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ENERGY SURVEY AND ENERGY SAVINGS IN AN OFFICE BUILDING 
 WITH AID OF BUILDING SOFTWARE 

 

ABSTRACT  
 

Simulation is one of the best Analytical tools for Building Research .Energy 

Efficient Buildings are of great concern which is gaining importance steeply in 

this energy scarcity’s world. 

 

Selected for the thesis work is a small Office building (Mariannelund), located 

in Jönköping. The building is single-storied with 26 rooms. The study motive 

involves Energy Survey and to provide, investigate Energy conservation 

measures. The Energy simulation software used is the IDA indoor climate and 

energy 3.0. (ICE).Data included was from the provided (Specifications) and 

with the review of architectural drawings. 

 

Energy saving measures was analyzed, documented with respect to their 

feasibility and practical operational strategies. Measures concerning the 

modifications in the building envelope; retrofit insulation, shading devices and 

other improvements leading to savings of energy have been tested and are 

supplemented with results. 

 

The Proposed Model  which is with the combined Energy saving measures 

yields annual energy savings of about 70% and also working efficiency is 

increased by 37% compared to the existing building’s Baseline  

model.Considering the economic aspects together with the thermal response 

of employees the analyzed energy saving measures are highly recommended. 

 

 

 

 
 
 
 
 
 

3 
 



ENERGY SURVEY AND ENERGY SAVINGS IN AN OFFICE BUILDING 
 WITH AID OF BUILDING SOFTWARE 

 

INDEX 
 
1.0 INTRODUCTION .................................................................................................. 5 
 
2.0 THEORY ................................................................................................................ 7 

2.1 HVAC SYSTEMS .......................................................................................... 7 
2.2 AIR DISTRIBUTION SYSTEMS ................................................................. 9 
2.3 LIGHTING .................................................................................................... 14 
2.4 SHADING DEVICES .................................................................................. 15 
2.5 INSULATING THE BUILDING ENVELOPE ........................................... 17 
2.6 INDOOR AIR QUALITY (IAQ) .................................................................. 18 
2.7 THERMAL COMFORT .............................................................................. 19 

 
3.0 DESCRIPTION AND DEVELOPING THE BASELINE MODEL .................. 21 

3.1 GENERAL DATA FOR BASELINE MODEL .......................................... 21 
3.2 HVAC SYSTEMS ........................................................................................ 22 
3.3 FLOOR PLAN .............................................................................................. 26 
3.4 DESCRIPTION OF GENERAL PARAMETERS .................................... 30 

 
4.0 ENERGY SURVEY AND ANALYSIS OF BASELINE MODEL .................... 37 

4.1 BASELINE MODEL IN HEATING SEASON .......................................... 38 
4.2 BASELINE MODEL IN COOLING SEASON .......................................... 45 
4.3 BASELINE MODEL FOR WHOLE YEAR ............................................... 46 

 
5.0 ENERGY SAVING MEASURES (ESM) AND ANALYSIS ............................ 51 

5.1 ZERO COST MEASURES ........................................................................ 52 
5.1.1 THE AIR FLOW RATE REDUCTION .......................................... 52 
5.1.2 OPERATING SCHEDULES .......................................................... 54 
5.1.3 SETPOINT TEMPERATURE ........................................................ 56 
5.1.4 SUPPLY AIR TEMPERATURE ..................................................... 57 

5.2 LOW COST MEASURES .......................................................................... 60 
5.2.1 EXTERNAL SHADING ................................................................... 60 
5.2.2 EFFICIENT LIGHTING SYSTEMS ............................................... 62 
5.3.3 GLAZING .......................................................................................... 64 

5.3 HIGH COST MEASURES ......................................................................... 65 
5.4 PROPOSED MODEL ................................................................................. 67 

 
6.0 RESULTS ............................................................................................................ 70 
 
7.0 CONCLUSIONS  AND RECOMMENDATIONS ............................................ 73 

7.1 CONCLUSIONS .......................................................................................... 73 
7.2 RECOMMENDATIONS ............................................................................. 75 

 
8.0 FURTHER READING ........................................................................................ 76 
 
9.0 REFERENCES .................................................................................................... 77 
 
10.0 APPENDIX ........................................................................................................ 79 
 
 

4 
 



ENERGY SURVEY AND ENERGY SAVINGS IN AN OFFICE BUILDING 
 WITH AID OF BUILDING SOFTWARE 

 

1.0 INTRODUCTION  

Energy Consumption in Commercial Building sector is high compared to the 

Residential sector in all countries. It is estimated that nearly 30% of this 

consumption could be saved by energy conservation and /or sustainable 

building design and operation1.  

 

Thus, Reduction of Energy use coupled with Cost-Effective Energy Saving 

measures contribute to lowering the Annual Energy costs for any 

infrastructure. Priority is to conduct an Energy Survey and to determine how, 

where and when Energy is used and develop strategies that lead to Energy 

Savings.  

 

The goal is to make some selections for the energy saving (reduce the cost) 

and for better human comfort. There are several methods to reach the goal, 

which can be attributed by altering the wall material and thickness, changing 

the window panes (glazing), and external shading of windows in the summer, 

efficient lighting system. Energy efficiency goal can be achieved by 

understanding the building energy use. Building energy simulation tools that 

are commonly used include DOE-2, Energy plus, Energy 10, BREEZE 2 and 

IDA (3.0)3. Building Energy Performance in our Case Study is visualized with 

the aid of IDA (3.0). 

 

Software ICE is a program that aids in the study of indoor climate and energy 

consumption in individual zones as well as for the total building. The indoor 

climate represents air quality (CO2 levels) and thermal comfort (Fanger’s 

comfort indices).    

                                                 
1  Clarke.J.A; Assessing Building Performanceby simulation ,Building and environment 

1993;28. 419-27 
2  Building energy simulation tools  www.arch.hku.hk/research/BEER/best.htm   and U.S. Department 

of Energy; Energy Efficiency  
3 Renewable Energy (EERE); Building Energy Software Tools 

Directory http://www.eere.energy.gov/buildings/tools_directory/subjects_sub.cfm 
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The Building chosen, is compromised of 26 rooms which belong to the 

company’s office floor. It is essential to build the model, conduct the energy 

survey which includes energy balance, heating, ventilation, equipment, and 

the total purchased energy and some other parameters which are conclusive 

to it. Periodic as well as Yearlong Simulations were carried out and present 

situation of the Office Building is referred as Baseline Model. 

 

OBJECTIVES   
           
The objectives of this Case Study were to 

 

• Develop a Multizone  Model and Conduct Energy Survey 

• Analyse the Energy Consumption in the Pre-occupant and Post-

occupant stages of the Building 

•    Identify the Energy Saving Options with respect to Cost-Effectiveness 

• Comparative Study of Energy Saving Potential of each Options 

• Find a strategic solution for the Optimized Energy Consumption of the 

Building maintaining comfort levels.  
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2.0 THEORY 

Analyzing the building performance and realization of energy conservation 

measures, involves a proper knowledge of the existing systems; their 

performance, mode of operation and other activities that are concerned to 

energy consumption. The following are the several theoretical approaches 

made in the due course of study.  

 

2.1 HVAC SYSTEMS 

Heating, Ventilation and Air-conditioning (HVAC) Systems in Commercial 

Buildings supplement both the outdoor air ventilation and space conditioning 

with the aid of Air distribution systems to achieve comfortable air quality 

without jeopardizing Thermal comfort. An ideal HVAC system must be able to 

heat and cool the various spaces in building simultaneously upon requirement. 

Conditioning of air is carried out in Air Handling Unit (AHU). 

Basic Processes of AHU include--- 

 

 Cleaning of air from particulate matter  

 Heating and/Cooling of Air 

 Mixing of Air Streams, Humidifying and Dehumidifying of Air. 

 
HVAC SYSTEM COMPONENTS 
Depending on the function the various components are- 

• Air Handling Unit- It is responsible for the conditioning of supply air. 

o Supply/Exhaust Fans-On the nature whether the supply of 

conditioned air into the zones or the removal of exhaust air from 

zones. 

• Heat Exchangers-Heat Recovery, such as from the Exhaust air for       

heating or cooling of supply air is done by these. 

• Air Delivery Devices-Terminal supply, return and exhaust of air in the 

zones is  done  by Diffusers/Grilles        
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• Boilers-These supply hot water to the heating coils in air handling unit 

as well as to the radiators for space heating. 

• Chillers-They provide the chilled water to the cooling coils. 

• Pumps-They aid in supplying water for activities of boilers and chillers.4 

 
TYPES OF HVAC SYSTEMS 
On the principal basis of cooling media first and heating media second the 

HVAC systems are classified as— 

• All-air systems, All-water systems, Air-water systems, Water-air systems 

and Unitary Refrigerant based systems 

 Air-water HVAC system is used in our model where the cooling and 

ventilation of space is achieved by the air system and heating is achieved by 

the hydronic system with water radiators. 

 

Types of Air-water systems include--- 

• Constant Air Volume (CAV) - In the CAV system, the supply air volume 

is held constant while the air conditioner works on/off to meet the cooling 

or the heating loads with varying temperature. 

 

• Variable Air Volume(VAV)-In the VAV, the system adjusts itself 

according to the heat loads of the equipment and occupants by varying 

the supply air volume .The system uses less heat energy compared to 

CAV system 

 

• Demand Controlled Ventilation(DCV)-The DCV are similar to the VAV 

systems with the exception that air flow rates in the zones vary with the 

temperature and Indoor Air Quality (carbon dioxide and other 

contaminant concentration) detected by occupant sensors.5 

 
 

                                                 
4 U.S. Environmental Protection Agency.www.epa.gov/iaq/schooldesign/hvac.html 
5 http://www.designbuilder.co.uk/programhelp/hvac_system_type.htm 
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ENERGY USE IN HVAC SYSTEMS 
HVAC systems consume both Electrical and Primary energy for various 

operations. 

