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Abstract: The construction industry is a key contributor to greenhouse gas emissions, with buildings
alone accounting for 39% of the global energy-related carbon emissions. Global carbon emissions
from building operations increased by 5% in 2021 compared to 2020. However, the United Nations
signed the Paris Climate Agreement in 2015 with global leaders, setting a limit to temperature
increases below 2.0 ◦C or 1.5 ◦C. To achieve this goal, countries have established net-zero targets
to reach carbon neutrality by mid-century. However, while some countries are making significant
progress, others lag behind. Therefore, this study focuses on evaluating the actions taken by countries
toward carbon neutrality, and on developing a policy roadmap for the construction industry to meet
the net-zero-carbon commitments. This research adopted a systematic document review, including
document analysis. The evaluation of countries’ practices towards achieving net-zero targets reveals
both similarities and differences. The policy maps developed can be customised for decarbonising
a country’s overall construction industry and building sector. This study provides insights for
research, practice, and society, emphasising the importance of achieving net-zero targets through the
implementation of policies, roadmaps, plans, and strategies.
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1. Introduction

The construction industry is one of the major contributors to global greenhouse gas
emissions [1]. According to a World Green Building Council report in 2019, 39% of global
energy-related carbon emissions result from buildings, of which 28% are operational
emissions and the remaining 11% are embodied emissions [2]. In 2021, the global carbon
emissions from building operations indicated an increase of 5% compared to 2020 [3]. The
global average temperature is proportionate to the cumulative carbon emissions released
into the atmosphere [4]. In 2015, the United Nations Paris Climate Agreement set a
limit to maintain temperature increases below 2 ◦C or 1.5 ◦C, which was agreed to by
global leaders [5]. Nearly 90% of the countries have updated their Nationally Determined
Contributions (NDCs) under the Paris Agreement International Energy Agency (IEA) [6].
As a result, various countries have set net-zero targets to achieve net-zero emissions by
mid-century. These countries submit national climate action plans, identified as NDCs [7].
Each successive NDC requires reflection on an increasingly higher degree of ambition
compared to the previously submitted version.

According to the IPCC (2018), “net zero emissions are achieved when anthropogenic
emissions of Greenhouse Gases (GHGs) to the atmosphere are balanced by anthropogenic
removals over a specified period”. A country can achieve net zero by reducing GHG emis-
sions and/or ensuring that any ongoing emissions are balanced by removals. Achieving
real-zero emissions is more important than achieving net-zero emissions alone. Some
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fossil fuel companies and industries tend to implement offsetting and carbon capturing
and storing mechanisms. These do not result in actual emission reductions and provide
a temporary solution. Hence, a more permanent solution is to reduce the overall GHG
emissions and achieve real zero by 2050. According to the IEA (2023), in comparison to the
2022 level, declines of 80% emissions for advanced economies and 60% for emerging and
developing economies are expected by 2035 [6].

There are different terminologies used by various countries when discussing net-zero-
emission targets. It is noted that several terms, such as net-zero carbon, net-zero emissions,
and net-zero GHGs, are used interchangeably [8]. For example, countries like the US,
Canada, and Australia discuss reducing GHG emissions to achieve net-zero-emission
targets. The US and Canada have specifically considered steps and actions to reduce
CO2 as well as non-CO2 GHG emissions. Looking at the actions taken, it is evident that
many countries are determined to reduce their operational carbon emissions to achieve
net-zero targets; however, reductions in embodied carbon emissions also play a vital role [9].
Australia’s Green Building Council introduced a roadmap that requires all new buildings
from 2020 onwards to reduce their embodied carbon by 10%, and they will be incentivised
for selecting carbon-neutral products and services, and for offsetting their embodied carbon
and other emissions [10].

Various countries have developed various strategies and policies to achieve the globally
accepted net-zero emissions by 2050. Reviewing some of the countries’ policies and the steps
followed to achieve net-zero targets revealed that there are similarities as well as differences
among them. Some countries are well ahead in implementing the net-zero targets and plans,
leading them to be closer to the target, while some are far behind. Hence, this paper is aimed
at developing a policy map for the construction industry for delivering on net-zero-carbon
commitments. The aim was accomplished by achieving the following objectives: (1) an
exploration of the current status of selected countries in achieving net-zero targets; (2) a
review of their policies, strategies, and actions introduced to achieve net-zero targets; (3) the
performance of a cross comparison between the countries; and (4) introducing a policy map
to guide authorities to shape their net-zero-carbon-related instruments.

This paper consists of five sections. Section 1 identifies the research problem, aim,
and objectives of this research. The methodological approach adopted in this research is
presented in Section 2. Section 3 presents the key findings of this study, while a detailed
discussion, including the cross comparison and proposed policy map, is presented in
Section 4. The conclusions and future research directions are discussed in Section 5.

2. Materials and Methods

This research employs a document analysis aimed at mapping relevant policies at the
national/government level for the construction industry for delivering on net-zero-carbon
commitments. Document analysis is a systematic procedure for reviewing or evaluating
documents in which data can be examined and interpreted in order to elicit meaning, gain
understanding, and develop empirical knowledge [11]. Furthermore, document analysis
provides a means of tracking change and development [12]; hence, it was chosen to track
the development of the net-zero-carbon policies in the countries. The research design is
outlined in Figure 1.

Step 1: Selection of the countries that have legislated commitments to meet carbon
neutrality goals by 2050.

In this step, the authors checked the Climate Action Tracker website and the United
Nation Environment Programme website until June 2023, to state the list of countries with
legally binding agreements for net-zero carbon by 2050. To date, over 110 countries have
pledged to reach net-zero emissions by 2050, but not all of them have put this into law or
policies. The selected countries were then filtered by various criteria, such as the availability
of details, advancement in implementing and taking actions, including strategies roadmaps,
and the existence of a climate change act (or the equivalent) with the ambition of reaching
carbon neutrality by 2050. The list then was cross-checked with a report of the net-zero-
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emission legislation around the world, which was prepared by the staff of the Global
Legal Research Directorate of the US Government [13]. The countries that have legislated
commitments to meet carbon neutrality goals by 2050 include EU states (eight members),
the UK, Canada, the US, South Korea, Japan, Singapore, Australia, and New Zealand, as
illustrated in Figure 1. The UK, six European countries, the US, Canada, Australia, New
Zealand, Singapore, and South Korea were shortlisted based on the access to their data.
Some countries, such as Japan and Spain, satisfied the criteria, but their documents were
not in English, so they were excluded. Unfortunately, non-African countries and some top
carbon emitters, such as China and India, were not on the list;

