entire sector, as opposed to the other segments,
which only impact certain aspects of it. These policies are targeted to affect the energy
companies or the behaviour of energy consumers. This segment is the one that has the
lowest impact on GHG-emission reduction since it tries to increase efficiency through
encouragement of consumers and legislation of energy companies. However, it can still
shed light on a country’s commitment to increase energy efficiency in the buildings
sector. Furthermore, some of the indicators provided here can provide economical ways
of reducing emissions (IPCC, 2015).
Table 6 Indicators and benchmarks considered within the Overarching Indicators segment with a concise reasoning
as to why they were chosen.

Incentives

Indicator
Potential measures
Energy efficiency -Requirements for
obligations
energy suppliers to
meet certain energy
efficiency targets
White certificates

Benchmarks
100 = Requirements in place.
0 = No requirements in place.

Rational for benchmarks
Legal obligations to increase energy
efficiency that can be backed by
penalties if not accomplished (UNEP,
2009).
100 = White certificates awarded. Third party certification of energy
0 = No white certificates awarded. savings by energy companies (UNEP,
2009).
100: A variety of voluntary and
Labels act as a form of audits (IPCC,
mandatory labels (both private and 2015). As policy packages in
governmental).
combination the policies have a
75: Mandatory labels.
stronger impact in unison than the
50: Voluntary government labels.
sum of one another (Boza-Kiss et al.,
25: Voluntary non-governmental
2013). Mandatory labels ensure that
labels.
information regarding energy
0: No labels.
consumption is provided, voluntary
labels can then go above the
government standards.
100: A variety of voluntary and
Same as Building labels – residential.
mandatory labels (both private and
governmental).
75: Mandatory labels.
50: Voluntary government labels.
25: Voluntary non-governmental
labels.
0: No labels.
100 = Information campaigns
Since the nature of these campaigns is
available.
very different, as well as the target
0 = No campaigns available.
group, and the impact has not been
measured a maximum or minimum
score is awarded.

Building labels Residential

-Voluntary labels.
-Mandatory labels.

Building labels Commercial

-Voluntary labels.
-Mandatory labels.

Public
information
campaigns

-Government
advertising to
increase energy
efficiency.
-Websites, flyers,
etc. made available
with information on
energy efficiency.
-Legally requiring
100 = Required.
energy companies to 0 = Not required.
provide information
on energy use
beyond amount of
energy consumed.

Detailed billing

Detailed billing can be represented in
multiple forms with different
requirements. Since the impact of
these campaigns cannot be measured
a maximum or minimum score is
awarded.
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3.5.1.1 Energy efficiency obligations
Energy efficiency obligations require energy companies to increase efficiency, the
impact of this type of regulation can be augmented by setting targets and imposing
penalties if they are not met (UNEP, 2009). These incentives to reduce GHG-emissions
have proven to be amongst the most cost effective (IPCC, 2015; Ürge-Vorsatz et al.,
2012b). Furthermore, in European countries where these practices have been
implemented in conjunction with energy market restructuring there has been increased
activity on energy efficiency by energy companies (Pavan, 2008; Lees, 2008). However,
there is no quantitative information on the impact of this type of regulation (ÜrgeVorsatz et al., 2012b). Furthermore, the commitments required from energy companies
vary from country to country and do not always target energy consumption, therefore
comparing between them is not possible. Consequently a full score or a score of zero
must be awarded for this indicator.
3.5.1.2 White certificates
White certificates prove through third party certification that energy reduction
statements made by energy companies are in fact true (UNEP, 2009). These can be
awarded for actions such as demand side abatement, low emission electricity
generation, or industrial projects reducing GHG-emissions (UNEP, 2009). These are
another set of tools that can be used as part of policy packages, wherein they have a
stronger impact than if used alone (IPCC, 2014), and can promote energy efficiency
beyond minimum standards (Bertoldi et al., 2010). However, their impact is limited
since they tend to incentivise widespread, low cost mass-market measures (Eyre et al.,
2009). This indicator’s application varies between countries and therefore the
benchmarking system is based on whether or not white certificates are available in a
country.
3.5.1.3 Building labels
Refer to Section 3.2.1.4.
3.5.1.4 Public information campaigns
Public information campaigns can be composed of a variety of different programs, such
as; providing energy tips, setting up websites with energy related information or school
programs, amongst others (UNEP, 2009). These types of policies are generally targeted
at the consumers with the purpose of instructing them on how to save energy or with
recommendations on house renovations and the advantages it could have, both
environmentally and economically (Ürge-Vorsatz et al., 2012b). However, in some
instances the purpose of these projects is also to instruct professionals about new
technologies and how to save energy when constructing or operating buildings (Artola
et al., 2016). Due to the large variety of campaigns available and lack of information
regarding their impact, a full score is warded where campaigns are available and a zero
if they are not.
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3.5.1.5 Detailed billing
The behavioural changes to encourage people to use less energy by building occupants
can be promoted through enhanced information, such as direct feedback on energy use
(Ürge-Vorsatz et al., 2012b). Detailed billing and disclosure programs can have huge
impacts of up to 20% energy reduction in some cases (Darby, 2000) and they are
generally underestimated and very cost effective (Ürge-Vorsatz et al., 2012b). However,
their impact in reducing GHG-emissions are not available, therefore a full score is
awarded in the presence of detailed billing campaigns and a score of zero if they are not
available.
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4 Research question 2: Policy adequacy and sensitivity analysis
Following the identification of indicators and benchmarks the next step in this study is
using the methodology delineated in Section 2 to score countries. To define a country’s
performance, I first collected data on policies for all the G20 nations and assigned
weights to the segments and indicators. Weights and scores were applied based on the
policy adequacy to reduce GHG-emission in the buildings sector. For the final results
please refer to Figure 2.

4.1 Data collection
Data for the policy adequacy assessment was mainly gathered from databases and
government websites, and in some instances from research papers and reports. The
latter was mainly in countries where information is limited, is in a foreign language or
the costs of access to government legislation were above the budget of this research.
This was particularly an issue with regard to building codes. Where possible,
government websites were used since they are the most accurate and up to date source
of information for countries. The following databases were consulted for this research:
-

IEA – Buildings Energy Efficiency Policies1;
IEA – Policies and Measures Database2;
Climate Policy Database3;
Climate Action Tracker4;
IPEEC5;
CLASP6; and
U.S. Energy Information Administration7.

1

https://www.iea.org/beep
https://www.iea.org/policiesandmeasures/
3
http://climatepolicydatabase.org
4
http://climateactiontracker.org
5
https://ipeec.org
6
https://clasp.ngo
7
https://www.eia.gov
2
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Table 7 Segment weights and reasoning.
Segment
Building envelope

Final weight
23% - 43%

HVAC systems

19% - 36%

Appliance standards

6% - 43%

Renewable energy systems

10%

Overarching indicators

5%

Rationale for weight
Building envelope can decrease energy demand by over 50% (IPCC, 2015). A weight
of around 35% is applied. This value is adjusted depending on the country and the
amount of energy used for heating or cooling within that country.
Energy consumption of HVAC is around 60% vs. 20% by appliances (Ürge-Vorsatz et
al., 2012b). HVAC systems are therefore around 30% of weight. This value is adjusted
depending on a country’s energy use in heating and cooling.
According to the IPCC (2015) appliances consume around 20-25% of energy in
buildings. This value is adjusted depending on the amount of energy used on heating
and cooling compared to appliances.
Renewables can decrease demand by up to 80% (IPCC, 2007), but need proper
efficiency improvements from other segments (UNEP, 2009).
Labels, EEOs, detailed billing and information campaigns normally have a small
impact compared to the other segments (UNEP, 2009).

