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tations to sustain these values. The purpose of this study is to demonstrate how the energy efficient
retrofitting in historic buildings should be managed in a transdisciplinary approach with a case study
conducted on the historic building in izmir—Turkey. A detailed building energy simulation tool was used
to determine the impacts of energy efficient retrofits. The actual energy consumption of case building was
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Retrofitting based on the utility bills regarding electricity and heating fuel consumption. Building energy simulation
Cultural heritage value tool was calibrated by comparing the measured and simulated indoor air temperatures and total energy
Calibration consumptions. The inappropriate retrofits, which contradict to the cultural heritage values, were elim-
Building energy simulation inated with a transdisciplinary approach. Later appropriate retrofits were gathered into three packages

to evaluate their effects on the energy consumption. The results show that energy saving of more than
34% can be obtained without damaging the heritage values.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Nomenclature

The total primary energy consumption in the world has risen
with developing technology and increasing population. From 1992
to 2012, it sharply rose by 52% [1]. Finding alternative strate-
gies have become an essential issue to overcome this increasing
energy demand. Generally European countries have been seek-

MBE mean bias error (%)

RMSE  root-mean-squared-error (%)

CV(RMSE) coefficient of variance of the root-mean-squared-
error (%)

ti simulated value ing and investing on alternative energy sources such as wind,

0i measured value . solar and bio fuels to substitute the share of fossil-fuel-driven

n number of observations energy sector while promoting on the efficient use of energy
Aperiod  average of the measured values 2].

Turkey officially began paying more attention to energy

efficiency in buildings with the standard on “TS825—Thermal

Insulation Requirements for Buildings” in 2000 [3]. The Directive

on Building Energy Performance (BEP-TR) accelerated the energy

certification procedure which obligates that the walls, floors,

windows and roofs of the buildings built after 2000 must have

lower overall heat transfer coefficient [4]. Considering that 67%
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Turkey, one can assert that buildings have considerable energy
saving potential [5,6].

The BEP-TR refers to existing and new buildings. However,
almost no specific attention on energy efficient retrofitting of his-
toric buildings has been paid. The authority, who is responsible for
the preservation of cultural and architectural heritage in Izmir, is
the ‘Number 1—Izmir Regional Board for the Conservation of Cul-
tural and Natural Assets’ connected to the ‘Ministry of Culture and
Tourism, Conservation Council of Immobile Cultural and Natural
Assets’. The Board prioritizes the preservation of original char-
acteristics of the heritage buildings and stipulates the minimum
intervention in case they will be re-used or given a new func-
tion. In terms of historical, architectural, structural and material
properties, high variety of historic buildings in the country makes
difficult to constitute regulations for their energy performance to
meet contemporary comfort conditions. Therefore, Clause 2/¢ of
BEP-TR simply says that energy efficient retrofits and interventions
in buildings having heritage value ought to be done in coopera-
tion with authorized official authorities and without affecting the
historical heritage value of the buildings, reflecting the Energy Per-
formance of Buildings Directive (EPBD) [2]. Nevertheless, this is a
general statement and does not provide any further instructions
regarding the way historic buildings should be treated. Therefore,
energy efficiency applications in historic buildings require spe-
cial attention since the number of studies in Turkey is relatively
insufficient [7].

The building stock in any country has a range from the monu-
mental to contemporary buildings. A key step is to give a definition
of historic buildings in order to identify those buildings that should
be treated separately and with awareness. At this point, giving an
answer to the question “What is the heritage value?” can clarify
and enlighten the possible misunderstandings behind it. Historic
buildings have a significance regarding the tangible and intangi-
ble heritage such as prominent architectural and aesthetic values,
connections with historic communities and events, evidences of
technical progression, characteristics of social history and asso-
ciations with other building heritage values [8]. Basically, any
tangible and intangible element giving identity and character to
the building can be counted as a heritage value, which is primar-
ily categorized as evidential, historical, aesthetic and communal
value [8].

The general aim of this study is to investigate energy efficient
retrofitting (EER) interventions in historic case study building while
taking into account of heritage values. The building that was cho-
sen as case study is Basmane Neighborhood Centre (Basmane Semt
Merkezi), which is located at Basmane district in izmir, Turkey.
The building was built by Tabak Family in Izmir by the end of the
19th century. Later it was donated to the Prime Ministry General
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Directorate of Social Services and Child Protection to serve as a dor-
mitory for the orphans. Konak Municipality financially undertook
arestoration project which was prepared and supervised by Archi-
tectural Restoration Department of izmir Institute of Technology,
izmir-Turkey. The restoration work was completed in 2007. Cur-
rently, Basmane Semt Merkezi is used to educate illiterate women
and deliver training courses of handcrafts, embroidery, marbling
etc.