Step 2: The gathering of documents from the countries’ official climate change web-
sites. Firstly, all documents relevant to national climate change plans were gathered. These
included climate change acts, short-term and long-term carbon reduction targets, national
emission reduction plans, and national monitoring frameworks. Then, policies and reg-
ulations for the building sector, such as whole-life-carbon assessment frameworks for
buildings and national and local schemes for energy efficiency, were gathered to develop
the data set for the analysis in the next steps;

Step 3: The document analysis in this study followed the steps suggested in [12],
which involve skimming, reading, and interpretation. This iterative process combines
elements of content analysis and thematic analysis. The content analysis involved organis-
ing information into categories to find any records setting out how each declaration was
progressing, and the thematic analysis focused more on the reviewing of the data towards
the identification of the themes. The aim was to address two themes: first, the level of
coherence of the government delivery, and second, how this was being translated into
actions for net-zero-carbon buildings;

Step 4: An evaluation of the findings and the proposal of a policy map for net-zero-
carbon buildings. At this step, the findings were evaluated against the other sources of
information, such as reports of non-government organisations about the net-zero-carbon
progress. The findings were also cross-checked at different levels, such as the national
level, local-government level, and non-government level, to draw a whole picture of the
net-zero-carbon progress of each country. The findings then were used to establish a policy
map framework for net-zero carbon, which can be used as a reference for other countries
who have not yet legislated the net-zero-carbon goals.
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3. Results

This section presents the findings related to various countries’ net-zero targets and
the policies, strategies, and actions taken to achieve them. The desktop analysis started by
reviewing the countries’ climate change acts as an overall national effort and mandatory ap-
proach to achieving the net-zero-carbon targets, and then it trickled down to policies of the
building sector and local governments and the voluntary approaches of non-government
organisations in the countries to review the overall application and implementation of their
national policies, as well as the monitoring system in each country.

3.1. The United Kingdom

At the national level, the UK introduced the Climate Change Act in 2008 to set a
comprehensive framework for climate change mitigation and adaptation across the coun-
try, which was the first of its kind in the world. The act includes a requirement for the
government to develop a National Adaptation Programme (NAP) to manage the effects
of unavoidable climate change. Each NAP sets out key actions that the government and
others will take to adapt to climate change over five years. The act also sets out five emis-
sion reduction targets to reduce greenhouse gas emissions by 80% by 2050, compared to
1990 levels, that the UK must comply with legally. In 2019, the government adopted the
sixth carbon target to cut emissions by 78% by 2035. This new target is the first carbon
budget, setting the United Kingdom on the path to the net-zero goal by 2050.

At the sector level, in 2022, the UK government published the “Net Zero Strategy:
Build Back Greener”, which sets out policies and proposals for decarbonising all sectors of
the UK economy to meet the targets by 2050 [14]. The strategy also introduced the Ten Point
Plan for a green industrial revolution focusing on supporting green jobs and accelerating
the path to net zero by 2050. The UK Net Zero Strategy sets out high-level, essential activity
across the sectors to 2035. The key priorities and their milestones and interventions for the
building sector are summarised in Figure 2.

Buildings 2023, 13, x FOR PEER REVIEW 5 of 25 
 

 
Figure 2. Action decarbonisation plan in building sector by 2035 in UK. 

Regarding operational-carbon-emission reduction, in 2021, the UK government pub-
lished the Heat and Buildings Strategy because heating and powering buildings accounts 
for 30% of the UK’s total energy usage; thus, an energy efficiency strategy for the residen-
tial market will play a vital role in the UK’s efforts to reach net-zero carbon emissions [15]. 
When it comes to new builds (later than 2023), the Future Homes Standard (FHS) [16] has 
been issued, and, from 2025 onwards, compliance with it will become mandatory for new 
homes and extensions. Its aim is to ensure that new homes built from 2025 will produce 
75–80% less carbon emissions than homes built under the current building regulations. 
Regarding embodied-carbon reduction, the BS EN 15978 standard “Sustainability of con-
struction works: Assessment of environmental performance of buildings calculation 
method” was identified as the accepted industry-leading standard for measuring and re-
porting the embodied-carbon impacts of buildings in the UK [17]. To decarbonise the con-
struction of new buildings, low-carbon materials need to be selected. The government 
published the National Model Design Code in July 2021, providing guidance on the selec-
tion of materials and construction techniques for improving efficiency and reducing the 
environmental impacts of the materials used in construction. 

Local authorities in the UK are recognised by the central government as key agents 
in implementing the net-zero-carbon policies in the UK [18]. In June 2023, the government 
issued “The role of local government in delivering Net Zero” to guide what policy areas 
are influenced by local authorities to deliver net zero, including implementing and enforc-
ing national regulations and policies, carrying out statutory duties, such as planning, de-
veloping, and delivering heat network connections, and piloting low-carbon heating and 
energy efficiency measures. For example, local governments can bid for funding from the 
central government (total budget of GBP 2 billion) to deliver energy efficiency measures 
for existing buildings through the Green Home Grant Local Authority Delivery (LAD) 
Scheme and Home Upgrade Grant to fund energy efficiency and clean heat measures for 
social housing, low-income households, and low-energy-performance homes in their ar-
eas by 2035 [19]. 

In parallel with the government efforts, non-government organisations are support-
ing the net-zero-carbon goals in the UK by providing guidance and a framework for de-
livering net zero. In 2021, the UK Green Building Council introduced the Net Zero Whole 
Life Carbon Roadmap, providing general guidance on the pathway to net-zero carbon by 
2050 [20]. The roadmap focuses on collaboration and stakeholder engagement at all stages 

Figure 2. Action decarbonisation plan in building sector by 2035 in UK.

Regarding operational-carbon-emission reduction, in 2021, the UK government pub-
lished the Heat and Buildings Strategy because heating and powering buildings accounts
for 30% of the UK’s total energy usage; thus, an energy efficiency strategy for the residential
market will play a vital role in the UK’s efforts to reach net-zero carbon emissions [15].
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When it comes to new builds (later than 2023), the Future Homes Standard (FHS) [16]
has been issued, and, from 2025 onwards, compliance with it will become mandatory
for new homes and extensions. Its aim is to ensure that new homes built from 2025 will
produce 75–80% less carbon emissions than homes built under the current building regula-
tions. Regarding embodied-carbon reduction, the BS EN 15978 standard “Sustainability of
construction works: Assessment of environmental performance of buildings calculation
method” was identified as the accepted industry-leading standard for measuring and
reporting the embodied-carbon impacts of buildings in the UK [17]. To decarbonise the
construction of new buildings, low-carbon materials need to be selected. The government
published the National Model Design Code in July 2021, providing guidance on the selec-
tion of materials and construction techniques for improving efficiency and reducing the
environmental impacts of the materials used in construction.

