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Abstract

Almost 75% of the existing building stock is energy
inefficient. Thus, to ensure that buildings meet the EU’s
2030 energy targets, energy retrofits supported by
sustainability certification, such as Leadership in Energy
and Environmental Design (LEED®) schema, must be
widely performed.

This research developed an innovative Business Process
Model (BPM) framework based on Building Information
Modelling (BIM) and energy analysis that contributes to
the LEED® certification process for retrofit purposes.

A comprehensive literature review was carried out to
identify LEED® credits that are possible to gain using
BIM and energy analysis technologies. Next, the BPM
methodology was applied to the “Optimize Energy
Performance” credit, by comparing a building’s
performance pre- and post-retrofit.

Key Innovations

e Creation of a BPM framework that supports the
LEED® certification process for existing
buildings;

e Development of a BIM/LEED® workflow that
avoid the fragmentation of the retrofit process
and ensure that the workflow is well-
documented and follows the legal regulations;

e Utilising LEED®, combined with BIM and
Building Energy Modelling (BEM) software, as
a tool to analyse different design options for
retrofitting of existing buildings;

e Application of a BIM-based BPM to a pilot
building for retrofit purposes.

Practical Implications

The correct LEED® rating system for the existing
building to be retrofitted must be chosen and the
requirements stated in the LEED® manual should be
followed. The BEM of the building pre-retrofit needs to
be re-generated for any changes made to the BEM post-
retrofit, in order to assign updated model data (occupancy,
lighting, etc.).

Introduction

The building sector consumes 30% of global resources,
including 40% of all raw materials, 40% of total solid
waste and about 40% of energy consumption (Doan et al.,

2017). In recent years, there have been many initiatives
recognising the importance of sustainable practices aimed
at reducing the environmental impact of new and existing
buildings (e.g. (LEED, 2020), (BREEAM, 2020),
(WELL, 2020)). It is estimated that there are
approximately 600 green rating systems globally that
differ in terms of building’s type, compliance process,
program (mandatory or voluntary) and subject areas
(Mady, 2019).

Different countries give priority to different sustainability
indicators, but most of the rating systems utilise the same
criteria in evaluating the performance of buildings, such
as energy consumption, water efficiency, material use and
energy efficiency (Azhar et al., 2011).

Buildings that are certified with sustainability ratings
consume less energy, enhance the quality of life of their
occupants and show increased economic value. For
instance, buildings certified with LEED® and Building
Research Establishment Environmental Assessment
Method (BREEAM) consume 18-39% and 6-30% less
energy than equivalent non-certified buildings,
respectively (Vimpari and Junnila, 2014).

In order to verify and evaluate the improvement in
building energy performance, the use of building
simulation software is necessary (Ryu and Park, 2016),
(Tagliabue et al., 2018). The building simulation software
includes Building Information Modelling (BIM) and
energy simulation methods. BIM tools facilitate the
comparison of different retrofit alternatives based on
quantitative criteria, such as cost of retrofit action
(Amoruso et al. 2018), while simplifying the transfer of
information to energy simulation tools (Jalaei and Jrade,
2015), (Bergonzoni et al., 2017).

Building Energy Modelling (BEM) software such as
Energy Plus (EnergyPlus, 2020) or Integrated
Environmental Solutions (Integrated Environmental
Solutions, 2020) allow to simulate the thermal and energy
performance of a building, and to calculate building’s
energy demand under specific retrofit measures (e.g.
insulation of the building’s envelope).

The utilisation of BIM and BEM supports the decision-
making process of a retrofit action that could save time,
lower cost and reduce human error (Wu and Issa, 2012),
(Jalaei and Jrade, 2015).

In this research, the LEED® system was selected as a
green building certification program, for rating the
environmental performance of a building pre- and post-
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retrofit. Although released after BREEAM, LEED® has
been considered the most widely adopted rating scheme
based on the number of countries, with over 96,275
projects in more than 167 countries (Doan et al., 2017),
(USGBC, 2019).
The LEED® certification system has four levels,
depending on the point threshold achieved, i.e. LEED®
Certified for 40-49 points, LEED® Silver for 50-59
points, LEED® Gold for 60-79 points and LEED®
Platinum for 80-110 points (USGBC, 2019). The points
may be achieved under 9 LEED® categories: Integrative
Process, Location and Transportation, Sustainable Sites,
Water Efficiency, Energy and Atmosphere, Materials and
Resources, Indoor Environmental Quality, Innovation
and Regional Priority. During the LEED® certification
process, supporting documentation is submitted to the
United States Green Building Council (USGBC) who
decide whether the points can be awarded.

