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Abstract: Sustainable development is a priority for the future of our society. Sustainable development
is of particular importance to the Architecture, Engineering, and Construction (AEC) industry,
both for new buildings and for the renovation of existing buildings. Great potential for sustainable
development lies in the renovation of existing office buildings. This paper introduces a new framework
for identifying the best set of renovation strategies for existing office buildings. The framework applies
selected green building rating system criteria and cost-effective sustainable renovation solutions
based on cost-benefit analysis (CBA), and thus provides a novelty in decision-making support for the
sustainable renovation of office buildings at an early-stage. The framework covers all necessary steps
and activities including data collection, determination of the required level of renovation, selection of
the green building rating system, identification of impact categories and criteria, and final evaluation
and decision-making using CBA. The framework can be used in conjunction with different systems
and according to different regional characteristics. The applicability of the addressing procedure is
shown through a case study of a comprehensive renovation of an office building in the city of Maribor.
Keywords: sustainable construction; office buildings; building renovation; sustainable assessment;
green building rating systems; BREEAM; cost-benefit analysis

1. Introduction
The sustainable development and implementation of projects based on the principles of sustainable
development is becoming the present and certainly the future of our society. Sustainable development
has been identified as a primary objective in the European Union (EU) and is fully represented in EU
legislation, policy documents, and strategies such as the 2030 Agenda for Sustainable Development [1],
Energy Performance of Buildings Directive (EPBD) [2], EPBD recast in 2010 [3], and transferred to the
national strategy and guidelines of each EU Member State.
The implementation of sustainable development is particularly important for the AEC industry,
as buildings are responsible for 40% of the EU’s total energy consumption [3] and 36% of the EU’s
total CO2 emissions [4]. Our review of the technical and scientific literature shows that sustainability
thinking was particularly present in new public housing. However, a review of the European portal
for energy efficiency in buildings—BUILD UP [5]—suggests that sustainable development is now
being applied to the renovation of existing buildings. Such orientations can also be found on the EU
portal Executive Agency for Small and Medium-Sized Enterprises (SMEs)—EASME [6,7]. Furthermore,
a “Secure, clean and efficient energy” work program has been launched at the EU level as part of
Horizon 2020, which aims to increase the level of building renovation from the current 1.2% to 2–3% [8].
The importance of considering the renovation of existing buildings is also justified by the data from the
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Long-Term Strategy for Mobilizing Investments in the Energy Renovation of Buildings for Slovenia [9],
which shows that within the fund of existing buildings 28% of non-residential buildings and 8% of
them are office and commercial buildings.
The evaluation of sustainable construction projects is often carried out by benchmarks developed
by green building rating systems. These rating systems include technical criteria for evaluating the
degree of sustainability and the magnitude of the environmental impact of buildings and construction
projects. In general, various green building rating systems have been developed worldwide, which
form the basis of sustainable building evaluation and certification. The most commonly used systems
are Leadership in Energy and Environmental Design (LEED) [10], Building Research Establishment
Environmental Assessment Method (BREEAM) [11] and Deutsche Gesellschaft für Nachhaltiges
Bauen (DGNB) [12], which are the most frequently cited in Elsevier’s Scopus database [13–16].
LEED [10] and BREEAM [11] are also the oldest [13,14], and DGNB [12] is the most frequently used in
Europe [14]. Currently in the EU, the reporting framework level(s) is emerging through the European
Commission [17].
Recently, many studies have dealt with green building rating systems. Yuanyuan et al. [18] and
Doan et al. [19] provided a systematic review, comparative analysis, and comparison of sustainable
construction rating systems. Furthermore, studies [13,20–22] compared different green building rating
systems according to their categories and criteria. Bernardi et al. [13] presented a detailed analysis and
comparison of six of the most widely used and consolidated schemes of multi-criteria-based rating
systems. Cole and Valdebenito [20] emphasized the importance of the increasing international use of
the BREEAM and LEED rating systems and provide a detailed analysis of several projects assessed
by these two systems. Zeinal and Huber [21] provided a general review and comparison of DGNB,
LEED, and BREEAM, while Schwartz and Raslan [22] made comparisons between LEED and BREEAM
for newly built residential buildings. In some cases, rating systems can also cover sustainable urban
planning, as discussed by AlQahtany et al. [23] and Kaur and Garg [14], where the latter provided
a comprehensive review of the most widely used green building rating systems.
Making decisions on the appropriate level of sustainable renovation of a building is based on the
efficiency of the renovation measures. In practice, many decision-makers use traditional approaches
to select the most effective renovation package based on an economic evaluation that determines
which investment scenario can lead to the highest energy efficiency savings [24]. However, more
sophisticated methodologies are also used such as decision-making (DM) techniques [24–30], Delphi,
investment analysis [31,32], simulation-based sensitivity analyses [33], etc, while some studies deal
with residential buildings [34] and some with commercial buildings [35,36]. Some studies [30,37–40]
have dealt with the economic assessment of sustainable building renovation. In addition, evaluating the
degree of sustainability of buildings using green building rating systems is also based on a quantitative
multi-criteria assessment approach [10–12].
In the literature for the renovation of office buildings, several methods can be found as
decision-making support tools for sustainability assessment such as quantitative multi-criteria or
multi-attribute models [28,29]; some studies [27,35] have also focused on the optimization of energy
demand for building operation with environmental characteristics and cost efficiency. Furthermore,
Flourentzou et al. [36] developed an interactive decision support tool. Ma et al. [26] proposed
an approach that took into account the trade-offs between energy and non-energy related factors
and is implemented through key activities such as energy audits, building performance evaluation,
economic analysis, and risk assessment. Juan et al. [27] developed a hybrid decision support system
that included processes to assess the existing sustainability level and recommend an optimal set of
renovation measures, taking into account the trade-offs between renovation costs, improved building
quality, and environmental impact. GA and algorithm of the best-first search (A*) were used to
analyze the measures. In the search for the best renovation scenario, Rey [28] and Roulet et al. [29]
examined the ELECTRE algorithm solution based on a multi-criteria calculation method, taking into
account several criteria from three main areas of sustainability at the same time. Chidiac et al. [30]