Local authorities in the UK are recognised by the central government as key agents in
implementing the net-zero-carbon policies in the UK [18]. In June 2023, the government
issued “The role of local government in delivering Net Zero” to guide what policy areas
are influenced by local authorities to deliver net zero, including implementing and en-
forcing national regulations and policies, carrying out statutory duties, such as planning,
developing, and delivering heat network connections, and piloting low-carbon heating and
energy efficiency measures. For example, local governments can bid for funding from the
central government (total budget of GBP 2 billion) to deliver energy efficiency measures for
existing buildings through the Green Home Grant Local Authority Delivery (LAD) Scheme
and Home Upgrade Grant to fund energy efficiency and clean heat measures for social
housing, low-income households, and low-energy-performance homes in their areas by
2035 [19].

In parallel with the government efforts, non-government organisations are supporting
the net-zero-carbon goals in the UK by providing guidance and a framework for delivering
net zero. In 2021, the UK Green Building Council introduced the Net Zero Whole Life
Carbon Roadmap, providing general guidance on the pathway to net-zero carbon by
2050 [20]. The roadmap focuses on collaboration and stakeholder engagement at all stages
to meet the net-zero targets. Additional guidance available includes the Royal Institution of
Chartered Surveyors (RICS) Professional Statement on Whole Life Carbon, which provides
a useful guide to the practical implementation of the BS EN 15978 principles. It sets
out technical details and calculation requirements for whole-life-carbon assessment to be
adopted across UK industry, but it is not mandatory [21]. In terms of monitoring the net-
zero progress, the Climate Change Act established the Climate Change Committee (CCC),
an independent statutory body, to monitor the progress in reducing carbon emissions and
achieving carbon budgets and targets using the mitigation monitoring framework and the
adaptation monitoring framework [22]. Annually, the committee publishes an independent
assessment of the progress towards the carbon budgets, and based on the assessment
results, it provides recommendations for the relevant stakeholders to ensure that the targets
will be met.

3.2. European Countries

The European Commission is committed to making Europe the first climate-neutral
continent by 2050. To make this objective legally binding, the commission forced the
European Climate Law in 2021 with the key milestones in Figure 3. The law sets out long-
term goals in the European Green Deal with key actions to make Europe climate-neutral
by 2050, and the commission later set a new, more ambitious net greenhouse gas emission
reduction target of at least −55% by 2030, compared to 1990 levels [23]. The commission
established the EU Emissions Trading System (ETS) in 2005, the world’s first international
emission-trading system, to achieve the Kyoto emission targets, and it is now in phase 4
(2021–2030) to achieve the Paris Agreement targets. The EU ETS aims to set a cap on how
much carbon emissions can be emitted within one calendar year. EU companies need to
have a European Emission Allowance (EUA) or buy these permits, which can be traded [24].
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The law also sets out the monitoring mechanism to track the progress of the implementation
of EU climate legislation. Member states report on the progress made in implementing
their energy and climate policies.
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To ensure that the EU targets are met, each member state is required to draft a 10-year
National Energy and Climate Plan (NECP), setting out their actions and plans to reach their
national targets (the Effort Sharing Regulation), including the binding national targets. The
EU legislation applies to all members, but some countries regulated their climate change
policies before 2021, and they are ahead compared to other EU countries. For example, in
Finland, the new Climate Change Act entered into force in 2022 from the Climate Change
Act 2015, which set emission reduction targets for 2030, 2040, and 2050 and laid down the
target of carbon neutrality in 2035. Sweden introduced a climate policy framework with
a climate change act in 2017, which sets the goal of carbon neutrality by 2045, while the
German government also set a 2045 net-zero target in law in June 2021. Both France and
the Netherlands brought 2050 carbon neutrality into law in 2019 with France’s Climate
Change and Resilience Act and the Dutch Climate Act.

The built environment has a significant impact on the reduction in emissions in
Europe because much of Europe’s building stock is old and inefficient. Therefore, the
EU Commission has launched various strategies and policies for the building sector to
drive full decarbonisation. For example, the Circular Economy Principles for Building
Designs was issued in 2020 to inform and support construction actors with principles for
the circular design of buildings to improve sustainability, optimise the material used, and
reduce the environment impact [25]. Additionally, the Construction Products Regulation
(CPR) was initially proposed in 2016 and was revised in 2022 to address construction
products’ sustainability, including potential recycled content requirements for certain
construction products [26]. Although the CPR is still in the second round of the public
consultation process, Belgium, France, and Italy have mandated their Environmental
Product Declarations (EPDs) [27]. Other countries, such as Demark, Finland, Sweden,
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France, and Norway, regulate requirements on the calculation of the building whole-
life carbon for new building projects, and most of the countries have established product
databases to support environmental-impact assessment nationally. For instance, The Danish
Building Act 2018 sets whole-life carbon emissions for new buildings, encompassing both
operational and embodied emissions from 2023 onwards [28]. In Finland, the new building
act 2023 sets the whole-life-carbon assessment methodology with databases, intending to
facilitate whole-life-carbon accounting and regulation in 2025 [29]. France’s new building
regulation (RE2020) aims to reduce the climate impact of new buildings by integrating
enforced energy efficiency requirements and whole-life-carbon assessments. The regulation
sets a maximum GHG energy consumption starting in 2022 [30].

In further guidance on how EU, national, and regional policy makers can decarbonise
the built environment, the World Green Building Council has launched an EU Policy
Whole Life Carbon Roadmap for climate-neutral buildings and constructions by 2050.
The roadmap recommends the multi-level governance approach to ensure collaboration
between the industry actors to fully tackle building emissions from the whole supply chain,
including the construction and demolition sectors [27]. Each member state may also has
non-government organisations to support its national implementation of net-zero-carbon
policy through voluntary certification schemes, such as BREEAM and RICS.

