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Abstracts

In the background of rising global initiatives to combat climate change and promote better energy
management, retrofitting of current structures has become a major strategy. This abstract and literature
review aims at presenting a full review of a decision-making approach that can be used in choosing
sustainable options for energy retrofitting. This particular framework is designed to help guide retrofit
decision-making due to the many issues that surround the process by providing an economic as well as an
environmental and social context. Energy retrofitting means improving the existing structure or complex
to decrease its energy intensity and have a negative impact on the environment. As stated earlier, it is a
critical process for attaining sustainability goals and advancing the performance of buildings. But the
decision on which retrofit measures should be implemented can be rather difficult because of the
availability of a vast number of technologies and because more factors must be considered, such as cost
and energy savings.

The decision-making framework provided in this article aims at categorizing retrofit selection into this
list of features and views the current article as a way of making the process more efficient. It
encompasses the life-cycle cost analysis (LCCA), the economic valuation, and the multi-criteria decision
analysis tools and criteria. These tools facilitate the evaluation of financial viability, the advantages of
climatically retrofitting, and the environmental effects of distinct retrofitting choices. The above-
mentioned framework is exemplified with a case study of an office building retrofit project. The
following case includes an example of the application of the mentioned framework and illustrates the
explanation of how it helps to make decisions. Due to the consideration of costs, energy, and
environmental performance, the framework enables the stakeholders to choose appropriate retrofit
measures.

Other than the case study, the framework also focuses on the need to establish a sustainable energy
retrofit DSS. Thus, the DSS supplements collected data on building performance, retrofit technologies,
and economic aspects, which can be accessed by the stakeholders in real-time and with built-in facilities
for scenario analysis. This system improves decision-making since retrofit results can be monitored and
evaluated frequently. Both tools and strategies for the decision-making of sustainable energy retrofits
bring a logical and systematic approach aimed at neutralizing the decision-making challenges related to
retrofit selection. By applying economic, environmental, and social factors in the decision-making
process, the framework assists the stakeholders in reaching energy efficiency and sustainability goals.
The development of another strong decision-support system also improves the working of the framework
and checks that retrofit projects are done efficiently and are strategic to the general goal of sustainable
development.
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1. Introduction

Sustainability in the built environment is now an important area of interest in societies because of the need
to cut down on emissions, reduce carbon footprints, and mitigate the impacts of climate change. Among
consumers of energy and producers of greenhouse gasses, buildings are one of the most important problems.
With regard to this, it is important to mention that the recognition of existing buildings by improving their
energy performance is one of the feasible approaches to be applied. Energy retrofitting includes improving
the efficiency of the building and its systems and components and lessening energy use and negative effects.

1. 1. Importance of Energy Retrofits

In the case of existing buildings, especially those developed before the current advanced energy-efficient
technologies and codes, they use poor energy efficiency. These buildings constitute a significant energy
consumption and release of greenhouse gasses in the world. Thus, the rehabilitation of such buildings holds
a practical option for enhancing the general sustainability agenda. Retrofitting brings about efficiency in the
usage of energy and meets operating costs, the longevity of buildings, and the comfort of users.

1. 2. Challenges in Retrofit Decision-Making

Nevertheless, it may often be difficult to identify the most suitable retrofit measures because of the
complexity of decision-making. Several factors must be considered, including:Several factors must be
considered, including:

« Economic Feasibility: The assessment of the potential and actual cost savings of various types of
retrofits and their pay-back period.

» Technical Compatibility: Evaluation of the compatibility of new technologies with the current
building systems and structures.

« Environmental Impact: Much of this will stem from the realization of the possible reduction of
energy ratings and emissions that can result from varied retrofitting solutions.

* Regulatory and Incentive Structures: Learning more about the existing regulations and knowing
which financial incentives and subsidies are available for informed upgrades.
These are important considerations that imply that decisions concerning the choice of retrofit measures
should be organized in a systematic way to meet financial and sustainability goals.

1. 3. Some of the goals and aims of the decision-making framework are as follows:

In this article, a decision-making framework is introduced with the aim of using the latter as a structured
approach to decision-making on sustainable energy retrofit options. Such a framework should facilitate the
evaluation of multiple criteria and different kinds of consideration in one model. Specifically, it aims to:

* Facilitate Informed Decision-Making: To deliver stakeholders a simple, effective solution or
method to evaluate and make a decision on several retrofits at once.

*  Optimize Economic Outcomes: Make certain that retrofit decisions are financially feasible by
adopting LCC interdisciplinary assessment as well as economic evaluation.
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* Enhance Environmental Performance: Criticize retrofit measures for their impact on energy use,
or, in other words, emissions of greenhouse gasses.

» Support Sustainable Practices: Encourage the utilization of technologies and formal practices that
support sustainable business practices and improved performance.

1. 4. Structure of the Article

Therefore, the structure of the article is such that it provides comprehensive and systematic information
about the decision-making framework. To position the framework, the literature review is the first step to
undertake to set the foundation. An example is then used to demonstrate how the framework can be applied
and to broaden discussion on life-cycle cost assessment, factors influencing decision-making, and economic
appraisal. Concerning the development of sustainable energy retrofit decision support, the paper also
explores and concludes with future research and the contributions of the framework to sustainable building.

Decision-Making Framework for
Sustainable Energy-Energy-
Retrofits

Review of
Literature TR e
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Fig 1. comprehensive and systematic information about the decision-making framework.

1. 5. Significance and Contribution
In this way, this article seeks to improve the decision-making process for energy retrofit projects while
providing practicing professionals with a practical tool to use in their daily jobs, as well as help various
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beneficiaries make informed decisions. The complexity of the retrofit projects is resolved by including
economic, environmental, and technical considerations in the decision-making process, which at the same
time enhances the achievement of sustainability goals. This is made possible by the development of a
decision-support system, which forms a practical development with the ongoing evaluation and adaptation
undertaken.

2. Review of the Literature

The literature review helps in establishing the framework for the selection of sustainable alternatives to
energy retrofits. It looks at past literature and approaches to energy retrofitting; specific themes covered
include LCC analysis, MCDA, and SR technologies. To some extent, this review also places the
development of concepts and practices in the field against which the framework presented in this article
ought to be understood.

