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ABSTRACT 

In this paper, we outline a comprehensive and 

integrated collaboration between engineering and 

architecture team to build an energy efficient 

building.  Within the framework of the EU FP7 

project, titled NEED4B, we have been instrumental 

in design, construction and operation of a new highly 

energy efficient education building in the campus of 

Özyeğin University in Istanbul.  The building was 

completed in 2013 although its monitoring will 

continue until 2018 to evaluate the performances of 

all subcomponents and that of the overall structure. 

The initial evaluation of the energy consumption of 

the building shows that it is better than the targeted 

value of 60 kWh/m
2
/year, following a detailed and 

integrated study. The details and the problems faced 

during this undertaking are discussed in the paper. 

INTRODUCTION 

 

Figure 1: Architectural rendering of SCOLA Building 

Our overall goal in NEED4B (New Energy 

Efficiency Demonstrations for Buildings) is to 

develop an open and easily replicable methodology 

for designing, constructing, and operating new low 

energy buildings, while including all stakeholders 

taking part in the process. This methodology is based 

on tools and procedures that already exist or are 

under development, like Integrated Project Delivery 

(IPD), Building Information Modelling (BIM), Life 

Cycle Assessment (LCA), Life Cycle Cost (LCC), 

Occupants‟ Behaviours on Building Energy Use 

(BEU) and Energy Performance Simulation Software 

(EPSS). In addition, we add a computational fluid 

dynamics simulation tool to be able to enhance the 

comfort at different locations in the building.  

The NEED4B methodology involves the stakeholders 

from Belgium, Italy, Spain, Sweden and Turkey for 

establishing a new open methodology.  The common 

target for all five demonstration buildings within the 

NEED4B project is to achieve energy consumption 

below 60 kWh/m
2
/ year (in terms of primary energy) 

representing 65% reduction compared to current 

regulations and regular practices.  The project is 

expected to yield much lower CO2 emissions (by 

94% compared to a standard building) and has a goal 

for significant impact on the energy bill. 

The Turkish demonstration site, SCOLA, is an 

academic building, within the newly established 

Özyeğin University Campus, with a gross 

conditioned area of 17.715 m
2
.  (See Fig. 1 for the 

architectural rendering). During the design and 

construction phases, a number of simulations have 

been carried out in order to obtain the optimum 

design configurations and to achieve the cost-

effective solutions, without ignoring the expectations 

of the designers, facility managers and future 

occupants.  DesignBuilder, Energy-plus, eQuest are 

among some of the software used during these 

simulations. More than 1450 students, 125 tutors and 

10 managers are using SCOLA since September 

2013. Regular feedback is requested from all users 

continually via online questionnaires.  This makes 

SCOLA the best case within the NEED4B project as 

well is in Turkey, in terms of real time 

measurements, enabling realistic and measurable 

comparisons against other reference buildings. 

Presently, numerical analyses and experimental 

studies are being conducted to record temperature, 

humidity, CO2 ppm level and air velocity differences, 

for both occupied and empty classrooms.  The 

monitoring of the building will continue until 2018 to 

evaluate the performance of all subcomponents and 

the overall building performance. 

Current measurements reveal that the energy use is 

about 50 kWh/m
2
/year, which is well below the 

targeted 60 kWh/m
2
/year value of NEED4B project.   

PRELIMINARY DESIGN CONSIDERATIONS 

SCOLA Building is located within the Özyeğin 

University Campus, in Çekmeköy, İstanbul, Turkey, 

where the local climate is considered humid 

subtropical and warm summer-Mediterranean, 

standardized as TR Region 2.  The average outside 

temperature Tª for January is 6,6°C and for August is 
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24,2°C.  The average global horizontal radiation is 

1.365 kWh/m²year and annual heating degree days 

are 1.610. 

SCOLA Building has been designed, constructed and 

taken into operation with the help of a large number 

of stakeholders including architects, mechanical, 

electric-electronic and civil engineers. The 

collaboration and synchronized work among these 

stakeholders have started from the very first day of 

the project and carried out with well-identified 

strategies. 

Since the beginning, all stakeholders have been 

regularly discussing and studying the following 

details for the building: 

●Transparent surfaces: Low-e glasses with insulated 

aluminum frames have been selected at west, east 

and south facades and regular double glazing at north 

facade with insulated aluminum frames.  Solar 

shading devices have been designed and placed 

according to simulations and orientation. 