3.3. The United States

In 2021, the US introduced a long-term strategy to achieve net-zero greenhouse gas
(GHG) emissions by 2050. Though the US had introduced an act on energy policy in
2005, it did not involve discussions on or requirements for achieving net-zero emissions
(United States Congress, 2005, [31]). This act covered energy-related matters for products
and buildings, while discussing ways to reduce GHG emissions. However, there was no
indication of targets to achieve net zero. Although there were established NDCs in line with
Article 4 of the Paris Agreement focusing on reducing the net GHG emissions of the United
States by 50–52 percent below 2005 levels by 2030 [32], it was the long-term strategy that
introduced achieving net-zero targets by 2050. According to the United States Department
of State and the United States Executive Office of the President (2021), the current emission
reduction pathways to achieving 2050 net-zero emissions in the US are as follows [33]:

• Decarbonising electricity by shifting to renewables and other types of emission-free power;
• Using energy more efficiently to provide the same services, for example, through

better insulation, advanced heat pumps for space and water heating, and efficient
computers and electronics that can reduce annual energy bills;

• Not only introducing clean energy, including clean electricity, but also including
low-carbon fuels and clean hydrogen. For example, electric motors in vehicles are
approximately three times more efficient than internal-combustion engines, and elec-
tric heat pumps are up to three times more efficient than heating with natural gas or
electric resistance;

• Reducing non-CO2 GHG emissions. For example, the US is implementing comprehen-
sive actions to reduce methane by including new standards for landfills and oil and
gas operations, as well as major investments to remediate abandoned coal, oil, and
gas mines and wells;

• Removing CO2 from the atmosphere via, for example, (1) nature-based approaches
that rely on natural carbon sinks related to land and ocean, by expanding or enhancing
conservation, restoration, sustainable management, and other similar activities, and
(2) various technologies and processes that directly capture CO2 from the atmosphere
and store it.

The US building sector currently accounts for about three-quarters of the US electricity
sales. Since 2005, the commercial building square footage has increased by more than 25%,
while the population has grown by more than 10%. Hence, the above-discussed reduction
pathways are vital to increase the energy efficiency and decarbonise the electricity sector by
implementing trends towards the use of renewable energy sources. Most mechanisms are
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for new buildings, while the current building stock will still exist in 2050 due its lengthy
lifespan. Hence, the long-term strategy identified three sources of emission reductions that
play important roles in building decarbonisation: (1) envelope improvements, (2) improved
efficiency in electric end uses, and (3) the efficient electrification of space and water heating
(e.g., introducing renewable energy).

The Inflation Reduction Act (IRA) was introduced in 2022, and it has been law since
16 August 2022 [34]. It allocates approximately USD 250 billion in funding towards clean
energy, focusing on reducing the nation’s carbon emissions by the end of this decade. In
addition, areas such as manufacturing, the environment, transportation, agriculture, and
water received about USD 150 billion through a mix of tax incentives, grants, and loan
guarantees. The timeline related to actions taken by the US towards decarbonisation is
demonstrated in Figure 4.
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At the national level, US actions towards achieving net-zero targets include acts and
strategies that have been active since 2021. However, different states within the US took nec-
essary actions soon after the energy policy was introduced in 2005. For example, California
legislated Senate Bill 32—the California Global Warming Solutions Act of 2006—to ensure
that state-wide GHG emissions are reduced to at least 40 percent below the state-wide
GHG emission limit no later than 31 December, 2030. Similarly, Connecticut introduced
the Global Warming Solutions Act in 2008, which requires the state to reduce its GHG
emissions to at least 10 percent below 1990 levels by 2020, and to at least 80 percent below
2001 levels by 2050. A Memorandum of Understanding has been signed by 11 states
(Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey,
New York, Rhode Island, Vermont, and Virginia) to implement the Regional Greenhouse
Gas Initiative to cap climate-damaging emissions from power plants. It commenced with
7 states in 2005 and, by 2022, 11 states were in line with this initiative.

3.4. Canada

The Canadian Net-Zero Emissions Accountability Act was introduced on
29 June 2021 [35]. The purpose of this act is to set the national targets for the reduc-
tion in GHG emissions and to promote transparency, accountability, and immediate and
ambitious action in relation to achieving those targets, in order to achieve net-zero emis-
sions in Canada by 2050 and fulfil Canada’s international commitments with respect to
mitigating climate change. The act further establishes targets to be achieved in various
years. For example, the minister must set the national GHG emission target for (a) the
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2035 milestone year no later than 1 December, 2024; (b) the 2040 milestone year no later
than 1 December, 2029; and (c) the 2045 milestone year no later than 1 December, 2034. The
act required the minister to establish an emission reduction plan for 2030 within six months
of the day on which this act came into force. As a result, the 2030 Emissions Reduction
Plan: Canada’s Next Steps for Clean Air and a Strong Economy was introduced in 2022.

Building on the actions in Canada’s strengthened climate plan (2020), and the Pan-
Canadian Framework (2016), the 2030 Emissions Reduction Plan (2022) provides a roadmap
to how Canada will meet its enhanced Paris Agreement target to reduce emissions by
40–45% from 2005 levels by 2030 [36]. Progress under the plan will be reviewed in progress
reports produced in 2023, 2025, and 2027. Additional targets and plans will be developed
for 2035 through to 2050. Canada’s Emissions Reduction Plan for 2030 and pathway to
2050 focus on several sectors, such as buildings, electricity, heavy industry, oil and gas,
transportation, agriculture, waste, and nature-based solutions. Under each sector, (a) the
current sector emissions, (b) what action has been taken so far, and (c) what is next are
summarised and presented clearly.

The building sector accounted for 12% of Canada’s direct GHG emissions in 2019.
Canada has introduced several mechanisms to achieve the GHG emission reduction targets:
the Canada Greener Homes Grant, the Green and Inclusive Community Buildings program,
Canada Infrastructure Bank’s Growth Plan, and Energy Efficiency in Indigenous Housing.
As a way forward, the Government of Canada will invest CAD 150 million to develop
the Canada Green Building Strategy, which focuses on achieving net zero by 2050. This
strategy will focus on (i) developing a Low Carbon Building Materials Innovation Hub
to promote the use of lower-carbon construction materials, (ii) developing regulatory
standards, (iii) developing a complimentary Climate Adaption Home Rating Program,
(iv) launching a new Net Zero Building Code Acceleration Fund to accelerate the adoption
of the national model energy codes, (v) improving the federal capacity and technical
support for the development and adoption of net-zero-emission codes, and alterations
to the existing buildings codes, and (vi) developing an approach to increase the climate
resilience of the built environment. A summary of the above-discussed act, plan, and
roadmap is presented, along with their timelines, in Figure 5.
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3.5. Australia

Australia’s Climate Change Act was introduced in September 2022 [37]. Australia’s
GHG emission reduction targets are (a) to reduce net GHG emissions to 43% below
2005 levels by 2023, and (b) to reduce net GHG emissions to zero by 2050. As per the
act, the minister is required to prepare an annual climate change statement indicating
the progress made during the year, international developments during the year, climate
change policies, the effectiveness and impact of the policies, and any risks to Australia.