 

Electrical Energy 

• Electricity for the fans to supply the air into the zones and exhaust of air 

out of the   zones. 

• Electricity for the pumps to distribute water to Water radiators/Heating 

units in the zones. 

 

Primary/Heat Energy 

•  Heat energy to the water radiators in the zones and also to heat the 

supply air used by the heating coil units, commonly from the District 

Heating source. 

• Cooling energy to cool the supply air used by the cooling coil units, the 

source being electrically driven chillers or District Cooling. 

 

2.2 AIR DISTRIBUTION SYSTEMS  

 Air distribution systems must operate to maintain temperature, humidity and 

good airflow pattern.  Air is distributed into the respective zones by different 

types of ventilation systems depending on intensity of contaminants that are 

exhibited and also by the nature of activities of the occupants in the zones. In 

the case of industries the ventilation effectiveness of the system to remove 

the contaminants should be much higher compared to those when dealt with 

office buildings. In the commercial buildings most commonly the 

Displacement Ventilation and Mixing Ventilation systems are used. A brief 

introduction of different ventilation systems, their acting principle along with 

their application is discussed here.  

 

LOCAL EXHAUST VENTILATION SYSTEMS (LEV) 
Principle- Capturing the contaminants at the source prior to, they are spread 

into the work zones. 
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Application-In the industrial ventilation systems where the intensity of the 

contaminant sources in zones is severe such as exhaust fumes, dust, acid 

mist and other toxic or corrosive contaminants. The LEV systems aid in 

filtering out the contaminants and are negated before released into the air. 

 

 Capture velocity is the velocity of the exhaust air to capture the contaminant. 

In the LEV system design, the ratio of the velocity of exhaust air and the 

velocity of contaminant is of main consideration.6 

 

PISTON FLOW SYSTEMS (PF) 
These systems represent unidirectional flow of air in which the room air is 

continuously swept by the conditioned air from ceiling to floor or from one wall 

to another wall, thereby minimizing the spread of contaminants in the zones. 

 

Principle -Air movement in the zones is controlled by the momentum flow 

from the supply openings. 

The PF systems are generally employed in the zones where Clean Room 

technology is involved with high degree of ventilation effectiveness to be 

achieved. To remove the contaminants Absolute Filters such as Highly 

Efficient Particulate Air Filters (HEPA) and Ultra Low Penetration Air (ULPA) 

are used with efficiencies of 99.97 and 99.99 Percent for 0.3 micro meter 

particles respectively 7 . Design of the Clean Room involves the control of 

temperature, humidity as well as microbial contaminants, air-flow pattern, 

electrostatic discharge and other environmental pollutants 8 

 

 Applications of Clean Room – Hospitals, Pharmaceutical Industries, Food 

and Beverage Industries, Space Equipment Manufacturing units, 

Semiconductor Manufacturing Industry. 

 

                                                 
6 LEV systems, http://www.safework.sa.gov.au/uploaded_files/gs42i.pdf 
7 http://aic.stanford.edu/health/hepa.html 
8 http://www.essdatarecovery.com/clean.asp 
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MIXING VENTILATION SYSTEMS (MV) 
 
MV systems operate by efficiently mixing the supply air with the room air. The 

supply air is held at higher temperature than the room air which dilutes the 

contaminants and the exhaust is through the outlet near the ceiling .The 

systems achieve a relative uniformity in temperature, air quality and humidity. 

Principle –Air movement in the ventilated space is controlled by momentum 

flow from the supply openings.  

 

MV systems are characterized by the maintenance of the design room 

conditions in the whole zone unlike the Displacement Ventilation Systems 

whose performance is restricted to the occupied zone only. The supply 

velocity should be kept low as the air movement in the zone is proportional to 

the supply velocity and also because of increase in noise levels .Low 

ventilation effectiveness diminishes their application to a large extent.9 
 

APPLICATION –Traditionally used in the Commercial Buildings, but declining 

because of its inferiority to Displacement Ventilation Systems. 

 

DISPLACEMENT VENTILATION SYSTEMS (DV)  
 

DV systems are most effectively used in the office buildings with the benefits 

of Indoor air quality, Thermal Comfort, better Acoustics and reduced energy 

use  with dedicated outdoor air system (DOAS).They  are also known as floor 

supply DV systems.  

 

Principle – Air movement in the ventilated space is controlled by the 

buoyancy, generated from the heat sources in zone. 

Outdoor air (colder than room temperature) is supplied at the floor level with 

the aid of diffusers at low velocity. The cold air picks up the heat from the 

occupants, equipment and gets carried in the form of thermal plumes due to 

the buoyancy effect and is exhausted from the grilles at the ceiling. 

                                                 
9 http://irc.nrc-cnrc.gc.ca/ie/cope/05-1-Vent_Principles_e.html 
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The DV systems relies on displacing room air with fresh supply of cold 

air(100 % outdoor air) with natural flow of effluents above the occupied zone 

and achieve a stable thermal stratification level above the occupied zone 

such that no mixing occurs in the upper and lower zones.   

 

Energy savings with these systems greatly depend on climate, occupancy 

behaviour and system design. This technology has been widely used in 

Europe especially Scandinavia and much recently in U.S. and Canada. In 

countries like U.K. and The Netherlands DV systems are used in factories for 

high degree of contaminant removal. Several theoretical and practical 

approaches were made to identify the potentiality of DV systems over 

conventional MV systems in Indoor air quality and for energy efficiency. 

 

In Underfloor air distribution systems (UFAD) the location of diffusers is 

underfloor, unlike in the DV systems which are at the floor and the exhaust is 

near the ceiling for both, however UFAD systems are not as efficient as DV 

systems in indoor air quality. 

 

Diffuser – Located near the floor level for the supply of air, a good diffuser 

should limit the velocity in the occupied zone and mix the supply air with the 

surrounding air and at a suitable distance from the occupant to avoid the risk 

of draft (cold feet). Location of diffusers must be such that the air movement 

is unrestricted by furniture or by some equipment. 

Diffusers can be integrated into the columns or the supply units can be 

designed for columns, as structural component of building to suit interior 

environment.10 

 

 
 
 
 
 

                                                 
10   http://www.turnerbuildingscience.com/disp.htm 
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COMPARISON OF DV AND MV SYSTEMS  

 

ADVANTAGES OF DV OVER MV 

• DV systems may use more fan and boiler energy than MV systems but 

less chillers energy, so low cooling energy demands. 

• High ventilation efficiency 0.5 to 0.8 for DV systems rather than 0.3 to 

0.45 for MV systems, with relatively good indoor air quality and thermal 

conditions in the occupied zone. 

• DV systems give the provision of low occupied zone temperature and 

better energy efficiency than MV systems, where no conditioning and 

high ceiling height (till 9ft) exists in the zone.    

                                                                                                                                            

DISADVANTAGES OF DV OVER MV   

• DV systems have lower capacity for dehumidification hence not 

suggested for humid regions. 

• DV systems are not suitable for heating. 

• As cold air is directly supplied to the occupied zone in the DV systems 

care must be taken with draft risk analysis, close to the unit diffusers. 

• MV systems are better than DV in robustness, capability of meeting 

ventilation requirements under varying operational conditions.11 

 

          
               

Picture 2.1- Mixing ventilation                       Picture 2.2 -Displacement Ventilation12 

                                                 
11 http://cat.inist.fr/?aModele=afficheN&cpsidt=17869149 
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2.3 LIGHTING 

Lighting constitutes as a significant feature in the commercial buildings for 

Visual appearance and hence energy consumption is also quite adequate. 

Thus energy savings in this context contributes significantly in reduction of 

annual energy costs for the buildings. 

 

Lighting is the visual evaluation of radiant energy. The illuminating ability of 

the light is expressed in terms of luminous efficacy (lm/w) which is the ratio 

of the total light output (lm) to the power input (W).The higher the luminous 

efficacy the more energy efficient the lighting system is.  

 
Artificial light evolves two forms of energy via Lighting and Heat Content. This 

can be well explained by the term convective fraction which is the fraction of 

the electrical energy converted to the convective heat. 
 

Table 2.1 Luminous efficacy’s of various bulbs 

 

Category Type Luminous Efficacy (lm/W)

Incandescent 100 W                  17.513

Fluorescent Compact Fluorescent 5-24 W                     60 

 T8, electronic ballast                  80-90  

Light Emitting Diode white LED                  80-10014

 

Light emitting diode (LED), like the type white LED has the highest luminous 

efficacies and is most efficient, recently Company CREE15 had successfully 

demonstrated a 131(lm/w) white LED  but their successful  application in the 

Office Buildings is yet to be achieved. 

 

                                                                                                                                            
12  Picture  2.1 and 2.2 http://www.jdhigginscompany.com/highlights_thermal_displacement.htm 

13  http://www.stormlighting.co.uk/uploaded/VC440ccb25b1a06.pdf 
14  http://en.wikipedia.org/wiki/Luminous_efficacy 
15  http://www.cree.com/press/press_detail.asp?i=1150834953712 
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It is evident from the table that Fluorescent Lights have higher luminous 

efficacies however their convective fraction is less compared to the 

Incandescent lights, so the amount of heat emitted per unit is more for the 

Incandescent lights which reduces the heating load on the building .The 

Exergy concept should be applied here. The price of 1 KWh for the heat 

through the District Heating is less compared to 1 KWh of electrical energy.  

 
 A perquisite of Electrical energy for heating in the building is not an   

economically viable option, especially for space heating requirements if it can 

be accomplished by water radiators as such in our case study. 