●Opaque surfaces: Reinforced concrete frame 

construction method has been selected for the main 

structure.  BIMS (pumice concrete) has been selected 

at the exterior walls and for the separation of interior 

walls of the classrooms.  Gypsum boards have been 

selected for separation of the office spaces.  EPS has 

been selected for insulation, due to quick application 

compared to rock wool.  Plaster and paint have been 

applied on the EPS. 

●Thermal insulations: The specific details of termal 

insulation materials used in the building are listed in 

Table 1 (Somuncu and Mengüç, 2012). Some of 

these values were already decided by the design 

team; however, those for glazing and aluminum 

window frames for external walls were  analyzed 

through simulations as discussed below. 

Table 1: Thermal Insulation Values at SCOLA Building 

 
Definition Value Demo 

Building 

National 

Reg. for 

New Built 

Difference 

Facade / 

Wall 

U 

(W/m²K) 
0,299 0;6 0,301 

Cover / 

Roof 

U 

(W/m²K) 
0,265 0,4 0,135 

Ground 

Floor 

U 

(W/m²K) 
0,568 0,6 0,032 

Glazing 
Ug 

(W/m²K) 
1,3 2,4 1,1 

Shading Fs 0,33 0,5 0,17 

Ventilation 

Rates 

l/s per 

person 

2,5 + 0,3 
l/s/m2 

2,5 + 0,3 
l/s/m2 

- 

●Lighting: The lighting system in SCOLA was 

designed to be totally automated, enabling almost 

65% energy saving for the system.  Different sizes of 

LED armatures and T5 armatures have been selected 

according to the function and aesthetic preferences.  

The preferred armature type is Square LED Armature 

with 40W power.  The energy density of the lighting 

system for each floor has been designed to change 

between 3,3 – 5,8 W/m
2
.  The installed capacity has 

been calculated as 79 kW and yearly lighting power 

as 152.208 kWh.  The consumption density of the 

lighting system has been targeted as 9,4 kWh/m² 

without automation and 6,1 kWh/m² with DALI 

automation. 

●Installations: To improve the performance of 

HVAC system, we used „earth tubes,‟ i.e., the soil-

based heat-pump system, for partial cooling/heating 

of the facility ventilation air.  The system installation 

area covers approximately 1.200 m² of land and 

installed at depth of 2 m, with 72 m long horizontal 

pipes. Supply air is delivered by natural ventilation.  

In order to provide acceptable indoor air quality 

(ASHRAE) mechanical exhaust system supports the 

system. 

A 4-pipe system having fan coil units has been used 

with separate heating and cooling coils, as well as 

separate pairs of heating and cooling pipes, at which 

hot water or chilled water is always available.  The 

system is able to instantly switch from the heating 

mode to the cooling mode, or vice versa, and can 

provide heating to some rooms while simultaneously 

providing cooling to other rooms, making the system 

very flexible. The required heating and cooling 

energy are provided by district energy distribution 

centre of the campus. 

In the areas where it is not possible to provide natural 

ventilation, air-handling units (AHU) with highly 

efficient thermal wheel heat recovery device has been 

selected.  In this system thermal wheels can recover 

about 85% of heat from ventilation air, transferring it 

to incoming fresh air, which then requires minimal 

additional heating to reach the required temperature 

for the building. 

Mechanical automation system, KMC Controls Total 

Control BACnet PLC units, wired and wireless 

indoor air quality sensors and Socomec energy 

analysers have been installed to the corresponding 

monitoring and controlling points of SCOLA 

Building.  

In the concept of dynamic energy commissioning, 

systems below are monitored in real-time; obtaining 

feedback and reports in order to maximize the 

building performance: 

●Renewable Energy Systems (RES) integration: The 

entire roof of SCOLA Building is covered by 

photovoltaic cells corresponding to 126 kWp.  The 

building lighting system consumption is equivalent to 

the energy generated from these solar panels.  The 

grid electricity is received from the wind energy 

plants operated by FINA Energy Company. 

●Multi-dimensional Energy Performance 

Monitoring, Visualization and Optimization 

Platform: This system has been designed in order to 

verify the energy saving impact of concept and 

design decisions, while providing a cloud-based 

automated multi-dimensional decision support 

mechanism, reducing energy consumption, peak 
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electric demand, and water usage in SCOLA 

Building through provision of continuous 

information to building operators and occupants.  