Buildings 2023, 13, 2766 10 of 23

The Climate Change Authority can provide advice to the minister on preparing the annual
climate change statement, as well as any changes to new/adjusted NDCs of Australia. The
minister has to carry out periodic reviews to assess the operation of this act.

The Australian government published its Long-Term Emissions Reduction Plan to
achieve net-zero-emission targets by 2050 [38]. It is based on a technology-based approach,
while protecting industries, regions, and jobs. In order to achieve net zero by 2050, in
comparison with the levels in 2005, Australia had already reduced 20% by 2020 and is
ambitious enough to reduce 40% through the Technology Investment Roadmap, the next
15% through global technology trends, 15% through further technology breakthroughs,
and the last 10–20% through international and domestic offsets.

Along with this reduction plan, Australia’s Technology Investment Roadmap has
been established, which prioritises the technologies of clean hydrogen, ultra-low-cost solar
power, energy storage, low-emission steel and aluminium, carbon capture and storage, and
soil carbon. These technologies have been adapted at the deployment stage by various
sectors, such as the electricity, transport, building, agriculture and land sector, industry,
mining, and manufacturing sectors.

For buildings, the critical pathways identified are low-emission electricity, electrifi-
cation, and energy efficiency, and to achieve them, technologies such as ultra-low-cost
solar power, energy storage, and clean hydrogen are considered important. In order to
deploy these technologies, the following are important: (1) improving energy efficiency
through standards, information, and tools, (2) lowering costs through incentives/finances,
and (3) developing workforce skills and supply chains. The Nationwide House Energy
Rating Scheme (NatHERS) for residential buildings, National Australian Built Environment
Rating System (NABERS) for commercial buildings, and Greenhouse and Energy Minimum
Standards Act 2012 for appliances are some of the mechanisms that have been introduced
to improve the energy efficiency in buildings [38]. Australia focuses on producing low-
emission cement, as concrete is the most widely used material in the construction industry.
Hence, the government has invested AUD 75 million for Cooperative Research Centres
(CRCs), including the SmartCrete CRC, Building 4.0 CRC, and Low Carbon Living CRC. A
summary of the actions taken by Australia for decarbonisation, along with their timelines,
are presented in Figure 6.
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3.6. New Zealand

New Zealand (NZ) has committed to net-zero carbon emissions by 2050. The target
was signed into law in November 2019 with the Climate Change Response (Zero Carbon)
Amendment Act. The act provides a framework by which NZ can develop and implement
climate change policies to achieve net-zero carbon by 2050. The act establishes a system
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of emission budgets as the interim targets of the long-term target. Three emission budget
periods (2022–2025, 2026–2030, and 2031–2035) were set up in 2020, which set the total
carbon emissions allowed in each period [39]. The government published the first national
emission reduction plan, which sets out required actions across the economy to help achieve
the emission budget in 2022–2025, as shown in Figure 7. The plan contains strategies,
policies, and actions across sectors, including transport, energy, and industry, building and
construction, agriculture, forestry, waste, and fluorinated gases. The plan also focuses on
how parties such as government, local government, industry, business, and communities
work together to achieve the goal [40]. The New Zealand Emissions Trading Scheme (NZ
ETS) is one of the key policy tools, which puts a monetary price on each tonne of carbon
emitted to encourage behavioural change. Under the NZ ETS, businesses that carry out
certain activities that lead to emissions must surrender an emission unit for each tonne of
pollution that they produce [41]. They can buy these units through government auctions or
trade them on the secondary market.
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In the Emission Reduction Plan, the government sets out targets for the building sector
to play its part in meeting the goal of NZBs by 2050. Chapter 12 in the plan, Building
and Construction, sets out the key actions to build heathier homes and more sustainable
living [42]. Aligning with the action plan, the Building for Climate Change programme was
formed by the government to provide frameworks for reducing embodied and operational
carbon emissions and has published a technical methodology for assessing the whole-
of-life embodied carbon for new buildings in New Zealand [43]. Under the programme,
the whole-of-life embodied-carbon reduction framework and transforming operational
efficiency framework to achieve reductions in carbon emissions from the building and
construction sector. Regarding the embodied-carbon reductions, buildings will be required
to meet a mandatory cap on their whole-of-life embodied carbon to obtain a building
consent [44]. In 2022, the government published a technical methodology to facilitate
future regulatory changes, incorporating requirements to report and then meet caps on the
embodied carbon of buildings in New Zealand [45]. The methodology sets out mandatory
and voluntary building elements to be included in the embodied-carbon assessment, the
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scope of the lifecycle, data sources, and the form of results. The methodology also sets out
the level of data quality used in the embodied-carbon assessment. The highest level of
data quality uses the EN 15804 standard [46] for capturing the product embodied carbon
in buildings. Regarding the operational-carbon-emission reduction, the government also
proposed a mandatory Operational Emissions Cap setting out the total allowable annual
emissions per square meter per annum for all new buildings.

These progresses are monitored by the Climate Change Commission. The commis-
sion’s role is to produce independent advice to the government on the development of
policies that will enable New Zealand to achieve a low-emission target [47]. At the local
level, the Auckland council, Auckland being the biggest city, has released the Low Carbon
Auckland plan towards taking climate actions that enhance the transition to a low-carbon
city [48].