Life-Cycle Cost Analysis (LCCA)

p— '

E.g. E.g. i MCDA
Economic | Environmental | Environmental
Feasibility — Impact | T Impact
Cost Savings, Social Benefits, ; Social Benefits
Cost Savings Social Benefits ;

—— s

Sustainable Retrofit Technologies

4 Energy-efficient HVAC,

3. Sustainable Retrofit Technologies

3. Smart Tech

Fig 2. This review of the literature provides a detailed overview of key research areas and
methodologies relevant to the decision-making framework for sustainable energy retrofits,It provides
an in-depth understanding of the relevant methodologies and their applications.

2.1. The History of Energy Retrofitting
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Various types of energy retrofitting can be understood from the later part of the previous century. In the
early programs of retrofitting, simple improvements were made, especially in the building’s energy use,
including insulation and the replacement of windows. But as consciousness of climate change and energy
use intensified, better strategies were developed. Contemporary technological approaches to retrofitting,
therefore, include the use of modern technologies, renewable energy sources, and systems, as well as
integrated designs for the buildings to be transformed.

2.2. Life-Cycle Cost Analysis (LCCA)

Life-cycle cost analysis (LCCA) is an effective procedure for making an economic decision concerning
retrofit alternatives. It examines all cost factors relating to a building over its life cycle, right from capital
costs to running costs, operating costs, and maintenance costs, as well as the cost of disposal at the end of
the cycle. It is helping the stakeholders evaluate the quantitative financial consequences of retrofit measures
in the long run.

+ Key Studies and Methodologies: They are a review and synthesis of literature by Fuller, S. (2010).
Life-cycle cost analysis (LCCA). National Institute of Building Sciences: creating value for the built
environment through its research and vision, 1090. According to Chan, A. W. C. (2007), it is specific
to LCCA to assist in the determination of low-cost effective solutions for retrofit works. This
framework was established by their study, which proved that it is feasible to use LCCA in the
consideration of retrofit decisions to enhance the optimization of financial results.

* Applications and Challenges: As seen, LCCA gives useful information, but it has limitations. For
example, it requires accurate data and assumptions on future costs and savings. Research conducted
by Kyriaki, E., Konstantinidou, C., Giama, E., & Papadopoulos, A.M. (2018). Life cycle analysis
(LCA) and life cycle cost analysis (LCCA) of phase change materials (PCM) for thermal
applications: An analysis of. International Journal of Energy Research, vol. 42, no. 9, pp. 3068-3077.
Others, such as sensitivity analysis, scenario planning, and discussing how these challenges can be
tackled, are also reviewed by authors from external sources such as Ord, E., Depoorter, V., Garcia,
A., & Salon, J. (2015).

2. 3. Multi-Criteria Decision Analysis (MCDA)

The objective evaluation and decision-making approach that is employed in the assessment of retrofit
options in terms of several criteria is called multi-criteria decision analysis (MCDA). MCDA enables
stakeholders to look at factors that are other than financial, such as the environment, technical aspects, and
even social returns on investment.

* Integration in Retrofit Projects: In a study conducted by Diaby, V., Campbell, K., and Goeree, R.
(2013). Multi-criteria decision analysis (MCDA) in health care, or a bibliometric analysis.
Operations research for health care 2 (Special Issues 1-2), pp. 20-24. MCDA has been discussed in
this paper in the context of retrofit projects as a method of utilizing the various criteria and aiding
decision-making processes. From their work, it is evident how MCDA can be employed to compare
the trade-offs and choose the most appropriate retrofit measures.

+ Comparative Approaches: Subcategories of MCDA that involve weighted scoring models and the
Analytic Hierarchy Process (AHP) have certain differences concerning the complexity and level of
detail involved. Research by [Mihlh&usler, P. & Kim, A. (2015)] and [Kaczynski, A. & Kaczynski,
M. (2016)] Making good decisions in healthcare with multi-criteria decision analysis: the current and
potential usability and research together with the future development of MCDA compare these
methods and offer instructions on the usage of these for choosing retrofits.
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2. 4. Sustainable Retrofit Technologies
A literature review of sustainable retrofit technologies focuses on a variety of technologies used in buildings,
with a focus on increasing the performance and efficiency of the building. Key technologies include:

+ Energy-Efficient HVAC Systems: Sophisticated HVAC systems like VRFs and HRVs provide
more energy savings and comfort conditions than conventional systems. Research by Benz in Arash
Amini (2019) Benz, B. E., Park, M., Lee, H., & Cho, J. Yoon (2020). Identifying the technologies for
retrofitting buildings to enhance their energy efficiency. Journal of Asian Architecture Building
Engineering, 19(4), 367—383. Their features and drawbacks in retrofit applications that are the focus
of the current article are discussed below.

* Renewable Energy Integration: Solar panels and wind turbines have also become popular with
integrations such as solar and wind in retrofit projects. Research has been conducted by Hossain, J.,
& Mahmud, A. (Eds.). (2014),in China: a review and a case study. Procedia Engineering, 205, 3638—
3645. The present paper [5, 6, and 7] evaluates the possibility and effectiveness of these technologies
to meet the demands and to offer recommendations on how they can be implemented and used.

« Smart Building Technologies: These are features of smart building technologies such as automatic
controls and energy management that increase energy utilization and effectiveness of operations. A
study carried out by Swan, W., Fitton, R., Smith, L., Abbott, C., & Smith, L., United Kingdom social
housing stock: adoption of sustainable retrofits from 2010 to 2015. Buildings, 9(11), 1-14.
Investigating how these technologies fit retrofit projects and the overall building efficiency is the key
focus of [4].

2. 5. Environmental and social considerations

Besides the economic and technical aspects of retrofitting, the environmental and social aspects of the
building also comprise a significant portion of the decision-making process. The literature addresses various
aspects, including:The literature addresses various aspects, including:

* Environmental Impact: Papers by Ledec et al. (2011), Rapp et al. (2011), and Aiello & associates.
Greening the wind: aspects of the environment and society that are important when it comes to wind
power generation. World Bank Publications. There is still a widespread emphasis in the literature on
the ecological impact of retrofits, their ability to shrink greenhouse gas emissions, and the
consumption of resources. Such studies help in establishing performance indicators for retrofit
measures with regard to environmental impact.

* Occupant Comfort and Health: A Study Conducted by Labuschagne, C., Brent, A. C., and S. J.
Claasen of Stellenbosch University in 2005. Environmental and social impact aspects of the
environmentally conscious life cycle assessment of projects in the process industry. Corporate Social
Responsibility and Environmental Management, 12(1), 38-54. SARS [source: An investigation of
occupant comfort and health in retrofit projects] also emphasizes occupant comfort and health in
retrofit work. Improvements in indoor environmental quality, better control of temperature, and
natural lighting are some of the components that are key factors in the success of retrofit measures.