 

2.4 SHADING DEVICES 

The structural design of the Building has a great impact on heat loads of the 

HVAC systems to neutralize the heat surplus and heat deficits, which are 

most commonly found in the Commercial buildings. 

 

Thermal comfort levels in the zone are greatly influenced by the ambient 

temperature, if the thermal comfort levels are within the acceptable level any 

increase in temperature by the solar radiation will lead to discomfort. Shading 

devices (internal and external) aid to forbid this, by reducing the solar heat 

gain into the conditioned zone and thereby saving energy costs in summer 

with less cooling loads. 

However the heat gain in the zone by solar radiation helps in reducing the 

heating loads in winter. The solution is to use retractable shading devices. 

 

Internal shading 

Internal shading of windows contributes to the control of glare and hence the 

visual comfort but are relatively insignificant in reducing the cooling loads. 

The shading device may be a highly reflective but still it traps the heat on the 

interior of the glass so the heat remains indoors. The prominent shading 

devices include external and internal blinds such as roller shades, Venetian 

blinds, vertical blinds and blind between the glass panes. 
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External shading  

Apart from the control of glare, External shading devices act as a passive 

cooling system and significantly contribute to lowering of annual energy costs 

with reduced air conditioning units. The common such devices are Awnings, 

solar screens, shutters and louvers. They are fixed to the building envelope 

and located bit higher to the outside of window. 

A combination of internal and external shading devices yield better results in 

the concept of energy savings. 

Typically installed External and Internal shading devices are as shown in 

following pictures.  

      
    

Picture 2.3 - Awning16                                     Picture 2.4-Internal blinds 17   
 

Window Glazing   

Better thermal performance includes insulated glass, which is combination of 

two or more layers of glass, separated by air or glass-filled barrier. The most 

commonly used gases are the argon and krypton gases, both being inert 

gases have very less tendency to leaks from the surface. Glazing of windows 

adds to the convenience of reduction in heat gain and glare also.  

Low-e (emissivity) coatings have the advantage of reflecting solar heat while 

allowing the daylight to pass through, compared to the reflective coatings. 
                                                 
16  http://www.cheapawnings.com/retractable-awnings.html 
17  http://www.dextera.lt/en/dextera.php?pg=objektai&produktai=2&produktas=7 
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How better is the glazing of windows, can be expressed by Solar Heat Gain 

Co-efficient (SHGC ) and Visible Transmittance (T),for the solar heat gain 

transmitting through the glass and for visible sunlight that enters into the 

room ,respectively. Selected glazing of low SHGC and high T leads to energy 

savings.18 

 

2.5 INSULATING THE BUILDING ENVELOPE 

In severe climatic conditions a considerable share of energy goes to air-

conditioning in the buildings. With the proper design and selection of building 

envelope, energy costs can be reduced. Insufficient insulation and air 

leakages are the major causes of concern for the energy wastes in buildings. 

Proper use of thermal insulation in walls and roofs contributes to minify air-

conditioning unit size; the reliability on the mechanical systems is reduced so 

savings in annual energy costs. However the amount of energy savings 

depends on the type, thickness and location of insulation. 

 

Insulation is rated in terms of R-value (Thermal Resistance of heat flow in 

m2K/W) and U-value (Heat Transmission Co-efficient in W/m2K and R is 

inversely proportional to U. The higher the R-value the greater is the 

effectiveness of insulation. The resistance of insulation depends on type, 

thickness as well as density. For the multi-layered installation, the R values of 

individual layers are added up.  

 

Working Principle 

Heat flows from a surface of higher temperature to a surface of lower 

temperature through conduction, convection or radiation. In winter the heat 

flows from within the zones to the outdoors (heat loss) and in summer from 

outdoor into the zones (infiltration).Insulation acts with less heat loss in winter 

and less heat gain in summer with a reduction of operating costs to the 

                                                 
18 http://www.wbdg.org/resources/windows.php 
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heating system and cooling system. Polystyrene Thermal resistance yield 

better results because it consists of mainly stabilized air.19 

 

2.6 INDOOR AIR QUALITY (IAQ) 

Indoor air quality has a direct impact on the comfort and productivity of 

occupants. To achieve a good IAQ a proper knowledge of the quality, quantity 

and the source of the contaminants is essential. To mitigate the source might 

not be possible always (Ex-Occupants emitting CO2) however a proper 

ventilation system can help to provide indoor air at acceptable levels. 

 

Typical sources of contaminants in an office building include-- 

• Equipments (printers and photocopiers) 

Emitting chemicals such as volatile organic compounds (VOCs) that    

create ozone. 

• Building materials and furniture 

           Emitting toxic chemicals such as Formaldehyde. 

• Office occupants with activities like breathing, perspiring and also by 

certain hygiene products (perfumes, deodorants) dust particles. 

• Outdoor contaminants brought in by the ventilation system or by 

infiltration through walls. 

          Toxic gases like carbon monoxide and sulphur dioxide.20 

 

A HVAC system that is either not properly operated or maintained leads to 

‘Sick Building syndrome’(SBS) due to excessive contaminants within the 

concerned zones .SBS shows physical symptoms without any identifiable 

causes such as irritation of eyes, nose or throat ,mucus membrane that may 

lead to reduced working efficiency of the  occupants.21 

                                                 
19  http://www.ralenti.co.nz/products/expo001.html 
20 Office Air: A Worker's Guide to Air Quality in Offices, Schools, and Hospitals http://www.hc-

sc.gc.ca/ewh-semt/pubs/air/office-bureaux/part1-eng.php#b 
21 Sick Building Syndrome by Jack Rostron 
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Certain Energy conservation measures may also lead to SBS, for instance 

reducing the operation of HVAC system22. A HVAC system uses the outdoor 

air to dilute or remove the contaminants, it being costly to heat the cold air (in 

winter) and cool the hot air (in summer) the engineers tend to limit the use of 

outdoor air which increases the concentration of pollutants indoors. 

 

Thus proper selection of equipment (emitting low VOCs), ventilation rates, air 

distribution systems and their phenomenon, adequate outdoor air all 

contribute to good IAQ. 

 

2.7 THERMAL COMFORT  

Building simulation is a vital technique for visualizing the thermal 

performances and to predict the alternative solutions for better Indoor thermal 

environments with energy saving measures. In the post-occupation stage of 

the building, due to difference in changes of behaviour of the occupants it 

becomes increasingly difficult to maintain comfortable indoor conditions 

continuously. 

 

Open-plan offices because of high occupant density behave quite differently 

in contrast to private offices with more heat and contaminant levels, so the 

operation of the ventilation systems must be closely monitored. Poor Indoor 

air quality and thermal conditions will lead to discomfort of the employees and 

hence reduced working efficiency of employees which is not acceptable for 

any organization. So the temperature, humidity and contaminant levels must 

be maintained at acceptable levels. 

 

Comfort conditions in an office building depends on the following 

environmental and behavioural parameters— 

Air temperature, air velocity, relative humidity, radiant temperature, activity 

and clothing of the occupants.  

 

                                                 
22 http://drfly.net/mim/vent.html HVAC systems operation and maintenance affecting IAQ 
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Thermal Comfort Indices and Standards  

Professor Fanger had developed heat balance equation and thermal index 

(PMV) based on human thermal balance. 

The formulae proposed by Fanger were, 

          PMV =3.155 [0.303e +0.028] L      . M

. PMV . PMV

                                                

23 

           

          PPD =100-95e       24 

 

Where, PMV---Predicted mean vote 

             PPD---Predicted percentage dissatisfied 

             L—Heat load on human body in (Kwh) 

             M--Metabolic heat producing rate in (Kwh/m2) 

The quality of thermal environment is given by PPD index that co-relates with 

PMV. 

According to ASHRAE STANDARD 55-2004, a thermal environment 

response of 80%  satisfied is acceptable which corresponds to  PMV in range 

(-1 to +1). 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

 
23   Thermal comfort indices; Fanger PO, Melikov AK. Turbulence and draft. ASHRAE J 1989.  
24   Thermal comfort indices; Fanger PO, Melikov AK. Turbulence and draft. ASHRAE J 1989 
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3.0 DESCRIPTION AND DEVELOPING THE BASELINE MODEL 

The indoor climate in the room of a building is influenced by several 

parameters: 

 

•  The structure and the design of the building 

• The activities within the building  

• The outdoor climate conditions and  

• The technical systems that provides the required indoor climate. 25 

 

The study object is existing office building so it’s not viable to choose the 

structural design according to the outdoor climatic condition again. The 

activities in this building are assumed to be similar to that of small office 

buildings. So the purposes of our case study is to conduct energy survey and 

improve the indoor climate; after achieving those two purposes, try to save 

energy with a suitable indoor climate through improving the technical systems 

in this building. 

 

3.1 GENERAL DATA FOR BASELINE MODEL 

This office is located on Mariannelund, Jönköping. As there was no climate 

model about Jönköping in ICE 3.0, the sole option was to use the climate 

model of Kalmar, Kalmar-1968 model; Kalmar is near Jönköping and has a 

similar climate and using the wind profile as suburban.  After inputing those 

data, the software itself justifies the outside temperature, daylight and other 

climate parameters for the model.  

 

The development of model in detail is listed in APPENDIX. 

 

 
 

                                                 
25 Per Erik Nilsson ,  Achieving the desired indoor climate, 2003; Energy Balance ‐299 
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3.2 HVAC SYSTEMS 

HVAC Systems includes the Air Handing Unit and Plant. In the baseline model, 

there are 2 air handing units and 1 plant (primary system).The main 

parameters almost follow the default setting of ICE 3.0. According to the 

reference document, some schedules and setpoints are different with the 

default.    