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proposed a screening methodology to estimate energy consumption and determine the feasibility
of energy-related renovation measures, which deals with calculating the payback period without
considering the maintenance costs.
When deciding on the renovation of an office building today, it is important to consider sustainable
and cost-effective solutions as this will help to make the right choice between the proposed renovation
scenarios. Therefore, the hypothesis of the article is that it is possible to develop a framework as
a powerful decision support tool for the renovation of office buildings, while at the same time,
allowing the decision on the degree of sustainable renovation and cost-efficient measures to be made.
When developing the tool, it was important to include accessible and extensible methods or criteria
that do not require in-depth knowledge of decision-making methodologies based on algorithms and
optimization models, as this allows easy decision-making at an early-stage of the project. A novelty in
this paper is the proposal of a methodological procedural framework to identify the best renovation
strategies for existing office buildings that can be used in the early stage of renovation projects.
The framework has decision-making capabilities and includes tools for the sustainable application of
selected criteria of the green building rating system and the upgrading of the sustainability rating with
an economic valuation of cost-effective renovation solutions using CBA. The framework is unified
to use one of the green building rating systems and their tools. The performance of the framework
will be demonstrated in a case study based on a real case from practice. By implementing all of the
steps and activities, it serves as a guide for a decision maker (the building expert) in the early-stage of
planning sustainable building renovation measures and without in-depth knowledge of the individual
assessment criteria. The results obtained will help the building owner to decide what to do with the
building more easily: whether to invest in the renovation of the building, sell it, or demolish it and
build a new one.
Our paper first gives a brief overview of the levels of renovation in terms of sustainability thinking.
It then presents the legal basis and other documents for sustainable construction projects in the
EU. The paper also contains the common characteristics for the most widely used green building
rating systems BREEAM, LEED, DGNB [10–12] within the assessment system, impact categories,
and assessment criteria used for the renovation of office buildings. The core of the article presents a new
methodological framework for identifying the best set of renovation strategies for office buildings.
The framework consists of four steps and represents a comprehensive flow of activities necessary for
sustainable assessment using the green building rating system, and additionally, a CBA economic
valuation, namely from data collection, selection of the green building rating system and its assessment
system, impact categories and criteria, and the final sustainable evaluation through selected criteria
and decision-making using CBA. The usability of the proposed procedure will be explained by means
of a case study of a comprehensive renovation of an office building in the city of Maribor in Slovenia.
At the end of the paper, conclusions and recommendations for future work are given.
2. Sustainable Renovation of Buildings
2.1. Levels of Building Renovation
The renovation of existing buildings has been addressed by the World Green Building Council [4],
the Ministry of Infrastructure and the Ministry of Public Administration [9], Shah [40], and Yudelson [41].
When determining the level of renovation, the purpose of the building is first and foremost,
the most important consideration. When determining the target level of renovation for residential
buildings, energy efficiency and indoor comfort are important, while for non-residential buildings,
the functional and operational status (e.g., working environment, frequency, and extent of emergency
maintenance, risk of business failure, etc.) is important. Shah [40] defines five levels of renovation:
“Light Touch/Refresh, Medium Intervention, Extensive Intervention, Comprehensive Refurbishment,
and Demolition”. The author notes that level 2 is most commonly used for office buildings, and refers
to the whole building or to individual parts such as floors, installations, equipment, appliances, etc.
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All higher levels require consideration of the applicable space legislation, while a building permit
should be obtained for levels 4 and 5.
The final report of a comprehensive study of building energy renovation activities in the EU [42]
provides the results on achieved renovation rates (defined as below threshold, light, medium, and deep
renovations), energy savings, and investment costs for 28 EU Member States. In Slovenia, the largest
share of investment for both residential and non-residential buildings was below the threshold.
In this study, sustainable renovation means a set of measures to improve the energy and
environmental efficiency of the building in terms of sustainability. In Slovenia, different types of building
renovation are addressed in the strategy [9]. Unfortunately, the vast majority of functional renovation
measures that improve the function and overall condition (i.e., the modernization of an existing
building) are not fully taken into account. As a result of sustainable renovation, the improvement of
building structure, the renovation of building elements, and the increase of the usable floor space can
be achieved by extending the building [43]. Furthermore, the overall benefits can also be reflected in
social and environment effects (e.g., in the quality of living (air quality, thermal, visual and acoustic
comfort), aesthetics, and others).
2.2. Legislative Basis and Other Documents for Sustainable Construction Projects in the European Union
The adoption of laws and directives that promote sustainable construction projects is not only
important for the EU area, but sustainable development is a “global project”. Therefore, continents and
countries use different green building rating systems and levers to promote sustainable development
across the AEC industry. In the following, we will limit ourselves to the adopted guidelines, standards,
strategies, and directives in force at the EU level and valid documents specific to Slovenia in the
case study.
In the EU, the most important documents are the 2030 Agenda for Sustainable Development [1],
Energy Performance of Buildings Directive [2], EPBD recast in 2010 [3], and Directive on the promotion
of the use of energy from renewable sources [44]. Directives are the starting point and basis for national
legislation of the EU Member States.
Various programs have been implemented or are under way in the European area. For example,
two programs have been introduced within the 7th Framework Program for Research and Technological
Development (FP7), namely SuPerBuildings [45] and Open House [46]. Furthermore, the BUILD
UPON project [47] was carried out as part of Horizon 2020 with the following objectives: promote
energy-efficient renovation of residential and commercial buildings; develop a national renovation
strategy; and share knowledge and best practices. Currently, Level(s) [17] is in the test phase from
2018 to 2020, with the objectives of defining sustainable construction criteria, certifying buildings,
and supporting the decision-making process for the implementation of sustainable construction. It is
expected to provide robust indicators and guidelines at a general level.
With a view to promoting sustainable construction, the Energy Balance for each EU Member State