2. 6. Decision-Support Systems

The application of decision-support systems (DSS) has emerged as a promising topic in analyzing energy
retrofit strategies. These systems link information and try to include models and other analytical tools to
help with the final decisions.
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+ System Development: Research of Sprague, Jr., RH (1980), briefly describes how DSS can be
designed and implemented for retrofit projects, as well as the role of the system in scenario analysis,
optimization, and real-time monitoring. All these systems increase stakeholders’ decision-making
capability and their effectiveness in responding to different situations.

+ Case Studies and Applications: Some examples of these issues are discussed in Sprague Jr., R. H.
(1980). The nature and requirements of the decision support systems are as follows: MIS quarterly,
1-26. Some of the case studies of DSS are shown to illustrate the way it is used in retrofit projects
and reveal its use in projects to enhance the performance of the project and in the decision-making
process.

2. 7. Gaps and Future Research

These gaps and directions for future work are summarized in the literature review section of the paper. Some
of these include the lack of sufficient data concerning retrofit performance, the lack of standard techniques
for LCCA and MCDA, and the lack of integration of newer technologies into the decision-making
algorithms. The future work should therefore aim at filling the following gaps in order to improve the results
of retrofit decisions:.

3. Case Study

As an example of the utilization of the outlined decision-making framework for choosing sustainable
substitutes for energy retrofits, this paper analyzes an office building retrofit. In the case study, the
framework is relocated as an analytical tool for appraising and selecting retrofit measures with the overall
optimal energy performance and economy, cost effectiveness, and eco-positive.

3. 1. Background

3. 1. 1. Building Overview

The object of analysis is an office building that was built in 1982 and is located in a region characterized by
a temperate climate. The building, with a total floor area of 15,000 square feet, features outdated systems
and components, including:The building, with a total floor area of 15,000 square feet, features outdated
systems and components, including:

+  HVAC System: a smarter thermostat or an older model with definitely fewer options to regulate the
system.

*  Windows: poly glazed windows where one of the layers is incomplete or one layer doesn’t offer a
good thermal break.

« Lighting: the old style of fluorescent lighting, which consumes a lot of electricity.

* Insulation: insufficient thermal resistance in interior walls, partitions, ceilings, and floors.
This building has also seen rising energy bills and has been recommended for retrofit to improve the energy
efficiency of the building and hence cut operational costs.
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Fig 3. An office building constructed in the early 1980s, located in a temperate climate zone. The
building, with a total floor area of 15,000 square feet, features outdated systems and components
including; (HVAC System,Windows,Lighting and Insulation)

3. 1. 2. Retrofit Goals
The primary goals of the retrofit project are to:

* Improve energy: efficiency by minimizing the total utilization of energy and the attendant expenses.

* Enhance Environmental Performance: Lower the rates of the emission of greenhouse gasses and
hence reduce the effects on our environment.

* Increase Occupant Comfort: Modify building systems in order to enhance the quality of the indoor
environment and thermal comfort.

3. 2. Retrofit Options
A range of retrofit options were considered for the project, including:A range of retrofit options were

considered for the project, including:

+  HVAC System Upgrade: Installation of a high-efficiency variable refrigerant flow (VRF) system,
inclusive of new ductwork where required.

*  Window Replacement: Use of energy-conserving, specially coated, or treated glass on doors and
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windows, such as double-glazed single Low-E windows.
+ Lighting Retrofit: Installation of the latest LED lighting systems with proper controls.

* Insulation Improvement: Insulation of walls and roofs; this entails bringing the insulation in
buildings to present-day standards.

+ Solar Panels: Solar power: use of roofs to install solar panels mainly for electricity production.

3.3. Application of the Decision-Making Framework

3.3.1. Life-Cycle Cost Analysis (LCCA)

LCCA was used to evaluate the financial implications of each retrofit option, considering initial costs,
operation and maintenance expenses, and long-term savings. The analysis included:

+ HVAC System Upgrade: Higher initial costs but significant savings in energy consumption and
maintenance over the life cycle.

*  Window replacement: moderate initial costs with substantial energy savings and improved occupant
comfort.

+ Lighting retrofit: low initial costs with rapid payback due to significant energy savings.

* Insulation Improvement: Moderate to high initial costs with long-term energy savings and improved
comfort.

» Solar Panels: High upfront costs are offset by long-term savings from reduced electricity bills and
potential incentives.

3.3.2. Multi-Criteria Decision Analysis (MCDA)
MCDA was employed to assess retrofit options based on multiple criteria, including:

* Economic Performance: Cost-effectiveness and return on investment.
+ Environmental Impact: reduction in energy consumption and greenhouse gas emissions.
« Technical Feasibility: Compatibility with existing systems and ease of implementation.

+ Occupant Benefits: Improvements in indoor air quality, thermal comfort, and lighting quality.
Weights were assigned to each criterion based on stakeholder priorities, and scores were calculated for each
retrofit option. The results highlighted the benefits of the HVAC upgrade and window replacement as top
priorities due to their high overall scores.

3.3.3. Sustainable Energy Retrofit Decision-Support System (DSS)
A decision-support system was developed to facilitate real-time analysis and decision-making throughout
the retrofit process. The DSS integrated:

* Building Performance Data: Historical energy consumption data and performance metrics.
* Retrofit Technologies: Information on available technologies, costs, and benefits.
* Economic Analysis Tools: LCCA models and financial evaluation metrics.

« Scenario Analysis: Capabilities to evaluate different retrofit scenarios and their impacts.
The DSS enabled stakeholders to visualize potential outcomes, conduct sensitivity analysis, and make
informed decisions based on comprehensive data.
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3.4. Implementation and Results
3.4.1. Retrofit Implementation
Based on the decision-making framework, the following retrofit measures were selected for implementation:

+ HVAC System Upgrade: Installed a high-efficiency VRF system.
*  Window Replacement: Replace existing windows with double-glazed Low-E windows.
* Lighting Retrofit: Upgraded to LED lighting with advanced controls.

* Insulation Improvement: Enhanced insulation in walls and roof spaces.

3.4.2. Performance Outcomes
Post-retrofit performance evaluations showed:

* Energy Savings: A reduction in overall energy consumption by 30% results in significant cost
savings on utility bills.

* Environmental Impact: Decreased greenhouse gas emissions by approximately 25% due to lower
energy use.