4.1.1 Building envelope
Building envelope renovation can easily decrease energy demand by over 50% (IPCC,
2015). This is without changing or renovating the heating/cooling systems. This is
generally the most cost optimal solution for decreasing energy demand from heating or
cooling systems. Furthermore, in many cases, heaters and boilers are already very
energy efficient, while building envelopes can still have large impacts on decreasing
energy demand (Harvey, 2013; IPCC, 2015; IPCC 2007; Levine et al., 2007). Because of
this the envelope accounts for around 35% of the weight. This value is adjusted
depending on the amount of energy used for heating or cooling within that country
(refer to Section 4.1.6). This is because some countries have higher relative energy
consumption from appliances than from heating and cooling, due to their local climates.
For example, countries in very cold climates will use a higher percentage of their energy
for heating than appliances, compared to temperate countries that do not need heating.
The weight ratio between Envelope and HVAC is maintained because most of the energy
consumption of the HVAC system is for heating and cooling and therefore dependent on
the building envelope.
4.1.2 HVAC systems
The weights assigned to HVAC systems and appliances are based on the fact that energy
consumption is about 60% versus 20% respectively (Ürge-Vorsatz, 2012b; IPCC, 2015).
We know that envelope renovation can increase energy efficiency a small amount more
than the HVAC systems (IPCC, 2007; Levine et al., 2007). UNEP (2009) also states the
importance of envelope to be as high or higher than HVAC system policies. Even though
HVAC systems on average use around 60% of the final energy (Ürge-Vorsatz et al.,
2012b; IPCC, 2015; UNEP, 2009), this varies across countries.
4.1.3 Appliance standards
According to the IPCC (2015) report for global energy consumption appliances consume
around 20-25% of the energy in buildings. Within appliances I only include cooking,
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refrigeration, entertainment systems (i.e. TVs), lighting and washing, and exclude all
other appliances, such as industrial equipment, IT services, etc., which are hard to
document and vary greatly across industries. Furthermore, some of the appliances not
included, such as industrial equipment, are oftentimes listed as “other” in studies (ÜrgeVorsatz et al., 2012b). For the purpose of this study (and based on existing data) I have
assumed that this field accounts for around 20% of the final energy consumption in
buildings (Ürge-Vorsatz et al. et al., 2012b).
4.1.4 Renewable systems
Renewable energy can greatly reduce the energy demand of a building, by over 80%
(IPCC, 2007). However, this is only possible in very energy efficient buildings where
passive solar heating, PV, etc. can take up most of the required energy load (IPCC, 2007).
UNEP (2009) acknowledges the importance of renewables, but highlights that without
proper efficiency in the other segments, the impact of renewables in buildings is rather
small. By 2050 we could achieve an 83% intensity reduction in buildings (Hirst, 2013;
IEA, 2010). However, for NZEBs to become a reality, existing buildings-related policies
need to be strongly improved (increasing efficiency) with regards to envelope, HVAC
and appliances, so that renewables could cover most of the remaining energy. Given
this relation to improvements in other sectors a weight of 10% is assigned to the
renewables segment within the buildings sector. The weight of renewables is
maintained because, regardless of climate or location, renewables would have a similar
influence on every country in decreasing energy demand (IPCC, 2007). This decision was
made since the impact renewable systems have or could have in buildings has not been
studied for all the G20 member states.
4.1.5 Overarching indicators
Labels, EEOs, detailed billing and information campaigns normally have a rather small
impact on reducing emissions (UNEP, 2009). Like with renewables, the overarching
indicators always have a fixed weight, in this case 5% for all countries. This is because
the economic gains from saved energy are the same and therefore campaigns like these
are likely to have the same effect on the behavioural aspects of people for every
country.
4.1.6 Country weight adjustment
Since the weight of building envelope is slightly higher than that of the HVAC system it
receives a 7:6 ratio. Ürge-Vorsatz et al. (2015) state that the ratio of HVAC and building
envelope combined against appliances is around 3:1. Therefore I assume that the ratio
of building envelope to HVAC systems to appliances is 7:6:4, appliances are rounded
down to 4 based on some studies pointing to a slightly lower energy share from them
(IPCC, 2007; UNEP, 2009). To adjust the weights according to countries I used primary or
secondary data to find out how much energy was used for appliances. Then, maintaining
7:6 envelope to HVAC ratio, adjusted the ratio for appliances. In every case I also tried
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to figure out the amount of energy that went into water heating and space
heating/cooling. However, wherever this was not possible I found estimates for regions
of the world that had heating and cooling energy values (Ürge-Vorsatz et al., 2012b; IEA,
2013a; Ürge-Vosatz et al., 2015; IEA, 2017c). Then I added 20% to account for water
heating, which is mostly stable around the world and another 3% for other HVAC system
requirements, such as ventilation and automatic controls (Pérez-Lombard et al., 2008;
UNEP, 2009; Ürge-Vorsatz et al., 2012b; IEA, 2013a; IPCC, 2015). Another 15% was
barred off for other energy uses (UNEP, 2009). From this, I calculated the ratio of HVAC
energy use versus appliances. Then I used the ratio to assign a weight to each segment,
considering that 15% of the weight was blocked for renewable systems and overarching
indicators.
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4.2 Weights by country
Table 8 Assigned weights for each country and rationale (with source) for weights assigned.

Country

Weight of
Building
envelope

Weight of
HVAC
Systems

Weight of
Appliance
standards

France

37%

32%

16%

Germany

41%

34%

10%

Italy

38%

33%

14%

UK

38%

33%

14%

Australia

37%

32%

16%

Canada

37%

32%

16%

USA

30%

26%

29%

Saudi Arabia

23%

19%

43%

Brazil

38%

33%

14%

Mexico

38%

33%

14%

Argentina

38%

33%

14%

India

31%

26%

28%

Russia

46%

39%

15%

South Africa

27%

23%

35%

Turkey

39%

34%

12%

Rationale and source of information for weights
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. To back up these findings I also used ÜrgeVorsatz’s et al. (2015) paper.
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. To back up these findings I also used ÜrgeVorsatz’s et al. (2015) paper.
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. To back up these findings I also used ÜrgeVorsatz’s et al. (2015) paper.
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. To back up these findings I also used ÜrgeVorsatz’s et al. (2015) paper.
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors. Backed by IEA
(2017b).
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. To back up these findings I also used ÜrgeVorsatz’s et al. (2015) paper.
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. Further evidence provided by IEA (2013),
Ürge-Vorsatz (2015) and IEA (2017a).
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors.
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors. Backed by
Lapillone (2015).
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors. Backed by
SENER (2009).
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors. Backed by
Lapillone (2015).
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors.
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors. Backed by IEA
(2013).
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors.
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors.
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China

43%

36%

6%

Indonesia

29%

24%

32%

Japan

29%

24%

32%

Korea

38%

33%

14%

EU

38%

33%

14%

Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors.
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. Further evidence provided by IEA (2013),
Ürge-Vorsatz (2015) and IEA (2017a).
Ürge-Vorsatz’s et al. (2012b) article shows percentage
energy use of appliances versus heating/cooling and
water heating. Further evidence provided by IEA (2013),
Ürge-Vorsatz (2015) and IEA (2017a).
Ürge-Vorsatz’s et al. (2015) research gives the percentage
of final energy consumption used for heating and cooling
in commercial versus residential sectors. Backed by IEA
(2017b).
Based on the four EU members and Poland to calculate
averages. Further reasoning and explanation in Section 5.

