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Abstract: Improving the energy performance of existing buildings is one of the main strategies
defined by the European Union to reduce global energy costs. Amongst the actions to be carried out
in buildings to achieve this objective is working with passive measures adapted to each type of climate.
To assist designers in the process of finding appropriate solutions for each building and location,
different tools have been developed and since the implementation of building information modeling
(BIM), it has been possible to perform an analysis of a building’s life cycle from an energy perspective
and other types of analysis such as a comfort analysis. In the case of Spain, the first BIM environment
tool has been implemented that deals with the global analysis of a building’s behavior and serves as
an alternative to previous methods characterized by their lack of both flexibility and information
offered to designers. This paper evaluates and compares the official Spanish energy performance
evaluation tool (Cypetherm) released in 2018 using a case study involving the installation of sunlight
control devices as part of a building refurbishment. It is intended to determine how databases and
simplifications affect the designer’s decision-making. Additionally, the yielded energy results are
complemented by a comfort analysis to explore the impact of these improvements from a users’
wellbeing viewpoint. At the end of the process the yielded results still confirm that the simulation
remains far from reality and that simulation tools can indeed influence the decision-making process.

Keywords: energy demand; energy consumption; simulations; shading systems; energy performance;
solar radiation

1. Introduction

Energy improvement of existing buildings is a current European Union (EU) energy
policy priority. Amongst proposed measures is the reduction of energy costs and the
relationship of this to user comfort in this type of building. In fact, data collected by the EU
indicates that 38.7% of its energy consumption corresponds to residential, commercial, and
institutional buildings [1] and electricity consumption of those same building types is close
to 70% [2]. The importance of this data is accentuated when the age of the constructed stock
is studied, i.e., taking into account that only 1% of the buildings have been constructed
since 2006 [3]. A similar situation exists in Spain where, in 2017, only 1.5% of the registered
Spanish building stock met the regulated standards for energy certification [4].

With these objectives in mind and considering the overall EU ambitions in the field
of energy efficiency, it is essential that member states specify the expected results of long-
term national renovation strategies and monitor developments through the establishing
of internal progress indicators, such indicators being subject to national developments
and conditions.

As a consequence, EU members have promoted new regulations and methodologies
supported by simulation tools to allow building energy evaluation. Initially, these methods
were limited and could only be applied towards the end of the construction project [5].
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However, the experience allowed for the improvement of these tools and particularly given
the establishment of the BIM paradigm, it is possible to perform analyses at different stages
of design, including life cycle analysis (LCA), and allow the exchange of information with
other tools to evaluate a number of factors such as user comfort. These tools have proved
their value [6], having provided new options to obtain better buildings and improve their
users’ wellbeing.

The EU energy policy EPBD 2002/91/CE [7] has been adopted by the Spanish gov-
ernment through its Technical Building Code (CTE) [8], a regulation with its origins in the
Building Management Law (LOE) [9]. Within this policy, the Basic Document on Energy
Saving (DB HE) [10] is the section of the CTE that establishes the requirements for an
energy efficiency assessment of buildings. This document defines its scope of application in
all types of new buildings and also existing buildings that are subject to major renovations.

In 2007 the first Spanish law relating to building energy certification was enacted,
however, a protracted extension period of implementation was granted to allow the regis-
tration/certification infrastructure to become operational. From 2013, the building energy
evaluation and certification process was updated and the process for the energy certifica-
tion of existing buildings was defined for the first time. The procedures were updated,
including the maximum values relative to the obtaining of the various energy certificates
by 2017 [11].

Additionally, the process for evaluating new building energy efficiency was carried
out statutorily until September 2018 using LIDER a tool developed by the Spanish Gov-
ernment and the energy certification carried out using the tool CALENER, which in 2018
became the Unified Tool LIDER-CALENER (HULC). This software, using DOE-2 as its
calculation engine, is applied to every type of building and makes a difference in the certifi-
cation process between sizeable tertiary buildings and other types of building. As with
most European countries, the program follows the methodology defined by the EN ISO
13790 [12] but fails to provide consistent results when studying construction improvements,
causing difficulties in the decision-making process when introducing construction design
improvements. Since it favors buildings of complicated geometry as opposed to those with
efficient design, such a tool has shown itself to be difficult to manage and is characterized
by offering results that fail to assist in decision making at the project phase [13].

Energy ratings in Spain are achieved by way of an energy certificate, which is a
document regulated by the Royal Decree 235/2013 [14] providing a label that indicates the
energy rating of a building on a seven-letter scale from most to least efficient, with A being
the most efficient and G the least. Residential buildings are compared with the mean energy
performance of the built stock, in the case of non-residential buildings where no sufficient
repeated patterns exist for comparison, it was decided that a comparison should be made
between the subject building with the certification of a fictitious building that complies
with the energy consumption and CO2 emissions as defined by the Spanish Government.
However, such a system has proved imprecise due to the difficulties encountered by the
architects when interpreting the results obtained by the program [15].

In 2018, a new energy performance evaluation tool aimed at all types of buildings was
approved by the Spanish Government. CYPETHERM HE Plus is a software designed for
the regulatory justification of CTE DB HE0 and HE1 (minimum energy requirement), by
means of a building model for energy simulation calculated with EnergyPlus. It provides
the evaluation of the energy performance at different stages of design and produces the final
energy certification. This application operates within the building information modelling
(BIM) environment and has been developed by private initiatives inside an open BIM
workflow allowing for the exchange of information with other simulation tools. Experience
of this tool is still limited, although preliminary research has yielded promising results
when comparing HULC with CYPETHERM HE Plus [16], which has generated a general
interest in the evaluation of the tool as the Spanish Government has left it to designers
to choose between HULC and CYPETHERM HE Plus. Additionally, the integration of
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this tool with other BIM tools offers an opportunity to improve the building geometry
modeling process and facilitate the introduction of changes.

1.1. Controlling Sunlight

In the process of obtaining efficient and comfortable buildings, one of the key parame-
ters to take into account is understanding the weather conditions and how the building
may be optimally adapted to these [17]. In Europe, Spain is the country with the broadest
climatic diversity, with a warm summer Mediterranean climate predominant in the east
and the south of the country. For this type of weather, design strategies should be used
to minimize the impact of cooling demand, such as the use of shading devices, smaller
windows, and orientations with less solar exposure to improve solar control and lighting,
particularly during the summer season [18].

Windows combined with shading systems control interior environments by regulating
the amount of light and heat entering the building, with shading systems selected based on
the windows´ movement, position, and shape. The designer’s choice for adequate shading
is fundamental to guarantee the internal comfort of any environment and promote energy
savings, both in winter and in summer [19].