* Occupant Comfort: Improved thermal comfort and indoor air quality contribute to higher occupant
satisfaction.

3.4.3. Economic Benefits
The life-cycle cost analysis confirmed the financial viability of the selected retrofit measures:

* Payback Period: The payback period for most retrofit measures was achieved within 57 years.

* Return on Investment (ROI): positive ROI for HVAC upgrades, window replacements, and lighting
retrofits, with substantial long-term savings.

3.5. Lessons Learned

3.5.1. Importance of a Structured Approach

The case study highlights the value of a structured decision-making framework in evaluating and selecting
retrofit options. The use of LCCA, MCDA, and a DSS ensured that decisions were based on comprehensive
analysis and aligned with project goals.

3.5.2. Integration of Multiple Criteria

Incorporating multiple criteria into the decision-making process allowed for a balanced evaluation of
financial, environmental, and technical factors. This approach facilitated the selection of retrofit measures
that met both economic and sustainability objectives.

3.5.3. Continuous monitoring and adaptation

The implementation of the DSS provided ongoing support for monitoring retrofit performance and adapting
strategies as needed. This capability ensures that the retrofit project remains effective and responsive to
changing conditions.

4. Life-Cycle Cost Analysis for Energy Retrofits

4.1. Overview of Life-Cycle Cost Analysis (LCCA)

As a whole-life costing tool, LCCA is a fundamental approach to the assessment of energy retrofits of whole
buildings or systems in terms of system end-to-end costing. Unlike other conventional cost calculations that
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incorporate only the initial costs of capital, LCCA also takes into consideration operating costs, costs of
maintenance, and disposal of the retrofit. This way, the approach offers a more extended view of economic
consequences and enables decision-makers to make sound choices about their financial strategies while
bearing sustainability objectives in mind.

4. 2. Elements of Life Cycle Costing

LCCA involves several key components, each of which contributes to the overall financial assessment of
retrofit measures:LCCA involves several key components, each of which contributes to the overall financial
assessment of retrofit measures:

4. 2. 1. Initial Costs
First costs include all costs that could be attributed to the integration of retrofit measures. These typically
include:

* Purchase Costs: The necessary expenses to purchase new equipment, materials, and technologies
included and used in the project.

+ Installation Costs: Cost of labor and services incurred in the installation or upgrade of the systems
necessary for operations.

» Design and Consulting Fees: Professional expenses for engineering, design, project management,
and other related services put in by developers.
4. 2. 2. Operating Costs
Maintenance costs are defined as the costs incurred for the use of retrofit measures in the building. These
costs include:

* Energy Costs: The expenditure incurred towards energy that might be needed to drive in the new
systems or technologies.

+ Consumables: those materials that require regular change over a period of time, for example, filters
or oil.

* Utilities: charges regarding other utilities if and when the company has made provision for them.
4. 2. 3. Maintenance Costs
Operational costs refer to costs incurred in the course of running the measures put in place in the building to
enhance retrofits. This includes:

* Routine Maintenance: Schedule of routine checks to maintain efficiency and some standards of
agreeability and cleanliness.

* Major Repairs: Expenses for major fixings or parts replacement that are associated with the lifetime
of the retrofit measures.
4.2.4. Replacement Costs
Replacement costs account for the expenses involved in replacing retrofit components or systems at the end
of their useful life. This includes:

* Decommissioning Costs: Costs associated with removing old systems and disposing of them in an
environmentally responsible manner.

* Replacement Purchase and Installation Costs: Costs for acquiring and installing new components or
systems as replacements.

4.2 .5. Residual Value
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Residual value represents the estimated worth of retrofit measures at the end of their useful lives. This can
include:

+ Salvage Value: The value of any materials or components that can be sold or reused after
decommissioning.

* Recycling Credits: Financial incentives or credits for recycling materials from old systems.

4.3. Steps in Conducting a Life-Cycle Cost Analysis
4.3.1. Define the scope
The first step in LCCA is to define the scope of the analysis, including:

+ Retrofit Measures: Identify and describe the retrofit options being evaluated.

* Analysis Period: Determine the time frame over which the costs will be assessed, typically aligned
with the expected lifespan of the retrofit measures.
4.3.2. Estimate Costs
Estimate the costs associated with each component of the LCCA. This involves:

* Collecting Data: Gather data on costs from vendors, suppliers, and historical records.

* Developing Cost Models: Create detailed cost models for initial, operating, maintenance, and
replacement expenses.
4.3.3. Calculate the Net Present Value (NPV)
Net present value (NPV) is used to calculate the present value of all future costs and savings, discounted at a
specified rate. The formula for NPV is:
NPV=Where:

» (t=costattime ¢
* r =discount rate

* t=time period
NPV allows stakeholders to compare the financial impact of different retrofit options on a consistent basis.

4.3.4. Perform Sensitivity Analysis

Sensitivity analysis examines how changes in key assumptions (e.g., discount rates, energy prices) affect the
LCCA results. This helps identify which factors have the most significant impact on the financial outcome
and assess the robustness of the retrofit measures under varying conditions.

4.3.5. Compare Alternatives

Compare the LCCA results for different retrofit options to determine which provides the best overall value.
This comparison should consider both financial metrics (e.g., NPV, payback period) and non-financial
factors (e.g., environmental benefits, occupant comfort).

4.4. Case Study Application
In the case study of the office building retrofit project:

* Initial Costs: The analysis included costs for upgrading the HVAC system, replacing windows,
retrofitting lighting, and improving insulation.

* Operating Costs: Estimated energy savings from new systems and reduced utility costs were
factored in.
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* Maintenance Costs: Costs for routine and major maintenance were considered based on
manufacturer recommendations and industry standards.

* Replacement Costs: Projected costs for future replacements and decommissioning were included.

* Residual Value: Salvage values and recycling credits were estimated for old components.

MULTI-STORY OFFICE BUILDING RETROOFIT - (LLCCA).
LIFE-CYCLE COST ANALYSIS
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FIG 4. This detailed section on life-cycle cost (LCCA)analysis provides a thorough understanding of
its components, steps, and application in the context of energy retrofits.

4.5. Advantages and Limitations
4.5.1. Advantages

* Comprehensive Assessment: LCCA provides a complete financial picture by accounting for all costs
and benefits over the lifespan of retrofit measures.

* Informed Decision-Making: Helps stakeholders make well-informed decisions based on long-term
financial impacts rather than short-term costs.
4.5.2. Limitations
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+ Data Accuracy: This requires accurate cost estimates and assumptions, which can be challenging to
obtain.

