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ABSTRACT
The preliminary results of building performance
analysis study aiming at retrofiting an existing house
to fulfil passive house standards is presented. The
case building, i.e. two storey private house in Izmir,
Turkey, has been monitored and simulated for the
winter period of 2010. Local data collection involves
physical identification and measurements. Besides, a
digital performance simulation model representing
existing situation (pre-retrofit) of the house is
developed. The simulation output is compared to the
measured indoor air temperature, solid fuel, and
electrical use data to refine and calibrate the model.
At the end, the error ratios of digital model are
obtained in order to predict factual performance of
alternative architectural scenarios for energy efficient
retrofit.

INTRODUCTION
Retrofitting a building is a way to adopt an existing
one to energy efficient structure. Through this
process, the detailed documentation (monitoring) of
existing thermal performance characteristics and
energy consumption pattern is of primal importance
to understand problems and potentials housed in the
building. For the decision of case-specific retrofitting
strategies, a digital performance simulation model
can be used as an effective tool to formulate set of
retrofitting scenarios among one of which will be
later chosen for the implementation. In order to have
the most factual performance results of retrofitting
scenarios, the difference between simulation and
monitoring results, i.e. the error ratios of digital
model, must be calculated.

and measurements, e.g. energy consumption for
heating, residential electrical use, indoor conditons
and outdoor micro-climate.
The target of paper, at the end, is to find error ratios
of digital model through refinement and calibration
process by using values of indoor air temperature,
solid fuel consumption and electrical use. In this
way, a simulation model can provide more factual
predictions about the consequences of alternative
architectural scenarios for energy efficient retrofit.

PHYSICAL IDENTIFICATION
Location
The building performance analysis study is
conducted in a private house in Izmir, a harbor city
located in the western coast of Turkey. The building
is situated in the suburb, gradually isolated land from
the crowd of city, where two- or three-storey single
detached houses lie on the southern slopes of a hilly
area. It is located at the highest level of suburb, the
altitude 205 m, longitude 27º19’67’’ E, and latitude
38º48’43’’ N. The house lies in northwest-southeast
direction, 128° from north to east.
Description of the private house
The single detached house, built step by step between
1990 and 2008, consists of two floors without a
basement; each has one flat. The flat on the first floor
is used by the owner of house, while the other is
rented periodically. The total area of each flat is
approximately 100 m2. Flats typically include a
living room, kitchen, bathroom, WC and three
bedrooms (Figures 1 to 4).

This paper presents the preliminary results of
building performance analysis study aiming at
retrofitting an existing house to fulfil passive house
standards. Using the private house located in Izmir,
Turkey, we examine the results of data collection
campaign during the winter period of 2010 as well as
the correspondence between the emprically collected
data and the initial simulation results.
Local data collection comprises two parts: physical
identification, e.g. location, design qualities, building
materials, construction tehcniuqe, occupancy profile,

Figure 1 West view of the house
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Building materials and construction technique

Figure 2 Southwest view of the house

The construction of house is based on a reinforced
concrete skeleton. Exposed surfaces are noninsulated. It is essential to point out that the building
does not fulfill the Turkish Standard on Thermal
Insulation in Buildings (TS 825) which came into
force in 2000 and partly renewed in November 2008.
External walls consist of cement mortar bound
horizontal perforated bricks (190/190/135 mm) with
a density of 900 kg.m-3 and a conductance of 0.45
W.m-1.K-1 (TS 825, 2008). Walls have 2 cm interior
and 2.5 cm exterior cement-lime plaster finishes
(1800 kg.m-3 / 0.87 W.m-1.K-1). The calculated wall
U-value amounts to 1.553 W.m-2.K-1. The house has
a non-insulated flat roof, composed of 10 cm
reinforced concrete slab with 1 mm outer bitumen
(1050 kg.m-3 / 0.17 W.m-1.K-1) and 2 cm interior
cement-lime plaster with U-value of 4.709 W.m-2.K1
. The calculated ground slab U-value ranges from
0.905 to 3.251 W.m-2.K-1. In terms of openings,
windows and doors are made of aluminum frame
with 8 mm air-gap double-paned clear glass (4 mm)
with U-value of 3,019 W.m-2.K-1.
Occupancy profile
During winter season of 2010, the ground floor was
rented between mid-January and mid-April for a
family, i.e. a young couple with a mother. The first
floor was occupied by three persons, i.e. parents and
a daughter. In weekdays, most of the building
occupancy for whole building occurs between 18:00
and 08:00 except the occupancy of mother who stay
in whole day on the ground floor. The unoccupied
spaces are the living room 1 in the ground and
storeroom in the first floors.