3.7. Singapore

Singapore introduced a carbon tax in 2019 through the Carbon Pricing Act and was
the first country in Southeast Asia to introduce a carbon price [49]. The Amended Carbon
Pricing Act was passed in Parliament in 2022, and it came into force in March 2023, in
order to support Singapore in achieving the aim net-zero carbon by 2050. The carbon tax
is applied to all industrial facilities with annual direct GHG emissions of 25,000 tonnes
of carbon dioxide equivalent (tCO2e). The initial carbon tax rate was set at SGD 5 per
tonne for 2019–2023, and the rate will be raised to SGD 25 per tonne in 2024–2025 and
SGD 45 per tonne in 2026–2027, with a view of reaching SGD 50–80 per tonne by 2030 [50].
The government also introduced a measurement, reporting, and verification framework
to assist facilities and businesses to fulfil the compliance obligations. Under the act, all
industrial facilities need to submit an emissions report, which contains information on their
activity data and the quantity of GHG emissions. All report templates are provided by the
government agency. The government’s strategy to facilitate the low-carbon transition has
three thrusts [51]:

• Transformations in industry, economy, and society, focusing on renewable energy,
greater energy efficiency, and reducing energy consumption;

• The adoption of advanced low-carbon technologies, accelerating the use of low-carbon
hydrogen;

• Effective international collaboration, cooperating through the carbon market, and
international and regional climate action.

The government also has a vision to establish Singapore as a carbon service and
trading hub. In 2022, the International Emissions Trading Association, the World Bank, and
the Singapore government officially launched the Climate Action Data Trust (CAD Trust),
which is an open-source system, to link and harmonise information on carbon credits and
projects across registries globally [52].

In terms of decarbonising the built environment, the whole-of-government approach
has been adopted to implement measures of reducing carbon emissions across various
key sectors, including the building sector. The building sector launched the super-low-
energy programme, aiming to meet 80% green buildings by 2030 [53]. To achieve the
goal, compliance with the respective environmental sustainability standards for both
existing and new buildings with the scope and detail of the building characteristics was
mandated in 2021 under the Code for Environmental Sustainability of Buildings, 4th
Edition. For example, the code is applied to all new buildings and major retrofits to existing
buildings with GFAs of 5000 m2 or more for planning permission from 1st December 2021
onwards [54]. The building plan needs to include the declaration showing that the building
works meet the minimum environmental sustainability standard (MESS) for approval. The
industrial facilities have the pathway to meet the MESS from 2025 for new facilities to 2029
for all types of facilities. A summary of the policies related to decarbonising the building
sector in Singapore is presented in Figure 8. Similar to other countries, the Singapore
Green Building Council (SGBC) plays an important role in enabling sustainability across
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the building and construction sector through their members, certification, and outreach
programmes. The SGBC provides solutions towards building a greener, healthier built
environment [55].
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3.8. South Korea

South Korea legislated the Carbon Neutrality and Green Growth Act for the Climate
Change in 2021 to commit to achieving carbon neutrality by 2050. It requires the govern-
ment to cut its greenhouse gas emissions by 2030 by 40% or more from the 2018 levels
and consists of several policy measures to achieve carbon neutrality by 2050 [56]. The
government also introduced the National GHG Reduction Roadmap 2030 in 2016, which
has been continuously updated since then to ensure it is well aligned with the latest trends
in policies and sectoral policy tools to reach the goal [57]. Earlier, the Korea Emissions
Trading Scheme (K-ETS) launched in 2015 as East Asia’s first nationwide, mandatory ETS to
increase incentives to reduce emissions and facilitate low-carbon investment. The scheme
has three phases (between 2015 and 2017, between 2018 and 2020, and between 2021 and
2025) covering different sectors and sub-sectors, with an increasing number of sub-sectors,
under the scheme [57]. The scheme also allows for the share of auctioning as a carbon
pricing system. The government also introduced reduction plans for key six sectors (heat
and power, industry, buildings, transportation, waste, and the public sector), in total cover-
ing 74% of South Korea’s national GHG emissions. The implementation mechanism is at
both the national master plan level (20-year plan) and regional master plan level (10-year
plan). The government set up the Korean Climate Action Fund to effectively implement
policies towards carbon neutrality. The two main policies are the Digital New Deal and
Green New Deal, with the investments of the Green New Deal of around USD 4.5 billion
for green remodelling to ensure that new and renovated buildings are energy-efficient and
constructed from sustainable materials [58].

For the building sector, the 2030 GHG roadmap outlines several policies and measures
for reducing emissions from the sector [56]:

• Enhancing the energy efficiency standard: strengthening permit standards for new
buildings, and certifying zero-energy buildings;

• Upgrading the existing energy efficiency of buildings and homes: promoting green
renovation and green remodelling, and retrofitting public buildings and old buildings;
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• Introducing an energy information system and consumption change pattern: identi-
fying new circular business models, and expanding the renewable energy supply by
customising an energy-saving service or monitoring system.

A summary of the policies related to decarbonising the building sector in metropolitan
Seoul, which accounts for approximately 70% of the carbon emissions from buildings in
South Korea, is presented in Figure 9 [59].
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4. Discussion and Cross-Country Analysis
4.1. National Policy Mapping

Section 3 presents the results, which help to accomplish the following objectives: (1) to
explore the current status of the selected countries in achieving net-zero targets, and (2) to
review the policies, strategies, and actions introduced to achieve the net-zero targets. In this
section, a cross comparison between the countries is presented to show the commonalities
and differences in the net-zero-carbon-related policies among the countries (refer to Figure 10),
which help to achieve objective 3 of this study. Finally, policy maps are introduced (refer to
Figures 11 and 12) to guide authorities to shape their net-zero-carbon-related instruments both
at the national level and the construction industry level, which fulfils objective 4.