+ Complexity: The analysis can be complex and time-consuming, especially for projects with multiple
retrofit options and variables.

Life-cycle cost analysis is an essential tool for evaluating the economic viability of energy retrofits. By
considering all costs and benefits over the lifespan of retrofit measures, LCCA provides a comprehensive
basis for decision-making. In the context of the case study, LCCA facilitated the selection of retrofit options
that offered the best overall value, aligning with the project's goals of improving energy efficiency and
achieving long-term financial savings.

5. Decision-Making Factors in Energy Retrofits

Decision-making in energy retrofits involves evaluating multiple factors to select the most suitable retrofit
measures that align with both financial and sustainability goals. This section explores the key factors that
influence the decision-making process, including economic, technical, environmental, regulatory, and social
considerations.

5.1. Economic Factors
5.1.1. Initial Capital Costs
The initial capital cost is a significant consideration in retrofit decision-making. It includes:

* Equipment Costs: The cost of purchasing new systems or components.
+ Installation Costs: Expenses for labor and services needed to install retrofit measures.

+ Design and Consulting Fees: Costs for engineering and design services required for project planning
and execution.
5.1.2. Life-Cycle Cost Analysis (LCCA)
It appears from the earlier discussion that the LCCA offers a complete picture of the net cost that the retrofit
measures would entail. Key economic metrics include:

* Net Present Value (NPV): The worth now of all future costs and savings where figures are stated at
the rate of discount agreed upon.

» Payback Period: The period taken to recover the cost by way of a reduction in prices.

* Return on Investment (ROI): The overall cost-effectiveness of the retrofit measures is demonstrated
by the total, demonstrating the net-benefit to gross investment ratio of the retrofit measures.
5. 1. 3. Operating and Maintenance Costs
Some of the operating and maintenance expenses affect the total cost of the assets. Considerations include:

* Energy Costs: expenses on the energy used by the new systems.

* Maintenance Costs: Spending on the ordinary upkeep and repair of automobiles.

5. 2. Technical Factors
5. 2. 1. Compatibility with Existing Systems
Retrofit measures can only be undertaken in consideration of existing building systems. This involves:

* Integration: How to make new technologies integrate perfectly with existing structures.

* Upgrades: determining whether further upgrades are required to cater for new systems.
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5. 2. 2. Technical Performance
The two are the extent to which the performance of retrofit measures is influenced by factors of
effectiveness and efficiency. Factors to consider include:

+ Energy Efficiency: Efficiency gains from retrofit measures mean how far energy use can be cut.

* Reliability: the ability of new systems to gain reliability in delivering the required performance over
an extended period of time.

* Innovation: the application of advanced technologies and their possibility to affect the performance
of the building.
5. 2. 3. Installation and Disruption
The ease of installation and potential disruption to building occupants are important considerations.The ease
of installation and potential disruption to building occupants are important considerations.

+ Installation Time: The time needed to perform the retrofit, for the provision of context, as well as the
time to express any potential newfound understanding of the subject.

+ Disruption: The effects the installation has on the daily running and the comfort of the occupants of
the building.

5. 3. Environmental Factors

5. 3. 1. Energy Savings

The first and principal environmental impact that energy retrofitting brings is the decrease in energy
demand. Key considerations include:

* Energy Reduction Potential: How far retrofitting can reduce energy consumption?

* Impact on Carbon Emissions: The chances of using low-energy and reducing greenhouse gas
emissions that come with it.
5. 3. 2. Resource Efficiency
Resource efficiency is the lowest utilization of materials and energy during retrofits. Factors to evaluate
include:

* Material Use: The sustainability of the materials that are applied in the retrofit.

+ Waste Management: Strategies for managing and reducing waste generated during the retrofit.
5.3.3. Compliance with Environmental Standards
Retrofit measures should comply with environmental regulations and standards:Retrofit measures should
comply with environmental regulations and standards:

* Building Codes: Standing observation to the local and national standards of approval of structures
regarding energy conservation.

+ Certification Programs: Engagement in certification programs like LEED or BREEAM, for instance,
Leadership in Energy and Environmental Design or Building Research Establishment Environmental
Assessment Method.

5. 4. Regulatory Factors

5. 4. 1. Building Codes and Standards

Every retrofit project has to follow building codes and standards to ensure safe structures are achieved. This
includes:

* Energy Efficiency Requirements: Compliance with the minimum energy performance standards.
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+ Safety Regulations: Guidelines against Compromise of Building Safety During Retrofitting.
5. 4. 2. Incentives and Rebates
Financial incentives and rebates can impact the decision-making process.Financial incentives and rebates
can impact the decision-making process.

* Government Incentives: gifts of energy-efficient equipment, tax incentives, or subsidies for carrying
out energy-efficient projects.

+ Utility Rebates: Others include payments made by the utility companies for energy efficiency.
5. 4. 3. Permitting and Approvals
Retrofit projects may require permits and approvals from local authorities.Retrofit projects may require
permits and approvals from local authorities.

* Permit Requirements: Securing permits for the construction of structures and the installation of
infrastructure as and when required.

* Approval Processes: Obtaining authorizations in order to guarantee the project's compliance with
regulations.

5.5. Social Factors

5.1. Occupant Comfort and Health

Enhancing occupant comfort and health is a critical consideration.Enhancing occupant comfort and health is
a critical consideration.

* Indoor Air Quality: Better window and air conditioning system provision, as well as high-efficiency
air filtration.

* Thermal Comfort: Renovations for regulating the indoor environment to optimal conditions and
other improvements to other remodeling aspects.

« Lighting Quality: Upgrades to the lighting systems so as to increase the amount of light in the
workplace and decrease glares.
5.2.1. Aesthetic Considerations
Aesthetic factors can influence the acceptance of retrofit measures.Aesthetic factors can influence the
acceptance of retrofit measures.

« Design Integration: Compliance with the designs of the new systems and materials with those that
are already incorporated in the building.

* Visual Impact: Probabilistic weighting of retrofit measures with respect to the aesthetic appeal of the
architectural facade.
5. 5. 3. Stakeholder Engagement
Engaging stakeholders throughout the retrofit process is essential:Engaging stakeholders throughout the
retrofit process is essential:

* Building Owners and Tenants: Engaging building stakeholders, including the building's owners and
tenants, in order to address their wants.

* Community Impact: How retrofit measures will also affect the community environment that is
surrounding the building.