This study primarily contributes to the current literature by
showing how the energy retrofits in historical buildings should
be managed using a validated and calibrated building energy sim-
ulation tool integrated with a systematic and transdisciplinary
strategy. Furthermore, the proposed method will be applied in
a case study and interpreted from the perspective of energy
saving, impact on heritage value and overall heat transfer coef-
ficient requirement of “TS825—Thermal Insulation Requirements
for Buildings” standard. This study will be the first in Turkey which
considers energy efficient retrofitting in historical buildings via a
transdisciplinary approach.

2. The case building: Basmane neighborhood centre
(Basmane Semt Merkezi)

The building of Basmane Semt Merkezi is placed in the Basmane
district of izmir which was the commercial center of izmir when the
Levantine population highly existed between the beginning of the
17th up to the end of 19th century [9]. Therefore, the area reflects
representative examples of the 19th century residential architec-
ture in Izmir [10]. Fig. 1(a) illustrates the position of [zmir and
Fig. 1(b) shows the approximate location of Basmane Semt Merkezi
[11].

Basmane District was an important commercial area located
close by the train station in the 19th century. After that a majority
of the hotels around the seaside of izmir were totally demolished
by the 1922 fire, the Hotels Street in Basmane gained significance
as a group of hotels reflecting the characteristics of an important
period [12].

In the early 19th century, the buildings on the street were
designed as residences of merchant class and noble families but
used as hotels and accommodation facilities for middle and low
income people in the last few decades. Due to the insufficient
maintenance and inappropriate interventions over time, the street
lost its architectural importance while facing security and social
problems. For this reason izmir-Konak Municipality took a series
of decisions and conducted restoration projects to vitalize Hotels
Street and emphasize its importance and heritage value [12].
Following the approval of the restoration project by the ‘Num-
ber 1—izmir Regional Board for the Conservation of Cultural and
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Fig. 1. Location of (a) izmir and (b) the location of Basmane Semt Merkezi.
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Fig. 2. (a) Ground floor and (b) first floor plan.

Natural Assets’, restoration work for Basmane Semt Merkezi was
carried out by the use of materials same or compatible with the
original ones for the repair or completion of damaged, detached
and broken parts of structural components and renderings. Except
afuel-oil boiler unit to be placed in the basement for heating in win-
ter, no additional energy performance measures were proposed.
The details of the restoration work and the condition of the building
before the restoration is given in Ref. [13].

The west facade of Basmane Semt Merkezi faces to the street
numbered 1299 which is connected to the Oteller Sokag: referring
to Hotels Street. The street named as Oteller Sokag: is quite narrow,
in many parts not more than three meters, and historic buildings
are located on both sides.

Basmane Semt Merkezi is a three-story building including the
basement. It was built in East-West direction. The west facade faces
the garden. There is a service building adjacent to the house at the
southeast part of the garden. The connection between the house
and the service building is provided only at the ground floor level
(see Fig. 2).

The rooms are symmetrically located at the either sides of a lon-
gitudinal corridor, at both floors. The wooden stair on the southwest
end of house is the only connection between the ground and first
floors. Entrance to the basement is provided by the stairs from the
garden (see Fig. 2a). Besides, there is a bay window (called cumba)
on the east and a balcony on the west edge of the first floor (see
Fig. 2b).

2.1. HVAC system

Basmane Semt Merkezi has a central heating system but not a
cooling and mechanical ventilation system. Therefore, the building

is naturally ventilated by occupants when desired. Hereafter HVAC
system of the building will only be considered in terms of heating.

The building is heated by a fuel-oil-fired hot water boiler with a
maximum capacity of 29 kW, which is located on the basement. The
hot water is distributed in the building by a circulation pump (56 W)
through a hydronic system with radiators which are located in each
room and all have the same dimensions of 60 cm x 120 cm. Heat-
ing rate of the radiators is approximately 1.5 kW at actual average
operating conditions which are 22 °C indoor air temperature and
75/55°C supply/return temperature [14].

Heating system, which has no thermostat control, is operated
manually by the administrator of the building during the working
hours (09:00-17:00). For 2012-2013 heating season, it was oper-
ated from November 1st to April 11th. Besides, the radiant electric
heaters are used as auxiliary heating sources in the building. The
working schedule of the electric heaters depends on the course
schedule and occupant behaviour.

3. Method

At this stage, the method describing the process, in order to con-
duct EER in historical buildings, will be explained step by step. First,
the building energy simulation (BES) model will be explained in
detail. Later, both the significance of calibration of the simulation
model and how the calibration work should be done will be given.
Finally, the EER scenarios in accordance with the historic heritage
values of building will be defined and investigated.