is also important. It provides information on (i) the total annual consumption of each energy source,
and (ii) final energy consumption separately for six groups. As an example, the data of the Energy
Balance of the Republic of Slovenia [48] for 2019 are cited for the group “Other consumption” where
the annual final energy consumption of total consumption was 11.6% in 2017, 10.6% in 2018, and 10.6%
in 2019, while the forecast for 2020 was 10.5%. This is a moderate reduction in consumption, which
must also be further reduced by the energy renovation of buildings.
2.3. Strategic Documents and Legislation for Sustainable Construction Projects in Slovenia
In Slovenia, measures to improve energy efficiency are laid down in the Energy Act [49], which
lays down the principles of energy policy and energy efficiency. The Energy Act defines strategic
development documents such as the Energy Concept of Slovenia [50] (in preparation), the Action
Plan for Energy Efficiency by 2020 [51], and Long-Term Strategy for Mobilizing Investments in the
Energy Renovation of Buildings [9]. Statutes have also been adopted such as Rules on the efficient
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The evaluation of the proposed renovation strategies, either comprehensive or step-by-step,
starts with the investor’s decision to carry out the renovation. In general, an interdisciplinary project
team should be organized by hiring a consultant who is familiar with the content and assessment
tools of green building rating systems. The project team therefore collects data in Step 1. First, the
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The evaluation of the proposed renovation strategies, either comprehensive or step-by-step, starts
with the investor’s decision to carry out the renovation. In general, an interdisciplinary project team
should be organized by hiring a consultant who is familiar with the content and assessment tools of
green building rating systems. The project team therefore collects data in Step 1. First, the existing
building must be inspected, and an analysis of the existing condition should be carried out separately
for each building element. In parallel, an energy audit is carried out, which primarily provides
a detailed overview of the building’s energy consumption and can also include data on annual energy
costs, the survey and analysis of the actual structural condition of the building, and its energy systems
as well as proposals for the measures for complete energy-related renovation and feasibility analysis.
Based on analysis and reports, the team recognizes the renovation needs and develops proposals for
renovation measures and interventions.
In Step 2, the required level of renovation should be determined including appropriate measures
for energy saving and functional improvement. This is followed by the selection of the green building
rating system and the corresponding assessment scheme. Each owner has their own priorities for
the renovation, so the owner selects the most appropriate normative assessment scheme. However,
regional characteristics and the actual usability of the system for a particular building location can also
influence the choice of the rating system. In general, any green building rating system should allow for
an assessment of the degree of sustainability. Depending on the green building rating system chosen,
the target rating and certificate level (see Table 2) must also be selected. Furthermore, after examination
and scoring of the assessment criteria (carried out in Step 4), the team can identify additional measures
that could include various functional renovations.
In Step 3, the team selects a completed assessment system for the chosen green building rating
system that is required to achieve the target certificate. Based on the selected renovation solutions,
the required impact categories and assessment criteria as well as the total number of possible credits
are determined. Impact categories combine technical criteria for evaluating sustainability, usually
divided into the main categories of environmental, economic, and social aspects. Different assessment
criteria are defined for each impact category and the maximum number of credits is determined for
each criteria. All this is defined by the guidelines and technical standards that apply to each green
building rating system.
In the final Step 4, the team’s experts carry out a sustainable evaluation and an economic CBA
evaluation. The scope of the sustainable evaluation includes the iterative method for rating the
building’s degree of sustainability. The analysis is quantitative; the technical criteria are so-called
assessment criteria that are weighted. The weighting of criteria replaces the numerical processes and
implies a priority of the owner over the more important criteria for sustainable building renovation [61].
Therefore, scoring and rating are performed by individual criteria for each renovation measure using
standardized tools or calculators as defined or recommended by technical standards. In this way, each
measure is assigned the number of credits awarded and display the proportion (in %) of “available
credits”, which is then adjusted to the weighting according to the level of category. This results in
a category score and the result of the total score. In addition, the total score is compared with the
target rating level, which checks whether the minimum standard for achieving the selected certificate is
achieved. In doing so, a sustainable evaluation includes the evaluation of the technical criteria within
three main categories and anticipates Life Cycle Costs in the determination of the economic category.
In addition, the scope of economic evaluation provides the calculation of the cost-effectiveness of the
proposed renovation strategies through the implementation of the CBA, which is the next sub-step.
Such an evaluation provides a decision-maker with an overview of the assessment of the financial
benefits as well as an evaluation of other multiple project benefits. Both the sustainable evaluation and
economic evaluations thus form the basis for a final decision.
To support the implementation of Step 3, the characteristics of LEED, BREEAM, and DGNB with
a focus on office buildings are listed below. To support the implementation of Step 4, the basics for
CBA are also given.
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3.3. Characteristics of LEED, BREEAM, and DGNB for the Renovation of Existing Buildings
There are various schemes for the sustainable evaluation of existing office building renovations,
namely the schemes LEED Operations and Maintenance [56], BREEAM Refurbishment and Fit-Out [54],
and DGNB Existing Buildings and Renovation [59]. The LEED Operations and Maintenance scheme
provides an opportunity for different types of existing buildings to pay special attention to building
operation by supporting whole buildings and interiors. The scheme does not specifically define office
buildings. The BREEAM Refurbishment and Fit Out scheme can be used for most types of existing
buildings including residential, non-residential, office, and heritage buildings [54]. The DGNB Existing
Buildings and Renovation scheme offers various applications for the renovation projects applicable to
residential and non-residential buildings, in which offices are also specifically defined [59].
Table 1 gives an overview of selected green building rating systems for the renovation of existing
buildings. A detailed overview of the names of the relevant assessments schemes, their assessment
system, and the rating and certification level are presented here according to the respective technical
standard, although in practice they are constantly updated.
Table 1. An overview of selected green building rating systems (summarized in [54,56,59]).
LEED