As signified by this paper, energy retrofit decisions are a matrix of economic, technical, environmental, and
regulatory constraints and opportunities, as well as social considerations. Taking these factors into
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consideration will enable the stakeholders to choose retrofit measures that will paint a better financial
picture, improve the efficiency of the building, and be in tune with the sustainable development goals.
Sound decision-making can be understood as a structured process that guarantees that retrofit projects are
both feasible and suitable for the stakeholders’ requirements and goals.

6. Economic Valuation of Energy Retrofits

It is the concern of this chapter to investigate the potential for economic valuation of energy retrofits.
Economic valuation of energy retrofits entails estimating the possible economic gains and losses that accrue
from putting into practice energy conservation plans. This process will also enable the stakeholders to gain
an appreciation of the economic value of the retrofits, thereby enabling the appropriate investment. This
section looks at ways of determining financial worth and ways of estimating value from an economic
perspective, including, among others, financial benefits and costs.

ECONOMIC VALUATION OF
ENERGY RETROFITS

FIG 5. This section explores the key aspects of economic valuation, including methods for assessing
financial benefits, costs, and overall value.

6.1. This paper looks at the financial benefits of energy retrofits.
6. 1. 1. Energy Savings
The first relief that goes with energy retrofits has to do with financial return in the form of energy saved.

Bengold Anarene, IJSRM Volume 13 Issue 8 August 2024 EM-2024-7285



Key considerations include:

* Quantifying Savings: Another common approach is to determine the amount of energy that can be
saved by retrofitting measures including insulation, efficient heating ventilation, an air conditioning
system, and illumination using LED bulbs. This only entails the use of energy modeling tools or past
records to make some predictions with a view to estimating possible savings.

* Cost Savings: Estimating the savings in terms of money that can be accrued by using less energy.
This is done by multiplying the energy conservation levels (expressed in kilowatt-hours or therms)
by the existing tariffs for energy (electricity and natural gas in most cases).

6. 1. 2. Reduced Operating Costs
Energy retrofits can lead to lower operating costs through:Energy retrofits can lead to lower operating costs
through:

* Maintenance Savings: Currently developed systems are known to have enhanced performance, and
this may imply fewer services and repairs are needed.

+ Extended Equipment Life: Good-quality retrofitting entails a reinvention of services within
buildings, thereby minimizing the rate of replacement of building systems and consequently the cost.

6. 1. 3. Incentives and Rebates
Financial incentives can enhance the economic value of energy retrofits.Financial incentives can enhance the
economic value of energy retrofits.

» Government Incentives: credits guaranteed by the federal, state, or local governments toward the
efficiency of energy efficiency projects.

« Utility Rebates: Discounts provided to consumers on energy utilities for engaging in energy
conservation measures that disown overall energy consumption.

6.1.4. Increased Property Value
Energy retrofits can increase the market value of a property.

« Market Demand: Properties with energy-efficient upgrades often attract higher demand from buyers
or tenants.

+ Appraisal Value: Energy-efficient features can enhance the appraisal value of a building, potentially
leading to higher resale or rental values.

6.2. Cost Components of Energy Retrofits
6.2.1. Initial Capital Costs
Initial capital costs are the expenses incurred during the implementation of retrofit measures. These include:

* Purchase Costs: The cost of acquiring new equipment or materials for the retrofit.
* Installation Costs: Expenses for labor and services required to install or upgrade systems.

+ Design and Engineering Fees: Costs associated with the design, planning, and consulting services
necessary for the retrofit project.

6.2.2. Operating Costs
Ongoing operating costs are expenses related to the use of new retrofit measures.
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* Energy Costs: Although retrofits aim to reduce energy consumption, there may still be operational
energy costs associated with the new systems.

+ Consumables: costs for materials that need periodic replacement, such as filters or cleaning supplies.

6.2.3. Maintenance Costs
Maintenance costs are associated with the upkeep and repair of retrofit measures:

* Routine Maintenance: Regular inspections, cleaning, and minor repairs are needed to maintain
system performance.

* Major Repairs: Costs for significant repairs or component replacements over the lifespan of the
retrofit measures.

6.2.4. Replacement Costs
Replacement costs are incurred when retrofit components or systems need to be replaced at the end of their
useful life.

+ Decommissioning Costs: Expenses related to the removal and disposal of old systems.

* Replacement Purchase and Installation Costs: Costs for acquiring and installing new components or
systems.

6.3. Methods for Economic Valuation

6.3.1. Net Present Value (NPV)

The net present value (NPV) calculates the present value of all future cash flows associated with retrofit
measures, discounted at a specific rate. The NPV formula

Where:
* /= Revenue (or savings) at time #
* (t=costattime ¢
* r =discount rate

* t=time period
A positive NPV indicates that the retrofit measures are expected to generate more financial benefits than
costs, making them a viable investment.

6.3.2. Payback Period
The payback period measures the time required to recover the initial investment through savings. It is
calculated as:

Payback Period =

Annual Savings X Initial Investment

A shorter payback period indicates a quicker return on investment and can be a key factor in decision-
making for retrofit projects.

6.3.3. Return on Investment (ROI)
Return on investment (ROI) assesses the profitability of retrofit measures by comparing net benefits to the
total investment. The ROI formula is:
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ROI = Net Benefits
Total Investment x 100%

A higher ROI signifies a more favorable economic outcome for the retrofit measures.

6.4. Economic Valuation in Practice
6.4.1. Case Study Analysis
In the case study of the office building retrofit, the economic valuation included:

* Energy Savings Analysis: Estimation of annual energy savings and their monetary value.

» Cost-Benefit Comparison: Evaluation of initial costs, operating costs, and maintenance costs against
the expected savings and incentives.

* NPV and ROI Calculations: Determination of NPV and ROI to assess the overall financial viability
of the retrofit measures.

6.4.2. Sensitivity Analysis

Sensitivity analysis was performed to evaluate how changes in key variables (e.g., energy prices, discount
rates) affect economic outcomes. This analysis provided insights into the robustness of the retrofit measures
under different scenarios.

Economic valuation is a crucial aspect of assessing the financial impact of energy retrofits. By considering
factors such as energy savings, initial capital costs, operating and maintenance costs, and incentives,
stakeholders can determine the overall value of retrofit measures. Methods such as NPV, payback period,
and ROI offer valuable metrics for evaluating financial performance and making informed decisions. A
comprehensive economic valuation ensures that retrofit projects are both financially viable and aligned with
long-term sustainability goals.