 

Figure 2: Data Collection of SCOLA 

 
Figure 3: Data Visualization of SCOLA 

The OzuGreen Web Platform, an add-on decision 

support mechanism for the existing building 

management system, was designed to allow software 

to collect, process, and act on large volumes of real 

time data gathered from all mechanical and electrical 

automation platforms.  The OzuGreen Platform is 

intended for multidimensional energy optimization 

architecture which can extract sensed data and 

building information from different data sources (e.g. 

renewables, ground source heat pumps, building 

management systems, various web services), transfer 

data with cloud enabled platforms and information 

sources and processes and aggregates this data in an 

information management platform.  The system 

continuously acquire performance measurements of 

the HVAC and the lighting usage from the existing 

BMS, comparing these measurements in real time to 

reference cloud based whole building dynamic 

energy simulation models in order to represent 

acceptable performance.  The comparison is to 

enable identification and quantification of sub-

optimal performance, identification of the conditions 

under which suboptimal performance is to occur. 

The data collection and visualization infrastructure of 

SCOLA is presented in detail in Figures 2 and 3.  In 

sensor layer, standard sensors and existing building 

systems collect data from multiple endpoints and 

deliver it via common wired and wireless protocols 

such as Modbus, BACnet and KNX. Indoor comfort 

quality parameters of each zone are monitored with 

indoor/outdoor temperature, humidity, light intensity, 

air flow and CO2 sensors.  The electricity 

consumption of each sub-system and zone is 

monitored over the central electricity box via energy 

analysers.  The real time energy consumption 

parameters of each single unit within a zone is 

separately monitored and analysed.  The PV 

generation data is collected from the integrated data 

loggers of the solar inverters. Solar Generation data 

is directly transferred from 3rd party solar vendor‟s 

monitoring database. In the data integration level, 

PLC units receive collected data and relay it via 

TCP/IP to the System Core server. The used database 

system is a hosted SQL server which manipulates 

and securely stores the data for years, providing 

useful, globally-accessible information. 

The approach selected to assess SCOLA energy 

performance utilizes the Support Vector Machine 

regression (Zhao, 2011) to generate a model of 

building energy performance.  The first step of the 

selected method is to create regression models of 

each type of energy usage versus weather and 

occupancy rate for the building.  The model 

parameters represent weather independent energy use 

(base load), weather dependent energy use (building 

heating and cooling sensitivity) and the building 

balance-point temperature.  The second step involves 

building a baseline model from Simple Hourly 

Building Energy Simulation engine of the software 

platform (EnergyPlus. 1997), which shows us 

simulated hourly energy consumption data (Gokce 

and Gokce, 2012).  This data are cross-checked with 

previous hourly data captured from the BMS and 

calibrated to analyse historical performance trends.  

The third step involves benchmarking of the building 

performance with the baseline model created by 

simulation engine.  The resolution of the benchmark 

is intended to enable understanding how the stand-

alone systems such as lighting, heating, cooling, air 

conditioning systems perform.  The final step is to 

estimate the size of the energy saving opportunity for 

each zone of the building. 

Figure 4: Dashboard Sample of OzuGreen Energy 

Analytics Module 

The developed SCOLA Energy Dashboard is 

intended to address the issues about maximizing the 

energy efficiency and minimizing the power usage by 
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implementing a comprehensive real-time feedback 

system, after assessment of different resolutions of 

socio-technical feedback.  This feedback entails 

occupants more directly and immediately aware of 

their resource use and of the financial and/or 

environmental consequences of their use.  The 

developed Energy Dashboard for SCOLA Building is 

to enable, engage and energize building occupants to 

save energy.  It enables real time energy flow to be 

visible, accessible and engaging so that the building 

occupants can follow the data visualization tools to 

manage and reduce their energy consumption.  A 

dashboard sample of OzuGreen Energy Analytics 

module is shown in Figure 4.  The specifics of these 

tools are primarily for Indoor Air, Thermal and Light 

Quality. Their targets are detailed below: 

●Indoor Air Quality Targets:  As the classrooms are 

naturally ventilated, enclosed spaces like corridors 

have been considered for the pollutant concentration. 