Due to the software calculation engines used by the energy simulation tools, the
influence of these devices in the building energy performance is evaluated by applying
simplifications and modifying factors to reduce solar gains through windows, thereby
limiting the evaluation and drastically reducing the multiple geometrical options available
among sunshades, brise-soleil, slats, and parasols. Only detailed analysis with specific
software as DesignBuilder allows for the provision of robust and overall building-wide
results [20].

1.2. Evaluation of Comfort

Technical progression in the field of building comfort and user wellbeing evaluation
falls short of the advancement seen in building energy performance evaluation. The
evaluation of comfort in buildings has been the focus of architects and engineers since the
1960s and methods like Givoni’s [21], Fanger [22], and Olgyay [23] have been developed.
Nonetheless, these strategies aimed at obtaining better buildings have not received the
official support of the Governments as there are few examples of regulations, i.e., ASHRAE
55 [24] and EN 16798 [25], that specifically address the evaluation of comfort. The lack
of transversal methods to evaluate energy efficiency and comfort has opened a debate,
and there are examples of research aimed at finding common strategies to improve both
fields [1,26,27]. In the case of Spain, comfort conditions are contained within the regulations
that define the minimum requirements for the conditioning of interior spaces, although
there is no specific evaluation method, and only minimum and maximum values for
temperature, relative humidity, and ventilation are set.

2. Objectives

For the first time in Spain, the approval of a method for evaluating energy performance
that operates within the BIM environment has created an opportunity to carry out global
building performance analyses. The exchange of information with other BIM tools has
provided improvements in the introduction of geometric data such as sunlight control
devices, making changes to modeled buildings easier. These enhancements are intended
to aid the designer’s decision-making process. However, experience with this new tool is
limited and there is an interest in comparing it with the previous tool in order to assess its
performance and help designers choose between them.

Therefore, the objective of this research is to evaluate the degree of accuracy of both
energy performance simulation tools by developing calculation examples over a case
study located in warm weather where an improvement in the building envelope to control
sunlight is planned. Additionally, this study provides an opportunity for the exchange of
information with a renowned simulation tool, DesignBuilder, in order to perform energy



Energies 2021, 14, 4100 4 of 30

and comfort analyses. It is also the intention of this research to evaluate the influence of
software over the yielded results and ascertain how they might influence the architect’s
decision-making process.

3. Bibliography Analysis

A large number of bibliographic references have been developed relating to the
fields of study of this article: simulation tools, energy efficiency, controlling sunlight, and
evaluation of comfort. In addition, research studies with a similar theme or/and related
case studies have been selected in order to compare and contrast the obtained results, thus
providing a more in depth study linked to the findings of this article.

Designing a building is a complex process in which architects have few design de-
velopment criteria with which to move from idea to concept [28]. Simulation tools can
assist decision-making in the design phases [29]. Simulation tools have the capability to
define and improve all elements of an educational building project; energy efficiency [30],
artificial lighting [31], thermal comfort [32], and building layout [33,34]. However, there is
no simulation tool available that can bring all of these concepts together, therefore, it is up
to the architect to deal with all of these issues and include user comfort into the equation.
This factor is important as different occupancy profiles correlate with the overall building
energy performance [35].

During the last decade there has been an increasing socio-economic demand for
sustainable and green buildings with low environmental impact due to regulatory require-
ments. Sometimes, researchers compare different typologies and the improvement of the
building envelope [36], whilst others combine studies investigating the requirements of
passive and near-zero energy buildings [37] or consider how the envelope affects the indoor
temperature [38].

Simulation tools have proven useful to predict both how the building will behave and
approximate its energy consumption. However, the energy certification of a building is
much more complex than a household appliance [39], so the selection of the program to be
used depends on the variables to be measured. A program that has the ability to process
more variables will provide results closer to reality but will need to integrate user comfort
into that process [40]. Generative tools represent a move towards using the computer as an
“active” adjunct to the design process rather than merely as a “passive” tool [41].

Since the 1960s, it has been possible to trace the constant development in the field of
simulations [42]. A simulation of a building’s energy needs makes it possible to interpret
the thermal demands according to the site conditions [43]. Over the past 60 years, the
tools have evolved considerably, although according to some authors, geometric simpli-
fications [44] together with the physical building envelope calculated under controlled
conditions fail to produce real energy performance data [36]. Although several research
studies have demonstrated the limitations of tools that use a simplified procedure [45], a
proper design process can improve the building form to maximize efficiency in terms of
energy performance [46]. So much so that it has been possible to design high performance
buildings based on workflows using simulation tools [47].

New techniques for the simulation of existing buildings are being developed along
with other procedures that determine the suitability of a building during construction [48].
These new technologies and processes that monitor the energy performance of buildings
are being modified to compare the accuracy between the construction project and the
final result, even though these evaluation processes are yet to be fully optimized [49].
Despite several years of approximations and improvements of simulation tools, they are
not sufficiently developed [50] and it is still necessary to validate the results. In many
cases, errors arise in the modeling tools themselves [51] and correction factors need to be
incorporated [52]. None of the existing techniques are able to meet the needs of architects
in the conceptual design phase [53]. A building is much more complex, it is the sum of all
parts, and it is important to contrast between different simulation tools in any given case
study as no application can currently translate this complexity with 100% accuracy [54].
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New BIM software developments provide additional information such as new mea-
surements to achieve more efficient buildings in the early design phases [55]. BIM and
building energy modeling (BEM) interoperability improves energy efficiency [56] and thus
it is possible to design more sustainable buildings and reduce their environmental impact
even at the city scale [57]. BIM provides more effective control over project development,
particularly with regard to building energy performance [58], since it can be analyzed
at the early stages of the design process [59]. BIM software-based design can facilitate
the improvement of environmental sustainability by providing important savings during
the construction stages, improving the orientation and layout of the building and provid-
ing information on energy cost. It also allows the design process to begin by analyzing
the building´s energy performance based on its location [60,61]. It has been shown that
BIM tools are not only limited to new buildings, in fact, several studies have been con-
ducted to demonstrate the function of such tools on existing buildings, including heritage
buildings [62–64].

The energy performances of building envelopes differ in relation to technology and
general climatic conditions. Therefore, building envelopes should be developed to enhance
energy performance in relation to climate conditions [65]. Some investigations have
revealed a minor overall relationship between windows and building walls in different
locations [66].

In the process of obtaining efficient buildings in warmer climates, it is important to
work with key parameters considered as traditional measures, such as building orientation,
building shape, and the introduction of solar protection systems [67]. In this type of climate,
the sun has always played an important role in people´s quality of life. In fact, some heart
rate studies have revealed the importance of higher luminance levels in the stimulation of
human activity. Building users typically demand that the sun’s rays along with its visual
and warming influences be allowed to enter. It is usual practice in the design of buildings
to deal with solar thermal factors whilst taking sufficiently into account the visual aspects
of sunlight [68]. Studies have shown that the implementation of dimmed lighting measures
can reduce energy consumption leading to high impact changes in both cost and CO2
emissions per year in higher education buildings [69]. Lighting simulation tools focus on
specific thresholds for energy calculations [70]. However, one of the main drawbacks of
the official methods of evaluating the energy efficiency of buildings in hot climates is the
failure to consider traditional measures limiting the building’s energy demand.