Figure 3 Ground floor plan

MEASUREMENTS
This study uses Monitored Energy Protocol (MEP),
thus two types of monitoring are performed:
monitoring of energy consumption and monitoring of
thermal parameters (Santamouris, 2005). The house
is monitored in whole winter (from January 1st to
March 31st), but this paper focuses on the results of
the representative month, February 2010. The energy
consumed in the house can be classified according to
the type of fuel: solid fuel (coal and wood) for space
heating, grid electricity for equipment, plugs, hot
water production and lighting, and LPG for cooking.
Except LPG, the other two are monitored
periodically. As for thermal parameters, the indoor
air temperature measuremets are crucial, since it will
later be used in finding the error ratios of digital
model.
Energy consumption for space heating

Figure 4 First floor plan

The building has neither central heating nor cooling
system. Instead, the occupants applied heating
intermittently and to a limited number of rooms in
the house. In both floors, the stove using solid fuel
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(coal and wood) is the main heat supplier. In the
ground floor, the only heated space was the living
room 2, while in the first floor, there were two stoves
located in the living and child (bedroom 1) rooms
(note to circles in Figure 3 and 4). Only the first floor
was monitored for space heating. Apart from the
stoves, occupants of the first floor sometimes
prefered using electrical radiant heater to heat up the
child room at late nights and the kitchen at early
mornings. In order to calculate heat by suppliers,
daily amount of solid fuel and daily duration of use
of electrical heater were noted down.
Residential electrical use
The inspection was made in order to evaluate
electrical loads due to lighting, domestic equipment,
hot water production and heating. In both floors,
there is no need for artificial lighting in daytime.
Table 1 shows the minimum and maximum values of
internal electrical loads defined in this study.
Table 1
Values of internal electrical loads
INTERNAL
LOAD
Lighting devices
Domestic equip.
Hot water heater
Radiant heater

MAXIMUM

MINIMUM

60 W
1200 W
1500 W
2000 W

20 W
30 W
-

The energy consumption for electricty was recoreded
with a portable energy analyzer, ENTES MPR63 of a
local producer, in every fifteen minutes. Because of
the scarcity in number of energy analyzer, only the
first floor was monitored for a particular week in
February (from January 31st to February 6th). It is
clear from Figure 5 that the consumption rises up in
weekdays when the occupancy mostly occurs for
06:00 - 08:00, 12:00 – 13:00 and 18:00 - 24:00 at
weekdays and 09:00-24:00 at weekends.

degree of satisfaction about winter thermal comfort
in different thermal zones of the house was
questioned. The specific target of this paper is to find
the error ratios of digital model by using indoor air
temperature for calibration. Therefore, the private
house was equipped with tools for seasonal internal
and external climate measurements. Indoor thermal
parameters like air temperature, relative humidity and
luminance levels were recorded with totally 10
HOBO U12 dataloggers, placed at a height of 150
cm in various rooms in both floors, symbolizing 10
separate zones in the simulation model (Figure 3 and
4). Outdoor thermal parameters like air temperature,
relative humidity, wind speed and wind direction are
measured by the meteorological station (Comet
datalogger combined with R.M. Young wind speed,
direction, relative humidity, and dry-bulb air
temperature sensors), placed on the roof of house.
According to recorded climatic data, during February
2010, the number of heating degree-hours was 4568
as the base temperature of 15°C (Table 2). Monthly
mean air temperature and relative humidity were
11.8°C and 67.6%. The average wind speed was 1.4
m/s from south, yet colder winds were from
west/southwest with quite above the averages. Table
2 indicates minimum, maximum and diurnal ranges
for four climatic parameters specific to the case area.
The big difference in diurnal ranges indicates the
instability of weather conditions.
Table 2
Range of measured hourly outdoor climatic
parameters in February 2010