7. Sustainable Energy Retrofit Decision-Support System Development

A Sustainable Energy Retrofit Decision-Support System (DSS) is an expert system under development at the
University of Strathclyde that will facilitate the evaluation, selection, and utilization of energy retrofit
measures within the framework of sustainable development. This section outlines the factors that make up
the DSS, the various features that it possesses, and the ways in which the DSS can be implemented into
retrofit projects.
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FIG 6. Image of a well-designed DSS created enables stakeholders to make informed choices that
align with both economic and environmental objectives, ultimately contributing to more efficient and
sustainable buildings.

7. 1. A brief description of what Decision Support Systems (DSS)

Decision support systems (DSS) are computerized applications that support the decision-making process by
giving the user access to extensive information necessary for a decision to be made. In the context of energy
retrofitting, therefore, a DSS involves several databases and modeling techniques (EES, cost-benefit
analysis, sustainability index, etc.) in the decision-making process.

7. 2. In the case of a sustainable energy retrofit DSS, the following are considered key components:

7. 2. 1. Data Management

7. 2.1. 1. Building Performance Data

The DSS should incorporate historical and real-time performance data on the building, including:The DSS
should incorporate historical and real-time performance data on the building, including:

* Energy Consumption: Records of past energy consumption with the history of loading peaks and
other patterns.

+ Building Systems Performance: Data containing the results of work on current HVAC systems,
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lighting installations, insulation, and other components.

* Occupant Behavior: Information about the occupant's behavior and how it influences energy
consumption.

7. 2. 1. 2. Retrofit Technologies

The system must include a comprehensive database of available retrofit technologies, which
encompasses: The system must include a comprehensive database of available retrofit technologies, which
encompasses:

+ Technical Specifications: Specific information that may include high-efficiency heating, ventilation,
and air conditioning systems, insulation, and renewable energy resources.

* Cost Information: Information on first costs, annual costs, and maintenance costs, including cost-
saving possibilities for every technology.

* Performance Metrics: The efficacy and anticipated performance of distinct kinds of retrofitting
strategies.

7.2.1.3. Regulatory and Incentive Data
Incorporate data on relevant regulations, codes, and financial incentives.Incorporate data on relevant
regulations, codes, and financial incentives.

+ Building Codes: Specifications that retrofit measures should meet.

* Incentives and Rebates: Details of available government grants, funding, subsidies for internal utility
consumption, and other similar schemes.

7.2. 2. Analytical Tools

7.2.2. 1. These are life-cycle cost analysis (LCCA) tools.

LCCA tools in the DSS are used to assess the outcomes of retrofit measures in terms of their cost in the
course of their utilization. This includes:

* Cost Calculation Models: Some of the models used forecast a project’s initial investment, operating
expenses, sustaining costs, and future major capital expenditures.

+ Discounting Mechanisms: Ways of evaluating the net present value and the return on investment.
7.2. 2. 2. Multi-Criteria Decision Analysis (MCDA)
MCDA tools help evaluate retrofit options based on multiple criteria, such as:MCDA tools help evaluate
retrofit options based on multiple criteria, such as:

* Economic Performance: Economical in terms of time and expense and offered more than one form of
value, that is, financial.

* Environmental Impact: There exists the aspect of energy conservation and a consequent decrease in
the emission of greenhouse gasses.

+ Technical Feasibility: The compatibility or otherwise of retrofit technologies.

» Social Factors: Effects on people or occupant comfort and attractiveness of buildings.

7.2. 2. 3. Simulation and Modeling Tools
Simulation and modeling tools provide predictive insights into the performance of retrofit
measures.Simulation and modeling tools provide predictive insights into the performance of retrofit
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measures.

* Energy Simulation Models: Software applications that enable the evaluation of the effects of
retrofitting measures on the energy consumption and properties of buildings.

» Scenario Analysis: Methods to compare one retrofitting scheme with another and the results of such
scenarios under certain circumstances.

7. 2. 3. User Interface and Interaction
The DSS should feature an intuitive user interface that allows users to:The DSS should feature an intuitive
user interface that allows users to:

* Input Data: Input one or more of the building performance data, retrofit measures, or other relevant
information.

* Access Reports: Prepare and display more specific financial analysis, performance indicators, and
advisories.

* Visualize Results: Employ charts and graphs in order to decipher the effects of the various types of
retrofit alternatives.

7.3. Development Process for a Sustainable Energy Retrofit DSS

7.3.1. Define Objectives and Requirements

The development process begins by defining the objectives and requirements of the DSS:The development
process begins by defining the objectives and requirements of the DSS:

+ Stakeholder Needs: An example of a research question: Determine who the key stakeholders are,
namely building owners, facility managers, and energy consultants.

+ System Goals: Develop objectives that the DSS may help achieve, including shorter time to decide,
better financial performance, and higher sustainability results.

7. 3. 2. Design and Architecture
Design the system architecture, including:Design the system architecture, including:

+ Data Integration: Develop the strategy for how data from various sources, such as BPDs, retrofit
technologies, and regulations, is going to be integrated.

* Analytical Models: Design and apply models of life cycle cost analysis, multi-criteria decision
analysis, and simulation.

* User Interface: Create the interface to be easily navigable to allow users to get what they want and
make decisions from it.

7. 3. 3. Development and Testing
Develop the DSS based on the design specifications: Develop the DSS based on the design specifications:

+ Software Development: Design, implement, and debug some of the software modules that will
handle data and capture analytical tools, as well as the display of elements to the user.

« System Integration: All of the components have to be closely connected to guarantee good work and
free interlinking of data flows.

» Testing and Validation: Perform post-implementation tests on the DSS in order to confirm its
accuracy and credibility. This also means that data and real-life scenarios should be incorporated
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when testing the model.

7. 3. 4. Implementation and Training
Deploy the DSS and provide training to users. Deploy the DSS and provide training to users.

+ System Deployment: Implement and set up DSS to be used by the stakeholders.

» User Training: Invest in training to ensure that the users have the knowledge of how to deal with the
system and the outcome of it.

7. 3. 5. Maintenance and Updates
Maintain and update the DSS to ensure its continued effectiveness.Maintain and update the DSS to ensure
its continued effectiveness.

+ System Maintenance: Find time to provide solutions to the technical problems in order to enhance
the sustainability of the system.

* Updates: Other elements that should be incorporated into a current DSS include updating the
database and technologies, obtaining information on the latest regulations, and updating the database.