Different research has been undertaken to improve solar control, lighting, and building
envelopes. Some of these solutions are related to the incorporation of vegetation [71] and
sun protection on the building´s exterior [72]. Historically, shading systems such as
venetian blinds have been considered as an essential element of window system design in
hot climates to balance daylight requirements with the need to reduce solar gain. Their
simulation is complex, as standard sky models are unable to reproduce authentic skies
in real time [73]. In this regard, user interaction is again crucial [74]. These types of
strategies and others such as sun-sail shading in courtyards have been developed for
various educational buildings [75]. However, these advantages are sometimes presupposed
and lead the designer into believing that the installation of such elements will always
improve the building’s performance.

In focusing on strategies to improve energy efficiency in educational buildings, it
becomes inevitable to investigate solar shading and lighting, the use of shading devices,
smaller windows, and orientations with less solar exposure, especially in the summer
season to reduce energy consumption. Shading and elevation design reduce the energy
demand of a building [76]. In fact, the replacement of windows and the use of sunshades
in renovations of old buildings can be more cost-effective and a better option than the
improvement of building elevations [77]. Some studies have shown significant savings
of more than 75% on cloudy days and 90% on sunny days by incorporating louvres into
window frames [78]. The advantage of the use of shading devices such as the sunshade
is that they can improve the thermal efficiency of buildings and achieve thermal comfort
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requirements by reducing both the need for cooling in summer and heating in winter,
ensuring substantial energy savings and improved building illumination [79]. Considering
the occupancy and building program is key to refining the prognosis [80]. In fact, user
control contributes to energy reduction and increased comfort [40].

Other research has shown that all shades are currently designed to accommodate
different locations, taking into account the shade’s height and angle as it influences the
solar energy that can enter the building [81]. However, in simulations, it is not possible
to consider the detailed shape or perforations of certain shading systems [20]. Other
researchers have argued that vertical shading systems are generally more preferable for
efficient shading in hot regions [82].

4. Methodology

The methodology is based on an iterative process where energy simulations are carried
out using simulation tools in a case study under different scenarios. This process has been
mapped in Figure 1. The case study is a small primary school located in the south-east
of Spain, where a procedure to install parasols to its elevations has been designed. The
yielded results of the energy performance are compared with those obtained from the
simulation with DesignBuilder and with real energy performance data. Additionally, the
building geometry and DesignBuilder are used to perform simulations of temperature and
relative humidity in order to evaluate comfort with the methods developed by Givoni and
Fanger. Final simulations are performed with the same program to evaluate illumination
in the interior of the rooms affected by the installation of the sunlight control devices and
compared with real illumination measurements. Finally, the influence of the software
databases over the decision-making process is evaluated.

Figure 1. Flow chart: methodology.

4.1. Definition of the Case Study

The case study chosen for this research is located in Alicante city center in south-east
Spain and is a typical example of a semi-detached building with small courtyards, as can
be seen in Figure 2. The selected case study is under a renovation process as it is close to
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its functional age limit, something very common as many buildings in this part of the city
were built in the same period. The building is used as a three level primary school, most of
which is designated as classroom space.

Figure 2. (a) Existing building: south-west elevation—current state; (b) existing building: south-
east elevation.

As can be seen in Figure 3, the building has a rectangular shape with three exterior
elevations and overall dimensions of 14.50 × 10.40 × 12.00 m and 455 m2 of built area. The
area of the plot not occupied by the building is designated as a children’s play area.

Figure 3. Floor elevation: existing building and surroundings—ground floor.

According to the Köppen climate classification, this part of Spain is characterized
by a Mediterranean climate classified as Bsh, dry steppe, which means mild, wet, and
dry winters with hot and dry summers. Humidity levels throughout the year, are in the
medium–high range due to its proximity to the Mediterranean Sea.

As can be seen in Figure 4, the methods and materials used in the building construction
are not consistent with those recommended to give enhanced energy performance and
there is no thermal insulation present. Elevations are constructed using masonry on the
ground level and hollow brickwork on the first and second. The structure is constructed
using reinforced concrete. Windows and doors are seen as being single glazed with metal
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frames with no acoustic or thermal break. There are thermal bridges in the elevations where
the structure and roof converge. The building does not have an air-conditioning system for
use during warm periods. Cross-ventilation and thermal mass are used to provide comfort
in the summer. Heating is provided throughout the rooms by gas heating devices. Hot
water is provided by a gas boiler.

Figure 4. (a) Construction system based on masonry walls installed on the ground floor; (b) construc-
tion system based on a simple brickwork layer installed on the first and second floors.

Construction solutions to improve energy performance were evaluated during the
process of designing the renovation proposal. These construction improvements were
mainly based on the incorporation of thermal insulation, as can be seen in Figure 5, and
the placement of shading systems on the south-east and south-west elevations. Micro-
perforated metal sheeting with a 60% perforation ratio were selected to create the curved
shading system for the building as can be seen in Figure 6. This installation is intended
to reduce energy demand and improve the interior comfort of the building. Firstly, the
shading systems were installed on the south-east elevation, however, the remainder of the
improvements are currently on hold due to the COVID-19 pandemic. Fortuitously, one of
the shading systems had been fully installed over sufficient time to allow evaluation of
its impact on the overall building performance and therefore these results may be used to
compare the results yielded by the simulation tools and check the influence of the software
on the decision-taking process.

Figure 5. (a) Construction improvements: incorporation of thermal insulation on masonry walls
installed on the ground floor; (b) construction improvements: incorporation of thermal insulation on
a simple brickwork layer installed on the first and second floors.
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Figure 6. (a) Renovation: south-west elevation—proposal; (b) renovation: south-east elevation—
current state.

4.2. Definition of the Simulated Scenarios

The evaluation of the impact of the construction improvements and solar control
devices on the building energy performance has been carried out by defining four groups
of scenarios with four calculations each, as can be seen in Figure 7. The first scenario
evaluates the influence of the shading systems on a building without thermal insulation in
its elevations. The second scenario combines the improvement of the building envelope
by installing thermal insulation along with the installation of shading systems. The third
scenario is a fictitious situation in which the building´s orientation is changed to evaluate
if the building distribution was properly chosen and the shading systems are installed
without improving the thermal envelope. The fourth scenario combines the orientation
change with the installation of thermal insulation and shading systems. In each scenario
given above, the evaluation of the building comfort and the level of illumination has been
performed to assess the influence of the improvements of the thermal envelope and the
shading systems over users’ wellbeing.

Figure 7. Simulations of the building performance divided in four groups.