Air temp. °C

MIN
RANGE
-0.6 – 15.4

MAX
RANGE
3.8 – 22.8

DIURNAL
RANGE
1.9 – 9.4

Relative hum. %

30.8 – 79.9

62.9 – 96.7

14.5 – 62.9

Wind speed m/s

0.07 – 1.1

1 – 7.8

0.8 – 7.4

Wind direction

SE – SW

S–E

–

SIMULATION

Indoor conditions and outdoor micro-climate

Digital building performance simulation helps the
architects and engineers evaluate environmental
performance of existing buildings and define their
energy saving potentials. There are many building
simulation softwares available, among which, some
are hourly simulation models, which can provide
detailed hour-by-hour energy and environmental
performance
analysis.
A
complex
digital
performance simulation model was prepared by
using DesignBuilder v.1.8.1., a software tool
simulating dynamically the thermal performance of
buildings and their systems (DB, 2008).

The main aim of air temperature measurements was
to follow internal fluctions related to outdoor
climatic conditons, physical capacity of building
envelope, and occupancy pattern. Furthermore, the

Existed IWEC.epw weather file of Izmir was edited
with on-site measured outdoor micro-climate
parameters such as dry-bulb air temperature, relative
humidity, and wind speed/direction in an hourly

Figure 5 Daily and hourly electrical use between
January 31st and February 6th
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Three guidelines define two statistical indices: hourly
mean bias error (MBE) and coefficient of variation
of the root mean squared error (CV(RMSE)). Lower
values of the latter informs us about better predicton
by digital model. Several iterations are required to
reach acceptable levels of error ratios. The tolarances
of hourly calibration indices are specied in Table 3.
Table 3 Acceptable error ratios for hourly and
monthly data calibration
STATISTICAL
INDICE
MBE
CV(RMSE)
MBE
CV(RMSE)

ASHRAE
14-2002
±10
30
±5
15

IPMVP
±20
10 – 20
–

1–5

Through model calibration, indoor air temperature
values of 10 zones were evaluated with a full month
hourly comparison (672 hours). They were also
tuned by using collected solid fuel and monitored
grid electricity data. The model inputs were nearly
120 times revised. The model assumptions and
finalized results are indicated in Table 4 – 6.
Table 4 Model assumptions before and after
calibration

Model calibration process
It should be emphasized that the broader purpose of
this study is to predict, within reasonable calibration
levels, future thermal and energy profile of the
private house. Thus the calibration of simulation is
necessary for the accuracy and usability of digital
model. It is defined in three guidelines: ASHRAE
guideline 14-2002: measurement of energy and
demand savings
(ASHRAE Guildeline, 2002),
IPMVP: international performance measurement and
verification protocol (IPMVP, 2001), and U.S. M &
V guidelines: measurement and verification for
federal energy projects (M & V Guidelines, 2008).
The calibration process compares the results of
simulation with emprical data and tunes the
simulation until its results closely match the
measured data.
Considering availability of measurement cycle, the
calibration with hourly data approach is employed in
this paper. Three types of data were utilized through
calibration process. Model predictions for hourly
electrical use and indoor air temperature were
compared with measured hourly ones. Else, predicted

lighting
(W/m2)
plug
(W/m2)
occ. dens.
(m2/pers.)
set point
t. (⁰C)
infilt. rate
(ac.h-1)
efficiency
coefficient
of heat. s.
radiant
fraction of
heat. sys.