Each country had its weights slightly modified depending on the percentage of energy
used for appliances versus heating/cooling as well as depending on the amount of
energy used by residential versus commercial buildings. The IEA – BEEP database was
used to determine the percentage of energy used for commercial versus residential
building types. Consequently, weights for all indicators that address both residential and
commercial buildings were adjusted based on these shares. A paper by Ürge-Vorsatz et
al. (2015) that generalizes regions was used for Argentina and Saudi Arabia since this
data was not available in the IEA – BEEP. To estimate the weight ratio between
appliances, and HVAC and building envelope I used the energy consumption for
heating/cooling and appliances (detailed in Section 4.1.6).
The weight assigned to the insulation of residential walls also fluctuated between
nations. Here I calculated the percentage of HDDs and CDDs in each country and created
a ratio (Atalla et al., 2015). This ratio allowed us to assign a weight to the population
adjusted HDD and CDD scores. The reasoning is that a country with a large number of
HDDs is likely to have a stringent code for insulation, consequently easily receiving a
score of 100 in the CDD indicator. In cases such these, the ratio of CDDs to HDDs is very
low, which meant that even though a country could easily receive a 100 for this
indicator, the overall weighted score would be insignificant.

4.3 Indicator weights
Indicator weights are assigned following the same method as segment weights, using
literature to identify the impact on energy consumption. To calculate weights for
multiple indicators, energy consumption ratios defined in the literature are used. The
weights for each indicator are shown in Table 9.
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Table 9 Indicators in each segment with their assigned weights.
Segment

Building envelope

HVAC systems

Appliance standards

Renewable energy systems

Overarching indicators

Indicator
Insulation HDD + CDD
Mandatory audits - Residential
Mandatory audits - Commercial
Financial incentives for envelope renovation - Residential
Financial incentives for envelope renovation - Commercial
Promotion of NZBEs
Barrier - Landlord tenant problem
Barrier - Penalties for improper building code
implementation
Mandatory Audits
MEPS
Financial incentives for HVAC renovation - Residential
Financial incentives for HVAC renovation - Commercial
HVAC system labeling
MEPS fridges
MEPS Entertainment systems
MEPS Cook stoves
MEPS Washers/driers
MEPS lighting
Phase out of incandescent light bulbs
Appliance labeling
Financial incentives for lighting
Financial incentives for purchase of energy efficient
appliances
Mandatory renewable energy policies
Incentives for renewable energy systems
Barrier - Subsidies or tax exemption on electricity use in
buildings
Energy Efficiency obligations
White certificates
Building labels - Residential
Building labels - Commercial
Public information campaigns
Detailed billing

Final weight
40%
Variable
Variable
Variable
Variable
15%
-5%
-20%
15%
40%
Variable
Variable
15%
11%
4%
6%
6%
21%
16%
8%
14%
14%
70%
30%
-5%
16%
13%
Variable
Variable
11%
20%

The indicators that are labeled variable are dependent on the country. Using the IEA –
BEEP database I calculated the percentage energy used in the commercial versus the
residential sector for every country. Literature was used to identify the weight of these
indicators and then I adjusted the weights according to the ratio of energy consumption
in the residential versus commercial sectors. The four variable indicators and their
weights are; mandatory audits (15%), financial incentives for envelope (30%), financial
incentives for HVAC renovation (30%) and building labels (40%).
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Table 10 Weight division for indicators that were divided into commercial and residential segments.
Country

France
Germany
Italy
UK
Australia
Canada
USA
Saudi Arabia
Brazil
Mexico
Argentina
India
Russia
South Africa
Turkey
China
Indonesia
Japan
Korea
EU