4.3. Energy Performance: Simulation Tools and Comfort Assesments

The energy performance evaluation of the case study is carried out using the official
tools currently in use in Spain for tertiary buildings, those being HULC and CYPETHERM
HE Plus, along with DesignBuilder.

Up until 2018, HULC (Unified Tool LIDER-CALENER—Herramienta Unificada LIDER-
CALENER) was the only official tool used in Spain to evaluate energy performance and
carry out the energy certification process on tertiary buildings. It operates using a DOE-2
calculation engine allowing a simplified volumetric definition of the building via an overly
complex user interface. The definition of all materials and building systems used to calcu-
late energy demand, consumption, and CO2 emissions is allowed, although simplifications
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and modifying factors are used to define some construction solutions, i.e., shading sys-
tems. As explained previously, the energy certification is obtained by rating the building
against an ideal model building that complies as a minimum with the limits defined by the
Spanish Government.

Introduced in 2018, CYPETHERM HE Plus is a second official tool approved by
the Spanish Government and developed by a private initiative to evaluate the energy
performance of buildings. It is supported by the EnergyPlus calculation engine. This tool
is based on an OpenBIM environment where different tools can exchange information
regarding different aspects of the building. Energy need, consumption, and certification
can be obtained along with other aspects of building performance. The introduction of the
building information is carried out using BIM programs and the interface to complete the
missing information is considered user-friendly.

In this research, Autodesk Revit has been used to define the building geometry and
to provide the IFC (Industry Foundation Classes) file needed by CYPETHERM HE Plus
for the calculations. It was necessary to modify the format of the Autodesk file using
the OpenBIM Analytical Model tool, so as to prepare it for calculations. Thereafter, the
resultant file is compatible with all tools operating within the OpenBIM environment.

The yielded energy performance results from both official tools are compared to the
results obtained from the evaluation of the case study with DesignBuilder, one of the
most widely recognized and complete software tools for assessing building performance,
providing detailed calculations of energy, temperature, humidity, and computational fluid
dynamics (CFD), amongst others. It works under the EnergyPlus calculation engine and
accepts building geometries that are exported from BIM tools.

With the temperature and relative humidity results obtained from DesignBuilder
the building´s comfort can be evaluated using Givoni’s Bioclimatic Chart. The data
is introduced in a psychometric chart [83] that presents its information as an annual
hourly analysis of the building´s comfort zone and indicates which architectural solutions
can be adopted to extend this during the year. This chart also provides the option of
overlaying the different comfort zones with the predicted mean vote (PMV), as defined
within Fanger’s method.

The methodology designed by Givoni presents comfort by a bioclimatic chart that
indicates and identifies different strategies to extend the comfort condition based on
hygrothermal factors. These factors help to define two zones: a comfort zone defined by
the dry bulb temperature and another zone of extended comfort. The extended comfort
zone indicates the months of the year in which the comfort condition can be extended with
active and passive solutions.

The analysis of comfort performed with Givoni’s method is complemented by an
analysis carried out with Fanger’s method. Fanger’s method is based on the personal
perception of comfort and it is one of the most widely used for the estimation of thermal
comfort. It calculates two indices, the predicted mean vote (PMV) and the predicted
percentage dissatisfied (PPD). The PMV is an indicator that represents the average value
of the opinions expressed by a large group of people on a seven-level thermal sensation
scale when exposed to different thermal environments based on the thermal balance of the
human body.

The PPD is the group of people who would disagree with the rest of the people under
the same thermal conditions. A satisfactory situation occurs where there is a percentage
equal to or less than 10%, i.e., 90% of people consider that they are in a comfortable situation
in the analyzed indoor space. This PPD value (10%) is equivalent and corresponds to the
limits indicated by the PMV (−0.5 y + 0.5) [84].

The assessment of comfort cannot only be based on temperature and humidity, as
illuminance and solar exposure, especially in south-eastern Spain, play an important role
in the building users´ wellbeing. For this reason, the analysis of comfort is completed with
an evaluation of illuminance using the DesignBuilder tool for one of the classrooms of the
selected case study.
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4.4. Comparison with Real Energy Performance and Illumination Data

The simulation results yielded by the three analyzed tools for the south-eastern eleva-
tion are compared with the real performance data, as this shading system has been installed.
Additionally, the illumination simulation results are compared with real illuminance data
collected using a PCE-CRM 40 luxmeter and compared to the minimum levels defined by
the CTE, set as 500 lux measured 0.85 m above ground level. The comparison between the
real and the simulated results assists with evaluating the influence of the software in the
decision-making process and the accuracy of the analyzed simulation tools.

5. Research

The research carried out is an iterative process where energy performance and comfort
are evaluated under different scenarios and with different simulation tools. As previously
stated, the objective is to establish a comparison between the different simulation tools and
to evaluate their influence over the obtained results.

5.1. Calculations of the Building Energy Performance

The calculation of the building energy performance provides information about energy
demand and energy consumption. In the case of energy demand, a complete building
geometrical and construction description is loaded into the programs. As previously
explained, different scenarios were adopted to evaluate the influence of the shading system
installations. The scenarios are grouped according to the installation of thermal insulation
within the elevations, exploring the option of changing the building orientation. It is also
important to highlight that in all the evaluated simulation programs the definition of the
shading systems are limited to a modifying factor, t ahus high detail of definition in their
geometry was deemed unnecessary. The yielded results are divided between the energy
needed for heating and that needed for cooling.

The calculation of the final energy consumption has been achieved by introducing the
existing building facilities into the simulation programs. As was mentioned in the case
study description, this building does not have a cooling system, so this factor has been
disabled for the calculations.

5.1.1. Calculations with HULC

HULC is seen as an overly complex program with a complicated interface leading to
some difficulties in the introduction of the case study´s geometry. This tool does not allow
intermediate evaluations to help with decision-making. Shading elements are introduced
through a solar factor correction feature and thermal properties are set by those defined
in the Catalogue of Built Materials from the CTE. Additionally, the obtained results are
somewhat difficult to interpret.

Figures 8 and 9 display the results of the building’s energy demand for cooling and
heating, in the different scenarios described previously. As can observed, the energy need
for heating is clearly improved when thermal insulation is introduced in the building´s
elevations. On the other hand, the installation of the shading systems progressively
increases the energy needed for heating.
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Figure 8. Calculation of the energy need (kWh/m2year) and Energy Certification with HULC—scenarios 1 and 2.

Figure 9. Calculation of the energy need (kWh/m2 year) and Energy Certification with HULC—scenarios 3 and 4.

In the case of the energy need for cooling, the installation of the shading systems
reduces across the different elevations. The most appropriate scenario occurs when the
shading systems are installed on both elevations and are combined with the installation of
thermal insulation.