BIM based energy software tools can reduce time and
resources needed for the certification process (Azhar,
2011). Moreover, those software tools can be used to
automatically or semi-automatically generate LEED®
documentation.
The literature review carried out as part of this research,
showed that 80 out of 110 points may be achieved using
BIM and energy simulation tools. Table 1 shows the list
of the LEED® credits, divided by category, and the
potential points that can be earned.

Table 1. LEED® credits and points that can be earned using

BIM and BEM tools (LEED® BD+C, v4).

Creat Credit escription Points|  Bibliography
Location & Transportation
Surrounding Density and
LTc4 Diverse Uses 1-6 (VE, 2020)
LTc5 |Access to Quality Transit. 1-6 (VE, 2020)
LTc7 |Reduced Parking Footprint 1 (VE, 2020)
LTc8 |Green Vehicles 1 (VE, 2020)
Sustainable sites
SSc3 |Open Space 1 (Azharetal., 2011)
SSc4 |Rainwater Management 13 (VE, 2020)
SSc5 |Heat Island Reduction 1-2 | (Azharetal, 2011)
SSc6 |Light Pollution Reduction 1 (Azharetal., 2011)
Water efficiency
Outdoor Water Use
WEcl Redlction 12 | (Azharetal,2011)
WEc2 |Indoor Water Use Reduction| 1-7 | (Azharetal,, 2011)
Energy and atmosphere
EAc] |[Enhanced Commissioning | 2-6 (Jalaelz(a)\gg)Jrade,
Optimize Energy } (Alkay, Emre &
EAC2 Performance 120 Arditi, 2017)
EACS Renewable Energy } (Jalaei and Jrade,
Production 13 2015)
EAS Enhanced Refrigerant (Jalaei and Jrade,
Management 1 2015)
Green Power and Carbon
EA Offet 12 (VE, 2020)

Materials and resources

Building Life-Cycle Im Jalaei and Jrade,
MREL i etion CrkImeect | 25 | ( 2015)
MR Building Product Disclosure 12 (Raimondi and
and Optimization - EPD Aguerre, 2018)
Building Product Disclosure . .
MRc3 jand Optimization—Sourcing| 1-2 fgﬂenﬁen%ﬁ
of Raw Materials '
Building Product Disclosure . .
MR4 land Optimization— Materials| 1-2 fgﬂg‘fe”g'oalrg
ingredients '
Indoor environmental quality
Construction Indoor Air
EQc3 Quality Managerment Plan 1 | (Azharetal,2011)
EQc4 [Thermal comfort 1 (VE, 2020)
EQc7 |Daylight 1-3 | (Azharetal., 2011)
EQc8 |Quality Views 12 | (Azharetal., 2011)
Innovation and Regional Priority
INc1 [Innovation 15 | (Azharetal, 2011)

Total points 80

Many authors previously presented procedures to gain
LEED® credits in different categories using BIM tools,
as shown in Table 1. Raimondi (2018) proposed a
methodology to support the materials selection in terms
of sustainability. Azhar (2011) earned 16 credits utilising
BIM for energy and water analyses. AbouHamad (2019)
proposed a framework to calculate and compare life-cycle
costs of construction system alternatives. Chen (2017)
studied the integration of BIM to site location and
transportation analyses. Alkay (2017) presented a method
to calculate the “Optimize Energy Performance” credit at
a minimum cost. Finally, Azhar (2011) and Wu (2012)
described a general framework to carry out a
BIM/LEED® integration.

However, there is still a need to formalise the
BIM/LEED® process, in order to avoid the fragmentation
of the workflow and ensure the process is well-
documented and follows the legal regulations.

The benefits of using BPM to represent processes are well
recognised in the marketing sector (Lankan, 2020). BPM
provides a graphical understanding of the process flow for
all stakeholders, and allows to model the process before it
is actually implemented, thus minimising flow’s
disruptions and resource utilisation.

But, while the BPM procedure has been carried out for
BIM implementation to new construction projects
(Messner et al., 2020), the authors were unable to find a
BIM-based BPM to retrofit existing buildings. There are
many reasons for this, ranging from the lack of available
building documentation in BIM format (Gholami et al.,
2015), to the inadequate project experience
(Ghaffarianhoseini et al., 2017), lack of collaboration
between stakeholders (Volk, Stengel and Schultmann,
2014), culminating in the incompatibility in information
exchange between different software applications
(Migilinskas et al., 2013).