 

Plant 

 

 
 

Picture 3.1 Primary system (plant) 

 

Efficiency, boiler 

The office building connects to the District Heating. DH systems normally 

have a good efficiency which very approach to 1. 

 

Schedules of Boiler and Chillier 

According to the collected data, the operations were 24 hours, 365 days. 

 

The setpoint for the boiler supply temperature 

From the specifications provided, the average radiator temperature with 

respect to the outdoor air temperature was observed and the relationship 

between the supply water temperatures of boiler and ambient temperature 

was developed as shown in the following picture. 
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Picture 3.2 Supply temperature of boiler 

 

Air Handing Unit  

 
 

Picture 3.3 Air handing unit  

 

In the study case, there are 2 individual air handing units. The main 

parameters are the same; however difference exists in schedule of fans. Air 
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handing unit is for the whole building without the conference room, which has 

an independent system Air Handing Unit 1. 

 

Setpoint for supply air temperature 

 

This Setpoint can be controlled either by constant, schedule, or graph. Only 

one of these can be selected for any simulation. To validate the model, the 

schedule controller was appropriate. The supply air temperature of both two 

air handing unit are the same, shown in the picture 3.5. This schedule is only 

for winter. In summer 17 degree constant was chosen. 

 

  
 

Picture 3.4 Three methods of setpont controller  

 

 
 

Picture 3.5 Supply air temperature for one day 
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Schedule of the fans 

 

The only difference for two AHU units exists in the schedule of the fans. For 

the Air Handing unit schedule of the fans is always open but for the Air 

Handing unit 1 the supply air flow is 5 times more for specific period on 

Tuesdays and Thursdays every week as shown in the picture 3.6, for rest 

other days it is always on. 

 

 
 

Picture 3.6 Schedule of air handing unit 1 for Tuesday and Thursday 

 

Schedule of the heat exchanger  

The two systems have the same, always open. 
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3.3 FLOOR PLAN 

From the architectural drawing measurements and with necessary scaling 

Multizone model is accomplished as shown.  

 

 
 

Picture 3.7 Floor plan of office building  

 

 

 
Picture 3.8 Rooms with numbers of office building 
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This is the floor plan of the entire office building facing south-west, which 

includes 26 zones. There are 11 office rooms, 2 corridors, 2 toilets and some 

other rooms according to their utility as mentioned above. But for the external 

wall the entire of the office building is connected to the factory. Certain zones 

like T3, T4, T5 and M1, M2 are mentioned in the architectural drawing but 

were removed while developing the model as they were constituent of the 

factory and could not be applicable to our study.  

 

The area of building is about 550 m2 with length 41 m, width 13.5 m and 

height of 2.6 m. It has one external wall which includes 16 windows and a 

glass door for entrance of building. Other three walls are connected to the 

factory which leads to an assumption of acquiring heat constantly from the 

factory .The temperature assumed was 24 Deg-C. 

Because of the diversity in functions within the zones, the walls of zones have 

different material thickness and composition.  

 

 
 

Picture 3.9 Wall construction of the office building 
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Different wall compositions together with their Heat transfer co-efficient values 

are as mentioned below- 

 

External wall: 

1) Brick/Concrete wall : 

Brick 0.12 m + Light insulation 0.08 m + Gypsum 0.055 m     

U=0.351 W/ (m2K) 

 

Internal wall: 

1)   Interior wall with insulation:  

Gypsum 0.026 m + Light insulation 0.045 m + Gypsum 0.026 m 

      U=0.6037 W/ (m2K) 

2) Interior wall with insulation 1  

Gypsum 0.026 m + Air in 30 mm vert. air gap 0.05 m + Light insulation 

0.024 m + Air in 30 mm vert. air gap 0.05 m + Gypsum 0.026 m 

U=0.602 W/ (m2K) 

3) Interior wall with insulation 2 

Gypsum 0.026 m + Light insulation 0.057 m + Gypsum 0.026 m 

U=0.5026 W/ (m2K) 

 

Internal walls between office and factory  

1) Rendered l/w concrete wall 

L/W concrete 0.25 m + Render 0.1 m  

U= 0.5098 W/ (m2K) 

2) Rendered l/w concrete wall 1 

L/W concrete 0.25 m + Gypsum 0.008 m + Render 0.1 m 

U = 0.5005 W/ (m2K) 

 

Ceiling Properties 

1) Exterior (roof) 

Concrete Roof  

Concrete 0.1 m + Light insulation 0.11 m 

U=0.3045 W/ (m2K) 
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2) Interior( ceiling)  

      Concrete 0.25 mm 

U=3.154 W/ (m2K) 

 

Floor Properties 

1)  Exterior floor  

     Concrete floor  

     Floor coating 0.005 m + concrete 0.2 m + Light insulation 0.048 m 

     U=0.6065 W/ (m2K) 

2) Interior floor 

     Soil 1 m 

     U=0.8547 W/ (m2K) 

 

GLASS FEATURED  

1) Glass wall 

There are some walls with glass mostly at the entrance of the office 

building, however a glass wall does not exist in IDA, instead the properties 

of the glass were given to the wall which includes Heat Conductivity 0.937 

W/ m K, Density 2440 Kg/ m  and Specific Heat 210 J/ Kg K 

                                                

26.  
Type-Float glass  

Glass Thickness- 0.005 m  

U-value=5.703 W/ (m2K) 

 

2) Glass door  

Certain doors in the building are glass constituent with U-values and 

appropriate schedules. Just like for the wall neither was an option for glass 

door in IDA .Even the possibility of giving glass properties to door and 

schedule for it was not there. Schedule for a door affects a lot with respect 

to temperature and air flow in the room, so the choice was to give glass 

window and schedule accordingly with similar U-values. 

 

 

 
26  www.valleydesign.com/sodalime.htm  Properties of float glass 
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UNIQUE DOORS 

According to the drawings there were open spacing’s where neither walls nor 

doors exist. However an empty wall is not supported in ICE 3.0 for simulation, 

hence a fictional wall with big door and schedule always open was given. 

These are represented with internal walls (Pink colour) in the Picture 3.8. The 

particular condition for the wall can maintain the air flow and temperature 

uninterrupted. 

 

3.4 DESCRIPTION OF GENERAL PARAMETERS  

There are 26 rooms in this office building. Since they are different in functions, 

obviously have different values for parameters. This chapter describes some 

of general parameters. 

 

Light  

The whole building uses 100 W incandescent bulbs with 17.5 lm/W and 0.45 

convective heat fraction. 27 

 

Consider Room 128 as an example. Rated input per unit and number of units 

decide how much heat load exists in the room. In this case, 1*100 W, 100 W 

of total load exists in the room. Luminous efficacy is the number of lumen 

emitted per watt of supplied electrical power. Different kinds of lamps have 

their own luminous efficacy and the Convective fraction. These two factors 

can technically represent the type of bulb used. Normally, incandescent bulbs 

have lower luminous efficacies and higher convective fraction in contrast to 

the   fluorescent bulbs.  

 

According to ASHRAE 90.1-1999, lighting power density of 10 W/m2 for 

incandescent bulb was included in the study and the number of light units per 

room were accomplished accordingly.  

 

                                                 
27  IDA Indoor Climate and Energy 3.0; EQUA Simulation AB 2002, IDA Resources. 
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Schedules of the lights are according to the activities in the rooms and are 

different from one another. Almost all of them follow the working time 

schedule, but still some have unique ones. The schedule of Light is the best 

method to explain the operation time in a room.  

 

Equipment 

There are different kinds of office equipment in the rooms. Since 2 rooms are 

used as canteens, also was the kitchen equipment in this building. 

 

A compiled data of equipment together with their schedules and radiating 

properties is as shown below. 

 
Table 3.1 Characteristics of equipments 

 

Equipment  schedule  
emitted heat 
per unit (W)  

long wave 
radiation fraction

 PC 17 inch 

(standard PC) 
08-12 13-17  
weekdays 

125 0.1 

Fax 
08-12 13-17  
weekdays 

15 0.2 

Small printer 

2 minutes per

 hour between  
08-12 13-17  
weekdays 

160 0.1 

PC 20 inch 
08-12 13-17  
weekdays 

155 0.1 

Projector  
14-16 in every 

Tuesday and 
 Thursday 

400 0.1 

Office copier  
2 minutes per hour between 

08-12 13-17  
weekdays 

400 0.2 

large Printer 
2 minutes per hour 

between 08-12 13-17  
weekdays 

275 0.1 
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micro oven 
12 minutes from 12-13

,weekdays 
400 0.2 

coffee machine  08-17 weekdays 400 0.1 
refrigerator  always on  100 0.1 

 

Radiator  

 

Water radiators are used for space heating in the building. Most of radiators 

are located in the offices and posses different maximum power. The collective 

data for the radiators capacity and their location in the building is tabulated in 

appendix 3. 

 

Occupant 

Occupant is regarded as a significant parameter in the building environment 

and in ICE 3.0 also and contributes to heat load in the building. Bearing in 

mind the importance given to thermal comfort in this software it should be 

given with proper considerations. 

• Occupancy: one in each of the office rooms. In other rooms depending 

on the utility. 

• Schedule: offices are almost the same, for other rooms it is specified 

accordingly. 

• Activity level: According to Fanger’s (MET) Specification: 1.2 MET for 

working occupant and 1 MET for non-working as such in the reception 

waiting room. 

• Clothing Insulation: According to Fanger’s (CLO) Specification: 1.0 

CLO in winter, 0.7 CLO in summer. 

 

Conference Room 

The pursuit of conferencing is assumed between 14:00 and 16:00 o’clock 

every Tuesdays and Thursdays weekly. The Schedules of the occupant, 

lighting and those for equipment in conference room are biased accordingly. 