Therefore, information about CO2 levels at corridors 

are transferred to Total Control mechanical 

automation database. 

●Indoor Thermal Quality Targets:  In all conditioned 

spaces air temperature parameters have been taken 

into consideration.  The relative humidity has been 

targeted in all spaces as 50%.  Sensible heat in all 

spaces has been targeted as 71 W/person, while the 

latent heat to 60 W/ person. 

●Indoor Light Quality Targets:  In order to get the 

best result for luminance distribution, all spaces have 

been simulated by Dialux software in 3D, equipping 

the team with average luminance, glare factor 

calculations (Dialux. 2009).  All appliances in 

classrooms, offices and meeting rooms have been 

selected according to Color Render Index (Lighting 

Research Center. 2009).  In order to overcome any 

potential panic situation, the same color 

configurations have been selected for the emergency 

lighting for all classrooms and meeting rooms.  

Suitable amount of daylight sensors have been 

located in all levels and directions, connecting to 

lighting automation system.  Where possible, 

diffused glasses and lenses have been selected, in 

order to conceal the light source and avoid the 

discomfort caused by direct illumination.  By using 

automation and intelligent software in all classrooms‟ 

appliances, glare control is obtained via dynamic 

control.  This also enables us to minimize possible 

light pollution problem. 

Effects of all these strategies on energy performance 

have been bundled in a Building Energy 

Specification Table (BEST) and compared with 

national regulations as well as normal practices 

(Somuncu et al, 2012).  According to these 

calculations summarized in Table 2, the energy use in 

SCOLA could be as low as 40 kWh/m
2
-year, which 

is a very ambitious value and was very well below 

the targeted NEED4B value of 60 kWh/m
2
-year. 

More discussion will be given in the following 

sections. 

Table 2: BEST Table Summary for SCOLA Building 

Definition 
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n
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g
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S
a
v
in

g
s 

Heating + Ventilation 78 17 78 

Cooling + Ventilation 105 22 79 

Lighting 20 7 65 

Subtotal of Energy 

Dem. 

203 46 77 

Renewable Energy 

Contribution 

NA 5,71 100 

Total Building Energy 

Use 

203 40,3 80 

 

SIMULATIONS AND EXPERIMENTS FOR 

BUILDING COMPONENTS: 

In the following Sections, we summarize the results 

from our analyses of different building components, 

including facades and photovoltaic systems. The 

simulations performed during the design phase were 

used with the objective of helping architecture and 

mechanical teams in taking quick and coherent 

decisions among the candidate proposals of glazing, 

aluminium window frames and PV system. Dynamic 

thermal simulation results were evaluated by 

comparing the cooling demands, heat gains and total 

consumptions. 

Glazing: 

Two different glazing materials, produced by 

different companies, have been compared for the 

transparent surfaces.  Another discussion point has 

been the contribution of polyurethane insulation 

within aluminium window frames, which are already 

considered as energy efficient frames. 

First, the cooling design load has been analysed by 

Carrier-HAP (Carrier. 1995).  Then, two glazing 

proposals have been analysed by a representative 

model of the building created through DesignBuilder 

(Designbuilder Software Ltd. 2008). 

Table 3: Characteristics of Proposed Glazing Materials 

Definition A B 

Visible light transmission (%) 45 51 

Reflection outside (%) 12 24 

Direct solar transmission (%) 26 30 

Solar shading factor (%) 28 34 

U_value (W/m²-K) 1,3 1,3 

Two crucial points have been considered during 

selection of glazing in terms of energy and operating 

costs, including the  U-values for heating case and 

solar factor cooling case.  Due to the decision of 

design team, glazing with a U-value of 1,3 W/m
2
-K 

was used in both cases.  Additionally, cooling load 
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was an important issue to be analysed in both 

proposals. 

As indicated in Table 3 Characteristics of Proposed 

Glazing Materials (Somuncu et al, 2012), solar 

shading factor of Proposal B (B) was higher than 

solar shading factor of Proposal A (A), effecting the 

cooling design calculations. However, a trade-off 

was made since visible light transmission of A was 

smaller than B, meaning that larger amount of light 

would be absorbed in the case of A, resulting in a 

higher cooling load inside the building.  According to 

the results obtained from Carrier-HAP simulation, 

two proposals have been analysed in DesignBuilder 

for 15 July, considering it summer design day.  Data 

obtained for the month of July is shown in Figure 5. 