In Table 1 the influence of the sunshade over the energy need is analyzed by comparing
the percentage of improvement between the existing building situation, without any
improvement, and the different options of installing shades in the building’s elevations.
The positive results (+) indicate an improvement and the negative results (−) indicate
the opposite, i.e., the performance of the building is inferior when the shading system
is introduced.
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Table 1. Calculation of the improvement (%) of the shading system with the data obtained with HULC.

Existing Building
(kWh/m2 Year)

Shading System
South-East Elevation

Shading System
South-West Elevation

Shading System
South-East + South-West

Elevations

Energy
Need for
Heating

Energy
Need for
Cooling

Heating
(%)

Cooling
(%)

Heating
(%)

Cooling
(%)

Heating
(%)

Cooling
(%)

Scenario 1
(No insulation) 39.13 30.46 −4.14 +4.40 −17.58 +21.41 −20.85 +25.34

Scenario 2
(With insulation) 9.95 34.89 −45.33 +13.38 −56.68 +30.87 −73.77 +36.46

Scenario 3
(No insulation +

Orientation
Changed)

44.06 25.65 −2.11 +4.91 −5.63 +10.49 −7.85 +15.13

Scenario 4
(With insulation +

Orientation
Changed)

14.79 25.39 −5.81 +7.76 −15.15 +16.31 −21.77 +23.71

As shown in Table 1, the consideration of an insulation system for the building
enhances the energy performance (scenarios 2 and 4). A paradoxical situation occurs in
which the despite the building being located in a hot climate, the highest energy demand
takes place in winter.

In comparing the initial state of the building with the installation of the shading
system on sun-exposed elevations (scenario 1) the results demonstrate that the energy need
for cooling is improved by 25.34%, as less sun radiation enters and so it does not increase
the indoor temperature in summer. Alternatively, in winter the sun radiation does not enter,
thus the energy need for heating increases by 20.85%. A similar situation occurs when the
orientation of the building is changed (scenario 3), but by a far more subtle degree, as the
shading system is located on the least sun-exposed elevations.

When insulation levels are increased, the opposite situation occurs; the energy need
for heating reduces where no shading systems are installed (scenarios 2 and 4). In addition,
the results also demonstrate different behavior with regards to the energy required for
cooling. On the one hand, the energy needed for cooling slightly increases as seen in
scenario 2, whereas in scenario 4 the results are unchanged.

Alternatively, Figure 10 shows the building final energy consumption under the
different scenarios and the energy ratings together with the percentage of improvement
when introducing the shading system and insulation into the simulation. Each scenario is
displayed in this chart: on the right the final energy consumption is shown, on the left the
percentage of improvement when renovations are introduced in the simulations, and in
the center the Spanish energy rating that is accomplished.
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Figure 10. Calculation of the final energy consumption with HULC (kWh/m2year) and the improvement (%) of the
shading system.

Generally, the results show that the introduction of insulation or shading systems do
not improve the final energy consumption. The only scenario that shows an improvement
(23.35%) in final energy consumption is scenario 3, in which the shading on the south-
east elevation is introduced into the simulation. It can also be observed that the energy
consumption increases in most of the scenarios. This situation means that the introduction
of the shading systems especially influences the energy needed for heating.

5.1.2. Calculations with CYPETHERM HE Plus

The calculations carried out with CYPETHERM HE Plus start with the preparation of
the 3D model of the building with Autodesk Revit. This is a complete improvement com-
pared to the very limited modelling system of HULC. Autodesk Revit allows a complete
and detailed model that it is exported as an IFC file. This analytical model is developed with
the OpenBIM Analytical Model tool that prepares the building for different evaluations,
among them the evaluation of the energy performance with CYPETHERM HE Plus.

Although three tools are needed to perform the analysis, this process is far more
user-friendly. CYPETHERM HE Plus is a very thorough tool that offers a variety of results,
and in addition to providing intermediate information and analysis that helps to improve
the design of construction systems whilst obtaining the final results, it is able to indicate
the points at which the implemented system needs to be improved. Shading elements
are introduced through a solar factor corrector and thermal properties were set by those
defined in the Catalogue of Built Material from the CTE. The simplifications are forced by
the EnergyPlus calculation engine.

The analysis of the obtained results with CYPETHERM HE Plus, as shown in
Figures 11 and 12, demonstrates a similar performance to HULC. It should also be high-
lighted that even though the results are manifestly different, as regards the energy perfor-
mance and the supposition that both tools used follow the same pattern, the energy need
for heating increases and energy need for cooling is reduced when the shading system is
installed. Additionally, the installation of the insulation makes the building yield a higher
energy need for cooling than for heating, as is to be expected in warm weather.
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Figure 11. Calculation of the energy need (kWh/m2year) with CYPETHERM HE Pus—scenarios 1 and 2.

Figure 12. Calculation of the energy need (kWh/m2 year) and Energy Certification with CYPETHERM HE Pus—scenarios
3 and 4.

In Table 2 the influence of the sunshade over the energy need is analyzed by comparing
the percentage of improvement between the existing building situation, without any
improvement, and the different options of installing shades in the building’s elevations.
The positive results (+) indicate an improvement and the negative results (−) indicate
the opposite, i.e., the performance of the building is inferior when the shading system
is introduced.
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Table 2. Calculation of the improvement (%) of the shading system with the data obtained with CYPETHERM HE Plus.

Existing Building
(kWh/m2 Year)

Shading System
South-East Elevation

Shading System
South-West Elevation

Shading System
South-East + South-West

Elevations

Energy
Need for
Heating

Energy
Need for
Cooling

Heating
(%)

Cooling
(%)

Heating
(%)

Cooling
(%)

Heating
(%)

Cooling
(%)

Scenario 1
(No insulation) 13.09 26.31 −15.20 +7.72 −67.76 +30.48 −86.63 +36.18

Scenario 2
(With insulation) 3.08 34.73 −35.39 +11.00 −64.39 +40.17 −72.08 +47.65

Scenario 3
(No insulation +

Orientation
Changed)

22.23 20.28 −6.39 +7.89 −12.28 +15.24 −19.43 +22.58

Scenario 4
(With insulation +

Orientation
Changed)

8.80 23.38 −12.05 +10.27 −24.20 +19.12 −39.20 +28.44

In the scenario of the building without thermal insulation, the yielded results demon-
strate that installing shading systems is not decisive in the evaluation of the energy need,
something that may be reinforced in the scenario where the insulation is installed. Alterna-
tively, if the building changes orientation, then the installation of the shading systems start
showing some improvements.

Figure 13 details the building’s final energy consumption and the obtained energy
rating together with the percentage of improvement when introducing the shading system
and insulation into the simulation. Each scenario is displayed in this chart; on the right
the final energy consumption is shown, on the left the percentage of improvement when
renovations are introduced in the simulations, and in the center the Spanish energy rating
that is accomplished.