Total 8 occupants; 5 externally and 3 internally from within the offices are 

assumed to be in commencement. The effect of non-occupancy in the office 

rooms in the meeting hours is also adjudged.  
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Furniture: 

The contribution to heat load from furniture is comparatively very less. In all 

the offices 20% of the total floor area is allotted to furniture. In the conference 

and waiting room much preference is given with 50% of the total area. The U-

value for furniture considered is 4.05 W/ (m2K). 
 
HVAC   

HVAC system parameters are quite vital for the simulations in ICE 3.0. 

• Selection of AHU: Choice of air handling units was done according to 

the building needs. In the baseline model, there are two kinds of AHU 

systems. Conference room has its own special AHU system apart from 

other rooms. 

• System type: Type of ventilation system-CAV or VAV, Constant or 

variable flow with respect to specifications.  

• Gradient calculation: Choice from Displacement ventilation, well-mixed 

air, office rooms and conference are displacement, others are well-

mixed. 

• Leak area at 4 Pa, 1 m above floor ELA Equivalent leakage area in the 

total zone. Here, 0.001(m2) is given as default. 

• Air velocity in the occupied zone: Air velocity for the calculation of 

comfort index is given as 0.01 (m/s). 

 

Conference room has its own AHU system. The supply air flow is 50(l/s) 

normally, but when there is a meeting, the supply air should satisfy to need of 

more people. So supply air flow was increased to 250(l/s). In order to simulate 

this condition, the option was to give another AHU system for conference 

room with 5 times increase in supply air than normal, from 14.00 to 16.00 

o’clock, every Tuesday and Thursday. 
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Table 3.2 Compiled data for various rooms including Equipment and Systems.  

 

Room 

Light
(W) 

I*28
equipment occupant

Furniture

(m2) 
Exhaust 
air(l/s) 

supply air
/exhaust 

air 

gradient 
calculation 

    Zone 

128 1*100 Standard PC 1 2 0.01 3500 Displacement Office 

127 1*100 Standard PC 1 2 0.01 3500 Displacement Office 

126 1*100 Standard PC 1 2 0.01 3500 Displacement Office 

125 
2*100 

Standard PC 

Fax 

small printer 

1 4 0.01 4000 Displacement Office 

124 
2*100 

Standard PC 

Fax 

small printer 

1 4 0.01 4000 Displacement Office 

123 1*100 Standard PC 1 2 0.01 3500 Displacement Office 

130 
3*100 

PC 20 inch 

Fax 

small printer 

1 6 55 0.64 Well-mixed Reception

122 2*100 Standard PC 1 2 0.01 3500 Displacement Office 

B 1 
2*100 

Standard PC 

Fax 

Small printer 

1 4 0.01 4000 Displacement Office 

B 2 1*100 Standard PC 1 2 0.01 3500 Displacement Office 

118 
2*100 

Standard PC 

Fax 

Small printer 

1 4 0.01 4000 Displacement Office 

B 3 
2*100 

Standard PC 

Fax 

small printer 

1 4 0.01 4000 Displacement Office 

P 2 4*100 N/A N/A N/A 285 0.16 Well-mixed Corridor 

103 
9*100 

Standard PC 

Projector 
8 44 0.01 

5000+ 

25000 
Displacement Conference

129 

5*100 N/A 3 20 105 0.58 Well-mixed 

Reception 

meeting 

room 

P 1 4*100 N/A N/A N/A 220 0.54 Well-mixed Corridor 

A 1 5*100 N/A N/A 20 15 1 Well-mixed Storage 

A 2 
1*100 

Large printer 

Office copier 
1 1 10 1 Well-mixed 

Printer 

room 

A 3 
1*100 N/A N/A 2 15 1 Well-mixed 

Cleaning 

room 

136 
3*100 

Micro oven 

Coffee      
3 10 40 1.5 Well-mixed Canteen 

                                                 
28 Incandescent bulb  

34 
 



ENERGY SURVEY AND ENERGY SAVINGS IN AN OFFICE BUILDING 
 WITH AID OF BUILDING SOFTWARE 

 

machine         

A 4 
3*100 

Micro oven 

   Fridge 
3 10 60 0.67 Well-mixed Canteen 

A 5 
1*100 N/A N/A 2 0.01 1 Well-mixed 

Leisure 

room 

T 1 1*100 N/A 1 N/A 15 1 Well-mixed Toilet 

T 2 1*100 N/A 1 N/A 15 1 Well-mixed Toilet 

D 1 1*100 N/A N/A N/A 0.01 1 Well-mixed Entrance 

D 2 1*100 N/A N/A N/A 0.01 1 Well-mixed Entrance 

 

After the description of the all room units, it’s was important to specify the 

schedules. The schedules of lights and occupant in offices were estimated to 

be constant in the weekdays (08-12, 13-17) and unoccupied in weekends. 

Detailed data together with the door schedules are as tabulated below. 
 

Table 3.3 Schedule of light, occupant and Door 

 

Room light occupant  
Door (room connect to 
corridor) 

128 
08-12 13-17 weekdays 08-12 13-17 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

127 
08-12 13-17 weekdays 08-12 13-17 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

126 
08-12 13-17 weekdays 08-12 13-17 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

125 
08-12 13-17 weekdays 08-12 13-17 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

124 08-12 13-17 Mon. Wed. Fri. 08-

12 13-14 16-17 Tue. Thur. 

08-12 13-17 Mon. Wed. Fri. 08-12 

13-14 16-17 Tue. Thur. 

2 minute per hour 08-12 13-17 

weekdays 

123 
08-12 13-17 weekdays 08-12 13-17 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

130 08-12 13-17 22-23 weekdays 08-12 13-17 weekdays always open  

122 
08-12 13-17 weekdays 08-12 13-17 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

   

B 1 

08-12 13-17 Mon. Wed. Fri. 08-

12 13-14 16-17 Tue. Thur. 

08-12 13-17 Mon. Wed. Fri. 08-12 

13-14 16-17 Tue. Thur. 

2 minute per hour 08-12 13-17 

weekdays 

   

B 2 

 

08-12 13-17 weekdays 08-12 13-17 weekdays 
2 minute per hour 08-12 13-17 

weekdays 

118 08-12 13-17 Mon. Wed. Fri. 08-

12 13-14 16-17 Tue. Thur. 

08-12 13-17 Mon. Wed. Fri. 08-12 

13-14 16-17 Tue. Thur. 

2 minute per hour 08-12 13-17 

weekdays 

   

B 3 
08-12 13-17 weekdays 08-12 13-17 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

   08-12 13-17 22-23 weekdays N/A Always open( connect to 130) 
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P 2 

 

103 

 

14-16 Tue. Thur. 14-16 Tue. Thru. 6 minute in 14-16 Tue. Thur. 

 

    129 
08-12 13-17 weekdays 08-12 13-17 weekdays Always open 

   

P 1 
08-12 13-17 22-23 weekdays N/A Always open( connect to 130) 

   

A 1 

6 minute per hour, 08-12 13-17 

weekdays 
N/A 

2 minute per hour 08-12 13-17 

weekdays 

   

A 2 

20 minute per hour, 08-12 13-17 

weekdays 

6 minute per hour, 08-12 13-17 

weekdays 

2 minute per hour, 08-12 13-

17 weekdays 

   

A 3 

6 minute per hour, 08-09 15-16 

weekdays 
N/A 

2 minute per hour, 08-09 15-

16 weekdays 

    136 30 minute per hour from 08-12 

13-17,1 hour from 12 to 13 

weekdays 

30 minute per hour from 08-12 13-

17,1 hour from 12 to 13 weekdays 
 always open (connect to  A 4)

   

A 4 

30 minute per hour from 08-12 

13-17,1 hour from 12 to 13 

weekdays 

30 minute per hour from 08-12 13-

17,1 hour from 12 to 13 weekdays 

2 minute per hour 08-12 13-17 

weekdays 

   

A 5 
08-17 weekdays N/A always open 

   

T 1 

12 minute per hour, 8-17 

weekdays 
12 minute per hour, 8-17 weekdays

2 minute per hour 08-17 

weekdays 

   

T 2 

12 minute per hour, 8-17 

weekdays 
12 minute per hour, 8-17 weekdays

2 minute per hour 08-17 

weekdays 

   

D 1 
always open N/A 

2 minute per hour 08-12 13-17 

weekdays( connect to D 2) 

   

D 2 
always open N/A 

2 minute per hour 08-12 13-17 

weekdays( connect to 130) 
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4.0 ENERGY SURVEY AND ANALYSIS OF BASELINE MODEL  

The physical investigation of the building was not possible however with the 

Specifications the multizone model was developed. The building drawings 

were used for the structural design and U values were reviewed for the 

thermal characteristics of the envelope. The present scenario of the building is 

referred as BASELINE MODEL depicting the performance and total energy 

use.   

 

There were certain issues to be considered while developing the model in 

IDA (3.0)  

 

Seasonal condition: Includes the heating season and the summer.  The 

summer is from Jun 1st to Sep 15th and the rest of the year, from Jan 1st to 

May 31st and from Sep 16th to Dec 31st belongs to heating season. In the ICE 

3.0, this condition needs three independent simulations for the whole year to 

get the result of total energy consumption or desired output; because the 

software simulates within one year, not crossing for the months more than a 

year.   The working occupant activity is considered 1.2 MET for most of rooms, 

only for the reception waiting room activity is 1 MET. Clothing insulation (CLO) 

is completely different in heating season and in summer. CLO 1.0 is for 

heating season and 0.7 CLO for summer. 

 

Energy consumption and thermal comfort considerations: These aspects are 

explained in the theory and they are the basic principles in the Case study. 