 

Figure 5: Maximum cooling load profile of SCOLA 

Building as obtained from Carrier-HAP (Carrier. 1995) 

Glazing heat gain represents the transfer of all heat 

through the window excluding beam and diffuse 

short-wave solar heat effects.  Simulation results 

indicated that total cooling load of A is 6% lower 

than B, as shown in Table 4.  As a result, the design 

team decided to use glazing material of A, which 

would reduce the cooling load. 

Table 4: Cooling Design Simulation Results 

 

Aluminium window frames: 

For the proposed window frames, the following 

equation has been used for the heat transfer 

calculations: 

    
∫           ∫           ∑   

∑    ∑  
 

Aluminium frame alternatives have been modelled 

and corresponding heat transfer coefficients of 

opaque frames have been calculated in order to use as 

input in the governing equations for DesignBuilder.  

The heat transfer coefficient of aluminium frame 

with polyurethane insulation was calculated as 1.233 

W/m
2
-K and the heat transfer coefficient of 

aluminum frame without insulation filling was 

calculated as 1.659 W/m
2
-K). 

Overall heat transfer coefficient of proposed models 

have been calculated as 1,37 W/m
2
-K for window 

frame system without polyurethane insulation filling 

and 1,35 W/m2-K for frame system with 

polyurethane insulation filling. 

Later, both proposals have been analysed in 

DesignBuilder by using the calculated U-values for a 

summer week period. In order to decrease the 

calculation time of the simulation, the peak cooling 

period of August was selected as simulation period. 

The total energy consumption and cooling loads have 

been compared by applying parametric analysis for 

proposed aluminum window frames and glazing 

materials (A and B).  The different comparisons for 

both proposals are shown in Figures 6 and 7. 

As there was a very slight difference among both 

proposals, the design team selected the aluminum 

frame system without polyurethane insulation filling, 

resulting in almost equal energy performance with 

less investment. 

 

 
Figure 6: Total energy consumption of SCOLA 

 
Figure 7: Cooling load of SCOLA 

DEFINITION A B DIFFERENCE

Total cooling load 

(kW) 
558 592 6% 

Glazing heat gains 

(kW) 
773 812 5% 

Solar gains exterior 

windows (kW) 

 

1970

 

 

2466

 

25% 
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SIMULATIONS AND  EXPERIMENTS FOR PV 

SYSTEM: 

A comparison study was performed in early design 

phase, in order to compare the energy performance of 

the building with and without PV system.  

Simulations have been performed by eQuest PV-

Module (Hirsch, 2006).  eQuest PV-Module 

calculates the plane-of-array irradiance on the 

module on an hourly basis as a function of the 

module orientation, sun angle, and weather data.  The 

power output of the module is a function of the 

plane-of-array irradiance, ambient temperature, wind 

speed, and module characteristics.  Operating 

performance data has been obtained from the PV 

panel producer and defined in the simulation as input 

as indicated in Table 5. 

Weather data of Istanbul has been obtained through 

the EnergyPlus Weather Database (EnergyPlus. 

1997) and converted to .bin format required by 

eQuest.  Eventhough the optimum tilt angle is 

approximately 30
o
, stakeholders decided to select 15

o
 

in order to maximize the number of modules and 

absorb the sun of summer period at most. 

Table 5: PV Performance Data Defined as Input for the 

Simulation 

Open Circuit Voltage, Voc  38.40 Volts  

Voc temperature Coef, BVoc  -0.3300 Volts/°C  

Short Circuit Current, Isc  8.79 amps  

Isc Temperature Coef, aIsc  0.06 1/°C  

Max Power Voltage, Vmp  30.40 Volts  

Max Power Current, Imp  8.24 amps  

Number of Inverters  6  

Capacity per inverter  21.6 kW  

Mount tilt  15 deg  

Module type   Multi-Crystalline 

Silicon 

Currently, SCOLA has 126 kWp rooftop 

photovoltaic system with a building-specific system 

design.  Poly c-Si Yingli Solar YL250P-26 PV 

modules with 250Wp capacity have been used within 

the project.  There are 504 pieces of PV module with 

15,4% efficiency under standard test conditions 

(1000W/m
2
 horizontal radiation, 25

o
C module 

surface temperature).  Produced DC electricity is 

converted by 6 pieces of 20kWh string inverters of 

Advanced Energy formerly RefuSOL.  Combining all 

these inverters, there are 24 strings with a serial 

connection of 21 modules for each.  Each inverter 

has integrated DC circuit breaker, DC fuses for each 

string and surge arrestors for high voltage protection.  