Mandatory audits
Residential

Commercial

Financial incentives for
envelope
Residential Commercial

Financial incentives for
HVAC renovation
Residential Commercial

Building labels
Residential

Commercial

10%

5%

20%

10%

20%

10%

26%

14%

10%

5%

20%

10%

20%

10%

26%

14%

10%

5%

19%

11%

19%

11%

26%

14%

11%

4%

22%

8%

22%

8%

30%

10%

9%

6%

18%

12%

18%

12%

24%

16%

8%

7%

17%

13%

17%

13%

22%

18%

8%

7%

17%

13%

17%

13%

23%

17%

12%

3%

24%

6%

24%

6%

32%

8%

10%

5%

21%

9%

21%

9%

28%

12%

12%

3%

23%

7%

23%

7%

31%

9%

12%

3%

23%

7%

23%

7%

31%

9%

14%

1%

28%

2%

28%

2%

37%

3%

11%

4%

23%

7%

23%

7%

30%

10%

12%

3%

23%

7%

23%

7%

31%

9%

12%

3%

24%

6%

24%

6%

32%

8%

13%

2%

26%

4%

26%

4%

34%

6%

10%

5%

20%

10%

20%

10%

26%

14%

7%

8%

13%

17%

13%

17%

17%

23%

7%

8%

15%

15%

15%

15%

15%

15%

10%

5%

20%

10%

20%

10%

26%

14%

4.3.1 Building envelope
Insulation: This indicator represents the building codes. I have taken the metric of
building wall U-value for the residential sector to represent the stringency of the
building codes with relation to the building envelope. This is the most prevalent
indicator throughout every country’s legislation. Furthermore, walls account for
35% of the heat loss from buildings with roofs accounting for 25%, draughts 15%,
windows 10% and the other 15% from a variety of things, such as pipe insulation,
air intake, shading, etc. (AS, 2010). Due to the importance of the codes for the
building envelope and the fact that it can greatly increase building energy
efficiency (IPCC, 2007; IPCC, 2015; UNEP, 2009) this indicator has been assigned
a weight of 40% within the 35% of the envelope.
Mandatory audits: According to UNEP (2009) mandatory audits may have a high impact,
since they are most effective if combined with other measures. This indicator’s
weight is based on the weight assigned to incentives for the building envelope,
and since they have a weight of 30% and the mandatory audits have received a
15%. This is because, like incentives they can have a strong impact, but unlike
them, audits must be coupled with other measures (UNEP, 2009). This indicator’s
weight is variable dependent on residential versus commercial energy use.
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Incentives: In a paper by Höhne et al. (2011) incentives for building envelope have a
high weight of around 40%, they have also been shown to have a large impact
factor in other studies (du Can et al., 2014; UNEP, 2009). However, previous
studies have not taken into consideration as many indicators as this study has.
Therefore, this indicator has been given a lower weight of 30% within the
building envelope. This indicator’s weight is variable dependent on residential
versus commercial energy use.
Policies to promote NZEBs: The EU aims for all new buildings to be NZEBs by 2020 (EU,
2016), which would greatly decrease energy demand. Based on Höhne et al.,
(2011) I have assigned a weight of 15% within the envelope for this indicator.
Höhne et al., (2011) gave it a 17% weight but with fewer indicators in total. As
more indicators were added in this paper, the weight had to be slightly
decreased. However, it is still around half of the weight assigned to financial
incentives for building envelope.
4.3.2 Building envelope barriers
Landlord tenant problem: This barrier has been assigned a weight of -5% based on
Höhne et al. (2011). I agree that even though the landlord tenant problem is
widespread, a low weight has been assigned since it only affect rental buildings,
and mainly in the residential sector.
Penalties for improper implementation of building codes: Given that incentives can
have such a large impact, I have concluded that penalties can also have a large
impact. This is because in the case of not providing permission to occupy or
construct, this costs the construction company money since an investment is not
providing a return. In the case of financial penalties it will carry out a similar duty
to incentives but in the opposite direction. Loss of license or any form of public
shaming will further reduce the potential profits of the company and therefore
act as a stronger deterrent. This barrier has a weight of -20%, slightly below
incentives, because in the case of no permission to occupy or construct, I do not
expect it to have as much of an impact as a financial incentive would.
4.3.3 HVAC systems
Mandatory audits: UNEP (2009) states that they have a high impact if combined with
other measures. Therefore they have a weight of 15%, the same as in building
envelope.
MEPS for HVAC: This indicator represents equipment that uses between 40%-65% of the
final energy consumption from buildings (Ürge-Vorsatz et al., 2012b; IPCC, 2015).
This includes heating and cooling systems, ventilation and automatic controls.
Based on the IPCC (2007) report, with improved efficiency the energy demand
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can decrease by over 50%, this is similar to the impact from building energy
codes. Therefore it has been awarded a weight of 40% within the HVAC system.
Financial incentives: Given the similarity between building envelope and HVAC systems
these indicators have also been awarded a weight of 30% within the HVAC
systems segment. The weight is also based on Höhne et al. (2011) and on UNEP
(2007). This indicator’s weight is variable dependent on residential versus
commercial energy use.
HVAC system labeling: According to UNEP (2009) this has a similar impact than
mandatory audits. Therefore it has been awarded the same weight of 15%.
4.3.4 Appliance standards
MEPS for appliances: To calculate the weights for MEPS I looked at the total energy
consumption by these appliances (Ürge-Vorsatz et al., 2012b). To assign the
weights I looked at UNEP (2009) and IPCC (2007) and ensured that these
appliances have a large potential for decreased energy intensity. The IPCC (2015)
report was also used to figure out energy intensity from these appliances. Based
on these reports I assigned the weights to each appliance in accordance to how
much energy they use.
Phase out of incandescent light bulbs: Increasing the energy efficiency of lighting can
create savings of 75% to 90% (USDE, 2010). CFLs consume 70% less than
incandescent light bulbs and LEDs around 85% less, but CFLs are more prevalent
(USDE, 2010). I then assume that a phase out of incandescent light bulbs could
cause a decrease of 75% in energy intensity from lighting, I calculated the max
impact this could have in energy demand and from there assigned a weight of
14% to this indicator (UNEP, 2009; USDE, 2010).
Appliance labeling: According to UNEP (2009) this is not as important as HVAC system
labeling nor does it represent as much energy consumption. Therefore it has
been given a lower weight of 8%.
Financial incentives: These are still considered very efficient at decreasing energy
consumption by UNEP (2009) and Höhne et al. (2011). Therefore the
combination of both of them has a weight of 28%. Similar to the weight awarded
to incentives in building envelope and HVAC systems, but slightly lower due to
the impact factors of other indicators in this segment.
4.3.5 Renewable systems
Mandatory renewable energy policies: Based on Levine’s et al. (2007) prediction that
these systems in unison with others can decrease energy demand from a
building by 80-97% and that Höhne et al. (2011) rated it as a strong impact factor
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it has been awarded a weight of 70% within its segment. This is because if this
segment is combined with others it has a huge potential for energy reduction
within the buildings and it is also the only way to fully make buildings have a
close to zero energy consumption.
Incentives for renewables: Like in the other segments, incentives have a strong
potential for increasing the use of renewable systems and therefore decreasing
energy intensity in buildings. According to UNEP (2009) this indicator also has a
“high” impact, like incentives in other segments, it has therefore been awarded a
similar weight of 30%.
4.3.6 Barriers to renewables
Subsidies or tax exemptions to electricity use in buildings: According to Höhne et al.
(2011) they calculated the impact factor to be of -5%. I could not link this
indicator to other indicators based on energy consumption due to a lack of
information. I have therefore decided to award it the same weight of -5%.
4.3.7 Overarching indicators
Energy companies: EEOs have a weight of 16% while white certificates have a weight of
13%. Both of these actually represent less than 1% of the final weight of the
study. However, they still show the interest a country has towards achieving the
energy intensity decrease in the buildings sector. The weights are based on UNEP
(2009) stating that they have a minor impact.
Building labels: According to UNEP (2009) these are the indicators with the most weight
in this segment, since they provide information regarding the energy use of the
whole building. In some cases (such as in Europe) these labels are mandatory
and must be shown when selling a property. Even though the impact is small, the
energy rating can still affect the purchase and selling price of a building. Due to
the increased cost of utilities in energy inefficient buildings, awareness is likely to
rise as well as the impact from building labels.
Public information campaigns: These have a weight of 11% based on UNEP (2009) and
the knowledge that these normally have a small impact on final energy
consumption.
Detailed billing: The weight for this is also based on UNEP (2009) and the knowledge
that people are more likely to change their behaviour if it can save money (du
Can et al., 2014). Due to this, this indicator has a weight of 20%.
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4.4 Policy adequacy results
This section applies the methodology designed in Section 2 using the indicators and
benchmarks highlighted in Section 3. Once an indicator is assigned a score it is
multiplied times its percentage weight. Finally this allows us to assess the policy
adequacy of the G20 countries with regards to reducing GHG-emissions.
Figure 2 shows the results of the policy assessment on the G20. In this figure each
segment has been applied the weight that corresponds to it and is represented in a
different color. Appendix 1 contains tables and figures with the exact scores for each
segment.
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Figure 2 Final score (out of 100) for each country, with each segment highlighted a different colour.