This research presents a novel framework based on the
Business Process Model (BPM) that supports LEED®
certification in retrofit projects. This paper is organised in
three parts. Firstly, the methodology section shows the
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Figure 1. BPM of the LEED® certification process.

core BPM concept and explains how using BIM based
BPM and energy analysis tools could facilitate more
efficient LEED® certification process. The study focuses
on the application of the BPM methodology in the
achievement of the “Optimize Energy Performance”
credit, which, among all potential credits, holds the
highest amount of points. Secondly, the BPM framework
is demonstrated on a case study building located in
Palermo, Italy. The results section presents energy
savings between the building performance pre- and post-
retrofit. The paper concludes with a discussion that
summarises the findings of this research.

Methods

The workflow of the LEED® -certification process is
presented in Figure 1. The process is displayed using
Business Process Model and Notations (BPMN) v2.0
(Object Management Group, 2010), an established
modelling language composed by the standard graphical
notation typical of the flow chart symbols (e.g. start and
end event, gateways, lines, arrows, etc.).

One of the objectives of this work was to maintain a
general enough level of detail of the BPM, to keep it
suitable for any LEED® certification process, as
suggested by Berard (2013).

The novelty of the approach is represented by the
combined approach of BIM with BPM technique in
pursue of LEED® certification. BIM allows to create a
parametric model of the building, rich of updated data
(geometric model, materials, type and location of system
elements, etc.) that can be stored and easily transferred to
other software for different purposes (e.g. energy analysis
software, life-cycle cost analysis, etc.).

BPM allows that every stakeholder (client, BIM modeller,
mechanical engineer, LEED® expert, designer, etc.) has
a clear idea of his role and responsibility inside the
workflow and it is able to perform its own tasks without
necessarily being aware of LEED® practices. This results
in time spent in the understanding the process and in
facilitating the communication workflow between the
stakeholders (input/output needed, data file type, model
accuracy required, software used, ownership of the
model, etc.), avoiding all the issues linked to
misunderstanding, personal interpretation and ways of
doing.

The BIM-based BPM (Figure 1) is organised in 3 different
phases. Phase 1 is a stand-alone step of the BPM
methodology, common for any LEED® certification
process. Phase 2 and Phase 3 differs for each LEED®
credit.

Phase 1 of the BPM of Figure 1 investigates the project’s
feasibility.  First of all, the user has to select the
appropriate LEED® rating system for the project (e.g.
BD+C Building Design and Construction, O+M
Operation and Maintenance, ID+C Interior Design and
Construction, etc.). Each rating system owns a number of
prerequisite credits to achieve according the building’s
function (new construction, core and shell, schools, retail
etc.). Next, the project has to be registered in a public
database and, in accordance with the chosen level of
certification and the dimension of the building, a payment
for the certification’s review needs to be made.

Phase 2 of the BPM focuses on the LEED® credit
requirement analysis. During this phase, the user creates
the BIM and the energy model of the building that will be
used to select the credits that can be acquired for each
LEED® category. The LEED® manual explains the
intent and the requirements for each credit and the
maximum achievable points according to the building’s
function.

Phase 3 of the BPM includes a submission of the required
documentation. Using BIM tools allows to produce
automatically or semi-automatically reports that are
suitable for LEED® documentation. Each pursuit credit
and project’s prerequisite need to be reviewed from the
Green Business Certification Inc. (GBCI), the
certification body of the LEED® rating system. The total
number of achieved points (minimum 40) decides the
LEED® certification level, as listed in the literature
review. Only buildings certified by GBCI may be
considered as LEED® certified buildings. After the
review process, the user receives the certification
decision, which can be either accepted or appealed. If
accepted, the building is considered LEED® certified.

The next section, describes how the 3 phases of the BIM
based BPM methodology were applied, in the
achievement of the “Optimize Energy Performance”
credit.

Optimize Energy Performance credit

The “Optimize Energy Performance” credit, category of
Energy and Atmosphere, was selected because among all
the credits listed in Table 1, this credit holds the highest
amount of achievable points (1-20/80).

The procedure of achieving the credit follows the 3 phases
of the BPM of Figure 1. In order to pursue the “Optimize
Energy Performance” credit, the building during Phase 1
has to comply with the LEED® prerequisites of the
Energy and Atmosphere category.
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Figure 2. BPM of the “Optimize Energy Performance” requirement analysis.