3.1. Building energy simulation (BES) model

Basmane Semt Merkezi was modelled along with the neighbor-
hood to quantify the shading effects on solar gain calculations
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Fig. 3. BES Model of the building and the surroundings.

using the 3D drawing interface of DesignBuilder which was vali-
dated according to the “ANSI/ASHRAE Standard 140-2007 Building
Thermal Envelope and Fabric Load Tests” [15,16]. Architectural
plans and dimensions were obtained from the Department of Archi-
tectural Restoration of Izmir Institute of Technology and through
field surveys.

For a traditional building, the building has a relatively regular
geometry as compared to many others with irregular shapes and
volumes. Fig. 3 shows the building and its surroundings drawn on
the BES tool [15]. Grey colored items illustrate the neighbor build-
ings. The temperature difference between the adjacent buildings
and the case building is assumed to be zero or negligible (adiabatic).
The reasons to assume the buildings as adiabatic are to reduce the
run time of simulation and those buildings on the north and south
sides are also occupied and conditioned.

3.2. Calibration methodology of the BES tool

Building energy simulations should be calibrated in order to bet-
ter reflect the energy consumption of the actual building. In the
literature, the most common ways to make a calibration are either
to compare the utility bills with the consumption results of the
simulation or to make a comparison between the indoor air temper-
ature of measured and simulated data. A suggested way to conduct
a simulation calibration is to tune the model by changing the rel-
evant inputs of the models [17]. Flow diagram of the calibration
methodology is shown in Fig. 5.

First,indoor and outdoor dry bulb temperatures (DBTs) are mea-
sured for the desired time interval. Then, the measured DBTs are
integrated with the weather data. Later, the building is modelled
and the simulation is run. Simulated results are compared with
measured values. If the results are within the error limit specified
in the ASHRAE Guideline—14 “Measurement of Energy Demand
and Savings”, [18] the BES model is assumed to be calibrated. If
not, the parameters of the BES model causing the discrepancy are
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Fig. 5. Flow diagram of the calibration methodology.

identified. These parameters are tuned until the simulation results
are within the error limits.

For the calibration, data-loggers were located in each room and
outside the building to measure the DBTs for 10 days, between May
28th and June 6th, 2013. The location of each data logger was indi-
cated on the building plan with a small triangle (Fig. 2a and b).
Data-loggers inside the building were located approximately 2 m
above the floor and all data loggers were placed in a position not to
be exposed to direct sunlight.

In the ASHRAE Guideline 14, acceptable tolerances for calibra-
tion of the BES model are provided based on mean bias error
(MBE) and coefficient of variation of root-mean-squared error
(CV(RMSE)) [18]. According to the Guideline, models are assumed
to be calibrated if MBE and CV(RMSE) are within +10% and +30%,
respectively when hourly data considered. The MBE, RMSE and
CV(RMSE) were calculated using Egs. (1)-(3) [19,20].
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Fig. 4. (a) The BES model and (b) the picture of the west facade.
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3.3. Retrofitting methodology in historic buildings

EER in the existing building stock has focused on the thermal
envelope of the buildings. External wall insulation and window
replacement are commonly proposed EERs to achieve energy-
reduction targets. Yet at the same time, this might cause the loss
of cultural heritage values such as original surfaces, detailing, win-
dows and patina. Such interventions may be destructive for the
cultural heritage value of historic buildings. Therefore, EER in his-
toric buildings should not be assessed from mono-disciplinary
point of view [21]. In this study, a transdisciplinary approach was
used in order to systematically balance the quantitative and quali-
tative impacts of EER on heritage values [22]. The EER methodology
is illustrated in Fig. 6.

According to the methodology, first the building to be inves-
tigated should be characterized. Then, targets and their priorities
should be well defined. Before the risk and benefit assessment, a
long list of retrofits are introduced and assessed in order to elim-
inate the inappropriate ones due to the assessment criteria. Once
the short list of appropriate retrofits is obtained, they are gathered
into the packages mainly due to meet the multiple targets. If the
results acknowledge the targets, the assessment is terminated. If
not, the previous steps are adjusted and iterated in sequence until
the required results are obtained.

3.3.1. Building characterization

The purpose of characterization is to define the heritage val-
ues of the case building. The characterization will focus on energy
related components, especially regarding the building envelope
such as walls, doors, windows, roof, floors and shutters.

Characterization of the building
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Fig. 6. Retrofitting methodology in historic buildings.

3.3.2. Targets

Every EER has objectives, explicit or implicit, in terms of energy
and building conservation. In this case study, following targets were
selected.

1. Energy saving targets:
a. 20% reduction in total annual primary energy consumption,
b. 40% reduction in total annual primary energy consumption.
2. TS 825 [3] requirements for the U values:
a. Wall; 0.70 <W/m2K,
b. Floor; 0.70<W/mZ2K,
c. Roof; 0.45<W/m?K,
d. Windows; 2.40<W/m?2 K.
3. Building conservation targets:
a. Material changes on the construction as minor as possible,
b. No visual change on the building appearance.