Amongst the selected countries, Finland is the leading country, setting out their target
of carbon neutrality by 2035, followed by Sweden (2045), and many countries, like Canada,
the US, Australia, the UK, and New Zealand, are ambitious to achieve these net-zero targets
by 2050. They have identified milestones to be achieved every 5 years to ensure that the final
goal is achieved. Thus, acts, policies, actions, strategies, and roadmaps have been introduced
to monitor their progress and are reported as per the Paris Agreement. Various countries
have taken different approaches and strategies to establish their Nationally Determined
Contributions (NDCs) and achieve their net-zero targets by 2050. It is evident that the
countries that have introduced acts have taken the necessary steps to ensure that they will be
practically achieving their net-zero targets by 2050 or earlier through continuous monitoring
and reporting mechanisms. Figure 10 provides a summary of the acts introduced by various
countries, along with their timelines.
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All the reviewed countries have adopted the top-down approach to promote net-zero
carbon. These countries use climate change acts or their equivalents as the basis for the
development of climate legislation, setting out the goals, policies, pathways (targets), and
monitoring of their implementation. The UK is the first country to put the legal duty to the
Climate Change Act in 2008. Most EU countries, the US, Canada, Singapore, South Korea,
Australia, and New Zealand set legally binding targets to reduce carbon emissions in the
early 2020s. The US introduced “The long-term strategy” and the “Inflation Reduction
Act of 2022” to reduce their GHG emissions and achieve the net-zero target by 2050. The
“Canadian Net-Zero Emissions Accountability Act (2021)”, “2030 Emissions Reduction Plan
(2022)”, “Canada’s strengthened climate plan (2020)”, and the “Pan-Canadian Framework
(2016)” all focus on achieving the net-zero target by mid-century. The EU has a similar
focus. Denmark introduced the “Climate Change Act amendment in 2021”, while the
Netherlands released the “Dutch Climate Act in 2019”. Being one of the countries with the
most foresight and highly active in this aspect, the UK introduced the “Climate Change Act
in 2008”, and several other actions, such as the “Local Authority Decarbonisation (LAD)
Scheme”, “Future Homes Standard (FHS)”, “The Industrial Decarbonisation Strategy”,
and the “National Model Design Code”, amongst others. Australia’s “Climate Change
Act of 2022” and “Long-Term Emissions Reduction Plan” and “Australia’s Technology
Investment Roadmap” will assist them in achieving their net-zero targets by 2050. New
Zealand introduced the “Climate Change Response (Zero Carbon) Amendment Act”,
“National emissions reduction plan”, and “New Zealand Emissions Trading Scheme (NZ
ETS)” to achieve its net-zero targets. Singapore introduced the “Carbon Pricing Act”
as well as the “Code for Environmental Sustainability of Buildings” to achieve net-zero
carbon by 2050. South Korea legislated the “Carbon Neutrality and Green Growth Act
for the Climate Change”, “National GHG Reduction Roadmap 2030 in 2016”, and “Korea
Emissions Trading Scheme” in order to achieve carbon neutrality by 2050.

Each country has its own approach and pathway to achieving its carbon neutrality
goals, but the key principles are the establishment of national long-term targets/roadmaps,
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emission reduction plans, policies/tools, and monitoring frameworks, as summarised in
Figure 11.

The countries have set up national long-term targets and roadmaps for different levels.
The first level is the government, top level, which usually sets the net-zero-carbon targets,
key milestones, and sub-targets, together with the investments and incentives to achieve the
targets. These then trickle down to sectors, who legislate the context-specific regulations for
the application in the sectors or across sectors. For example, based on the national targets, the
building sector sets its targets for decarbonising existing stock and new builds to contribute to
the achievement of the country goal. Meanwhile, the local governments play an important
role in translating and implementing the national and sector regulations and policies to the
communities. Some cities in the selected countries also set out their own net-zero/low-carbon
city targets (London, Auckland, Copenhagen). More importantly, the connection between the
policies at the national, sector, and local-government levels should be clear and cohesive to
ensure the successful delivery of the national net-zero-carbon targets.

Regarding emission reduction plans, most countries use an emissions trading scheme
(ETS) (New Zealand, the US, Germany), or a carbon tax (France, Sweden, Finland, Singapore,
South Korea, Canada) and a mix of an ETS and carbon tax support (UK), or a carbon-crediting
mechanism (South Korea, Australia, Canada) to ensure that they can meet the pre-allocated
carbon budget [60]. An ETS establishes a market price for GHG emissions, which allows
low-emission companies to sell their extra allowances to larger emitters. Meanwhile, a carbon
tax directly sets a price on carbon by defining a tax rate on greenhouse gas emissions. There
are also other indirect ways to reduce carbon emissions, such as through fuel taxes or product
taxes. The selection of the reduction instruments will depend on the national and economic
circumstances. Under the acts, the countries develop toolkits, including policies, standards,
codes, methodologies, classifications, and tools, to guide manufacturers, suppliers, and users
for the implementation of the regulations. For example, in the UK, some standards and codes
have been developed to support manufacturers, suppliers, and users to achieve the NZCB
goals, such as the BS EN 15978 standard, PAS 2080—Carbon management of infrastructure
works, and National Model Code Design 2021. In the EU, the commission proposed a new
Ecodesign for Sustainable Products Regulation in 2022 for more environmentally friendly and
circular products. In the US, ASHRAE Standard 228 [61] in 2023 set the standard method of
evaluating the net-zero net energy and net-zero net carbon building performance. All of the
selected countries have introduced the whole-carbon assessment framework as guidance on the
pathway to net-zero-carbon targets, but not all of them are mandated. Some governments have
introduced standardised national methodologies for embodied-carbon assessment and carbon
data sources (Finland, Sweden, New Zealand) to highlight the importance of standardised
embodied-carbon data sources and methodologies because various software tools and data
sources to carry out embodied-carbon assessments and lifecycle assessments will lead to varia-
tions in the assessment results, creating inconsistencies and reducing the comparability of the
outputs. Along with the standards and assessment framework, market transformation policies,
including behaviour changing, training, and promoting, are critical to the achievement of
net-zero-carbon targets. Although the information is limited, research programmes, awareness,
and behaviour-changing schemes for net-zero carbon have been found in some countries, such
as the environment and zero-carbon research in New Zealand [62], and the energy research
partnership in the UK [63].

Last but not least, a monitoring framework and reporting system are critical to assess
the effectiveness and monitor the government’s progress. Each country in this study has
established a committee or commission to monitor the progress made in reducing carbon
emissions, and to advise the government to prepare for and adapt to the change. The
committees/commissions mainly deal with the following:

• Conducting analyses of climate change policies;
• Reporting progress in achieving the carbon budgets and targets;
• Providing advice on setting and meeting carbon budgets and targets;
• Coordinating stakeholder engagement.
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The assessment results show where the country is on the road to net-zero carbon and
what actions need to be taken to be on the right track. The submission of the reports are
required annually or regularly. The European Commission has established a comprehensive
emission monitoring and reporting system that other countries can refer to [64].

The policy mapping illustrated in Figure 11 was checked by cross-referencing the
findings in other reports and studies. The findings are aligned with various studies that
have performed analyses on the current net-zero-carbon-related policies, long-term targets,
and regulations in the countries [13,59,65,66], studies focusing on policies regarding specific
aspects, such as embodied carbon, energy, databases, or monitoring frameworks [67–69],
and studies identifying barriers to and drivers of carbon neutrality [70–72]. The increasing
consideration of reducing carbon emissions across countries and sectors has led to a surge in
international, national, and local actions, including initiatives, policies, tools, and schemes.
All the actions can be overwhelming for people who seek to understand where to begin,
where to look for guidance, or what changes need to be made to achieve the targets.
Figure 11 provides a visual presentation of all the actions, which will allow the reader to
quickly refer to the information. The limitation of the mapping is that it only considers
the “horizontal relationships” of the actions. It does not present the “vertical relationships”
amongst the initiatives, policies, or schemes.