To further analyze the differences in scores I considered the CO2 emissions per capita in
the buildings sector for each country. Figure 3 shows a graph with each country’s scores
with per capita CO2 equivalent GHG-emissions in the buildings sector taken from
Climate Action Tracker (2014). Here we see that some nations that appear to have good
policies, in fact have very high per capita emissions, therefore indicating that even
though the adequacy of their policies is good, much more must be done to decrease
emissions. However, it also shows the importance of adopting strong policy measure in
countries where policies were identified as insufficient and the emissions were high. A
strong case for this argument can be seen in Russia and Saudi Arabia, where emissions
where of 3.7 tCO2e/a and 5.7 tCO2e/a respectively and both countries scored below a
20. Also observable but to a lesser extent in the USA. Conversely, it also shows how
some developing countries have more time to enact strong policies. Mexico, Brazil and
India all scored around 20, but their per capita emissions are 0.5 tCO2e/a or lower.
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tCO2/cap

Figure 3 also shows that some countries with better policies still have high emissions,
this can bring into questions the efficacy of these policies.
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Figure 3 Country’s scores with per capita tCO2e/a emissions for the buildings sector.

From Figure 3 we can observe that every country scores below 70 out of 100. This
indicates that the current energy efficiency policies in the buildings sector will not
achieve the targets set by the Paris Agreement. Figure 1 shows in which segment
countries are fairing better or worse, giving an indication of where there is room for
improvement. Out of the G20 only four members score a 60 or above, the UK, France,
Germany and the EU, while the rest (with the exception of Italy) score below a 50.
Multiple countries also scored a zero in one or more segments.
The results show that some countries are better in certain fields than others, this is not
an indication of a country’s performance, and it simply shows that there are a variety of
strategies that can be employed to reach the same targets. Consider Figure 4 where
every segment has been adjusted to have the same weight, it shows in which segments
countries are doing better or worse. Here we see how appliance standards are the
highest in South Africa, which ranked ninth in this study, however, Germany and Italy,
which ranked first and fourth in the overall study do poorly in this segment. This is an
observable trend with developing countries scoring considerably higher scores on
appliance standards than in other segments. Another trend is the existence of
renewable energy policies, which are only present in OECD countries. A reason for the
low scores of many of the developing countries is the low score in the building envelope
segment, which has highest weight. Most countries had very low scores in the building
envelope segment, only the EU, the UK, France and Germany scored above a fifty. In this
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segment more than half of the non-OECD countries scored a zero and some OECD
countries, most noticeably Korea, Russia, the USA and Canada received low scores.

Figure 4 Graph showing scores per segment in each country with weights between segments equalized to 20%.

These results also show that most countries have a lot of room for growth in the
overarching indicators segment. As is to be expected, more so in the developing
countries. All of these results show that there is a great potential for growth by the
developing countries and these results could help shed light into what areas could help
reduce GHG-emissions the most, while at the same time trying to be cost effective.
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For tables and graphs comparing each segment and their indicators for each country
refer to Appendix 1. Some countries had some anomalies, such as Korea, which had very
low scores for building envelope, in comparison to other countries that scored similarly.
This was due to Korea’s building codes and financial incentives being very weak. To a
lesser extent Japan, experienced the same pitfalls. South Africa was another outlier,
with high scores in appliance standards. Some countries fared relatively well, due to
higher ratio of energy consumption in appliances than in HVAC systems (and therefore
the HVAC and building envelope segments). This was most noticeable in Saudi Arabia,
who had the highest weight for appliance standards segment. The results also show that
countries that have stronger policies in segments in which they have a higher than
average energy use are investing in policies that are likely to have the strongest impact.
Comparing between Figure 2 and Figure 4 shows that countries as a whole fared better
when weights had been assigned to segments. Since 85% of the weights are based on
energy consumption trends within countries, this would imply that the countries are
making good decisions with respect to what policies to strengthen and promote. Four
notable exceptions to this are Canada, the USA, Japan and Korea.
Our results were similar to those by the Regulatory Indicators for Sustainable Energy
(RISE) (2018), the only other study to score countries based on building energy efficiency
policies (Table 11). The exceptions were France, the UK, the USA, Canada and to a lesser
extent Russia. France’s lower score in RISE is due to their consideration of MEPS and
labels for industrial equipment, light and heavy-duty vehicles. France received a score of
zero for these indicators in the RISE study, yet they are not considered in my study. The
lower rank for the UK in the RISE study was for the same reasons, with the exception of
industrial equipment and therefore the smaller difference in rank with my study. The
USA and Canada mainly lost points in my scoring system in building codes segment.
Their U-values were very low, while RISE only considers whether they have building
codes. This study also assesses more aspects of the HVAC system for which standards
are low in these North American countries. Furthermore, RISE only considers if financial
incentives are available, while this study also looks at whether they cover the entire
sector. Lastly, Russia scored lower mainly due to financing mechanisms and difference in
weighting systems. RISE does include more nations than the G20, however it does not
carry out an in depth analysis and simply adds the total number of policies available to
provide a score. This study considers more indicators and while RISE does not weight
them, this study assigns a weight to every indicator and segment. Furthermore, I analyse
a larger part of the building, try to encompass every aspect of it, and look at building
codes’ impact on energy efficiency.
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Table 11 Score percentage per country as well as rank in this study and in RISE.
Country

% score

Germany

65%

Rank in this study
1

Rank According to RISE
2

France

65%

2

10

EU

62%

UK

60%

3

7

Italy

54%

4

5

Australia

50%

5

6

Japan

49%

6

8

Korea

39%

7

4

USA

38%

8

1

South Africa

36%

9

9

Canada

30%

10

3

China

25%

11

12

Mexico

25%

12

11

Brazil

22%

13

15

India

20%

14

16

Saudi Arabia

19%

15

18

Turkey

18%

16

13

Argentina

17%

17

17

Russia

14%

18

14

Indonesia

4%

19

19

4.5 Sensitivity analysis
A sensitivity analysis was conducted to analyze the robustness of this study’s
methodology. This tested the results, and in turn weights ascribed to each segment and
their sensitivity to change. For every test a new ranking and the impact it had on the
segment score is shown on the tables in Appendix 2.
The weight of each segment was adjusted to test the sensitivity of my results. This was
done while at the same time maintaining the added total weight of all the segments at
100%. To do so, only one segment was adjusted at a time by increasing it by 10
percentage points. The rest of the segments in turn had their weight decreased. This
was done while maintaining the same ratios between the other segment weights,
allowing for a certain segment to be emphasized while maintaining the importance of
the other segments the same, relative to each other.
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Table 12 Effect that adjusted weights for each segment had on the scores. The average increase or decrease in
score, the maximum and minimum change in score and adjustments to ranking.
Segment
Building envelope

HVAC systems

Appliance standards

Renewable systems

Overarching indicators

Avg. value change (incl. range)
Ranking change of 1 position
Ranking change of 2 position
Ranking change of 3 position
Avg. value change (incl. range)
Ranking change of 1 position
Ranking change of 2 position
Ranking change of 3 position
Avg. value change (incl. range)
Ranking change of 1 position
Ranking change of 2 position
Ranking change of 3 position
Avg. value change (incl. range)
Ranking change of 1 position
Ranking change of 2 position
Ranking change of 3 position
Avg. value change (incl. range)
Ranking change of 1 position
Ranking change of 2 position
Ranking change of 3 position