Energy saving targets were defined under two options. The
first target, which aims 20% reduction in total annual energy con-
sumption, was inspired from the EPBD while the second one was
arbitrarily defined in order to better illustrate the methodology.
In case, where multiple targets are defined, the priority of them
should be defined. Since building conservation is the primary aim
of this study, these targets will be given a higher priority.

4. Results
4.1. Calibration

Measured outdoor temperature data was integrated with the
simulation weather data. For the measurement period, the sim-
ulation was run and the results were compared to the measured
temperatures of each room. Fig. 7 illustrates the comparison of
measured and simulated indoor DBTSs for 96 h period in a sequence
within the measured period.

It can be seen from Fig. 7 that measured and simulated data
show parallel pattern with small temperature differences through-
out the period. For each room, the errors, which are mean bias
error (MBE) and coefficient of variance of root-mean-squared-error
(CV(RMSE)), between the measured and simulated hourly DBTs are
given in Table 1.

According to Table 1, none of the spaces exceeded neither
MBE nor CV(RMSE) limits of ASHRAE Guideline—14. Moreover,
energy consumptions regarding electricity and fuel-oil were also
compared. Fig. 8 shows the calibration results of the electricity con-
sumption of the building consist of lighting, electrical appliances
and auxiliary heating. The comparison denotes that simulation
results show similar trend with the energy consumption figures
of 2011-2013 on a monthly basis.

Variations in the actual yearly usage figures may be related
to the heating degree days (HDD) since the electricity consump-
tion is highly dependent on auxiliary heating. Fig. 9 illustrates the
HDD of izmir for the given years [23]. According to the figure, it is
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Fig. 7. Comparison of measured and simulated data (Room 102).
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Table 1
Errors for calibration of the BES model for each room.
Space MBE (%) CV(RMSE) (%)
Administrator Room (Z01) 2.0 52
Classroom (Z02) 0.5 2.2
The Scouts Room (Z03) 1.8 3.4
Guest Room (Z04) 1.2 2.6
Corridor (Z05) 0.8 43
Administrator Room (101) 43 5.0
Ironing Room (102) 4.3 4.9
Sewing Room (103) 2.2 3.2
Marbling Room (104) 1.9 2.8
Corridor (105) 5.8 6.7
ASHRAE Guideline—14 limit [18] 10 30
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Fig. 8. Comparison of electricity utility bills and simulation results.
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Fig. 9. Heating degree days of izmir.

possible to say that HDD shows similar pattern with the electric-
ity consumption on both annual and monthly basis. Therefore, the
electricity consumption out of the heating season can be interre-
lated to the lighting and the electrical appliances.

a)

Fig. 10. (a) East facade of the building and (b) the east windows in detail.

Other criterion for the simulation calibration is to consider
the fuel-oil consumption figures. Due to the information obtained
from the building administration, the fuel-oil consumption for
space heating was not monitored on the monthly basis. Therefore,
the calibration was made with respect to the annual figures. The
comparison shows that simulation result, 1657 kg fuel-oil/year, is
reasonably close to the actual consumption, 1710 kg fuel-oil/year.

4.2. Building characterization

The rich details of plasterwork and stone claddings with orna-
mentations on the east facade (Fig. 10a) show that the building
was originally built as a typical home for a noble family. The elabo-
rate east facade played an important role in the streetscape. On the
contrary, west facade consists of relatively plain texture except the
stone casings around the windows and doors (see Fig. 4b). The north
and south walls, on the other hand, are rather simply built using
either bricks or andesite rubble stone coursed with brick without
plaster.

The internal partitions were built using a timber frame with
mortared rubble infill (called himis technique in traditional timber
construction technology in Turkey) which was then plastered and
painted. One detail that makes the internal walls valuable is the
plaster cornices.

The wooden windows are tangible elements that enrich the
building appearance. Wooden frame and single glazed windows
with horizontal and vertical dividers all in original materials and
forms make them worth to preserve. Fig. 10b illustrates a window
example from the building.

The exterior door is made of iron with ornamentations hav-
ing a considerable impact on the main facade. In addition, doors
with wooden frame and crowned with arches placed on the rear
facade are other impressive elements perceived from the rich and
prestigious garden.

The floor construction shows different compositions on the
ground level whilst it is uniform on the first floor. On ground level,
the original marble floor is laid out longitudinally enriching the
entrance whilst the rooms have a traditional timber floor pattern.