BREEAM

DGNB

Operations
and Maintenance

Refurbishment
and Fit-out

Existing Buildings
and Renovation

Assessment system

New construction and
major renovation
Schools
Retail
Hospitality
Data centers
Warehouses and
Distribution centers

Residential buildings
Commercial buildings
Retail
Offices
Hotels
Industrial buildings
Public buildings
Education buildings
Healthcare
Residential institutions
Non-standard building
types
Heritage buildings

Office and
administration buildings
Educational buildings
Residential buildings
Consumer market
buildings
Shopping center
buildings
Department stores
Logistic buildings
Production buildings
Hotel buildings

Rating and
certificate level

Platinum ≥ 80 points
Gold 60–79 points
Silver 50–59 points
Certified 40–49 points

Outstanding ≥ 85%
Excellent ≥ 70%
Very good ≥ 55%
Good ≥ 45%
Pass ≥ 30%
Unclassified < 30%

Platinum ≥ 80%
Gold ≥ 65%
Silver ≥ 50%
Bronze ≥ 35%

Scheme

Each selected rating system has certain impact categories and assessment criteria (scoring). Table 2
shows in detail the impact categories of selected green building rating systems and the allocation of
credits for the renovation of office buildings. For each category, the possible total value of credits
received is indicated, which applies to the maximum standard. The categories are ranked from those
with the most credits to those with the lowest possible.
Table 2 shows that the individual assessment scheme does not have the same number of impact
categories, and consequently a different value of the total credits. Furthermore, the categories have
different names, content, and weights in determining the final scoring, which prevents a comparison of
the rating systems.
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Table 2. Review of impact categories and scoring for the renovation of office buildings (summarized
in [54,56,59]).
LEED
Operations and Maintenance

cr.

EA—Energy and Atmosphere
EQ—Indoor Environmental Quality
WE—Water Efficiency
LT—Location and Transportation
MR—Materials and Resources
SS—Sustainable Sites
IN—Innovation
Total possible credits

35
22
15
14
9
4
1
100

BREEAM
Refurbishment and Fit-out

cr.

Ene—Energy
Hea—Health and wellbeing
Man—Management
Pol—Pollution
Mat—Materials
Wst—Waste
Tra—Transport
Inn—Innovation
Wat—Water
Leo—Land use and ecology
Total possible credits

35
22
21
14
13
13
11
10
9
4
152

DGNB
Existing Buildings and Renovation

cr.

SOC—Sociocultural-functional quality
ENV—Ecological quality
PRO—Process quality
ECO—Economical quality
TEC—Technical quality
Total possible credits

19
15
12
6
2
54

3.4. Cost-Benefit Analysis
When deciding on the measures to be taken to renovate the energy efficiency of existing buildings,
cost efficiency is the main consideration for the investor. Consequently, the assessment of the economic
justification can be carried out with the help of the cost-benefit analysis (CBA). The CBA is a systematic
approach, normally used in project investment to estimate the value of the expected benefits compared
to the costs of a project. When deciding on appropriate energy and non-energy related measures for the
sustainable renovation of existing buildings, investors or owners need the following key information:
the impact of the quality improvement of the renovation measure on the project costs, the increase
in market price or tenant rates, the increase in the space occupancy rate, the savings in energy and
other operating and maintenance costs, and the return on investment in the measures. Nevertheless,
when evaluating the impact of sustainable renovation, not only the economic effect, but also the
environmental and social aspects (e.g., improving comfort in the building) should be considered, but
experience to data suggests that the economic outcome is the most important.
The CBA can focus only on costs (financial analysis). However, sustainable building renovation
projects should also consider other project benefits such as increased building values or tenant rates,
which is why the benefit assessment is introduced as a so-called economic analysis. Accordingly,
Bleyl et al. [38] identified multiple project benefits (MPB) for the energy-efficient renovation of office
buildings such as increased rents, real estate values, and (employee) productivity as well as savings in
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maintenance costs and CO2 . The authors also provide the approaches to the monetization MPB and
their monetary values. In the economic analysis, cash flow not only takes into account future energy cost
savings, but also other economic benefits that can add significant value for investment decision-makers.
In general, several methods can be used for CBA analysis (e.g., discounted cash flow, annuity
method, dynamic payback period, and net present value (NPV). The most used method is the NPV
method, which takes into account all annual costs and all cost savings at the current net present value
using the cumulative discount rates. The project is economically viable if the NPVs of the savings and
costs are positive.
The assessment of the economic impact of building renovation projects is most frequently carried
out for energy-related measures (i.e., measures on the thermal envelope, HVAC, and supply systems.
Different solutions are prepared and a comprehensive energy analysis of the building should be
carried out. Next, an LCC analysis is performed for the chosen solutions in a selected period of
time, considering the life cycle costs of the measures [39]. In addition, to determine the eligibility
of investments, an economic evaluation of the measures is carried out (e.g., by means of a CBA
analysis). This involves calculating the net present value of renovation solutions in terms of pure cost
(i.e., for financial analysis) using Equation (1), and in terms of other MPB (i.e., for economic analysis)
using Equation (2).
t=n
X
Sn − Cn
RVn
NPV0,f = −I0 +
+ t
(1)
qt
q
t=1