Figure 13. Calculation of the final energy consumption with CYPETHERM HE Plus (kWh/m2year) and the improvement
(%) of the shading system.
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The results show a similar pattern to HULC. In general, the introduction of insulation
or shading systems does not improve the building’s energy consumption. The only scenario
that shows an improvement in final energy consumption is scenario 2, in which thermal
insulation is installed and the shading on the south-east or south-west elevations are
introduced into the simulation.

5.1.3. Calculations with DesignBuilder

The final part of the simulations was carried out with DesignBuilder. As one of the
most renowned software tools for carrying out evaluations of a building performance from
different points of view including energy, it is powered by the same calculation engine as
CYPETHERM HE Plus, EnergyPlus. It allows a complete definition of the construction and
HVAC systems. DesignBuilder does not provide an energy classification in the same way
as other previous tools.

DesignBuilder has a user-friendly interface and provides a wide range of data regard-
ing building performance. For modelling the case study, the building geometry provided
by Autodesk Revit could also be used.

In this simulation tool, the shading system had to be introduced by an alternate
method to that of other simulation tools. It was necessary to draw a surface with a
minimum thickness and to give it a certain degree of “transparency” depending on the
specified “open-area ratio” (the % area occupied by perforations) of the perforated sheet as
a shading element. In our case, 60% perforation translated into 0.6 solar transmittance.

Figures 14 and 15 display the results of the energy demand of the building, for both
cooling and heating, in the different scenarios described previously. Although Design-
Builder allows a high level of detail in the introduction of the building construction and
the building systems data, it shows similar results for both the energy need for cooling and
for heating. At the same time, both are reduced when the shading systems are installed
in the different elevations. The best scenario occurs when shading systems are installed
on both elevations, along with thermal insulation and changes to the building orientation
(Scenario 4).

Figure 14. Calculation of the energy need (kWh/m2year) with DesignBuilder—scenarios 1 and 2.
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Figure 15. Calculation of the energy need (kWh/m2year) with DesignBuilder—scenarios 3 and 4.

The results obtained with DesignBuilder, as shown in Table 3, indicate a different
energy performance of the building in comparison to the tools previously used. In this new
pattern, the energy need for heating improves by 27.65% and the energy need for cooling
improves by 25.61% when the shading systems are taken into account (scenario 1).

Table 3. Calculation of the improvement (%) of the shading system with the data obtained with DesignBuilder. The positive
results (+) indicate an improvement and the negative results (−) indicate the opposite, i.e., the performance of the building
is inferior when the shading system is introduced.

Existing Building
(kWh/m2 Year)

Shading System
South-East Elevation

Shading System
South-West Elevation

Shading System
South-East + South-West

Elevations

Energy
Need for
Heating

Energy
Need for
Cooling

Heating
(%)

Cooling
(%)

Heating
(%)

Cooling
(%)

Heating
(%)

Cooling
(%)

Group 1
(No insulation) 104.74 124.37 +4.46 +3.92 +23.25 +21.66 +27.65 +25.61

Group 2
(With insulation) 110.11 101.49 +2.30 +1.37 +9.27 +4.96 +11.59 +6.35

Group 3
(No insulation +

Orientation
Changed)

122.36 106.04 +4.41 +3.79 +19.36 +9.03 +12.32 +9.22

Group 4
(With insulation +

Orientation
Changed)

98.61 88.74 +1.73 +0.99 +2.62 +1.14 +4.33 +2.13

This improvement in energy efficiency on both sides, heating and cooling, also occurs
when the insulation and the sunshade are taken into account (scenario 2). The same
situation occurs when the orientation of the building is changed (scenarios 3 and 4), yet by a
far more subtle degree, as the shading system is located on the least sun-exposed elevations.

Figure 16 details the building´s final energy consumption together with the percentage
of improvement when introducing the sunshade and insulation into the simulation. Each
scenario is displayed in this chart; on the right the final energy consumption is show,
and on the left the percentage of improvement when renovations are introduced in the
simulations. The results show a similar pattern to HULC and CYPETHERM HE Plus.
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Generally, the introduction of insulation or shading systems does not improve the final
energy consumption.

Figure 16. Calculation of final energy consumption with DesignBuilder (kWh/m2year) and the improvement (%) of the
shading system.

In terms of energy demand, with HULC and CYPETHERM HE PLUS a similar behav-
ior can be observed when the shading systems are taken into account in the simulation.
The heating demand rises leading to poorer performance of the building and the cooling
demand decreases. The most significant change impacting the results is visible when the
insulation is factored into the simulations. A different behavior occurs with DesignBuilder,
where both heating and cooling demand are reduced simultaneously. Despite producing
varying results, all three simulation programs demonstrate that the best results are yielded
in scenario 4, in terms of both energy demand and final energy consumption.

The evaluations of the energy performances observed do not show robust results as
the different tools provide different patterns in the yielded data. They also offer results
that are inconsistent with those to be expected, i.e., that the higher (or equal) energy need
occurs in winter when a higher demand would have been expected in the summer months.

5.2. Comfort Calculation
5.2.1. Fanger´s Method and Givoni’s Bioclimatic Charts

The research developed using the three tools presented above yields technological
results based on parameters of heating, cooling, and energy consumption according to the
building envelope and volumetry. However, it is necessary to incorporate other variables
to evaluate the comfort levels of the design and to assess if an efficient building can also
be comfortable. The evaluation of the building performance with DesignBuilder yields
an annual hourly simulation that provides temperature and relative humidity to be used
with Givoni’s method. The Givoni Bioclimatic Chart show potential extensions of the
comfort zone resulting from building design characteristics such as solar gain and the use
of internal thermal mass for heating, cooling, and ventilation strategies. It also provides
the Fanger´s PMV and PPD.

Figure 17 maps the annual hourly simulation as individual hourly data points. Over-
laid we can find a range of comfort information giving more meaning to the data obtained.
This could potentially give some insight into the most appropriate design responses for
the climate in which the case study is located. Two different scenarios are shown using
Givoni’s method, the blue area represents the existing building without insulation with the
red area representing the existing building with insulation and the shading system on the
sun-exposed elevations.
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Figure 17. Givoni Bioclimatic Chart: existing building (no insulation) in blue; and existing building (with insulation) with a
shading system installed on the south-east and south-west elevations in red.

The evaluation of comfort with Fanger’s method is shown in Figures 18 and 19 as an
average monthly calculation obtained through the DesignBuilder tool. In Figure 18 the
scenarios with no insulation are shown and in Figure 19 the scenarios with insulation are
shown. In red we can locate the limits of a comfortable environment as defined by the
ASHARE 55 regulations (−0.5 and +0.5).

Figure 18. Monthly average calculation: predicted mean vote (PMV)—scenarios with no insulation.
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Figure 19. Monthly average calculation: predicted mean vote (PMV)—scenarios with insulation.