The cumba, which is at the east end of first floor, is a tradi-
tional Turkish architectural element with typical wooden framed
windows supported and ornamented by iron framework. This is a
particular component which adds aesthetic value to the building’s
main facade (see Fig. 10a).
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To sum up, it can be said that the building’s street facade is
characterized by its highly decorated plasterwork and ornamented
stone panels, typical for architectural trends of the late 1800’s,
and the distinguished hand-made cumba supported with cast iron
brackets. Any retrofits conflicting with these values would not only
harm the building’s architectural values, but also, visually sepa-
rated from the surroundings to some extent. In addition, it is also
essential to respect the traditional single glazed windows with their
original forms and materials.

4.3. Assessment of the retrofits

There is a wide range of possible EER interventions. Based on
the literature survey and the applicability of interventions with the
BES tool, the following retrofits were, first, chosen for the long list of
common interventions which include weather stripping, indoor air
temperature control, changing the windows, insulation of the attic
floor, additional insulation of the roof, exterior insulation of walls,
interior insulation of walls, additional insulation on the ground
floor, changing the heating system and/or fuel and finally integra-
tion of renewable energy technology.

The risk and benefits of any retrofit can vary depending on the
character and heritage values of the building. Therefore, character-
ization should be done carefully and systematically in relation to a
number of aspects [22]. Table 2 summaries the risk-benefit analysis
for the case building, Basmane Semt Merkezi.

Air tightness improvement of the building envelope is generally
a straightforward and cheap application. It provides high benefits
reducing the heat losses occurring through the draughts. On the
other hand, it might cause an increased risk for mold growth since
the air exchange rate of case building envelope was reduced.

Replacing the existing windows with ones having lower U-value
would doubtlessly have a high risk on the aesthetic view and her-
itage values of the case building even though it explicitly reduces
the heat losses. From an economic perspective, changing windows
have long term pay-back period.

Attic floor insulation, in theory, is expected to be an acceptable
solution for the case building due to no damage risk on the building
appearance. It, however, jeopardizes the attic environment increas-
ing the moisture as a result of temperature decrease, in practice.
Adding extra insulation layer to the roof appears to be low risk for
the building fabric since refitting of the roof tiles is a simple appli-
cation. Moreover, it increases the thermal resistance of the roof and
diminishes the heat losses, which is acceptable when considering
pros and cons in total.

Even though adding external insulation to the facade is a highly
favorable energy efficient retrofit, it would have a strong effect on
the building’s symbolic values and architectural identity. There-
fore, it is considered as inappropriate intervention for this case.
Interior wall insulation is relatively less risky when comparing to
exterior insulation for building architectural value as long as it is
installed carefully. On one hand, it is a great energy saving proposal
to keep the heat inside from the perspective of intermittent heating
of the case building. On the other hand, it might be problematic for
dampness issue due to rapid heating and cooling. Hence, interior
insulation might be assessed as acceptable retrofit.

Ground floor insulation is partly available because of its two
different floor patterns, timber on the rooms and marble through-
out the longitudinal corridor ground floor. Therefore, timber floor
seems to be appropriate for the application since there is enough
space to install it from below the floor construction.

By the time this study was being undertaken, the building had
a hot water radiator system with an old and low efficient fuel-oil
boiler placed during the restoration upon the necessities. Therefore,
switching it to the high efficient, condensing natural gas boiler is a
good refurbishment for reducing operational inefficiencies, energy

related carbon dioxide emissions and expenditures. Changing the
fuel type and heating system is, thereby, obviously cost effective
retrofit although its initial investment is relatively high.

Solar panels are compatible applications for buildings in terms
ofiinstallation. Itis generally controversial and therefore required in
depth-analysis to ascertain whether or not it is beneficial [24]. For
this case, either it is used for electricity or hot water production,
benefits of both will be less than risks for the building since the
larger the solar panel area the more the energy production and
also the more risk for the building’s roof appearance. Thus, solar
application is defined as an unacceptable decision.

As a result of risk-benefit assessment, inappropriate retrofits
were eliminated, and the short list of retrofits is obtained. In the
following section, the appropriate ones will be gathered into pack-
ages to meet the targets and evaluate their combined effects on
energy consumption.

4.4. Packaging the retrofits

For the case building, strengths and threats of the energy effi-
cient retrofits were evaluated through the risk-benefit analysis.
Thus short list of the appropriate retrofit applications is as follow:

e Weather stripping

¢ Indoor air temperature control

¢ Changing the heating system and/or fuel type
¢ Insulation of the attic floor

e Additional insulation to the roof

e Interior insulation of the walls

e Additional insulation to the ground floor.

Weather stripping basically refers to air tightening the building
envelope by 0.1 ACH. With this retrofit, it was aimed to fill the cracks
and leaks using appropriate technique and materials. Indoor air
temperature control aims to keep indoor environment at 24 °C and
20°C when it is occupied and unoccupied, respectively. Changing
the heating system simply indicates installing more efficient boiler,
which is driven by natural gas. In all insulation related retrofits,
stone wool was proposed as an insulation material.