NPV0,e = −I0 +

t=n
X
t=1

RVn
MPBt
Sn − Cn
+ t +
qt
q
qt

(2)

where NPV0,f is the net present value for the financial analysis; NPV0,e is the net present value for
the economic analysis; I0 is the investment; Sn is the energy saving for year t; Cn maintenance cost
for year t; q is the discount factor, q = 1 + i/100; i interest rate in%/a; t observation period in years; n
calculated operating lifetime period in years; RVn residual value in year n; and MPBt is the multiple
project benefit for year t.
3.5. Description of the Current Condition of the Office Building in the Case Study
The building is located in the city center of Maribor. It was designed and built from 1976 to
1980 and is a representative office building of the time. It has 12 floors (two basements, ground floor,
and nine floors), two passenger and one goods lift, and three staircases. The total net floor area (NFA)
is 8552.0 m2 , the total net heated floor area (ANHF ) is 6440.0 m2 , and the height is 34.8 m [62].
The load-bearing structure of the building is made of reinforced concrete (foundations, elevator
core, skeleton structure (slabs, beams, columns) and staircases). The partition walls are made of
Porolit brick, while the partition walls between the offices are dry-erected. The façade mostly
consists of self-supporting cast aluminum elements with inlaid thermal insulation inserted (Figure 3).
The windows have an aluminum frame and are glazed with thermal insulation glass. External blinds
were installed subsequently. The roof is a classic flat roof with gravel; the roofing covering was replaced
in 1994. The completion of the interior spaces was done with all elements as visible concrete, only
some of them are painted. The finished floors are fitted with different materials (natural stone, carpets,
rubber floors, parquet floors, ceramics, etc.). The ceilings were designed as a lowered ceiling, partly as
lamella and partly as dry ceilings [62].
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4. Results and Discussion
4. Results and Discussion
The applicability of the proposed methodological framework for the sustainable assessment of
The applicability of the proposed methodological framework for the sustainable assessment of
the renovation of an existing office building is supported here by the case study of a comprehensive
the renovation of an existing office building is supported here by the case study of a comprehensive
renovation of the office building in the city of Maribor. Due to the location of the building in Europe,
renovation of the office building in the city of Maribor. Due to the location of the building in Europe,
the general accessibility of the guidelines and special determination of the assessment system for office
the general accessibility of the guidelines and special determination of the assessment system for
buildings, the BREEAM rating system was used for a sustainable evaluation of the renovation within
office buildings, the BREEAM rating system was used for a sustainable evaluation of the renovation
the proposed framework.
within the proposed framework.
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4.1. Implementation of Methodological Framework Using BREEAM
In our case study, the building owner wants to examine the possible strategies for renovating
the existing building. An energy audit for the building is currently available [62]. When planning
the desired level of renovation, the owner needs to follow instructions that are consistent with the
objectives of sustainable construction projects. In addition, the owner would have to carry out energy
and cost analyses for the planned renovation strategies and determine an overall rating of the building’s
level of sustainability and environmental impacts after renovation. In general, the methodological
framework is used for this purpose. In the following steps, a sustainable evaluation and, in addition,
an economic evaluation of the renovation solutions is carried out in the form of a CBA.
First of all, a project team must be set up to carry out the physical inspection of the building
elements and to check the energy audit report already prepared. The project team must include
a dedicated construction consultant (his own or one appointed by the owner) who is familiar with
the content of the BREEAM rating system. On the basis of the data collected, the following measures
are proposed: (a) renovation of the building envelope: façade (replacement of the thermal insulation
and façade panels with a substructure, replacement of the glass façade walls on the ground floor),
windows and doors, and the roof; (b) renovation of the interiors: ceilings (partially-non-existent);
and (c) renovation of the active technical systems: heating and cooling (partly in meeting rooms).
The renovation does not include the replacement of existing installation material.
In general, all these measures are energy and non-energy measures and together form the Baseline
Scenario. An energy performance comparison is made for energy-related measures by combining
data from the energy audit [62] and the current state of the building before renovation. The calculated
saving of the specific energy consumption for heating was 127.74 kW h/(m2 a) (77.35% of the current
consumption); the electricity consumption was 13.59 kW h/(m2 a) (13.62%). In addition, non-energy
related measures, also known as functional improvement, contribute to raising the overall rating of
sustainable building.
Furthermore, the target level 4 “Comprehensive Refurbishment” [40] was set and all proposed
measures were accepted in Step 2. The evaluation of the renovation measures was carried out
according to the selected BREEAM and the chosen assessment scheme “Refurbishment and Fit Out”
and the technical manual International Non-Domestic Refurbishment 2015 [54]. Assuming that the
owner would set the target rating benchmarks as “very good”, this would require at least 55% of the
total credits.
In Step 3, all impact categories that apply to the selected target rating are selected. The renovation
assessment is carried out according to the chosen Technical Manual [54]. In principle, the standard refers
to impact categories as “environmental sections” and the assessment criteria as “assessment issues”.
The chosen assessments scheme is used to provide a modular set of criteria related to the scope of the
measures. The minimum requirements for the rating “very good” include the following mandatory
assessment criteria: Mat 03—Responsible sourcing of materials, Wat 01—Water consumption, Wat
02—Water monitoring, and Ene 02—Energy monitoring. To achieve a better rating, the following
assessment criteria were added: Man 01, Man 02, Man 03, Hea 01, Hea 02, Ene 01, Tra 01, Wst 01, Pol
03, Pol 05, and Inn. Table 3 gives an overview of the relevant criteria. However, the credits for Inn are
only awarded if the renovation can achieve exceptional results for one or more specific criteria. In our
case study, six credits were awarded for the Inn criteria. Taking all criteria into account, the possible
total number of credits was 152 (see Table 2).
The final step, Step 4, provides a final decision based on two sets of assessments, namely the
sustainable evaluation and a CBA economic evaluation of the proposed measures.
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Table 3. Impact categories, assessment criteria, and scoring of the renovation measures.
BREEAM
Refurbishment and Fit-Out
Credits
Achieved