All six inverters have been combined into a 

distribution panel and connected to the grid through 

automated relay on floor electricity panel. 

The feasibility report prepared considers the three 

different databases of solar energy, including 

Meteonorm, PVGIS and local statistics of General 

Directorate of Meteorology (Solar Energy Potential 

Atlas, General Directorate of Renewable Energy).  

The average annual radiation values derived from 

these databases are 2242 W/m
2
, 2361 W/m

2
, and 

2107 W/m
2
 successively.  Finally 3-week installation 

process has taken place with 23% Return on Equity 

(RoE) value for the investment by the financial 

perspective.  Annual production has been estimated 

as 138.530 kWh/year with 92,7 kW peak value. 

So far, detailed 8.760-hour energy simulation results 

including PV production estimation have been 

collected for the SCOLA Building and are shown in 

Figure 8 with monthly production and peak power 

generation.  The system has been operating since 

December 2013 and has produced 211.700 kWh until 

23
th

 of May 2015. 

The solar PV investment has saved university 

management 63.550 TL with 0,35 TL/kWh 

electricity unit price including taxes (currently 1 euro 

is about 3 TL).  During this period, system faced with 

different type of failures, which affected the 

production capacity directly.  These failures were 

mostly electricity cut-off on the utility grid and 

voltage level fluctuations.  Combining all failure 

conditions, the equivalent cumulative loss because of 

the non-operational period has reached up to average 

production of 1-week in whole year. 

Figure 8: EnergyPlus Simulation Results of PV 

Production Estimation 

Real-time measures have shown us that monthly 

electricity production has been deviating between 

4.828 kWh and 22.056 kWh according to the season.  

Comparing the simulation results with the realized 

production values; monthly deviation has been 

varying between -10% and +24%, as indicated in 

Figure 9.  In yearly basis, there is 10% increase on 

overall production compared to the simulation 

results. 

Figure 9: Monthly Deviation of Measured Production of 

Solar Electricity in 2014 from Simulation Results 
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DISCUSSIONS AND CONCLUSIONS  

Here, we summarize all of our achievements and 

draw some conclusions. SCOLA Building‟s 

electricity consumption has been measured as 

246.664 kWh for the 9 months between April and 

December in 2014.  When the months of January, 

February and March of 2015 are included to that of 

2014, the 12-month consumption is found as  

325.161 kWh, equalling to 18,3 kWh/m
2
-year 

electricity use intensity.  For the same period the 12-

month solar energy production is 152.807 kWh, 

enabling solar energy production compensation of 

about 47% of overall electricity consumption. The 

PV production has reduced energy use intensity by 

8,6 kWh/m
2
-year.  The monthly breakdown of the 

solar production and the electricity consumption of 

SCOLA are shown in Figure 10. 

Figure 10: SCOLA Building Monthly Solar Production & 

Electricity Consumption in kWh 

During the simulations using eQuest PV-Module, it 

has been indicated that additional 9,40 kWh/m
2
-year 

energy can be saved by using PV system on the 

rooftop of SCOLA Building.  The 8,6 kWh/m
2
-year 

energy saving obtained by real time monitoring 

indicates that there is a reasonable (less than 10%) 

discrepancy between simulated and measured values. 

Building energy simulation results were calibrated 

with monthly measured electricity consumption. 

Annual electricity consumption of calibrated 

simulation was obtained as 320.977 kWh, which is 

very close to the measured 325.161 kWh, proving the 

reliability of simulation results.  Due to some 

technical problems, no data of measurements in 

whole month of March and half month of January 

could be obtained.  Figure 11 indicates the 

comparison of calibrated simulation results and 

measured electricity consumption. 