According to the risk levels, retrofits were gathered into three
packages. The retrofits that were assessed as risky and eliminated
were also included in a package to better understand ideology of
the methodology. Table 3 shows the retrofit packages.

The aim of Package 1 is to meet the energy targets without
altering the building appearance and damaging the heritage val-
ues. Therefore, the retrofits regarding building’s thermal properties
were not included within the package. In Package 2, more interven-
tions in terms of improving the thermal performance of the building
were included. Package 3 was intentionally grouped in order to
determine the maximum possible energy savings. Some inappro-
priate retrofits were also included in the package in order to better
understand the retrofitting methodology.

4.5. In-depth analysis

In the building, fuel-oil and electricity are used as energy
sources. The fuel oil is used for space heating while electricity is
used for auxiliary heating, circulation pump, electrical appliances
and lighting. Fig. 11 illustrates the shares of primary energy con-
sumption of the building obtained from the calibrated BES tool,
before the retrofitting. The shares were calculated introducing all
corresponding input data, such as lighting fixtures, heating sys-
tem, electrical appliances used in the building and their operation
schedule, into the BES tool.

Fig. 11 shows that, the share of lighting accounts for 35% while
heating of the building by fuel-oil is 33%, auxiliary heating is 22%
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Table 2
Assessment of the retrofits.

; Assessment criteria
Short list of < e
retrofits LIy Economic crltace Durability | Moisture Indoor env.
Savings Values
Low
Weather Reduces heat Should be moisture Minor
e Cheap No damage renewed
stripping loss and mold | Improvement
frequently Hisk
Reduces the ’ Improved
Temperatuce excessive Cheap No damage Lor}g e Beneficial thermal
control : time
heatin comfort
Cbangmg the Lor}g life Neutral
windows time
Decreases m(I;i(;::lre
Insulation of heat loss, . . Long life Minor
: : Expensive No impact : and mold | .
the attic floor medium time . improvement
risk on the
benefit .
attic
Additional Diminish heat Minor effect : ’
: : - : S Long life : Minor
insulation of loss medium | Expensive on building : Lowrisk | .
time improvement
the roof benefit appearance

Exterior
insulation of
walls

Long life

Expensive
P time

Interior Falrly No damage for : Should be
; ; expensive, Long life ]
insulation of the case » breathing
long pay- s time :
walls . building material
back time
- Reduces the Might require Attention
Addltlgnal heat losses Rather special Long life should be Minor
insulation on 5 ; 5 :
from the expensive attention for time paid for the | Improvement
ground floor ; :
basement installation basement
Changing the Expensive
heating and long ; Long life Minor
system and/or pay-back Do trpace time el Improvement
fuel time
Renewable
energy . .
sources Energy FaJrly Lor.lg Jufe Neutral Neutral
Production expensive time
(Solar panel
application)
Representative meaning of the colors

Table 3
Energy efficient retrofit packages for the case building (in detail).

Retrofits Package 1 Package 2 Package 3
Existing New Existing New Existing New
Weather stripping 0.1 ACH improvement on the building envelope in general
Heating system (seasonal efficiency) 0.53 0.82 0.53 0.82 0.53 COP: 4.4
(heat pump)
Thermostat control Previously, no thermostat control proposed, 24 °C for occupied and 20 °C for unoccupied spaces
Attic floor insulation (U-value) (W/m? K) - - 1.1 0.41 - -
Exterior wall insulation (U-value) (W/m? K) - - - - 1.1 0.48
Interior wall insulation (U-value) (W/m?2 K) - - 1.1 0.48 - -
Roof insulation (U-value) (W/m? K) - - - - 1.5 0.42
Ground floor insulation (U-value) (W/m? K) - - 14 0.54 1.6 0.54
Changing windows (U-value) (W/m?2 K) - - - - 3.2 1.78
and electrical appliances is 10%. The total heating energy con- conversion factors, which are 1 for heating oil, 1 for natural gas and
sumption including auxiliary heating has the highest share in total 2.36 for electricity, were taken into account [25].
energy consumption of the building followed by lighting and elec- Fig. 12 shows the comparison of the heating system energy

trical appliances. In order to obtain primary energy consumptions, demand, total annual primary energy consumption and its
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Fig. 11. Shares of total annual primary energy consumption.
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Fig. 12. Comparison of the EER results on package basis.

components of heating, lighting and room electricity (electrical
appliances +auxiliary heating), on package basis. At this point, it is
necessary to give the definition of heating system energy demand
for better understanding. Basically, heating system energy demand
is the amount of energy which should be supplied by the heating
system to the building in order to keep the indoor environment
under the desired conditions.