Credits
Available

R of Credits
Achieved, %

Category
Weights

Category
Score

Man—Management
Man 01 Project brief and design
Man 02 Life cycle cost and service life planning
Man 03 Responsible construction practices
Hea—Health and wellbeing
Hea 01 Visual comfort
Hea 02 Indoor air quality
Ene—Energy
Ene 01 Reduction of energy use and carbon emiss.
Ene 02 Energy monitoring
Tra—Transport
Tra 01 Sustainable transport solutions
Wat—Water
Wat 01 Water consumption
Wat 02 Water monitoring
Mat—Materials
Mat 03 Responsible sourcing of materials
Wst—Waste
Wst 01 Project waste management
LEO—Land use and ecology
Pol—Pollution
Pol 03—Flood risk management and reducing
surface water run-off
Pol 05—Reduction of noise pollution
Inn—Innovation

12
4
4
4
8
5
3
10
8
2
3
3
6
5
1
3
3
5
5
0
3

21
4
4
6
22
7
5
35
12
2
11
8
9
5
1
13
4
13
6
4
14

57.14

0.12

6.86

36.36

0.15

5.45

28.57

0.19

5.43

27.27

0.08

2.18

66.67

0.06

4.00

23.08

0.13

2.88

38.46

0.08

2.88

0
21.43

0.10
0.10

0.00
2.14

2

5

1
6

1
10

Total (Baseline Scenario):

56

152

Offices/Commercial Buildings

60.00

0.10

6.00

1.00

37.83

4.1.1. Evaluation for Sustainability
The scoring of each criterion employs a standardized tool or calculator [54]. First, for the Baseline
Scenario, the number of credits achieved within each impact category was determined for each measure.
Then, the proportion R of the achieved credits that corresponded to the category is calculated, which is
multiplied by the category weights and results in the category score. The total score for the category
was thus 37.83%. Checking compliance with the minimum standards for the target rating “Very good”
shows that the owner would only achieve two stars and the certificate “Pass” for the Baseline Scenario,
so the total number of credits corresponded to only 56 (see Table 3).
To achieve a higher rating and certificate level, further measures (additional or new) were added
to the Baseline Scenario, referred to as Scenario 1. The following measures were added: (a) wall
painting according to the Volatile Organic Compound standards (VOCs); (b) external bicycle enclosure
(fenced) with showers and toilets inside; and c) additional documentation (LCA analysis and waste
pre-renovation audit). These measures were aimed at increasing the functionality of a building.
Next, a reassessment included the provision of the higher values of the credits for the criteria Hea 02
(+1 credit), Tra 01 (+3 credits), Wst 01 (+1 credit), and Inn (+2 credits), and supplementary for Mat 01
(+4 credits). This improves the total score, which would be 67 credits for Scenario 1 and 47.10% for
the category. This would be sufficient to achieve three stars and the certificate “Good”. An overview
of the credits achieved for both scenarios is shown in Figure 4. Credits by the Baseline Scenario are
shown as “Achieved” (blue), while additional credits for Scenario 1 represent credits in “Could be
achieved” (green).
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The following features were considered in the economic modeling:
The following features were considered in the economic modeling:
1. Initial investment costs: These were taken from the energy audit data [62] recalculated to the
1.
Initial investment costs: These were taken from the energy audit data [62] recalculated to the
present time [63] where the Baseline Scenario costs for (i) the preparation of the schematic design
present
time [63] where the Baseline Scenario costs for (i) the preparation of the schematic
documentation, (ii) the construction and finishing works (including the costs for material, labor,
design
documentation,
(ii)implementation
the construction
finishing works
(including
the costs
for material,
equipment), and (iii) the
of and
organizational,
so-called
non-technical
measures,
all
labor,
equipment),
and
(iii)
the
implementation
of
organizational,
so-called
non-technical
without VAT. The investments for the Baseline Scenario (Pass) amounted to 1.86 M€ ormeasures,
289.26
all
without
The
investments
for
Scenario
(Pass)
amounted to 1.86 M€ or
2 ANHF) VAT.
€/(m
and for
Scenario
1 (Good)
to the
2.00Baseline
M€ or 310.95
€/(m2 A
NHF). Figure 5 shows the initial
2A
2A
289.26
€/(m
)
and
for
Scenario
1
(Good)
to
2.00
M€
or
310.95
€/(m
2
NHF(in €/m ) for the ANHF for both scenarios.
NHF ). Figure 5 shows
investment costs
2 ) for the A
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initial
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(in
€/m
for
both
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NHFsavings [62] and evaluated as operating costs,
2. Energy savings: These were calculated as energy
2.
Energy
savings:
calculated
as energy
[62] and evaluated
as operating
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a unitThese
cost ofwere
natural
gas of 0.064
€/(kW savings
h) and electricity
of 0.116 €/(kW
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2 a)including
taxes andacharges
[62].
totalgas
annual
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amounted
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unit cost
of The
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of €0.116
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for energy
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Additional
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taxes
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The total
annual
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amountedatto4%/a.
62,796.52
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such
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empirical
data
equipment and structures. Their calculation is based on the national rules on standards foronthe
maintenance costs for most building elements and HVAC systems, which represent a proportion
maintenance
of apartment buildings and apartments [64]. The rules provide empirical data on
(in %) of the investment costs of a newly constructed element or system. In our case study, an
maintenance costs for most building elements and HVAC systems, which represent a proportion
average depreciation over the lifetime of the building was considered, namely 0.33% for the
(in %) of the investment costs of a newly constructed element or system. In our case study,
building envelop and 1.33% for HVAC systems. Equipment maintenance costs include the
an average depreciation over the lifetime of the building was considered, namely 0.33% for
replacement costs for active technical systems according to their life expectancy [64]: radiator
the building envelop and 1.33% for HVAC systems. Equipment maintenance costs include the
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replacement costs for active technical systems according to their life expectancy [64]: radiator
valves and pumps 10 a (years), ventilation, and recovery system 20 a (years). The replacement
costs are thus 41,205 € in 2030 and 57,399 € in 2040.
Residual value: This is the value of an asset at the end of its service life and indicates the value
that the owner can expect to obtain if the asset is dispositioned. In our case study, the amount of
residual value was calculated by taking into account the carrying amount of the asset. The residual
value for the technical system components (with lifetime of 10 and 20 year) at the end of the
lifetime period was 24,651€ and represents the difference between the investment value for the
new installation of the new components and their value after five years (the study period of the
building is then completed). While the lifetime for envelop components is more than 25 a (years)
and the residual values for these measures are taken into account as the difference between the
initial investment value and the value of the component at the end of the lifetime period, they
amount to 777,442 €.
Multiple project benefits (MPB): These were included in both scenarios as: (i) higher building value:
various studies have shown that a certified green building has a positive impact on the building
value after non-certified buildings of 4% to 21% [38] or 100–260 €/m2 [38]. In our case study,
the value of 150 €/m2 was summarized and divided by the years of lifetime; and (ii) avoidance of
Greenhouse Gas (GHG) emissions: increased energy production leads to a reduction in GHG
emissions, so a reduction in CO2 per ton is considered annually. In the benefit calculations,
the factors for specific CO2 emissions are summarized by Technical Guidelines [53] (0.53 kg/(kW h)
for electricity and 0.20 kg/(kW h) for energy from natural gas), and the monetary value of the
CO2 savings by study [38] was 10 €/t a.