 

 

Figure 11: Calibrated simulation vs measured 

As monitoring infrastructure was not suitable for 

measuring district cooling and heating energy 

provided for SCOLA Building, the results were 

obtained from the calibrated simulation.  According 

to the calibrated simulation results, in Table 6, total 

energy use intensity was calculated as 49 kWh/m
2
-

year, which is close to the suggested 40 kWh/m
2
-year 

at the beginning of design and still well below the 

official project target of 60 kWh/m
2
-year. 

The SCOLA Building has been completed in a very 

short timeline.  Although the official project timeline 

was 36 months, the design and construction phases of 

the SCOLA Building have been completed in only 14 

months, in order to serve the 2013-2014 Academic 

Year.  The preliminary commissioning and punch list 

phase lasted 8 months. 

Table 6: Calibrated Consumption Simulation Results for 

SCOLA 

Definition Electricity 

Intensity 

(kWh/m²) 

District 

Cooling 

Intensity 

(kWh/m²) 

District 

Heating 

Intensity  

(kWh/m²) 

PV 

Generation 

(kWh/m²) 

Lighting 3,31 0 0 0 

HVAC 3,73 16,74 21,35 0 

Plug loads 13,06 0 0 0 

Total 20,10 16,74 21,35 9,42 

Total 

Energy 

Use 

Intensity 

(kWh/m²) 

48,77 

During this study, we had a successful process and 

strong team collaboration for SCOLA, where we 

implemented an “Energy-Efficiency-Core” idea 

combined with an extended “Integrated Project 

Delivery” wheel concept (EEC-IPDW, in short).  We 

have extended the widely practiced IPD process one 

step further by including the facilities and operation 

phase into the process and naming it IPDW 

(Somuncu and Mengüç, 2015).  In the case of 

NEED4B, the EEC has been formed by the Center 

for Energy, Environment and Economy (CEEE) 

Özyeğin University, involving a director, architects, 

engineers and graduate students.  The CEEE has 

naturally been, and is still, in close contact with many 

more stakeholders including external architectural 

firms, engineering firms, construction teams and a 

financial firm, which is also the owner of the 

building.  The strong information flow and decision 

making mechanism created through EEC-IPDW 

through design, facilities management and operation 

phases, operated by a devoted ECC has been the 

means to transfer the link between BIM, performance 

simulation and measured outcomes.  The targeted 

energy use has been drawn down, as the selected 

system integration, agreed upon in conceptualization 

phase, has been worked on in full detail and 

supported with immense number of simulations. 
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FUTURE PLANS 

Within the scope of this research and demonstration 

project, energy performance measurement and 

analysis of the multi-dimensional decision support 

mechanism for a new building is implemented.  The 

active decision support mechanism, which can 

perform two way data transfer with existing BMS is 

already commissioned in May 2015. This module 

enables the building operators to automatically and 

dynamically optimize the real time commissioning of 

building systems and maximize the thermal comfort. 

The advanced system utilizes machine learning and 

automated online evaluation of energy simulation 

output, historical and real-time building data to 

improve efficiency and reliability of building systems 

without requiring large amounts of additional sub-

metering point and Indoor Air Quality sensors. The 

automated online evaluation works in parallel with 

the energy simulation, SVR and existing BMS to 

analyse the current situation of system workflow, and 

provides building operators with real-time continuous 

feedback that can be used to improve reliability and 

performance. Besides the actionable intelligence, the 

platform takes automated optimization decisions in 

order to fine-tune the operation of the mechanical 

systems such as heating, cooling and air 

conditioning. Predictive building energy optimization 

starts with data aggregation and pre-processing. 

External data, such as weather and occupancy data 

are combined with building energy data in the data 

aggregator, which passes the aggregated data to the 

data pre-processor for cleaning, formatting and 

normalization.   

As mentioned above, at present the monitoring 

infrastructure is not suitable for measuring district 

cooling and heating energy provided for SCOLA 

Building.  The communication of electricity and 

mechanical automation through occupancy sensors 

shall be realized in the future as an upgrading project 

and the lighting and socket consumption values shall 

be separated.  As the values obtained through 

simulation are available to be crosschecked, it shall 

be subject for further study. 

NOMENCLATURE 

      overall heat-transfer coefficient of proposed 

models  

∫          :  overall heat-transfer model of opaque 

frames 

∫          :  overall heat-transfer model of 

transparent part 
∑   :  total heat loss through window frames  

∑   ∑  :  total model area of both opaque frames 

and transparent part 
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