4.2. Decarbonising the Building Sector

The building sector is a key sector in the transition to net-zero-carbon economics in all
countries, as it is responsible for emissions throughout every single stage of the construction
and use cycle, from the manufacture of material through to construction, maintenance, and
demolition. Therefore, it is critical to driving change to achieve the net-zero targets and
goals. In this study, the governments have established sets of policies in the building sector
to progressively reduce carbon emissions and energy consumption in buildings and the
construction sector. Figure 12 summaries the policies and actions required for the building
sector to reduce carbon emissions and respond to climate change.

There is no doubt that the national policies, plans, and pathways are shaping the de-
carbonisation of the built environment. Other vital control factors that the decision-makers
need to consider is the community awareness and sector readiness. Zhang, Wang [73]
argued that the most challenging factors for net-zero energy in the built environment are
insufficient education and training and low awareness and consumer acceptance. Other
authors have also stated that there is a lack of qualified building design and professional
education and training programs for NZCBs [74]. Many other studies have provided
evidence that building occupant behaviours are critical to energy efficiency [75,76]. There
is an urgent need for a combined effort in social marketing programs and community and
professional training to enhance the transition to net-zero-carbon buildings. This aspect is
still very limited in the current policies of the countries.

It is inevitable that whole-life-carbon (WLC) assessment, including both embodied-
carbon and operational-carbon assessment, is critical to reduce carbon emissions in the
building sector, leading to the achievement of net-zero carbon by 2050. Previous studies
have developed different frameworks and methods for the assessment of WLC [77–79].
However, the researchers also admitted that WLC assessment is challenging, especially
embodied-carbon assessment due to the uncertainty of the variables, such as the databases,
methodologies, and tools discussed above. The countries in this study have set out path-
ways for carbon limits for new buildings, encouraging low-carbon products, and encourag-
ing embodied-carbon reports through building consent, but they are not mandatory yet.
The proposals of new-product carbon certification/labelling should be implemented so that
users can select materials appropriately. Some countries in this study have already started
the application of WLC assessment with public buildings with various targets, such as
initial caps, medium caps, and intermediate caps, such as New Zealand, Denmark, Finland,
and Switzerland [42,65].
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For operational-carbon reduction, all the countries are focused on both new-build en-
ergy standards and retrofitting existing poor-energy-performance buildings. Low-income
households are primarily considered for retrofitting financial assistance programmes
through different schemes, such as short-term (subsidies, vouchers for energy bills),
medium-term (subsidies, incentives for the installation of energy-efficiency measures,
such as heating and insulation), and long-term (subsidies, incentives, and policies for new
technologies, such as hydrogen or grid heating systems) solutions. New home standards
have been developed in most of the studied countries but have not been mandated on a
large scale. Singapore currently applies the new home standards for projects more than
5000 m2 GFA, while the UK and Finland intend to implement the Future Home Standard
in 2025, and Sweden plans to make the new home standard mandatory in 2027. More
importantly, the technical guidelines and mechanisms to implement the standards should
be established firmly to ensure that the right track is followed. Similar to the national level,
standard methodologies, tools, databases, and behaviour changing and monitoring systems
should be included in the decarbonising the built environment strategy [80,81].

Apart from the policies mapped in Figure 12, other approaches also have been used to
contribute to decarbonising the built environment, such as circular-economy principles, smart
procurement, and innovation technology. The circular economy is linked to the WLC with the
aims of maximising the use of existing material, minimising wastes, and reusing assets, thereby
reducing the need for new materials, leading to reduced embodied carbon emissions [82].
The links between the policies of the circular economy and WLC have been promoted in
some countries, such as the EU, UK, and NZ [25,83,84]. Meanwhile, modern construction
methods, such as the electrification of on-site construction vehicles, increased use of off-site
manufacturing, and automation of construction, can reduce the energy consumption on site.
Furthermore, technology innovation in construction plays an important role in decarbonising
the sector [81]. The application of BIM, digital twins, and drones can help with the collection
of carbon data and the creation of a more accurate database system [85]. Meanwhile, public
procurement has the potential to be used as a mechanism to reduce greenhouse gas emissions
and stimulate action on low-carbon development [86–89]. For example, in the UK, New
Zealand, South Korea, and Singapore, the governments have committed themselves to using
public procurement to drive demand for low-carbon industrial products. The procurement
policies, which mandate the completion of whole-life-carbon assessments, could kick-start the
market for low-carbon construction.

5. Conclusions

This study aimed at developing a policy map for the construction industry to deliver
on net-zero commitments. A systematic document analysis was carried out to review
existing published material and develop the policy map. The selection of the countries was
carried out based on the availability of details in English and advancement in the actions
taken to achieve the net-zero targets, especially the availability of a climate change act or
the equivalent. The UK, European countries, the US, Canada, Australia, New Zealand,
Singapore, and South Korea were selected for the study. The actions taken by each of
the selected countries introduced by their respective governments to achieve the net-zero
targets, including acts, roadmaps, and reduction plans, are presented in this paper.

The paper presents a detailed discussion by evaluating the similarities and differences
identified among the countries discussed. Most of the countries are focused on reducing
their operational carbon to achieve carbon neutrality by 2050, while some countries have
identified the importance of reducing embodied carbon as well. A policy map has been
developed considering the actions taken by the countries to achieve the net-zero targets.
This policy map includes the key mechanisms, including acts (climate change acts or
the equivalent), long-term targets/roadmaps, national emission reduction plans, net-zero
policies, and monitoring frameworks. Specific to the building sector, decarbonisation has
to focus on whole-life-carbon reduction, including both operational and embodied carbon.
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This paper provides a summary of the actions undertaken by countries to achieve
net-zero targets, providing an insight for countries that are far behind in achieving carbon
neutrality by mid-century. Also, it provides clear implications for research, practice, and
society by highlighting the importance of achieving net-zero emissions while establishing
and implementing the necessary policies, roadmaps, and plans, among others. Similarly,
future research could be undertaken to explore other countries that are lagging behind
and identify the decarbonisation strategies and mechanisms that these countries need to
establish to achieve carbon neutrality by 2050. It is evident that all countries have a vital
role to play in reducing GHG emissions to create a more sustainable environment with
improved living conditions for all.
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