Results of Package 1 indicate that the annual primary
energy consumption decreased while the heating energy demand
increased. This is because the auxiliary heating sources were dis-
carded. Despite the positive effect of retrofits on weather stripping
and temperature control, discarding the auxiliary heating increased
the heating demand. However, the total annual energy consump-
tion reduced due to the more efficient heating boiler. Hence,
it can be stated that minor energy reduction target, 20%, was
reached without disturbing the building construction and appear-
ance, while the target of 40% was not. Moreover, the heritage
values were conserved while the U-value targets inquiring thermal
improvements and alterations on the building components could
not be met due to the content and aim of Package 1.

The results of Package 2 show that the heating energy demand
and total annual primary energy consumption were reduced with
respect to the Package 1. The main reason for this is the interior
insulation, which causes approximately 5% reduction in energy
consumption. According to the results, the minor energy target,
20%, can easily be accomplished while the TS825 standard [3] is par-
tially satisfied. Even the small, reversible constructional changes,
the package did not unavoidably affect the building appearance
and heritage value so that the conservation targets were also
reached.

Package 3 was intended to show the effect of maximizing the
energy saving without considering the heritage value, even tangi-
ble elements having significant role on building’s character were
changed such as windows were replaced with ones having double
glazing and PVC frame and insulation was applied to the outer walls.
The other significant change in the 3rd retrofit package is the use of

an air-source heat pump for heating purposes. This retrofit was not
included in the 2nd retrofit package since the primary aim of which
was to preserve actual building’s heritage value. Each room was
individually equipped with split heat pump units having 3.5 kW
average heating power (min. 0.9-max. 5.5) and a COP of 4.4 [26].
The results show that heating demand increased while the energy
consumption decreased drastically. The reason of the increase in
the heating energy demand can be explained due to the average
heating power of heat pump, which is higher than the previous hot
water radiators. Yet, total annual primary energy consumption was
decreased by 47% since the high COP of the air source heat pump
system compensates the primary energy conversion factor which
is 2.36 for electricity.

The results of Package 3 indicate that major energy target, 40%,
can be accomplished only with the destructive and irreversible
changes from the building conservation perspective. Changing the
prominent heritage values would not only destroy the building
appearance but also tangible records and memories that the build-
ing has carried for ages.

Furthermore, each single retrofit was simulated to evaluate their
individual effect on the energy consumption. Even though discard-
ing the auxiliary heating system was not counted as a retrofit, the
impact of it was also included in the evaluation.

Fig. 13 illustrates the cumulative effect of single retrofits based
on the primary energy consumption and the package basis. The
most effective reduction regarding the energy consumption was
obtained by changing the heating system with the air source heat
pump, which is by 24.8%. This effect was followed by discarding
the auxiliary heating (14.1%), natural gas boiler (12.2%), indoor
temperature control (7.1%), interior wall insulation (4.7%), exte-
rior wall insulation (3.9%), weather stripping (1.1%), roof insulation
(0.9%), attic floor insulation (0.7%), changing the windows (0.5%)
and finally ground floor insulation (0.5%). Therefore, the cumu-
lative effect of the single energy reductions on the package basis
corresponds to 35% for Package 1, 41% for Package 2 and 53% for
Package 3.

However, the combined effect of the single retrofits is not the
same as simply adding them up. Insulation of the external walls, for
example, will eventually diminish the single effect of changing the
boiler [27]. Fig. 14 shows the comparison of combined and cumu-
lative effect of single retrofits on total annual energy consumption.

Hence, the comparison results indicate that the differences
between combined and cumulative impacts are 1% for the Package
1, 2% for the Package 2 and 6% for the Package 3. These discrepan-
cies should not be underestimated when economic calculations are
of interest.

In Aegean Region, cooling is of consideration during summer
season. Therefore, EER should be assessed both taking into account
of heating and cooling energy consumption. Although heating
energy consumption is the primary interest of this study, it is favor-
able to show the impact of EER on cooling load. Fig. 15a and b
illustrates the effect of EER packages on heat gains through walls
and infiltration, respectively. Hence, it can be said that external
insulation (Package 3) reduces the heat gains by 63% which is
more than that of including internal insulation (Package 2) even
though they have the same insulation thickness. However, Package
3 increases the heat gain via infiltration by 31% though the same
air-tightness value with Package 2.

Since the case building is located in Aegean Region where is hot-
humid climate, effect of the EER intervention proposals on cooling
load should also be taken into account.

Thermal comfort is another important parameter to be con-
sidered when the EER is of interest in historic buildings. Fig. 16
shows the change of thermal comfort (within the heating season)
of the space 105 (see Fig. 2b) due to the effect of EER packages,
where the comfort zone was shown with a dashed rectangle.
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Fig. 14. Comparison of the combined and cumulative effect of the retrofits.
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In the given space, which is used for an educational purpose,
thermal comfort zone is defined as the area where the relative
humidity and temperature are between 30-60% and 20-25.5°C,
respectively [28].