BC
AC
BC
AC
BC
AC
BC
AC
BC
AC

B2

B1*

SR

C

LVR*

First floor
B2

C

LVR2*

LVR1

Ground floor

Figure 6 Screenshot of modeled house

MVFEM
P
±10
30
±5
15

RESULTS AND DISCUSSION

K

The house was modeled with all parts and each room
is modeled as separate zones. Real physical features
for each space are entered (Figure 6). The internal
loads including lighting, domestic equipments,
cooking facilities, hot water production and
occupancy, and the operating schedules were
specified based on-site observations and interviews.
Occupant density and occupancy schedule per room
were determined. The unheated and heated zones in
the house were seperated and heating efficiency of
stove (fueled by coal and wood) was estimated as
40%. Set point temperature for heated rooms were
accepted as 26 ⁰C in both floors. All simulations
were conducted with an assumption of 0.4 ac.h-1
infiltration rate (Table 4).

monthly solid fuel data was compared with the
collected one on daily basis.

monthly hourly

basis. Global solar radiation and barometric pressure
were extracted from the closest local meteorological
station located 15 km far on the south of case area.
Calculated dew point temperature and direct/diffuse
solar radiation were also added into new weather file.

5
3
2
2
5
3
2
2
10
25
59
32
70
- 0.22 - 0.18 0.2
0.23 - 0.07 0.18
- 0.22 - 0.18 0.2 0.11 0.18 0.15 0.07 0.18
26
26
-26
30
26
25
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3

BC

-

0.4

-

-

0.4

-

-

-

0.4

-

AC

-

0.3

-

-

0.3

-

-

-

0.3

-

BC

-

0.5

-

-

0.5

-

-

-

0.5

-

AC

-

0.8

-

-

0.6

-

-

-

0.7

-

* Rooms heated by stove; BC: before calibration, AC: after
calibration, LVR: living room, C: corridor, B: bedroom, K:
kitchen, SR: storeroom

Results for indoor air temperature
Figures 7 to 16 depict simulated to measured mean
hourly indoor air temperatures for 10 zones in
February 2010. By analyzing the results of hour-byhour indoor measurements in ‘unheated rooms’, it is
deduced that air temperatures were greatly
influenced by occupancy patterns of the rooms. Thus
occupation schedule of these rooms were tuned in
detail. Besides, internal loads not by lighting, but
domestic equipment was found influential in indoor
thermal conditions of unheated spaces especially in
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Figure 7 Simulated versus measured indoor air
temperature in living room 1 in ground floor (mean
hourly values for February 2010)

Figure 11 Simulated versus measured indoor air
temperature in living room in the first floor (mean
hourly values for February 2010)

Figure 8 Simulated versus measured indoor air
temperature in living room 2 in the ground floor
(mean hourly values for February 2010)

Figure 12 Simulated versus measured indoor air
temperature in kitchen in the first floor (mean hourly
values for February 2010)

Figure 9 Simulated versus measured indoor air
temperature in corridor in the ground floor (mean
hourly values for February 2010)

Figure 13 Simulated versus measured indoor air
temperature in corridor in the first floor (mean
hourly values for February 2010)

Figure 10 Simulated versus measured indoor air
temperature in bedroom 2 in the ground floor (mean
hourly values for February 2010)

Figure 14 Simulated versus measured indoor air
temperature in storeroom in the first floor (mean
hourly values for February 2010)
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Results for heating energy consumption

Figure 15 Simulated versus measured indoor air
temperature in bedroom 1 in the first floor (mean
hourly values for February 2010)

The inputs were tuned for heating system according
to daily data based on information obtained by
interviews with occupants. The amount of coal and
wood in kilogram consumed per day and the number
of heated days give us information about monthly
solid fuel consumption in kcal. The model prediction
is mainly calibrated by changing the efficiency
coefficient and radiant fraction values of stoves
(Table 4). Table 6 indicates that daily and monthly
indices for solid fuel consumption are totally within
the acceptable tolerances specified by three
guidelines.

