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Abstract: - The renovation of existing buildings has recently gained recognition in the built environment as a viable alternative to
the construction of new buildings. Building renovations have become a means of achieving sustainability through efficient and
effective practices. However, the depth and rate of current energy renovations are far below what is needed to achieve this goal.
Despite government efforts to promote building energy efficiency, various barriers hinder its implementation. This paper conducts
a comprehensive analysis of these barriers, identifying and organizing them into distinct clusters: social, technical, financial, and
institutional. The findings of this study will facilitate stakeholders' understanding of the barriers facing building renovation and
inspire professionals to consider these barriers during the energy renovation of buildings. This approach can potentially reduce long-
term energy consumption costs, greenhouse gas emissions, and the carbon footprint in the built environment.
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I. INTRODUCTION

The building sector is responsible for 40% of energy consumption and generates 36% of greenhouse gas
emissions associated with energy use [1]. Moreover, global efforts to enhance energy efficiency have resulted in a
reduced growth rate of energy consumption in the building sector compared to the increase in population and built
floor area. Specifically, global final energy use per square meter of floor area has decreased by 25%, dropping from
200 kWh/m2 in 2000 to 150 kWh/m? in 2017 [2]. It is estimated that more than 40% of Europe's residential buildings
were built before the 1960s, and nearly 75% of these buildings are energy inefficient and are expected to remain in
use by 2050 [3, 4]. It is essential to focus on renovating existing buildings, as this can achieve significant energy
savings, potentially reducing the European Union's total energy consumption by 5%-6% and lowering greenhouse
gas emissions by about 5%. The building sector in Europe has the largest untapped low-cost energy efficiency
potential. However, without substantial policy changes, up to two-thirds of this potential might remain unexploited.
According to the International Energy Agency, energy efficiency is considered the ‘first fuel." To decrease the
European Union (EU) overall energy demand and imports and to achieve the Paris Agreement goals, around 250
million homes in the EU need energy renovations, in addition to other measures. This means renovating almost
23,000 homes daily until 2050, implying an annual renovation rate of 3.4%, which is similar to renovating all homes
in Paris, London, and Berlin every year. Given that the majority of homes are in the lower energy performance
classes (C-G), many will require deep renovations. Currently, EU Member States have an annual renovation rate of
0.4% to 1.2%, which is inadequate to meet emission targets [5-7]. Most Member States have been promoting
voluntary renovations and, although this has resulted in some progress, it is insufficient to double the renovation
rate. The adoption of energy-efficient practices in the building sector appears to be lagging behind the goals set by
public policy in various European countries. Analyzing the factors that limit the adoption of energy-efficient
initiatives in the building sector, despite their cost-effectiveness and availability, has become a significant area of
interest. The investment appeal of energy efficiency measures may be lower than expected due to barriers that hinder
their widespread adoption. This phenomenon, commonly referred to as the "energy efficiency gap" or “energy
efficiency paradox," is defined as the gap between the achievable level of cost-effective energy efficiency and the
actual level observed in practice, which obstructs investment in technologies that are both energy-efficient and cost-
effective for potential investors [8, 9].

The potential to renovate existing buildings to energy-efficient standards is attracting significant attention from
policymakers, social housing corporations, institutional real estate owners, financial organizations, and end-users.
To achieve this goal, it is essential to enhance the methods used for building renovation, increasing both their rate
and depth. Therefore, it is critical to examine the barriers that influence the adoption of building energy efficiency
measures to identify the primary impediments to implementing these practices [10, 11].
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This paper outlines the potential barriers to energy efficiency adoption and proposes solutions, highlighting best
practices to overcome these barriers, which could guide the development of future policies for enhancing energy
renovation in existing buildings.

Il. METHODOLOGY

A review of relevant literature was conducted to identify barriers to building renovation practices. A significant
number of studies on energy renovation in existing buildings have examined specific countries or regions, including
Europe, the United States, Asia, Africa, and Oceania. The majority of these studies focus on European countries.
Initially, the emphasis was placed on examining, describing, and classifying the barriers to energy efficiency in
existing buildings within a structured taxonomy. These barriers, which impede the implementation of energy
renovation, differ across countries and can be categorized into four clusters: social, financial, technical, and
institutional [12, 13].