Assumptions of the economic calculation: The calculations focus on a period of 25 years, whereby
the NPV method according to Equations (1) and (2), with a discount rate of the investment of 4% and
an increase in energy costs of 4%. Table 4 shows the starting points of the economic modeling.
The first phase of the CBA focuses on only the costs (i.e., the investment and the costs avoided
during the building operation). The net present value is calculated considering the total initial
investment and maintenance costs and the energy cost savings (Table 5). The second phase of the
CBA additionally includes MPB, among which are a higher building value and an avoidance of GHG
emissions (Table 5).
The results in Table 5 show that the net present value in the financial analysis was negative
for both scenarios, which means that they are not cost-effective within 25 years. This is due to the
investment expenditure, which includes not only energy saving measures, but also investments in the
improved functionality of the building. However, by considering additional benefits, the net present
value becomes positive. Regarding other additional benefits such as staff productivity could lead to
an even higher cost-effectiveness of the project.
The value of the existing office building amounted to 683.14 €/m2 ANHF and is derived from
the model of mass real estate valuation, which is available on a public portal [65]. Adding the initial
investment costs for renovation solutions (excluding MPB), the value of the building was 972.40 €/m2
ANHF for the Baseline Scenario and 994.09 €/m2 ANHF for Scenario 1. As a result, all the calculated values
have to be compared in order to make the final decision to either renovate the building, or demolish it
and build a replacement on the same location, or sell it and rebuild it on another location. In addition,
consideration should be given to the characteristics of the real estate market, the characteristics of the
location and spatial conditions, and the construction services in the area concerned.

Sustainability 2020, 12, 6156

16 of 21

Sustainability 2020, 12, x FOR PEER REVIEW

16 of 22

Building 6 440 m 2 (ANHF)
paints (by standard VOC)

space for bikes and showers

organizational measures

hot water heat pump

circulation pumps

ventilation and recovery (meeting rooms)

hydraulic balancing of heating system

radiator valves

doors and glass facade

windows

thermal insulation roof, ceiling

thermal insulation external wall

design documentation
350

16

300
19

19

107

107

36

36

110

110

4

5

Baseline Scenario

Scenario 1

cost [€/m 2 (ANHF)]

250

200

150

100

50

0

Figure 5. Initial investment costs for both scenarios of sustainable renovation.
Table 4. Starting
points ofThe
the economic
modeling.
Assumptions of the economic
calculation:
calculations
focus on a period of 25 years,
whereby the NPV method
according
(2), with a discountValue
rate of the investment
Starting
Points to Equations (1) and Unit
of 4% and an increase in energy costs of 4%. Table 4 shows the starting points of the economic
Lifetime period, t
Years
25
modeling.
Discount rate of investment, i
%
4
Increment of the cost of energy
%
4
4. Starting
points of the economic
Maintenance costsTable
for envelop
measures
%/a modeling.
0.33
Maintenance costs for technical systems
%/a
1.33
Starting
Value 0.064
Energy price, natural
gas points
€/(kW h)Unit
Lifetime period, t
25 0.116
Energy price, electricity
€/(kW h)Years
Discount rate of investment, i
%
4
Increment of the cost of energy
%
4
Maintenance costs for envelop measures
%/a
0.33
Maintenance costs for technical systems
%/a
1.33
Energy price, natural gas
€/(kW h) 0.064
Energy price, electricity
€/(kW h) 0.116

The first phase of the CBA focuses on only the costs (i.e., the investment and the costs avoided
during the building operation). The net present value is calculated considering the total initial
investment and maintenance costs and the energy cost savings (Table 5). The second phase of the

Sustainability 2020, 12, 6156

17 of 21

Table 5. Initial investment costs, maintenance costs, and energy savings during the first year and NPV.