CV(RMSE)

CV(RMSE)

1.8

-

9.7

1.8

-

131.8

54.7

-

monthly

1.3
7.8

daily

MBEmonthly

7.5

hourly

MBEdaily

Solid fuel
Electricity

MBEhourly

First floor
(%)

CV(RMSE)

Table 6 Error ratios for solid fuel and electricity
consumption

Results of electrical use

Figure 16 Simulated versus measured indoor air
temperature in bedroom 2 in the first floor (mean
hourly values for February 2010)
colder days. Yet they mostly fluctuate day-by-day,
and hard to generalize. Therefore, the deviations in
temperatures are possibly caused by equipment and
cooking scheduling.
In rooms heated by stove (Figures 8, 11 and 15),
measured peak temperatures fluctuates, and this
makes harder to define a set point temperature for
each room. This problem was overcome by testing
many options for set point temperature (Table 4).
Besides, there is no consistency on starting a room to
heat, because of personal choices. That’s why the
higher MBE and CV(RMSE) values are found for
heated rooms. Table 5 presents that the indices for 10
zones are totally within the acceptable tolerances
specified by three guidelines, while those for heated
spaces are gradually higher due to reasons explained
above.

SR

B1*

B2

-4.5

14.6 -0.4

-1.1

-1.7

8.4

8.7

9.4

C

K
-2.5
7.2

LVR*

-5.8
9.2

First floor

14.2 -4.3

B2
-0.1
5.6

C

LVR1

LVR2*

3.3

hourly

5.4

CV(RMSE)

0.9

MBEhourly

-2.5

(⁰C)

4.9

temperature

Ground floor

15.7

Indoor air

Average

Table 5 Error ratios for indoor air temperature

* Rooms heated by stove; LVR: living room, C: corridor,
B: bedroom, K: kitchen, SR: storeroom

Depending on the availability of hourly electricity
consumption data measured for the first floor, the
calibration study was performed on weekly basis
(from 1st to February 6th). The calibration tolerances
with hourly data were found extremely above the
acceptable levels even if the power densities of
equipment, lighting, radiant heater and hot water
heater were checked carefully and tuned several
times. The problem may arise from that operating
schedules of electricity consumed domestic devices
is hard to be defined. It is almost impossible to
generate a generalized type of schedule for electrical
use, since it is case dependent on occupancy pattern
and habits, ambient weather conditions, age of
equipments, as well as differentiating coefficients of
efficiency for electrical equipments and lighting
devices in real conditions. Table 6 indicates that
hourly and daily indices are totally outside the
acceptable tolerances specified by three guidelines.

CONCLUSION
This paper presented the error ratios of digital
simulation model employed for analysing building
performance and developing retrofiting scenarios for
energy efficiency. Necessary data and information of
the private house have been collected and measured
on site for heating season of 2010 as input of digital
model. The model has been refined to comply with
the calibration. The calibration process and refined
input data are described in detail. After calibration,
the model can predict the factual energy usage,
especially affected by the physical problems of
building both for energy gain and saving. Therefore,
this was one of essential reasons why we first try to
reach acceptable levels of error ratios for indoor air
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temperature, rather than error ratios for energy
consumption for space heating and electrical use.
On the other hand, in terms of electrical use and
space heating in the private house, the differences
and errors exist between simulated and measured
results. The main reasons for these errors can be
analyzed as follows:
- the actual randomicity of the operating schedule of
internal loads, e.g. lighting, hot water producer,
domestic equipments, and radiant heater, in the house
can not be simulated exactly in the model.

TS 825 - Turkish Standard on Thermal Insulation in
Buildings. 2008. Official Gazette, 09.09.2008,
#27019, Turkish Republic - The Ministry of
Public Works and Settlement.

- the software is more specialized on the simulation
of HVAC systems, not on a domestic heater as the
stove.
- the software can only simulate one type of solid
fuel, not as of both coal and wood in this case.
- the software provides results for total fuel
consumption per fuel type in the building level, but
not partly in each zone level.
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