However they are some complications in the ICE 3.0 to get access to the 

situation of thermal comfort, it was better to run the simulation for just one day, 

and then check the PPD or mean room temperature, which is periodic mode 

in the simulation data. To evaluate energy consumption, it’s better to run the 

simulation for a whole year, which is the dynamic mode. Hence there is a 

paradox; performing simulation for one year does not give the exact value of 

PPD and some other output parameters regarding thermal comfort. The lost 

work will be the latest thermal comfort output value for the dynamics. But this 
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value is shown by month which means the exact day of dissatisfied is not the 

output in the result. 

 

The Reception waiting room scenario: This room has some concerns with its 

occupant. The estimated occupancy is 3, from 08 to 12.00 o’clock and 13 to 

17.00 o’clock weekdays and their behaviour is difficult to analyze. In general 

when the guests come to the office building, they may wait in this room seated 

or may directly go to the office room to take up their activity. In broad view the 

thermal comfort in this zone may not be of great importance. The temperature 

in this zone if not satisfactory affects the lost work significantly in the multi 

zone model as there are 3 occupants and the model assumes their 

prominence as such for other rooms. However in real situation the thermal 

comfort might be of concern occasionally so we try to maintain at acceptable 

levels for this room also in the proposed model. 

 

ICE 3.0 uses the climate profiles which are almost similar for every year but 

the temperature profile certainly varies and end result will differ; with certain 

tolerance it should be acceptable. 

 

4.1 BASELINE MODEL FOR HEATING SEASON 

The heating season is from Jan 1st to May 31st and from Sep 16th to Dec 31st. 

while conducting the energy survey; it is in prime to be acquainted with both 

energy consumption and thermal comfort. Of course other values like air 

quality should also be monitored. So the best options is to explain one classic 

day for winter and summer and extrapolate them for whole heating and 

cooling season respectively; combine their results of energy consumptions for 

one whole year. In our case study we consider 2006 as the simulation year. 

 

For 2006 heating season, chosen was Jan 9th as a classic day for simulation 

which is the coldest day. If the result for this day is acceptable, then for whole 

heating season the outcome will be beyond the acceptable level. 
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For Jan 9th, the simulation result of whole office building is as shown   
 

Table 4.1 The total energy consumption: Purchased energy 

 

Data 

Electric energy Primary energy

(fuel heating value) Central (HVAC systems) Local (zones) 

Consumption 

(kWh) 
Cost 

Consumption

(kWh) 
Cost 

Consumption 

(kWh) 
Cost 

Jan. 9 35.01 0.00 58.7 0.00 615.50 0.00 

 
Table 4.2 The total energy used: Energy used, by source 

 

Data  

Energy 

delivered 

by room units 

Energy delivered or 

recovered 

by central air handling 

units 

Energy used, other than via

mechanical heating or cooling 

Heat Cooling Heat Cooling Recovery Fans Pumps Equipment Lighting 
Hot 

water
1.00 155.5 0.00 460.00 0.00 444.90 34.56 0.45 20.38 38.32 0.00 

 

The two tables explain the total energy consumption with their utility. In 

heating season they relate as follows: 

 

• Consumption of Primary energy =Energy delivered by room unit + 

Energy delivered by central air handling units( without recovery).and 

the primary energy is from the district heating in this case 

• Consumption of Electrical energy in Local (zone)=Equipment +Lighting 

• Consumption of Electrical energy in HVAC system=Fans + pumps  

 
Table 4.3 Lost work of baseline model on Jan. 9th  

 

Data Total Working Hours Lost Working Hours 

Jan 9th 154.40 0.96 
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Lost work is a significant output parameter, which is one way to relate with the 

thermal comfort. It is an account for working hours lost due to over or under 

heating. Too high or too low temperatures in a room lead to reduced working 

efficiency of employees. In ICE 3.0 some models according to Wyon have 

been included. For operative temperatures between 20 and 25 °C no work is 

regarded as lost. Above and below these limits experiments show an average 

loss of 2 % in performance per degree. 29  
 

Let us consider Room 128, it’s a typical office room with radiator, lighting, 

occupant, furniture and ventilation system. Numerical values for these are 

shown in the description. 

 

 
 

Picture 4.1 Temperature of office room 128 

 

The simulation result for temperature is good. The working time is from 08.00 

to 12 .00 and from 13.00 to 17.00 hrs. During the working time, the operative 

                                                 
29 Wyon, D. 2000. Individual control at each workplace: the means and the potential benefits 

In: Clements- Croome, D. (editor). Creating the productive workplace. E & FN Spon. London 

and New York. 
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temperature is higher than 21 Deg-C, the average of the mean air 

temperature is 21.50 and the given comfort temperature was from 21 to 25 

Deg-C. According to ASHRAE Standard 55-2004, the Fanger’s comfort 

indices for this room are good, PPD varies from 8% to 5% however the lost 

work is 0.94 for the whole day. It should be noted that the lost work represents 

for all zones with occupant for simulation period. There is occupancy in the 

other rooms also such as in the waiting room with limited thermal priority, so 

the temperature of this room around 19 Deg-C is acceptable and lost work 

was mainly attributed because of this room. 

 

To conclude, the entire simulation result is acceptable from the thermal 

requirement point of view.  

 

PPD, Predicted Pecentage of Dissatisfied, at occupant 1, %

PMV, Predicted Mean Vote, at occupant 1, (*10)
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Picture 4.2 Fanger’s comfort indices 
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Picture 4.3 Air quality  

 

The air quality includes 3 parameters in ICE 3.0. For the room 128, the air 

quality is good; CO2 PPM is around 500 during the working time. 

 

Heat from air flows and cold bridges, W
Heat from occupants (incl. latent), W
Heat from equipment, W
Heat from heating and/or cooling room units, W
Heat from windows (including absorbed solar), W
Heat from walls and floors (structure), W
Heat from lighting, W
Heat from daylight (direct solar), W

192. 194. 196. 198. 200. 202. 204. 206. 208. 210. 212. 214. 216.

W 

-400.0

-300.0

-200.0

-100.0

 0.0

100.0

200.0

300.0

400.0

500.0

Entire simulation: from 2006-01-09 to 2006-01-09

 
 

Picture 4.4 Heat balance  
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The heat balance can be used to visualize the thermal characteristics in the 

room; power of the radiator and also the heat surplus and deficit exhibited with 

the various components in the room unit. It’s difficult to judge whether the heat 

balance is good or not but it’s an important measure to achieve good indoor 

climate. Moreover it aids to design capacity of the radiator also.  

 

Though from these output parameters, it’s enough to prove that the indoor 

climate of Room 128 is actually good; it may be little cold for the staff in the 

morning because of 20.8 Deg-C which cannot be considered as unacceptable. 

So the result of simulation is close to the reality. 

 

The result of all offices is almost the same being good; and they share similar 

heat load proportions, ventilation system and the occupancy also but for the 

other zones they are entirely different. 

 
Table 4.4 Thermal characteristics and Indoor air quality of rooms  

 

Room 
Temperature 
(Deg-C)  

Fanger's comfort indices 
Air quality 
(CO2,ppm,vol)

Office rooms right side 20.8-22.4 5%-9% 400-550 

office room left side 20.8-22.6 5%-8% 400-540 

Corridor    

P 1 18.5 - 19.5 N/A 450-500 

P 2 18.-19.3 N/A 450-500 

Pinter room A 2 16.5-18 26%-40% 400-450 

Cleaning room A 3 16.6-17.6 N/A 400 

Storage A 1 13.8-15 N/A 400-450 

canteen    

136 18-21 10%-26% 400-630 

A 4 18.5-21.5 12%-25% 400-650 

Leisure room A 5 18-20 N/A 400-490 

Toilet    

T 1 around 21.5 around 6% 400-470 

T 2 around 21.3 around 7% 400-470 

reception waiting 

 room 129 
18-20 45%-65% 400-510 
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Conference  

room 103 30 17.5-19.5 23%-35% 400-550 

reception 130 19-21 12%-18% 400-500 

Entrance     

D 1 around 16 N/A 400-420 

D 2 around 20 N/A 440-450 

 

The air quality of the whole office building is good; for most of them it is in 

range 400-500 of CO2 PPM but the temperature in some zones needs 

consideration. Office rooms and toilets are much better than other rooms, 

which have enough radiator capacity to supply the heat and have some good 

PPD values. The temperatures are low in some other rooms without radiators. 

But if there is no significant occupant schedule we may consider people will 

not stay for a long time in them. When they come into those rooms we 

propose good clothing insulation instead of radiators with limited use. But for 

some rooms with occupant like canteen rooms, it’s indeed a little cold. For the 

Reception waiting room, the presence of occupant will make a big 

difference .The same condition is for the printer room also if we check the 

condition without the occupant, it’s much better. 

 

Finally, for the whole building it is little cold, considering it’s the coldest day 

and the lost work is not very much, the overall result is acceptable. 

 
Table 4.5 Lost work of baseline model in January. 

 

The total work hours 
in Jan (hours) 

lost work with occupant 
in 129 (hours) 

Lost work without 
occupant in 129( hours) 

3487 18.9 10.8 
 

 

 

 

                                                 
30 Conference room 130, temperature comes from Jan. 10th, Tuesday. 
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4.2 BASELINE MODEL FOR COOLING SEASON  

The selected day is July 3rd for periodic simulation, which has outside 

temperature profile common for the entire summer. 