SOCIAL BARRIERS

Social barriers describe the potential obstacles the public may encounter during energy renovation projects,
which might cause public dissatisfaction. Energy renovation efforts are influenced by various social factors. For
example, limited public awareness of energy renovation may result in conservative views regarding its necessity.
Error! Reference source not found. presents a list and description of the various social barriers.

Table I. List and description of social barriers.

Social barriers References

Lack of motivation [14-19]
Residents often lack motivation due to limited information and knowledge of energy

efficiency measures and strategies to mitigate greenhouse gas emissions.

Resistance to change [14, 16, 17, 19]

Residents, particularly the elderly, are reluctant to adopt residence improvements,
convinced that energy-efficient technologies are both too difficult to use and too
challenging to obtain.

Interruption to building operations [20-22]

This challenge involves energy renovation interventions that disrupt the normal
operations of existing buildings. It may require temporary area shutdowns, occupant
relocation, or limited access to certain areas, potentially influencing the decision to
proceed with renovation.

Prebound effect [23-26]

Residents tend to increase their consumption of heating fuels after renovations, resulting
in actual post-renovation energy usage that exceeds the initial projections based on
calculated energy ratings.

Lack of trust [17, 19, 24, 27]

Residents often doubt the advertised benefits of renovation as outlined in cost reports and
have limited trust in the contractor's commitment.

FINANCIAL BARRIERS

Financial barriers describe the financial obstacles that the public or organizations may encounter in managing
finances during energy renovation project. These barriers are a primary concern for stakeholders when making
renovation decisions. Renovating existing buildings can be costly, with initial costs presenting challenges, even
though savings are often realized over the long term. The costs of upgrades can vary depending on the type of
upgrade, building size, and the complexity of the renovation. Furthermore, government incentives for renovating
existing buildings are limited, which discourages renovation projects for financial reasons. Error! Reference
source not found. presents a list and description of the various financial barriers.
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Table I1. List and description of financial barriers.

Financial barriers References

High investment cost [15-19, 24, 28-31]

Residents have limited financial resources to allocate towards costly renovation
procedures. The initial cost of building renovation is significantly higher compared to
other sustainable choices, such as environmentally friendly vehicles, when measured in
terms of greenhouse gas reduction per ton. Due to these financial constraints, residents
are often reluctant to allocate funds for renovation.

Uncertainty about payback period [15-19, 24, 30, 32]
The lack of assessments regarding the impact of price fluctuations on the demand for

energy resources can reduce the profitability of renovation investments, extend payback

periods, and necessitate investors to bear potential financial losses.

Lack of government support [33, 34]

Governments have prioritized energy production industries over energy efficiency
initiatives, as evident through tax policies and R&D support, demonstrating a lack of
governmental commitment to efficiency efforts.

Split incentives [19, 35, 36]
This issue arises when the entity incurring the costs of energy efficiency initiatives differs

from the one enjoying the savings. For instance, landlords may hesitate to invest in
energy-efficient solutions because they incur the upfront costs, while residents benefit

from reduced energy expenses. As a result, landlords often lack the incentive to pursue
energy-efficient upgrades.

Lack of loan opportunities [33, 34, 37]
Attractive loan opportunities are limited for residents with low to medium incomes, who

are often not eligible for bank loans.

Lack of incentives for investment [16-19, 24, 30, 34]

The lack of commercial activities related to energy-efficient renovations also contributes
to the failure to attract private sector investors. For these investors, financial returns are
the main priority, rather than social and environmental benefits.

TECHNICAL BARRIERS

Technical barriers describe obstacles arising from the complexity of technology, systems, or processes involved
in the energy renovation of existing buildings. Buildings constructed before the 1980s typically have outdated
systems with limited potential for energy-efficient upgrades. Furthermore, the introduction of new technologies and
innovations introduces new renovation trends for existing buildings, necessitating specialized knowledge and skills.
Error! Reference source not found. presents a list and description of the various technical barriers.