Phase 2 of the BPM (Figure 1) indicates the LEED®
credit requirement analysis. The intent of the “Optimize
Energy Performance” credit is to increase the energy
performance of the building. This can be done through
two options (USGBC, 2019): i) option 1, where a whole-
building energy model needs to be developed to calculate
the percentage improvement in energy performance
between the building pre- and post-retrofit, for a total of
20 points; ii) option 2, where no calculations are needed
and it is sufficient to implement and document the
compliance of the building post-retrofit with ASHRAE
recommendations (Colliver and Jarnagin, 2005). The
ASHRAE guideline states the minimum requirements
(e.g. U-values, efficiency, etc.) for all building’s
components (envelope, lighting, system, etc.). Using
option 2 a maximum of 6 points may be achieved.

This research follows option 1 ensuring the maximum
LEED® score. The requirement of the credit is to
calculate the energy demand of the building pre-retrofit
and to demonstrate the energy performance improvement
in the building post-retrofit. The maximum score can be
awarded only if the energy performance improvement
exceeds 47%.

Revit (Autodesk Revit, 2020) was chosen in the analysis
because it is commonly used in the construction industry
as the BIM software. IES (Integrated Environmental
Solutions, 2020) was selected as BEM software for its
capacity to conduct detailed building’s energy
simulations and for the Virtual Environment (VE)
function (IES Virtual Environment, 2020). VE is a
specific tool for automated LEED® rating system credit
assessments. In fact, it supplies a structured step-by-step
workflow to speed up the LEED® energy calculation and
submission process.

The flowchart of Phase 2, regarding the LEED® credit
requirement analysis specific for the ‘Optimize Energy
Performance’ credit, is shown in Figure 2.

The BIM-based BPM starts with the availability of BIM.
If the BIM exists, it can be used for the energy simulation
by the experts after the required quality checks and
updates. If BIM is not available, it must be developed
based on sketches, building study and collected data.
Once the BIM is ready, it should be exported into IES.

The two main BIM file exchange formats used for energy
simulation purposes include the Industry Foundation
Class (IFC, 2020) and Green Building XML (GbXML,
2020) (Kamel and Memari, 2019), (Malhotra et al., 2019).
Steps 1-5 of Figure 2 explain the procedure of creating the
energy model of the building post-retrofit, which has to
be consistent with the design documents. Steps 6-10
indicate how create the energy model of the building pre-
retrofit that must represent the current condition of the
building.

Phase 3 of the LEED® certification process (Figure 1)
represents the credit submission. The BPM of Figure 4
shows, in detail, the required documentation that has to be
generated and submitted to the online LEED® portal for
the GBCI review.

A complete description of the three phases, applied to the
pilot building, is shown in the following sections.

Pilot description

The pilot case is a residential building located in Palermo,
Italy (Figure 3). The original building was built around
the year 1920 with a total floor area of 715 m?. The
building is composed of a basement and two floors above
ground. The end use of the building is planned to change
from a residential house to a tourist-accommodation
facility including a swimming pool, private parking and
several green areas.

Figure 3. Pictures of the building pre-retrofit.
The rehabilitation project establishes the realisation of a

crawl space in the basement with insulation, the
redistribution of the internal partitions and zones, the
insulation of the external walls and retrofitting of doors,
windows and roofs. Furthermore, the new project
considers the use of renewable energy sources such as
new solar thermal heating and photovoltaic systems for
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the production of domestic hot water and replacement of Type Electricheat | Air-water heat
the old heating and cooling system with an efficient heat pumps pump
pump, and single heat recovery units in each conditioned Total Chiller capacity [KW] Various 76.80
space. Efficiency [COP] 3.79 296
Table 2 shows an overview of the inputs used for the Hot water loop
creation of the energy models of the building pre- and Type Electricheat | Air-water heat
post-retrofit. pumps pump

Table 2. Inputs used to generate the BEMs pre and post- Total Boiler capacity [KW] Various 86.20

retrofit. Efficiency [COP] 4 33
| Preretrofit | Postretrofit | Rasylts

Walls and partitions U-Value [W/(n2K)]