The results indicate that globally on a monthly basis there is no significant difference
graphically between the building with or without the shading system. This only occurs
when both shading systems are installed and the building orientation is changed, as can
be seen in Figures 18 and 19. As with the evaluation of the energy performance, the
PMV results perform a significant change when thermal insulation is introduced into the
simulations. It must also be taken into account that the subject building is a primary school
and therefore is out-of-use during the summer period and sees no activity. For this reason,
the months of the year in which improvements in comfort should be sought range from
September to June.

Figure 20 shows the annual results obtained using Fanger’s method. Over these
results, by color, the level of thermal sensation established by the method itself is indicated.
As mentioned above, this scale consists of seven levels, finding the neutral comfort situation
level with PMV values between −0.5 and +0.5. Each scenario is displayed in this chart;
on the right the predicted percentage of dissatisfied people, and on the left the predicted
mean vote.

The annual PPD results demonstrate that all scenarios show around the same percent-
age of dissatisfied people, between 27.03–28.99%, except when the building has thermal
insulation installed and the original orientation (scenario 2), when the percentage increases
to 32.37%. In this specific case, adding the shading system selected for the renovation
reduces the percentage by around 2%. In relation to the PMV evaluations, most cases show
how the annual results are in a neutral thermal sensation scale except for when thermal in-
sulation is introduced into the building so as to meet thermal regulations (scenario 2). This
leads to a sensitive situation, and it should be noted that in meeting the regulations regard-
ing thermal levels the best results are not always obtained when comparing the outcome
with the thermal sensation that users actually feel inside the building. Therefore, the annual
average results may indicate neutral thermal sensation in most cases, but our monthly
average results demonstrate the months where the most emphasis should be placed when
designing the comfort of the building’s interior in order to improve energy efficiency.
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Figure 20. Annual average calculation: predicted percentage dissatisfied (PPD) and predicted mean
vote (PMV).

5.2.2. Illuminance Caused by Daylight

As we have seen previously, user comfort can be related to many different concepts,
such as lighting. Simulations of one of the classrooms located on the first floor of the case
study which is affected by the shading system were performed. The aim of the simulation
was to determine the impact of the shading system not only in terms of energy and comfort,
but also in terms of the amount of light entering the study area. As can be seen in Figure 21,
there is a clear impact in the illumination when installing shading systems. During some
periods of the year illumination reduces to 80%, which is marginally above the statutory
minimum level of 500 lux as defined by the Spanish regulations.

Figure 21. Illuminance caused by daylight: classroom level 01. DesignBuilder simulations results. With and without
shading systems.
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5.3. Real Data Analysis

As previously mentioned, the building renovation process was halted due to the
COVID-19 pandemic, but as one of the shading systems had already been installed on the
south-eastern elevation we were able to gather real energy consumption data from one
complete year and compare these to the energy consumptions before the refurbishment
and to the results yielded by the simulation tools.

As can be seen in Table 4, the installation of the shading systems in the south-eastern
elevation has improved the building energy performance by generally reducing the energy
consumption throughout the year when comparing the real energy performance with
the shading system installed in this elevation. It is DesignBuilder that yields the energy
consumption that is closest to reality. HULC yields 30% more energy consumption and
CYPETHERM HE Plus 80% more than the actual building performance. This creates a
problematic situation, as projected energy savings are a key consideration when seeking to
justify building improvement investment, moreover, the associated return on investment
(ROI) calculation may be incorrect.

Table 4. Validation of the results: final energy consumption (KWh).

Real Data Simulations: Existing Building + Shading System on
South-East Elevation (No Insulation)

Current State
Reform State: Shading
System on South-East

Elevation
HULC CYPETHERM HE

Plus DesignBuilder

January 2100.00 1722.00 3201.92 4002.40 2116.11

February 2949.00 2506.65 3492.96 3040.20 1743.01

March 2146.00 1802.64 2255.27 3717.20 1424.62

April 1742.00 1411.02 2382.43 3706.70 1796.75

May 1280.00 1075.20 2451.84 2814.80 1884.68

June 1401.00 1162.83 1989.90 2156.50 1536.74

July 1333.00 1133.05 1365.73 1018.50 1625.41

August 489.00 405.87 617.52 916.10 69.79

September 1538.00 1307.30 1214.24 1296.50 1623.16

October 1638.00 1359.54 1947.14 2927.10 1627.28

November 2461.00 2091.85 1596.06 2072.80 1995.59

December 1652.00 1404.20 1879.45 3685.20 1746.52

TOTAL 20,729.00 17,382.15 24,394.45 31,353.90 19,189.66

As can be seen in Table 5, the yielded results of the illumination simulation is com-
pared with real data collected from the building itself with a luxmeter (PCE-CRM 40). This
instrument allows a simple and quick measurement of the real and non-subjective illumina-
tion of a given environment. The measurements taken with this instrument were made at
different times of the year. During one day of each period, a series of measurements were
taken in different parts of the room at specific times of day, then an average of the data
collected was taken in the room before and after the implementation of the shading device.
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Table 5. Validation of the results: illuminance caused by daylight (Lux). Comparing real data obtained in the building with
the simulations results obtained by DesignBuilder. Simulation results are divided in three categories; minimum illuminance,
maximum illuminance, and the average lux entering the classroom.

Existing Building (No Insulation) Existing Building + Shading System on South-East
Elevation (No Insulation)

Real Data Simulations Real Data Simulations

Illum. Min. Illum. Max. Average n◦

of Lux Illum. Min. Illum. Max. Average n◦

of Lux

Autumn
equinox 1100.00 34.47 2896.21 1465.34 505.89 9.89 795.24 402.57

Winter
solstice 942.10 35.56 2878.65 1457.11 194.21 9.11 677.73 343.42

Spring
equinox 3999.00 35.2 2912.76 1473.98 499.90 10.02 922.55 466.29

Summer
solstice 4058.90 87.47 2961.83 1524.65 505.89 26.49 1061.37 543.93

Actual data compared to the yielded simulation results show that they are closer to
reality when the building is evaluated with the shading systems installed on the south-
eastern elevation. A considerable difference in measurements taken prior to the sunshade
installation is evident.

6. Discussion of Results and Validation of Results

The analysis of the yielded results demonstrates that the simulation tools can be
very useful in the process of obtaining energy efficient buildings. However, the yielded
results present a lack of homogeneity and this may guide designers in the wrong direction.
The evaluation of the impacts of the proposed improvements in the case study indicates
that it is more effective from an energy performance perspective to invest in improving
the thermal envelope rather than parasol installation. This contrasts with what should
be the theoretical performance of the case study, since controlling solar radiation would
normally be considered a priority with a building located in a warm climate. This situation
is confirmed by the three tools evaluated and is also reflected in the evaluation of comfort.