Table I11. List and description of technical barriers.

Technical barriers References

Lack of skilled building professionals [16, 17, 30, 38-40]

Obtaining technical support presents a significant challenge for stakeholders, primarily due
to the limited availability of qualified professionals. This issue is further compounded by
the difficulty in assessing the expertise of eligible professionals to address specific issues.

Inability to identify optimal renovation measures [16-18, 30, 41]

Determining the most suitable renovation measures is challenging due to the diverse
characteristics of existing buildings in terms of building typology, construction period, and
energy efficiency properties. Consequently, the unique characteristics of each building
necessitate specific renovation measures.
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Technical barriers References

Lsack of standards and guidelines [17, 19, 24, 42]
This challenge involves the lack of clear, enforceable standards and guidelines that

professionals can depend on when using innovative technologies in energy renovation

projects.

INSTITUTIONAL BARRIERS

Institutional barriers describe obstacles arising from the organizational structure and practices within
organizations, as well as from the stakeholders involved. These obstacles include issues related to ownership,
management, and legal agreements, all of which can affect the renovation process. Conflicts among building owners,
residents, consultants, and contractors may hinder the decision-making process in energy renovation projects.
Error! Reference source not found. presents a list and description of the various institutional barriers.

Table IV. List and description of institutional barriers.

Institutional barriers References

Lack of energy audit databases for energy renovation initiatives [17, 24, 43]

The lack of energy audit databases for existing residences presents a significant obstacle
in identifying specific residences for energy renovation initiatives.

Complex workflow [17, 24, 30, 44]

Although renovation professionals offer various options, none provide a comprehensive
range of energy renovation services. As a result, residents must engage multiple
professionals to implement various renovation measures, adding complexity to the
renovation process.

Multi-stakeholder issues [14, 17, 18, 30, 45]

The differing interests of public and private stakeholders further complicate the
decision-making process for renovation. It is essential to understand the needs and
expectations of these stakeholders. For example, local governments may prioritize
reducing greenhouse gas emissions to comply with national climate change mitigation
goals; however, these priorities may not necessarily align with the interests of other
stakeholders.

I1l. CONCLUSION AND RECOMMENDATIONS

This research provides a comprehensive reference of barriers, aiding in the understanding of potential challenges
encountered during the energy renovation of existing buildings. It helps regulatory bodies and policymakers
determine where policies should be focused and assists researchers in identifying areas that need further research to
improve the energy efficiency of existing buildings.

Based on the barriers identified in the literature, this study recommends the following potential solutions for
addressing these challenges:

e Acknowledge the pivotal role of governments in promoting energy efficiency and sustainability through

robust building codes, financial incentives, and educational initiatives.

e Encourage collaboration among various stakeholders, including policymakers, industry experts, researchers,
and the public, to foster collective commitment to energy-efficient buildings and address identified
challenges.

e Continuously monitor and evaluate the impact of policies, regulations, and incentives to ensure they meet
their intended objectives.

e Enhance public engagement and awareness by providing digital tools to dispel misconceptions and reduce
resistance to change.

e Conduct case studies on successful energy-efficient building projects worldwide to identify best practices
that can be replicated.

o Develop reliable, user-friendly tools for users and property owners to simulate investment costs, payback
periods, and returns.
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e Establish publicly accessible databases managed by municipalities to demonstrate the energy efficiency of
renovated buildings and their transformations, where applicable.
o Provide specialized training for professionals, stakeholders, and public administration officials in the field
of building energy renovation.
¢ Provide financing mechanisms such as soft loans, which feature below-market interest rates and may include
additional incentives (e.g., extended maturity, grace periods, minimal administrative charges), to increase
relevance and appeal to a broad range of households.
e Engage with local community leaders to ensure that community needs, concerns, and feedback are
represented during disruptive interventions, such as renovations.
e Ensure legal flexibility to accommodate case-by-case adaptability in renovation projects.
Addressing these knowledge gaps will lead to a more comprehensive understanding of the barriers to building
energy efficiency and support the development of more effective solutions to enhance energy efficiency in the built
environment.
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