Weight +10%
-6.9% (-19.2 – -0.1)
50%
0%
0%
+3.2% (-2.9 - +22.4)
20%
0%
0%
+7.1% (-17.1 - +23.2)
30%
5%
0%
-6.8% (-12.5 - +9.4)
30%
0%
0%
-1.7% (-14.3 - +27.8)
45%
0%
5%

This table shows the change in ranking as a consequence of altering that segments
weight. The average change shows the impact of increasing that segments’ weight. This
has the added benefit of also indicating that an average increase in score for a segment
means that it has more adequate policies (averaged out over the G20 countries) than
the other segments. Tables with the results for each country and the change in ranking
for each segment can be found in Appendix 2.
The results of the sensitivity analysis show that country scores increase when a segment
in which they faired well has its weight increased. For example, Germany, Italy, Japan
and Korea, all had good scores in the renewable systems segment, therefore their final
scores increased when this segments score was increased. With this adjustment, the
ranking for Italy and Japan increased. However, the ranking did not increase for
Germany since it was already first, and it did not increase for Korea since the next up in
ranking was ten points away. This also occurs in overarching indicators, where Germany
had worse policies than it did in other segments, therefore we saw it drop from ranking
first to ranking fourth, with its final score decreasing by 6 points.
Appendix 2 shows the percentage change in score for each segment in every country
following the sensitivity analysis. The percentage change can be misleading since the
countries with lower overall scores will be more affected by changes in a segment. This
happens as a consequence of countries having less adequate policies in the buildings
sector, therefore changing the weight of the few policies will have a much larger impact
on their overall score. This has the opposite effect in countries with higher scores,
where changes in weight barely alter their overall score. Consequently, if the lowest
ranked country, Indonesia, had its final score increased by two points, it would result in
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a 50% increase of its score, while increasing Germany’s score by two points would only
increase its final score by 3.1%.
The sensitivity analysis shows that assigning adequate weights to each segment and
indicator is an important step that must be backed up with adequate sources. This
analysis also shows that there are substantial changes in scores that can come about as
a consequence of changing each segment’s weights. However, this can be explained by
each country’s different performance in each segment. As is to be expected, changes in
scores of a country are directly related to that country’s performance in that segment.
The sensitivity analysis shows that regardless of changes in score there are few changes
in raking. Even though every segment has changes in ranking these are mostly moving
up or down one position, there is only one instance where a country moves by two
positions and another where a country moves by three. This indicates that regardless of
how I alter the weights, countries’ positions relative to each other are almost the same,
indicating robustness in the ranking. As a result, I can conclude that the method used is
robust since the model behaves as is to be expected.