 
 

Picture 4.5 AHU temperatures  

 

Table 4.6 Purchased energy for July 3rd 

 

Data  

Electric energy Primary energy

(fuel heating value) Central (HVAC systems) Local (zones) 

Consumption 

(kWh) 
Cost 

Consumption

(kWh) 
Cost 

Consumption 

(kWh) 
Cost 

July 3rd 56.1 0.00 59.4 0.00 39 0.00 

 

Table 4.7 Energy used on July 3rd 

 

Data  

Energy delivered 

by room units 

Energy delivered or 

recovered 

by central air handling units

Energy used, other than via

mechanical heating or cooling 

Heat Cooling Heat Cooling Recovery Fans Pumps Equipment Lighting 
Hot 

water

July 3rd  38 0.00 1 135.5 17 38.1 0.26 20.6 38.8 0.00

 

During the day time a lot of energy is used for cooling by air handling unit, a 

considerable amount of energy is used for the heating also as the 

temperatures are bit low in the morning   
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The lost work is zero. All rooms with occupants have temperatures higher 

than 21 Deg-c in the building. If we check the result, only Storage and 

Cleaning room have temperatures lower than 21 Deg-C, around 19 Deg-C. 

The PPD in office 128 is as shown  

  
 

Picture 4.6 Room 128 temperature in baseline model 

 

The temperatures in rest of the other rooms are good, from 21 to 23 Deg-C 

and air quality is also satisfactory, similar to that in the heating season. It 

being the common day for most of the summer with the outdoor temperatures 

below 20 Deg-C and above 15 Deg-C, if the simulation result for the July 3rd 

is acceptable, then for the whole summer also it can be considered 

acceptable. 

 

4.3 BASELINE MODEL FOR WHOLE YEAR 

After thorough study for certain days both in summer and winter we were able 

to achieve satisfactory results; similar data profile was used in dynamic mode 

of simulation to check the behaviour for the whole season. In the dynamic 

simulation the thermal performance was visualized from lost work. The 
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outcome for thermal comfort was acceptable as shown in the Table 4.8 and 

the focus was diverted to energy consumption. 

 
Table 4.8 Lost work with occupant in the reception waiting room 

 

month Total working hours lost working hours 

1 3487 18.9 

2 3168 11.3 

3 3641 7.7 

4 3160 5.2 

5 3641 2.0 

6 3487 3.4 

7 3322 2.4 

8 3651 4.7 

9 3322 2.4 

10 3487 3.2 

11 3487 6.6 

12 3322 11.5 

Total  41175 79.3 

 

Energy has two variants; electricity and District heating in this case. The total 

electricity consumption was 32,833 KWh. For the individual zones 16097.7 

KWh and for central HVAC it is 15366.3 KWh.  

The primary energy consumption was 51884 KWh for the whole year and 

classified according to their utility is as shown in figure 4.2.  

 
 

Figure 4.1   Total breakdown of Energy in Baseline Model  
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Figure 4.2 Monthly energy use of baseline model  

 

The months Jan, Feb and Dec were the coldest months for the year 

consuming most of the energy. The electricity consumption by lighting and 

office equipment are almost constant. Energy for heating and cooling 

purposes is affected by the outside temperature. Both AHU and water 

radiators were used to accomplish this purpose. Space heating itself 

consumes around 61% of the whole energy. However it is better to reduce the 

load on AHU units because it consumes electrical energy too which was point 

of consideration in the later part of the study. 

 

The total energy use including primary and electricity for year 2006 is 85538.8 

KWh. 

 
 
Figure 4.3 Energy use for baseline model 
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MODEL VALIDATION 
 

The data obtained from Ulf Larrson and Mathias Cehlin of HIG, was used as 

reference for the validation of our Baseline Model .The data was from Feb 24th 

to Mar 10th, 2006 that includes Mean radiant temperatures of the office room 

and corridor, supply air temperature, Temperature of radiator and ambient 

temperature with respect to time. The validation data and some other general 

data used in the study are also mentioned as specifications in thesis work. 

The mean radiant temperature in the office rooms is used for comparison on a 

particular simulation day 28th February, which is normal working day as shown 

in the table below. The temperatures were rounded off to 2 decimal points. 
 

Table 4.9 Validated Results  

 

Time  Empirical 
temperature  Simulation temperature 

0 20.11 20.8 
1 19.82 20.74 
2 19.62 20.71 
3 19.45 20.66 
4 19.32 20.53 
5 19.34 21.01 
6 20.84 21.79 
7 22.16 21.5 
8 22.09 21.81 
9 21.32 21.98 
10 21.14 22.27 
11 21.25 22.44 
12 21.32 21.72 
13 21.45 22.67 
14 21.58 22.78 
15 22.05 22.82 
16 21.81 22.82 
17 21.54 21.75 
18 21.31 21.57 
19 21.47 21.48 
20 20.97 21.31 
21 20.61 21.16 
22 20.35 21.01 
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23 20.14 20.98 
 

Thus with +2 Deg C of tolerance which is acceptable in simulations, we 

concluded that the Baseline Model was justified and can be used for further 

Thesis work, to achieve energy savings.  
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5.0 ENERGY SAVING MEASURES (ESM) AND ANALYSIS 

The Building Energy Analysis revealed that in the Baseline model, the total 

energy consumption is 83350 KWh. In winter, usually the temperature is good 

in the office rooms but however there are concerns regarding the Thermal 

comfort in some particular rooms. So with the energy survey of the baseline 

model, the most significant purpose of this thesis is to provide adequate 

solutions for the thermal comfort with energy saving measures.  

 

Thermal comfort and energy saving is a paradox normally.31 They both should 

be considered, but sometimes question arises more energy saving or more 

comfort? For the advancement to proposed model, the motive is to save 

energy, keeping same thermal comfort as in baseline or at an acceptable level. 

 

Evaluation of Energy saving Measures(ESM) 

The ESM proposed are with respect to cost investment and are classified as 

Zero cost, Low cost and High cost and their feasibility is also discussed.  

The implication of these measures shows impact on energy savings as well as 

on Thermal comfort 32 . Selection of these measures individually provide 

energy savings with better or less thermal comfort but the combination of all 

proposed measures PROPOSED MODEL; is with significant energy savings 

and also with better thermal comfort. 

 

 

 

                                                 
31Energy saving in commercial buildings 

http://www1.eere.energy.gov/buildings/commercial/o_and_m.html     
32 Energy performance in commercial buildings 

http://www1.eere.energy.gov/buildings/commercial/performance_measurement.html 
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5.1 ZERO COST MEASURES 

These are the measures that do not involve extra cost for their implication; 

with the operational or certain behavioural strategies and no alterations of the 

Building envelope required. The application of these measures shows 

significant energy savings also. 

 

5.1.1 THE AIR FLOW RATE REDUCTION  
 
Air supplied to the ventilation systems, prominently removes air borne 

pollutants and the heat surplus generated in the rooms. Thus selection of air 

flow rates differs from buildings with activities. 33 

 

In the case study, each office has one occupant with air flow rate ranging from 

35 l/s to 40 l/s hence the air quality is very good, the CO2 PPM is around 500. 

The ASHRAE Standard-62.1-2004 of 10 l/s per person was followed in the 

study 34 . Normally in each office room there is one occupant but we 

considered 20 l/s per room extrapolating for 2 persons in a room. If we 

consider about indoor air quality then CO2 PPM is in the range of 700-1100 

which is acceptable. 

 

With reduction of the air flow rate, the energy use of HVAC will be lowered 

with reduced heating and cooling to the room. The thermal comfort will be 

hindered here as in winter the temperature will decrease, but the primary 

systems will maintain the temperature to the desired level. 

 

In summer the temperature will increase however with the combination of 

other measures, the temperature will improve also. Thus lowering the Air flow 

rate will lead to energy savings. 

                                                 
33 Office Air: A Worker's Guide to Air Quality in Offices, Schools, and Hospitals 
http://www.hc-sc.gc.ca/ewh-semt/pubs/air/office-bureaux/index-eng.php 
34 An Office Building Occupant’s Guide to Indoor Air Quality 

 http://www.epa.gov/iaq/pubs/occupgd.html 
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So the detail of the measure is 20 l/s for the every office room, and changing 

corridor P 1 with the air flow rate from 220 to 120 l/s, and corridor P 2 from 

340 to 250 l/s to achieve balance for the entire building. Other rooms are not 

altered. 

 

The result is shown in following pictures; the lost work is a sign of thermal 

comfort. The lost work in the new model is much more it means that the 

reductions of air flow rate will deteriorate thermal comfort, particularly in the 

heating season. But it is much better for the coldest months like January and 

February.  In summer with the application of some other measures which are 

discussed further, we were able to achieve good thermal comfort.  

 

 
Figure 5.1 Monthly lost work with reduced air flow  
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Figure 5.2 Monthly energy savings with reduced air flow  

 

53 
 



ENERGY SURVEY AND ENERGY SAVINGS IN AN OFFICE BUILDING 
 WITH AID OF BUILDING SOFTWARE 

 

Though the thermal comfort is reduced a bit, a substantial amount of energy is 

saved around 15% in the winter and 20% in the summer. It replaces the 

electrical energy with District heating for space heating which is relatively 

cheaper. So from the economical point of view also it is a good choice. 

 

5.1.2 OPERATING SCHEDULES 
 

In the baseline model the boiler, chiller and the AHU systems are all always 

open which is good for maintaining thermal comfort but consumes a lot of 

energy even during pre-occupant stage of building. So the solution is to limit 

operational schedule. Obviously, the thermal comfort will not be satisfactory 

but it can be applicable during no or low occupancy periods, as large energy 

savings can be achieved meaning a lot of money with this measure. So it’s 

better to change schedule that leads to profit. 

 

The proposed schedules are different for summer and winter. In winter we still 

keep the boiler always on; chiller from 08 to 17 o’clock and AHU operation 

from 7.30 to 17 o’clock.  

 

In summer boiler opens from 8 to 12 o’clock, chiller from 08 to 17 o’clock and 

AHU from 7.30 to 17 o’clock. 