These results contradict similar research that points to the reduction of both cooling de-
mand in summer and heating demand in winter when shading systems are installed [19,79].
It is also contrary to other researchers’ findings indicating that window replacement and the
use of sunshades in the renovation of older buildings can be more effective and cost-efficient
than the improvement of a building´s envelope [77].

The results align with those of researchers stating that in order to achieve the improve-
ment of a building’s internal performance, it is necessary to complete the renovation by
installing insulation. This statement confirms previous studies that support the effective-
ness of deep energy refurbishments [85].

The analysis of both official tools, HULC and CYPETHERM HE Plus, show varying
results but with the same performance patterns [16]. Alternatively, CYPETHERM and
DesignBuilder, both using the same calculation engine, deliver very different results. With
these results, it is confirmed that the calculation engines employed show a degree of similar
accuracy, as Azhar and Brown state [86], yet the database and simplifications made during
the calculation have affected the results.

The evaluation of the influence of the shading system installed on the south-east
elevation shows a low impact across all scenarios due to the small percentage of windows
represented on this elevation. In this case, a greater impact would have been achieved had
the parasol been installed initially on the south-west elevation or had the building been
designed with alternate orientations as evaluated in the scenarios considering this variable.
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In the case of both official tools, the installation of shading systems in the different
elevations reduce the energy need for cooling and increases the energy need for heating,
which is in disagreement with the results of other researchers who found that shading
systems are a primary subject of study [79]. However, it confirms that to design an
appropriate solution to control sunlight it is necessary to work with dynamic shading
systems that alter their position according to the period of the year [73].

The analysis of the simulated energy consumption shows that HULC yields results
that advise against the installation of shading system as the energy consumption grows in
almost every scenario. In the case of CYPETHERM HE Plus, installing parasols slightly
alters the overall energy consumption; a similar result is obtained by DesignBuilder. In
addition, the comparison between the simulations carried out and actual energy con-
sumptions under assessment show that there remains no alignment between reality and
simulation, in that actual energy consumption is lower than that simulated. This means
that the projected energy savings data being used for investment justification/ROI pur-
poses is lower and therefore the stated investment recovery period will almost certainly
become protracted—perhaps to the point of being unrecoverable. The reason for this lies in
the simplifications and databases of the different tools that cause the results to differ and
produce varied energy consumption outcomes when construction improvements are intro-
duced [53]. It is also noted that simulation tools continue to have evaluation limitations
when passive solutions are introduced [45,86].

Where energy certification is based on energy consumption, it should be noted that
only in the case of HULC in scenarios 2 and 4 are there significant improvements in the
achieved energy certification. However, these still fall short of achieving the maximum,
something that may dissuade building owners from making construction improvement
investments for the purposes of increasing energy performance. In the case of CYPETHERM
HE Plus the highest achieved rating is C, far above the minimum required by regulations
for new buildings (Letter B).

Carrying out comfort and lighting evaluations on the case study at the same time as
analyzing the building’s energy performance allows cross-sectional results to be obtained
and increases the amount of information available to the to support their decision-making
process. In this case, a similar trend to that of energy performance is shown where the
best comfort situation is obtained when the thermal envelope of the building is improved,
having a very low impact on the sunshades. This situation contrasts with the design
recommendations for buildings located in areas with significant solar radiation, where one
of the first considerations should be that of controlling sunlight.

The use of the Givoni Bioclimatic Chart confirms that the proposed installations will
improve the energy needed for cooling, but at the same time, the reduction of solar radiation
worsens the building performance in winter. As for Fanger´s method, if we compare the
PPD results, the primary difference is observed when insulation is incorporated into the
simulations, in line with previous observations that insulation is the key element for altering
building performance. However, the PPD results indicate that the highest percentage of
dissatisfied people would occur in summer, not in winter as other evaluations indicate.
These results confirm that it is more beneficial to carry out complete analyses of building
comfort [85] than to make comparisons of constructive improvements independently or in
a comparative manner [77,81].

The evaluation of the two official Spanish energy performance simulation tools con-
cludes that CYPETHERM HE Plus is the most suitable tool, from the perspectives of
building modelling, ease of data entry, and the ability to carry out evaluations at inter-
mediate points within the design process. Moreover, its added data export functionality
allows interaction with other OpenBIM environment simulation tools, opening the door to
obtaining better buildings.

However, obtaining different results between HULC and CYPETHERM HE Plus and
even with DesignBuilder, with which it shares a calculation engine, means that the de-
signer does not have a clear reference of what the best result might be. The introduction of
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CYPETHERM HE Plus does not solve the problems found by other researchers, particularly
as regards the claims that, after the creation of HULC, the tool can favor erroneous strate-
gies and inefficient buildings, and thus this situation persists [13]. The decision-making
of designers can be conditioned by the tool and thus we are in agreement with other
researchers’ statements regarding weak simulation tools [87].

Compared to HULC and CYPETHERM HE Plus, DesignBuilder is not an official tool
but has been proven to be a good option to cross-check the results obtained with the official
tools and help in the decision-making process. As found in other studies, it allows some
variables that are not permitted by the official tools, such as the complete definition of the
geometry to the thermal inertia of the materials and their construction systems [20]. In
this case, the influence of the shading systems on the energy need for cooling and heating
showed different patterns, however the yielded energy consumption is close to the actual
energy consumption data.

In terms of sunlight entry, a simulation was carried out using DesignBuilder and
the results were compared with actual data acquired from within the building. The
results demonstrate that in sunlight exposure terms, both the simulation tools and the
actual building data were comparable when the shading systems were installed. In this
case, it can be stated that the simulation tool provides a good understanding of this
construction improvement and therefore it can also be stated that these simulations are
valid for understanding the future performance of shading systems in terms of sunlight
entry and assistance in the decision-making process [19].

7. Conclusions

The analysis of the new energy performance simulation tool in Spain reveals that the
situation previously encountered persists in which simulation tools influence decision-
making processes. There still exists a void between the energy consumption results ob-
tained by the simulations and the actual performance of the building. The energy savings
gained from making thermal envelope upgrades and installing shading systems are unclear,
potentially steering investors in the wrong direction when planning a building remodel.

The influence of the BIM work environment has confirmed an improvement in the
introduction of building data and gives rise to the possibility of conducting analysis at
different design stages. At the same time, it has made it possible to carry out cross-sectional
studies with other tools and to evaluate other factors that influence people’s quality of life,
such as comfort and lighting.

It has also been confirmed that the process of improving a building must be done from
a global perspective in which the envelope is improved and elements that control solar
radiation are installed. Carrying out partial actions does not offer decisive results and can
also worsen the performance of a building from both an energy and comfort point of view.
In addition, it is confirmed that the installation of solar control elements must be carried
out after a detailed analysis of the elevations and orientations, and that their geometry
must be analyzed so that any changes offer adequate results in winter and summer through
their ability to adapt their geometry to the solar incidence of each period of the year.
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