Investment [€]
Maintenance costs [€]
Energy cost savings [€]
NPV0,f —25 years [€]
NPV0,f— 25 years [€/m2 ]
MPB—at end of lifetime period
MPB—annually
NPV0,e— 25 years
NPV0,e —25 years [€/m2 ]

Baseline Scenario

Scenario 1

1,862,808
6622
62,797
−205,264.52
−31.87
966,000
2109
203,747.71
31.64

2,002,519
6622
62,797
−344,975.72
−53.57
966,000
2109
64,036.51
9.94

It is generally expected that the green building rating system for the evaluation of sustainable
construction projects will become a permanent practice in the future. Various reports on the green
building rating system also show the continuous and global growth of certificates issued in recent
years [13–16]. In this respect, an increase in sustainable appraisal for renovations of existing office
buildings is expected. It is likely that more investment will be made in these buildings due to EU and
long-term national strategies.
Furthermore, evaluating the degree of sustainability within the criteria set in any green building
rating system is perceived as time consuming and requires a good knowledge of the principles and
operation tools. Such an assessment usually falls within the scope of certified verifiers. However,
the proposed new framework is intended to provide a comprehensive evaluation of proposed
renovation solutions in a systematic and simple way to assist the owner in their decision-making.
The formation of a project team including an expert with knowledge of the sustainability evaluation
criteria provides a sufficiently high-quality basis for correct decisions and ensures that the principles of
sustainable development are implemented. As a result, the owner receives (i) information on the level
of certification of a sustainable building, and (ii) an estimate of the cost-effectiveness of the investment.
We assume, however, that a sustainable evaluation by the chosen green building rating system
does not have to be carried out by a certified expert, as it is only an assessment of measures within
certain assessment criteria and impact categories. On the basis of the results obtained (technical and
economic), the owner can consider the possibilities of additional measures and recalculate their impact
on the overall rating of the building’s sustainability level.
5. Conclusions
The development of society and thus also the processes and activities in the AEC industry
increasingly take into account the idea of sustainability. In the EU today, the goals of sustainable
development are recognized as global, primarily strategic goals, and are implemented through
legislation, policy documents, national strategies, and guidelines. In addition, various green building
rating systems are used worldwide as benchmarks for the evaluation of sustainable construction projects.
So far, much research and evaluation has focused on the concept of sustainability thinking for the
needs of public housing. It is expected that in the future, a major focus will be on office buildings,
especially in the renovation of this type of building stock. It is therefore important that owners or
their experts have a systematic and unified procedure in place from the early stages of a renovation
project to identify the best designed renovation strategies. It is important that the procedure is
relatively straightforward and serves as a decision-making tool to provide answers to the question of
how to achieve a target rating of sustainable renovation solutions and cost-effectiveness. Therefore,
the paper combines the most common features of green building rating systems and an upgrading of
the sustainability rating with a cost-benefit analysis, and thus represents a novelty in decision-making
support for the renovation of sustainable office buildings at an early stage. The main contribution lies
in the developed methodological framework of procedures for sustainable office building renovation,
which was designed in four steps. The framework has decision-making capabilities and provides
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a step-by-step assessment including a sustainable evaluation with the green building rating tool and
an economic evaluation by means of CBA. The research is limited to the application of the LEED,
BREEAM, and DGNB rating systems to the renovation of office buildings. The rating systems are
presented in more detail, with the assessment scheme, the assessment system, the rating level, and the
impact categories. The CBA and the basis of other project-based benefits are presented for the economic
evaluation purposes. The applicability of the envisaged framework is implemented in the case study
for a comprehensive renovation of an office building in the city of Maribor. The sustainable evaluation
and economic valuation was carried out for two scenarios. For the sustainable assessment, the criteria
according to BREEAM were introduced using the assessment scheme “Refurbishment and Fit-Out”.
The results showed that the implementation of the initially analyzed measures (Baseline Scenario) as
well as the additionally designed measures (Scenario 1) could not provide the owner with the target
rating. For the purposes of economic evaluation, the CBA shows that the investment is not financially
justified if only the costs within the calculation period are taken into account, but compliance with the
additional benefits leads to an economically viable investment.
The presented methodological framework is intended to be a valuable tool in the decision-making
process with which an office building owner plans a renovation that follows the sustainability concept
and is carried out without in-depth knowledge of the individual assessment criteria of selected rating
tools. The proposed procedure can also be applied globally, using the most appropriate regional
green building rating system and taking into account the regional characteristics of the real estate
market. The paper may also be useful for different groups such as national and local authorities, users,
planners, builders, owners, investors, etc. In addition, the intended decision-making procedure takes
into account the owner’s aspects, who sees the concept of sustainability as a way to keep the costs of
maintenance and operation in their best interest. A building renovated in this way also has an impact
on the well-being and productivity of the employees.
A recommendation for future work would be to study and analyze peer-to-peer comparisons
of green building rating systems at the level of individual criteria within impact categories and to
introduce other decision support methodologies such as multiple-criteria decision-making (MCDM),
multiple-criteria decision analysis (MADM), and others. Furthermore, research could focus on the
analysis of criteria for the sustainable renovation of infrastructure facilities and the integration of the
BIM approach.
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Gradbenih Storitev; Chamber of Commerce and Industry of Slovenia: Ljubljana, Slovenia, December 2019.
Official Gazette of the Republic of Slovenia. Rules on Standards for the Maintenance of Apartment Buildings
and Apartments. Off. Gaz. Repub. Slovenia No. 20/04, 18/11. Available online: http://www.pisrs.si/Pis.web/
pregledPredpisa?id=PRAV5263 (accessed on 15 June 2020).
Ministry of the Environment and Spatial Planning. The Surveying and Mapping Authority of the Republic of
Slovenia. Portal Prostor. 2019. Available online: http://www.e-prostor.gov.si/ (accessed on 15 August 2019).
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