50

5 Discussion
Throughout this study, I discovered limitations to the methodology and topics to
consider. Some of them were beyond the scope of the study or could not be assessed,
but I still found them relevant to the buildings sector and my results, due to the indirect
effects they could have.
Regarding the scope of the study, I decided that only nation-wide regulation would be
considered. This was because the USA has 50 states, India has 29, Canada has 10
provinces, etc., and due to the large amount of data needed and the time limitation of
this study, looking at each individual state was impossible. However, this creates a bias
towards countries that enact policy nationally, such as EU countries, compared to
countries that have more decentralized regional governance structures. For example,
India and the USA both have weak federal regulation, which sets minimums (CEC, 2008;
Shukla et al., 2014). This means that even though some states will only have the
minimum regulation in place, others will have stronger regulation in place, such as
California in the USA (CEC, 2008). Consequently, the aforementioned countries would
score higher if we took an average score of all their regions. However, countries should
set policies at the federal level as well, to ensure a bare minimum. I consider state
policies to be outside the scope of this research as here I am interested in the overall
ambition at the federal level.
Comparing and analysing the EU apart from its member states was complicated, given
that the EU, is not a country. The EU does not make legislation, but provides targets and
directives for other member states to follow. This allows members of the EU to interpret
the directives and apply legislation that will help them achieve targets. In the EU there is
some universal legislation, such as appliance labeling and standards. This allows for a
common score throughout the EU. However, for other indicators, such as insulation
standards, where the EU solely sets targets or directives, scores had to be extrapolated.
Here, the EU has directives in place, but it does not provide U-values (EPBD, 2010). To
extrapolate values I used the four EU members already in this study and Poland. By
adding Poland, coverage of most of the EU is granted and I expect the results achieved
to be adequately representative of the EU.
Deciding which policies to consider had another set of implications. The buildings codes
of countries are technically complex documents with a large amount of information, it
can therefore be difficult to identify which policies affect energy efficiency. Building
codes are diverse between each nation and therefore comparing them is a complex
endeavour. For example, in Canada’s’ building code, U-values below ground for walls
take into consideration the frost layer (IEA – BEEP, 2017). This is not something that can
easily be compared with a country like South Africa where U-values for underground
homes do not exist, let alone homes that consider frost. I faced the same issue with
appliances, where the definition of standard appliances varied.
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Originally, my aim was to use a model that would let us find out the annual kWhm-2.
However, I realized that to do this I needed a large array of technical information, it also
meant I had to identify what the ‘average’ building in every country was. Furthermore,
commonly used models, such as the American Society of Heating, Refrigerating and AirConditioning Engineers (ASHRAE) model, proved to be overly complex requiring
someone experienced in the engineering of buildings and the ASHRAE program
(ASHRAE, 2017). This is why I chose a representative U-value.
A more comprehensive study would have provided further information into how
countries could alter their policies and increase energy efficiency. However, countries,
such as Mexico, have thousand of regulations, just for windows there are over 360
different U-values (NOM, 2011). To address this issue, I chose representative indicators.
In the case of building codes, I used residential wall U-values, since they are present in
every country that has them. More importantly they represent a country’s commitment
to address energy efficiency in building codes and therefore provide a good indicator.
For appliances I decided to use fridges, washers, lights, entertainment systems and cook
stoves, since they provided a representative sample of every country’s commitment to
MEPS and labels in appliances. Consequently I can conclude that even though I had to
use representative indicators, they still showed the level of commitment by G20
countries to achieve the 2°C target. Since these indicators are efficient at representing
their segments, adding more indicators would not have changed the results scored by
countries.
Even with its limitations, the study was able to test the adequacy of the G20 member
states policies’ at reducing GHG-emissions. The segments and indicators used do not
provide exact monetary or energy values, but they do provide information regarding the
presence of policies available to reduce GHG-emissions. Furthermore, in this study as
opposed to others in the past, I covered a much larger share of the building. A high
score meant a high coverage of policies that promote the energy efficiency of every
building component. Even though this study cannot measure the impact of policies on
GHG-emissions in tCO2e/a, its efficacy at comparing GHG-emissions reduction policies
for the buildings sector is robust. Other databases, such as RISE, have results similar to
ours, with small and easily explainable differences. But this study has the added benefit
of indicating which policies in which segments can have the largest impact in GHGemission reduction for the G20 countries. Furthermore, the sensitivity analysis
highlights the effectiveness of this methodology at ranking countries, therefore
indicating the robustness of the results for the purpose of comparing the commitment
nations have towards GHG-emission reduction in the building sector.
The importance of the indicators and weights correlated to their ability to allows us to
measure a country’s commitment. This meant that I had to ensure that they facilitated a
fair comparison between countries. In doing so, I had to be careful that the indicators
provided full coverage of the buildings sector and without adding any that favoured one
country over another. Furthermore, as long as the weights are realistic, do not directly
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favour specific countries and energy consumption between residential and commercial,
appliance and heating/cooling, and HDD versus CDD, the scores will still provide results
that allow for fair comparison between countries and their commitment to GHGemission reduction in the building sector. Since the sensitivity analysis that shows
changes to the weights barely affected the overall ranking, I can confirm that this was
done adequately.
By comparing countries, their commitments and which policy areas they are doing well
in, it provides a structure that other countries may follow. One use of this study could
be to shed light into what segments and specific policies might help a nation the most.
Indicating to the G20 member states where within the buildings sector they have
weaker policies, as well as what policies other nations follow that have positive effects.
Pointing out the gaps in policy is one of the main strengths of this study, therefore I can
clearly conclude in what segments countries need to enact more and or stronger
legislation. An example of this would be in Korea, where I can confidently say that their
policies have a gap in the building envelope and to reduce GHG-emissions they must
pursue further legislation in this segment. In turn, a nation can look at other countries,
which do not have a gap within that policy segment and apply similar policies, therefore
reducing the amount of effort needed for policy design.
This study also provides a tool to non-G20 nations, allowing them to look at G20
members that are similar to them (economically and with regards to weather) and apply
legislation that has worked in other countries to the benefit of their nation. An example
of this would be the use of stricter legislation for appliances in developing countries
with warm weather. In countries such as India, Indonesia and South Africa, appliance
regulation can have a large impact in reducing energy consumption, this information can
be used by other similar nations to highlight the important of strengthening these kinds
of policies. However, if nations attempt to do this, they must be conscious that the only
way to reach the 2°C target is by applying energy efficient measures in all segments.
Furthermore, the effect of policy packages has been shown to have a stronger impact
than the individual sum of each policy (Harmelink et al., 2008; Tambach et al., 2010;
Weiss et al., 2012; Murphy et al., 2012; Boza-Kiss et al., 2013).
A recurring topic throughout the research for this study was the risk of lock-in, a strong
barrier to GHG-emissions reduction in the buildings sector (Hirst, 2013). Global energy
consumption could be reduced by 46% by 2050 from the buildings sector if best practice
policies are put in place, however, if they are not, global energy consumption could
increase by 33% (Ürge-Vorsatz et al., 2012b). Developing countries are most at risk of a
lock-in situation, especially countries that right now have emerging economies with a lot
of construction, such as China. Furthermore, developing nations tend to have a CO2
intensive form of energy production, with China producing 0.5-0.8 tCO2e/MWh,
compared to Italy, France and Germanys’ 0-0.2tCO2e/MWh (Climate Transparency,
2017). These issues accentuated by the large population of some developing countries,
such as China, India and Brazil, which all currently have annual emissions of 1 tCO2e/cap.
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or below, but with growing economies could result in a large increase in energy demand
and therefore CO2 emissions (Ueno, 2010). Consequently, preventing lock-in scenarios in
such populous countries while their economies are growing is very important, because if
the new buildings constructed now and in the coming years are not energy efficient, we
will most likely not meet the energy demand reductions required to stay below 2°C
(IPCC, 2015).
Regarding the landlord-tenant indicator, I decided to assign it a weight of -5% to it. This
does not take into consideration the ratio of rented to owned houses in every country.
This decision was made based on two factors, the first one being the lack of current and
accurate data on the subject, with censuses varying in year of collection, and difficulty in
obtaining them. The second, even if the score was adjusted the impact on the overall
score is negligible, since it would be less than 1 point.
Another limitation was that I might have made potentially unreliable assumptions
because of the language in which the documents were written. National legislative
documents were most often written in the national language and I was capable of
translating some languages, however, there were others for which translation was not
possible. In these cases online translation tools were used, which given their inaccuracy
may have caused some errors. To try and mitigate this issue, secondary sources of
information were used. However, due to the fast pace at which legislation changes,
some of these documents may have been out-dated. To ensure that the results were
accurate, every database, research article and government document was cross
referenced with each other.
Throughout this study I encountered a lack of good sources of information that I could
trust were up to date. Many databases, such as the IEA – BEEP referenced old building
codes, which had since changed. Furthermore, most of the links to the original
legislative documents were broken, and in some cases no longer available online. This
was especially problematic with economic incentives, which oftentimes last few years.
Economic incentives are highly influenced by changes in government, therefore for
them to be accurate within databases they would have to be a re-assessed yearly. I also
encountered a few scenarios were databases cited each other as the source of
information and I could not find the original document, therefore arising issues of
legitimacy and creating doubt as to whether certain data should be used. In a few
instances secondary sources, both articles and databases, used government
commitments as if they had been laws put in place. Even though this study does not
consider enforcement, the scores awarded are based on enacted legislation, not
government promises. Nonetheless, the databases I used in this study are the best
available sources to date. Additionally, where possible, I cross-checked data with official
documents, to the best of my abilities, to overcome potential mistakes and
inconsistencies. Therefore, I conclude that the data I use in this study is of the highest
possible quality that could be compiled with publicly available sources in accessible
languages (English, Spanish and French) and without the support of country experts.
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An example of the issues mentioned in the previous paragraph was the “Programa
nacional de uso racional y eficiente de la energia” (2007) a national program by
Argentina proposed in 2007 claiming that a certain set of initiatives would be developed
to improve energy efficiency. However, nothing materialized from this program and yet
it is still cited in many documents or databases (WEC, 2010; IPEEC, 2015; CAT, 2017; IEA
- PM, 2017). This is also a good example of the issue of databases citing each other, the
CAT claims a 10-12% energy savings by 2016 in residential, public/private sectors, citing
both the IEA – policies and measures database and the IPEEC database. No mention of a
percentage in energy saving is mentioned in the original document (PRONUEE, 2007).
However, looking at the IPEEC (2015) document this number probably came from the
WEC (2010). But, (based on my research) Argentina never applied said policy measures
and the ones they did were different, falling far from their targets (Smedby, 2008). This
highlights the depth into which this study went to cross-reference every policy. I looked
at existing databases and articles and then searched for the original legislation to ensure
that the laws behind every indicator are accurate.
Another technical issue I encountered was that much data was not publicly available
and had to be purchased. This made them inaccessible for this research. Some of these
databases and reports include the IEA statistics reports (2017b), as well as official
reports and policies, from Canada and Russia. This meant that I could not look at the
original building codes and had to rely on databases or research articles for some of the
indicators. To overcome this issue I cross-referenced with as many documents as
possible.
Overall, I would have preferred to include more indicators and therefore cover the
building sector more extensively. I would have liked to be able to take into
consideration more of the insulation and building code aspects of the sector as well as
more appliance standards. Given the constraints of this study it would have not been
possible since different weights would have been needed for every indicator, segment
and country, as well as data that was not readily available. However, based on the
results by RISE, my results, and the sensitivity analysis, I believe that even if more
indicators were added, the score, the ranking and the gaps would still be the same. This
would simply shed more light into more country specific policies, and give information
regarding those specific indicators. An example of this would be to look at MEPS for
tortilla makers in Mexico, since they have a significant share of energy use there, but are
less relevant to the rest of the world, therefore requiring adjusted weights for indicators
as such.
Regardless of these limitations and all the others mentioned throughout the study I
believe that the methodology used presents a robust way to assess policy adequacy for
the buildings sector. This is also the only study, aside from RISE, that has assigned scores
and ranked countries based on the adequacy of their energy efficiency policies in the
buildings sector. Additionally, this study has the benefit of carrying out an adequacy
analysis of the policies, something that RISE does not do. This indicates that this is
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currently the most comprehensive study in this field and should be able to provide a
platform for future investigation assessing countries’ GHG-emissions reduction
commitment. Furthermore, I believe that this study provides a tool that could be used
by other nations to assign themselves a score and be able to observe how they are
fairing in comparison to other nations and in what segments within the buildings sector
they could improve their energy efficiency policies. The strength in this report is its
ability to show where a country has a gap in policy and to rank the country in
comparison to others, therefore if used by other nations applying their policies they
could be confident that the results they received are accurate.
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6 Conclusions
A variety of conclusions can be drawn from the results obtained in the policy adequacy
assessment.
To carry out an assessment of policies with regard to reducing GHG-emissions in the
buildings sector for the G20 member states a set of segments with their corresponding
indicators had to be defined. The segments were the following:
-