Stone wall - 21 ¢cm 17 0.33
Stone wall - 36 cm 116 0.32
Stone wall - 51 ¢cm 222 0.34
Stone wall - 71 ¢cm 184 0.34
Roofs and slabs U-Value [W/(m2K)]
Roof of timber + bricks +clay tiles 208 031
Roof of tuff + cast concrete 33 0.36
Slab of cast concrete + tiles 113 0.29
Slab of timber +bricks+ clay tiles 361 031
Doors and windows U-Value [W/(m2K)]
External doors 22 044
External doors with glass 26 049
Internal doors 409 0.35
Internal doors with glass 244 045
Windows 447 056
Lighting LPD W/n?
Conference/multipurpose 1320 3.03
Corridor/transition 710 6.14
Dining area 14.10 14.10
Electrical/mechanical 10.20 7.39
Food preparation 10.70 471
Hotel dining 8.80 138
Hotel guest rooms 11.90 341
Hotel lobby 11.40 5.62
Restrooms 10.50 597
Storage 6.80 590
Air-side HVAC
Type Electricheat | Heat recovery
pump +fan coils
Total Cooling capacity [KW] 129 108
Total Heating capacity [KW] 75 107
Supply airflow [L/s] 3974 1361
Outdoor airflow [L/s] 21 1361
Total System fan power [KW] 9 3

Chilled water loop

The three phases of the BIM-based BPM of Figure 1 have
been applied into the Italian pilot building for the
achievement of the “Optimize Energy Performance”
credit.

During Phase 1, the BD+C (Building Design and
Construction) protocol version 4, specific for core and
shell projects, was selected as LEED® rating system.
Therefore, the maximum achievable points are 18 out of
20. Following the formal BPM methodology of Phase 2,
the BIM of the building post-retrofit was created with
Revit (Figure 5) and was exported as a .gbXML file into
IES. Next, using the VE-Navigators tool, the energy
model of the building post-retrofit was created based on
the design document.

Figure 5. BIM of the building post-retrofit.

First, the preliminary building’s data were specified as
listed in the BPM methodology (step 1, Figure 2).
Palermo, Italy, was indicated as the building’s location,
with climate zone 3A. The building orientation was
defined to conduct the solar shading calculation. During
this step, the ASHRAE prototype dataset 90.1 (ASHRAE
90.1, 2010) was imported to calculate the unknown
values. The ASHRAE prototype data consists of a range
of default values (e.g. thermal template, internal gains,
fabric data, pre-retrofit HVAC system, etc.) that are
automatically imported in VE format into the project and
can be used if some building’s information is missing.

The construction’s properties of the building post-retrofit
were already assigned to each surface in the Revit file,
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coherent with the design documents and were
automatically imported in IES (step 2, Figure 2).

Next, to each room of the building a space classification
was specified according the building use (e.g. corridor,
hotel guest room, restroom, etc.). Values of internal heat
gain (equipment and people) and air exchange were
automatically assigned from the software according the
ASHRAE dataset previously imported. Values of lighting
and service hot water were assigned for each space
according the building’s drawings (step 3, Figure 2). The
HVAC system was created according the design drawings
and the system schedules/set points (step 4, Figure 2). To
conclude, the photovoltaic system was added to increment
the energy savings of the building post-retrofit (step 5,
Figure 2).

Once the energy model of the building post-retrofit was
ready, as shown in Figure 6, the geometric model of the
building pre retrofit was automatically generated from VE
(step 6, Figure 2).

Figure 6. BEM of the building post-retrofit.
The info regarding the current building’s constructions
was inserted in IES, coherent with the original house
specifications (step 7, Figure 2). On the contrary, the data
related to internal heat gain and domestic hot water are
based on the ASHRAE dataset (step 8, Figure 2).

Next, the HVAC system of the building pre retrofit was
selected between the 10 HVAC templates proposed by the
ASHRAE dataset (step 9, Figure 2). According the
building’s specification (type, end use and area), the
HVAC system resulted in System 4 — PSZ-HP (electric
heat pump with constant volume fan).

As final step, the room load calculation and the system
load calculation were run to auto size the HVAC system
of the building pre-retrofit (step 10, Figure 2). The room
load calculation generated information related to heating
and cooling loads used to calculate flowrate data for
HVAC networks. The system load calculation enabled the
sizing of the system elements (i.e. fan data). At this point,
the BEM model of the building pre retrofit was ready.

Following Phase 3 of the BIM-based BPM shown in
Figure 4, the Performance Rating Method (PRM)
simulation was run. It consist of a full annual simulation
that underlines the general project info, and cost and
energy savings of both the BEM pre and post-retrofit (step
11, Figure 4). Finally, VE generated 3 reports: the BPRM
Report, the detailed simulation report and the ASHRAE
62.1 (step 12, Figure 4). The BPRM Report consist of a
comparison of the building pre and post-retrofit (fabric
data, HVAC, etc.). The detailed simulation report details
the utility breakdown for each end use categories
associated with the PRM analysis (e.g. heat rejection,
interior lighting, pumps etc.) and includes electricity,
fossil fuels and any renewables. Finally, the ASHRAE

62.1 is the ventilation report that can be used to achieve
“Acceptable Indoor Air Quality” credit (ASHRAE
Standards 62.1 & 62.2, 2019).