According to Fig. 16, the rate of points within the comfort zone
were calculated for each EER packages are 44% for no retrofit case,
44% for Package 1, 49% for Package 2 and 51% for Package 3. Hence,
it can be said that the thermal comfort within the heating sea-
son was improved through the EER packages. Nevertheless, it is
seen that some points, which are indicated within two circles,
dropped out of the comfort zone. The reason behind the points
highlighted within the big circle is that the building has an inter-
mittent heating regime. Thus the indoor air needs to be reheated
from the lower temperatures rather than 20 °C, which is the low-
est threshold based on ASHRAE Standard-55 [28]. On the other
hand, the points in the small circle indicate that the indoor air
can be conditioned to acceptable temperature but relative humid-
ity since none of the proposed heating systems have humidity
control.

70 of /, ~
/ AAAC A.° & \ o s e s e e e e e
60 / ¥ OAAO ® :
o - X
- 1
<50 / o0 :}3% PEL oD i
2 4 T
=l g N B % AQ,O( 1
g & % & Bou E &ag .
240 ( o . I .<>A‘,8‘A XX 2 §_{
o
z e e 28 o | |
g : et eros X g0 o |
S 30 oss
~ \o K Ses
P L.
20 \6. My A 28 .'9%0
O I, 3
10

14 15 16 17 18 19 20 21 22 23 24 25

Temperature (Celcius)
©No Retrofit 4 Package 1

* Package 2 xPackage 3

Fig. 16. Change of thermal comfort on package basis (for the space, 105).
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Table 4
Target results.
Targets Package 1 Package 2 Package 3
Energy saving 20% + + +
40% - _ +
U-value due to the Ceiling - + +
standard TS825 Floor - + +
Wall - + +
Windows - - +
Heritage value and Construction + + -
building physics Appearance + + -

5. Conclusions

Historic buildings generally use more energy as compared to
the ones built in the recent past. Therefore, one can conclude that
instead of leaving them undisturbed and unattended, the buildings
carrying heritage values should be treated deliberately and with
great awareness to reintegrate their use with modern life.

In this study, EER of a historic case study building was investi-
gated with a step by step, transdisciplinary methodology in order
to reduce the energy consumption of the building in heating sea-
son without unacceptable impact on the historical heritage values.
A validated BES tool was used to model the building and assess the
energy consumption of the retrofit scenarios. The model was cal-
ibrated in order to determine accurate and reliable outputs from
the BES tool.

Based on the literature survey, a number of interventions which
are the most common energy efficient retrofits were selected.
Following the elimination of inappropriate applications, the inter-
ventions were divided into three packages in order to establish a
better understanding about the methodology (see Table 3).

The results of the case study are summarized in Table 4 in which
positive (+) sign denotes the target is reached while the negative
(=) one is not.

Thus, it can easily be concluded that the minor and relatively
intermediate energy saving reductions can be reached without dis-
turbing the historical, architectural and cultural values while the
major energy target cannot. This is a reasonable proof that the
transdisciplinary approach used within the methodology was suc-
cessful and necessary.

As it was indicated in introduction, there is no equivalent study
in Turkey that we can compare with the outcomes of the method-
ology. Therefore, it is favorable to make a couple of distinctive
comparison with the similar studies done abroad.

A study conducted in Sweden [22] aimed to balance the energy
conservation and building conservation in a multidisciplinary deci-
sion context. The results show that 20% energy saving target seems
to be not problematic from building conservation point of view
while that of 50% can only be reached affecting the visual appear-
ance and significance of the building. Another study in Norway [21]
focused on the influence of energy-saving measures on heritage
buildings taking into consideration of a holistic approach. Results
indicated that the measures affecting the exterior appearance have
more detrimental impact than those of simple, non-destructive and
cheap ones such as weather stripping, improving windows and heat
insulation in the basement. Moreover, fuel conversion was con-
cluded to be considerable opportunity for heritage buildings not to
change building envelope.

The effects of retrofitting on thermal comfort should be analyzed
for the case buildings and it is recommended to take retrofitting
measures which include improvements in thermal comfort as well.

The transdisciplinary approach for historic buildings should be
considered and emphasized in the directives and laws. It is known
that there is a work on developing a new European Standard, called

“Guidelines for improving energy performance of architecturally,
culturally or historically valuable buildings” [29]. However, this
work should also be conducted and specified for other countries.
Remembering that there is no clear guideline regarding energy
efficient improvements of historic buildings in Turkey, this issue
should be enlightened, clarified and included with the help and
liaison of institutional, professional, administrative and practical
authorities.
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