Building envelope;
HVAC systems;
Appliance standards;
Renewable systems; and
Overarching indicators.

The first research question, “What indicators (incentives, barriers and limitations) and
benchmarks can be defined to assess the policy stringency on the GHG-emissionintensity in the buildings sector?” created a framework to carry out the policy
assessment and allowed each country to be scored. At the same time, the segments,
indicators and benchmarks facilitated the comparison between countries and their
performance in relation to policy adequacy in the buildings sector.
The second research question, “What is the policy stringency, on reducing GHGemissions in the buildings sector for the G20 countries?” leads to the results in Figure 2
and the following conclusion. The G20 members have not accomplished the goal of
reducing emissions to maintain temperature rise well below 2°C, let alone 1.5°C. The
average score of the member states was 35.6 (out of 100). No country scored over 70,
with only 4 members attaining a score over 60, the UK, France, the EU and Germany,
and Italy being the only country to score above a 50. This indicates that unless strong
policies are put in place GHG-emissions from the buildings sector will not decrease, but
are most likely to increase. If this is not dealt with promptly the lock-in effect will take
place and it will become harder over time to achieve the targets laid out. Furthermore,
the sooner those reductions occur the less aggressive the change will have to be.
Figure 2 and 4 show the strengths and weaknesses of countries, with the EU countries
leading in almost every segment. Korea and Australia posing an exception, since they
fare equal or better than the EU in appliance standards (Korea having the highest score).
Another exception being renewable systems where Japan and Korea receive higher
scores than France, the UK and the EU. However, the countries’ scores are weighted to
energy use, so even if a country has better policies for a segment, if that segment has a
lower influence on GHG-emissions it will score lower. The most noticeable example of
this, is with regards to appliance standards, where weight adjustments place South
Africa as the country with the highest score in that segment.
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The results show much room for improvement, especially from developing countries,
most noticeably Indonesia, which had a low score of four. However, hopefully this study
and others like it can shed light into low cost policy methods to reduce GHG-emissions
from the buildings sector. The importance of implementing policies that help reduce the
most emissions with the least amount of policy changes can be seen from the results. In
this study I saw that it was quite important for developing countries to improve their
appliance standards. However, countries must be aware that as economies grow and
spending power increases, the policies should become stricter to prevent increases in
energy demand. Alternatively, countries could decrease their energy service demand to
address this issue, even though this is not explored in this study. We should also
consider that the most cost effective solution is likely to be a combination of tools, as is
the case in the builds sector, where policy packages have the strongest impact and are
the most cost effective (Boza-Kiss et al., 2013).
The second conclusion is that a variety of approaches can be taken to reduce emissions.
Furthermore, each country should consider what segment within the buildings sector
has the largest energy consumption and attempt to tackle issues within it. However,
some indicators represent the proverbial ‘low hanging fruit’ and I would recommend
these be addressed first. An example of these would be MEPS for appliances, since
these can be replicated from other nations and therefore the initial cost of
implementation is low. Furthermore, they have multiple co-benefits, such as decreased
energy demand, which alleviates energy poverty and decreases stress on energy supply.
This study shows that countries apparently must do much more to meet the Paris
Agreement targets. Some noticeable policy gaps require more attention and can be
bridged easily or have a high impact when addressed. Regarding the building envelope,
improvements are required for every country, but Brazil, India, Saudi Arabia, Argentina
and Indonesia, should implement some form of regulation, since they currently have
none. The impact and therefore weight of certain segments is influenced by energy
consumption. Therefore based on my results, I saw that improving appliance standards
would have a considerable impact in Indonesia, Saudi Arabia, India, South Africa, Japan
and the USA. To achieve decarbonisation of the buildings sector renewables will play an
important role, and it would therefore be beneficial for Canada, the USA, South Africa,
China, Mexico, Argentina, Brazil, Indonesia, Saudi Arabia, Russia, Turkey and India, to
start implementing some policies, since all of these countries currently scored a zero in
the renewable segment.
As opposed to other studies, this one does not simply add the number of policies that
regard GHG-emission reduction in the build sector, but carries out an adequacy
assessment. This style of analysis considers the reduction in energy intensity of each
policy, an aspect of the methodology that gives this study robustness. Other past studies
have been able to indicate whether a country needs more policies and in what segments
policies are missing. This study can do what others have done in the past, but takes it a

58

step further and provides guidance into what policies can most effectively decarbonize
the buildings sector for each of the G20 members.
This study makes clear that no in-depth studies have created a database on energy
consumption in buildings. Time permitting, it would be beneficial to create a study
similar to this one that also calculated the impact each policy has on GHG-emissions by
using exact values in kWhm-2. This would require the weights to be re-adjusted and
assigned to each country individually based on energy consumption. This approach
would provide a method to calculate the impact of policies before they are enacted,
which in turn would allow for different scenarios to be run with different policy
packages allowing nations to develop the most cost effective solutions on how to
decrease GHG-emissions in buildings.
Overall, this study provides a framework that can be used by national governments to
find out ways in which they can increase efficiency and decrease GHG-emissions.
Furthermore, the detailed methodology would allow for modifications of the scenarios
so that analysts could adjust certain aspects of the study to new policies, or even add
new indicators. Lastly, it has become quite clear that there are a variety of ways to
tackle GHG-emissions reduction and that there is no ‘silver bullet’. To achieve the
targets set by the Paris Agreement extensive work must still be done and nations must
work together, sharing ideas and knowledge so that each country may find the best
solutions for their specific situation, and in turn, for the rest of the world.
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