As last step, the excel file Minimum Energy Performance
Calculator was filled with all the energy model inputs and
the summary output totals. The 3 reports generated from
IES, plus the LEED® Prerequisites credits relative to the
Energy & Atmosphere category and the Minimum Energy
Performance Calculator were submitted to the LEED®
portal for the GBCI review.

According to the output of the PRM report, the percent
savings between the building performance pre- and post-
retrofit were 64.28 % for the energy use and 56.96% for
the costs and (Table 3 and Table 4); both calculated using
the following formula:

PRE—-POST

% improvement = 100 x T

1)
PRE= Pre-retrofit Building Performance
POST= Post-retrofit Building Performance

Table 3.Values of energy consumption (kWh) by energy type.

Pre-retrofit Post-retrofit
Electricity 245941.47 105,500.27
Gas 21,806.63 16,174.23
Renewable energy - -26,033.68
Total energy use 267,748.1 95,640.82
Savings energy [%0] 64.28

Table 4. Values of energy cost (€) by energy type.

Pre-retrofit Post-retrofit
Electricity 44,26945 18,990.05
Gas 15,264.64 11,321.95
Renewable energy - -4,686.06
Total cost 59,534.09 25,625.94
Savings cost [%6] 56.96

As the energy percent savings between the scenarios
exceeds the 47%, the building could compete for the
maximum credit’s score, 18 points. If the improvements
had not passed the target, more building’s adjustment
were planned (increase the numbers of the photovoltaic
panels, replacement of exterior lighting with more
efficient LED lights, etc.). Table 5 shows the percent
energy savings between the BEMs by energy end use (e.g.
lighting, fans, etc.). The higher energy improvements
were in the space heating and fans interior. This is due to
the insulation of the building’s envelope and the new
HVAC system (heat pump + heat recovery units in each
conditioned space).

Table 5. Values of energy consumption (kWh/year) by energy
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end use.
Pre-retrofit | Post-retrofit | Savings
[KWhiyear] | [KWhiyear] | [%0]
Internal lighting 37,832.83 1395146, 631
Exterior lighting 419231 2,79937| 332
Space heating 37,867.89 8,13466| 785
Space cooling 84,232.73 28,642.17| 66
Fans interior 50,039.29 1394684 721
Service water heating 21,086.63 16,174.23| 258
Receptacle equipment 26,399.86 26,399.86 0
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Conclusion

This research presents a novel methodological approach
aimed at defining a BIM based Business Process Model
(BPM) that support the LEED® certification process for
existing buildings. The conducted literature shown that 80
out of 110 LEED® points could be earned in different
sustainability category, using the combined approach of
BIM and energy simulation software. BIM allows to
create and update parametric model of buildings which
data can be transferred to energy analysis software for
different purposes. BPM allows to streamline the LEED®
certification process, facilitating the communication flow
between the stakeholders and the exchange of BIM/BEM
data.

In this paper the LEED® certification process was
outlined in 3 different phases using the BPM technique.
Next, each phase of the process was applied to a
residential house located in Italy with a focus on the
achievement of the “Optimize Energy Performance”
credit as, among all the credits, it holds the highest
reachable score of points (1-20/80).

The BIM of the building post-retrofit was created using
Revit, and was exported into energy simulation software
(IES). Following the formal BPM procedure, the model
was enriched with all the data needed to create the energy
model (e.g. values of internal gain, HVAC system, etc.).
Next, the geometric model of the building pre-retrofit was
automatically created from the IES VE tool and filled with
all the inputs of the current building condition.

The energy demand of the building pre- and post-retrofit
was compared to calculate the energy improvements.
Results showed that, after the insulation of the envelope
and the combined use of a more efficient heating/cooling
system and renewable energy sources (e.g. new
photovoltaic system and solar panels), the percentage
energy use savings amounted to 64%, reaching the highest
achievable score.

The LEED® process can be utilised as a tool for design
of building retrofit solutions. Furthermore, when
combined with BIM and BEM software, the process can
increase building’s performance by facilitating the
comparison of different retrofit measures and selecting
the best option.
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