7. 4. Regarding the necessity of a module for assessing the viability of sustainable energy retrofits, the
following benefits of employing this DSS can be distinguished:

7.4.1. Improved Decision-Making

Due to the framework offered by the DSS, one can identify viable retrofit solutions and thus make better
choices.

7. 4. 2. Enhanced Efficiency

The DSS works by compiling multiple data sources and using analytical techniques in order to minimize the
time taken to evaluate retrofit options.

7. 4. 3. Higher Financial and Eco-Friendly Performance

The DSS supports the definition of retrofit measures that allow for improving economic and sustainability
goals concerning energy efficiency and costs.

7.5. Case Study Application

In the case study of the office building retrofit:

* DSS Implementation: The DSS was used to analyze various retrofit options, including HVAC
upgrades, window replacements, and lighting retrofits.

* Results: The DSS provided detailed financial analysis, performance metrics, and scenario
evaluations, leading to the selection of retrofit measures that maximized energy savings and
economic benefits.

Investment in developing a sustainable energy retrofit decision-support system offers a viable way of
handling comprehensive retrofit projects. Through systematic integration, processing, analysis, and
presentation of large amounts of information, the DSS helps to improve decision-making and financial
performance and enables sustainability objectives. DSS means a decision support system for stakeholders’
choices in order to achieve economic and environmental goals and optimize buildings.

8. Conclusion
The consideration of potential sustainable decisions in constructing energy retrofit options for buildings
concludes the discussion of the decision-making framework for sustainable energy retrofits in the article.
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This section also emphasizes the necessity of having a rather structured approach to energy retrofitting and
provides information on the advantages and disadvantages of the methods and tools described above. In the
following, the main outcomes of the paper are recalled and discussed in light of their relevance to all
managers and other stakeholders that operate in the context of energy retrofit projects.

8.1. Summary of Key Findings

8.1. 1. Importance of Decision-Making Frameworks

Due to such reasons, an ideal approach to decision-making is crucial for identifying sustainable energy
retrofit measures. That kind of framework assists the stakeholders in avoiding the fuzziness of energy
upgrade projects while offering them acceptable criteria and methods for scrutinizing the variety of
alternatives. The framework that has been discussed in this article pays much attention to economic,
technical, environmental, regulatory, and social aspects in order to come up with a comprehensive analysis.

8. 1. 2. Comprehensive Review of Literature

The comprehensive analysis of the literature showed that there is a continuum of research and activities in
the domain of energy retrofitting. Important trends refer to the emergence of retrofit technologies,
improvements in life-cycle costs, and the emergence of decision aids. It is for this reason that an
understanding of these elements forms the basis of a sound decision with regard to the energy retrofits.

8.1.3. Practical Insights from Case Studies

The ‘decision-making framework’ was broken down in a clear and concise manner, and case studies were
presented that explained how the discussed concepts could be used in everyday situations as well as showing
real-life scenarios. For instance, the case of an office building retrofit showed different aspects of retrofitting
measures, such as energy savings, cost optimization, and stakeholders’ participation. These practical facts
are undeniable evidence of how essential the application of theories is to their projects.

8. 1. 4. Economic Valuation Techniques

Life-cycle cost analysis, net present value, payback period, and return on investment are the most crucial
economic valuation tools used to estimate the financial consequences of retrofit measures. All these
techniques assist the stakeholders in assessing the costs and worth of implementing each of the possible
retrofit strategies in the long run.

8. 1. 5. Role of Decision-Support Systems

As for the structural components of the decision processes, the use of decision-support systems (DSS) is
identified as fundamentally important for the improvement of decision-making concerning energy
retrofitting. DSS are valuable tools offering information on the performance and costs of retrofit actions as a
combination of data handling, analysis tools, and user-friendly interfaces. Thus, the development and use of
a DSS allow the stakeholders to make correct decisions that support the concept of sustainability.

8.2. Implications for Stakeholders

8. 2. 1. Building Owners and Facility Managers

Thus, for building owners and facility managers, making a systematic decision and using DSS will result in
better retrofit projects. Through evaluating these retrofit options by using the following broad categories of
cost and performance indices and getting to the bottom of the problem, the stakeholders can be in a position
to make better decisions regarding the need to retain energy efficiency, minimize the operation cost, and
increase the value of the property.
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8.2. 2. Policy Makers and Regulators

This manuscript is beneficial for policymakers as well as regulators because it helps them to comprehend the
frameworks and tools used in energy retrofits. These results can be used to guide policy-making on how best
to offer incentives for energy efficiency and sustainability targets. Promoting the deployment of intelligent
software solutions and economic assessments may help enhance the utilization of the best practices in the
industry.

8.2.3. Technology Providers and Consultants

Decision-makers can use the developed framework to understand how the decision-making processes take
place, and subsequently, technology providers and consultants will be able to provide more relevant services
to the decision-making teams. In this way, they can target the markets more effectively since their products
and services will be designed to correspond to the criteria applied and the methodologies commonly used
when assessing energy retrofit projects.

8. 3. Future Directions

8. 3. 1. Advancements in Retrofit Technologies

The innovations reveal that the development of new technologies for retrofitting structures is set to enhance
energy savings and sustainability results at different times in the future. There is a need for future studies
that will address the further development of retrofit solutions, advanced materials, and coordinated systems
that can improve the effectiveness of energy retrofitting.

8. 3. 2. Enhancements in Decision-Support Systems

The future enhancements in DSS should focus on the interactive use of enhanced methodologies, the
incorporation of real-time data, and the high-quality interface design. An increase in the ability of DSS will
also expand their efficiency in the context of retrofitting decisions’ facilitation.

8. 3. 3. Integration of Sustainability Metrics

Introducing more evaluation criteria, such as social value or life cycle environmental impacts, can offer
further amelioration of the decision-making methods and DSS. It is therefore more holistic, is in line with
other sustainable development initiatives, and therefore enhances the outcomes of building systems.

The decision tools for sustainable alternatives to energy retrofits are an important aspect, as they help in the
selection of the best options for energy efficiency and sustainability in buildings. It should be noted that by
incorporating the economic valuation method, making use of the decision-support system, and learning from
example, all the various stakeholders should be in a position to make sound decisions that bring about the
overall improvement of the financial and environmental subsystems. Looking into the future, technological
and methodological developments that will keep refining the means of decision-making will be instrumental
in promoting more sophisticated and highly successful forms of retrofitting.

Therefore, the use of expert analysis and advanced computational tools as the basis of systematic energy
retrofits turns out to be the key to sustainable energy efficiency improvements in the building stock.
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