 

In winter the chiller system uses very less energy only 1.5 kWh in all.  Keeping 

the boiler always on is the reason for the thermal comfort. Though the boiler is 

always on the radiator will not consume more energy , instead a little number 

of units is enough to keep the room at an acceptable temperature, But when 

given a limited schedule, once boiler starts working it will consume large 

amount of energy to increase the whole room temperature to the desired level. 

Hence keeping the AHU off for much of the non-occupancy period and boiler 

always on is the best option for saving energy as well as thermal comfort. 

  

In summer, the outside temperature is relatively cold in the morning, but the 

occupant working time starts from 8 o’clock and it gets warmer with time, so 

the boiler working from 8 to 12 o’clock is enough for the heating required in 
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the premises but the chiller works from 8 to 17 o’clock for an uneven case of 

high temperature in morning. AHU still is kept working from 7.30 to 17 o’clock, 

with an indoor air quality around 700 PPM of CO2 which is acceptable. 

 

Thus reducing the AHU operational period consumes less electrical energy 

still maintaining overall comfort level in the zones. 

 

 
Figure 5.3 Monthly Lost work with Optimized Operational strategies 
 

 

Figure 5.4 Monthly energy savings with Optimized Operational strategies 
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The lost work increases obviously with the reductions of the energy 

consumptions. Even though the lost work is so much, it’s still better to give 

according to the proposed schedule as visualized from the graph; the energy 

consumption reduces to about 50%.  

 

If combined with other measures, the HVAC system consumes less energy 

and thermal comfort will also be good. 

  

5.1.3 SETPOINT TEMPERATURE  
 
The comfort temperature of room in the Baseline model is from 21 Deg-C to 

25 Deg-Cs for the whole year, so the AHU and Plant systems will consume 

energy for both heating and cooling. In summer the outside temperature is 

mostly around 18 Deg-Cs so it still needs some heating. So the method is to 

change the Set point temperature from 21-25 Deg-C to 20-25 Deg-C, which 

will reduce the heat energy and people will feel actually good in summer with 

the clothing insulation of 0.7 

 

On running the simulation for the result; the lost work is the same which 

means that the thermal comfort is better, similar to that in the baseline model. 

The energy consumption is less in summer, as shown in the following picture. 

In winter the set point temperature is changed from 21-25 Deg-C to 21-23 

Deg-C but only a significant amount of energy savings about 5% is found in 

summer only as shown in the following figure. 

Figure 5.5 Monthly energy savings with Set point temperature changes 
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5.1.4 SUPPLY AIR TEMPERATURE  
 
Draft analysis and Ventilation effectiveness  

The selection of supply air temperature is crucial for the load on the HVAC 

unit. The thermal comfort and indoor air quality within the zones mainly 

depends on the type of ventilation system. 

 

In the Displacement Ventilation (DV) system the operating principle being the 

buoyancy, the supply temperature must be kept low for better ventilation 

efficiencies. However if the temperatures are too low then there is a risk of 

draft or the occupant location should be chosen away from the supply 

diffusers .If the supply air temperatures are too high then the supply air cannot 

pick up contaminants effectively.  

 

In the Mixing Ventilation (MV) system the operating principle being a supply of 

fresh air to dilute the contaminants; the location of supply air openings is at 

top there is no risk of draft in MV systems however  the supply air temperature 

must be kept still low and not too high for better ventilation effectiveness. 

 

So the selection of direct outdoor air supply was made keeping the ventilation 

effectiveness in priority as shown in the following picture.   

 

There is small temperature increase of 0.5 Deg-C in the supply fans and 

system, this adds to actual temperature into zones respectively. 
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Table 5.1  

Modified supply air temperature   

 
                                                                   

ambient  
temperature 
(Deg-C) 

supply air 
temperature
(Deg-C) 

-30 18.5

-3 18.5

0 18.5

10 18.5

15.5 15.5

19.2 19.2

30 19.2

 Picture 5.1 Modified supply air temperature 

 

 
Figure 5.6 Monthly lost work with supply air temperature changes 
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Figure 5.7 Monthly energy savings with supply air temperature changes 

 

Combined Zero Cost Measures 

 

Combination of only the zero cost measures will make the thermal comfort 

worse, shown as in the following picture particularly in the summer. Without 

enough heating or cooling in the baseline model, it will make the situation 

unacceptable. 

 

Figure 5.8 Monthly lost work with combined zero-cost measures 
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The advantage of the combined zero cost measures is it is free .Considering 

the energy saving, those measures are effective .The reductions of energy 

consumption are around 50%. All of those three measures will affect each 

other somehow. The final result of energy saving is not simply by addition or 

multiplication but are all based on the indoor climate and building physics. 
 

 
Figure 5.9 Monthly energy savings with combined zero-cost measures 
 

5.2 LOW COST MEASURES 

These retrofit measures mainly contribute to reducing the cooling loads on 

HVAC system as the building relies on (air conditioning) unit by, 

• Reducing the solar heat gain into the building with external shading, 

glazing of windows 

• Reducing the internal generation of heat with efficient lighting system. 

 

5.2.1 EXTERNAL SHADING  

External shading is most significantly used with motive to reduce cooling loads 

in our case study, but only in summer .An awning of width 1.5 m is used to 

achieve more comfort, which acts as a passive cooling system for the room. 

The lost work also reduces a lot in the summer, as shown in following picture. 
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Figure 5.10 Monthly lost work with External shading 
 

In the summer season, the mean outside temperature is only around 18 Deg-

C. Use of the external shading will increase the consumption of heating to a 

little extent, but to achieve good thermal comfort the 10% energy increase is 

inevitable and worth spending. Reducing the cooling demand will be more 

effective than increase in heat energy for the system that relies on active 

heating and passive cooling.  

 

 

Figure 5.11  Monthly energy savings in summer with External shading 
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5.2.2 EFFICIENT LIGHTING SYSTEMS 

Lighting being significant for visual appearance dwells a significant part of the 

total electrical energy. In the baseline model, the lights used are of 

incandescent 100 W with 17.5 lm/W, which contributes to more heat and 

relatively less luminance compared to Fluorescent lights. So the proposal is 

for effective Compact Fluorescent bulbs with 25 W and 60 lm/W35, assuming 

1:4 efficiency 36  to incandescent bulbs. 

 

T8 Fluorescent bulbs are more efficient but are applicable for more than 2800 

lumens37, the luminance levels in the room and quantity of T8 (32 w) bulbs; 

was difficult to estimate in the model however their application in reality would 

yield still better efficient system.  

 

Another advantage of compact fluorescent bulbs is that can be used with the 

same fixtures as that of incandescent. This implication will reduce the 

electricity consumption, while the primary systems will compensate for the 

reduced heat load. 

 

In a complex understanding for the energy saving; we reduce the cooling load 

with efficient lighting and hence electricity consumption by chillers with less 

operation of fans for cooling of the supply air. Thus efficiency in one system 

leads to efficiency in other system for the integral building. 

 

The lost work is more in winter, but less in summer. 

                                                 
35 http://www.designlights.org/downloads/office_guide.pdf 
36 http://www.stormlighting.co.uk/uploaded/VC440ccb25b1a06.pdf 
37 http://www1.eere.energy.gov/femp/procurement/eep_fluortube_lamp.html  
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Figure 5.12 Monthly lost work with efficient lighting system 
 

 
Figure 5.13 Monthly energy savings with efficient lighting system 
 

The energy consumption is reduced but it depends on the outside 

temperature also. In some colder months, the reductions are only 1% or less. 

In coldest months and in summer, the reduction will approach to 10%. 

Considering the minifying of power consumption from 100 W to 25 W the 

reduction of electricity will be 75%, this method makes good statistics for 
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monetary benefits. But to calculate the effective pricing, the cost of new bulb 

and payback period must be considered. 

5.3.3 GLAZING 

In the baseline model, the window is 3 pane glazing, with U-value 2 W/ (m2K). 

The proposal is for better window glazing, which will reduce overall energy 

consumption and lost work in winter nominally but significantly in summer. 

Hence new glazing, Pilkington 4-15Ar-4-12Ar-4 (3-glass) with outer glass, and 

U-value 1 W/ (m2K) was applied.  

 
Table 5.2 Properties of glazing 

window SHGC, Solar Heat 
Gain Coefficient 

T, Solar 
transmittance 

U-value  
W/( m2K) 

3 panes glazing      0.6916       0.5775       2 
Pilkington 
Optifloat clear      0.5548       0.4408       1 

 

Figure 5.14 Monthly lost work with efficient glazing  
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Figure 5.15 Monthly energy savings in with efficient glazing 

 

The energy reduction is around 2% in the winter and 2% increase in summer. 

But considering the consumption for the whole year, the results are 

appreciable. The only cost is the new glazed windows with installation fee.  

 

5.3 HIGH COST MEASURES 

The implementation of these measures involves retrofitting and/or system 

renovation with financial investment. 

 

The retrofit of the building envelope with improved insulation will yield better 

results with less energy consumption and lost wok for the combined ESM. The 

cost of insulation and its installation is the descending factor which will 

compromise in a long run and energy savings bounces back to ascending 

phase. 

One good method for installing insulation in the existing buildings is the 

external cladding for roofs and external walls38. However it is better to give 

optimum thickness of insulation considering the installation costs. 

                                                 
38 http://www.infolink.com.au/c/MasterWall/Exterior‐insulation‐finish‐systems‐polystyrene‐wall‐
cladding‐n765017 

http://www.infolink.com.au/c/MasterWall/Exterior-insulation-finish-systems-polystyrene-wall-cladding-n765017
http://www.infolink.com.au/c/MasterWall/Exterior-insulation-finish-systems-polystyrene-wall-cladding-n765017
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After several simulations; for the insulating thickness with respect to the 

energy savings optimum value of 0.35 m thickness was selected for roof and 

external walls. The lost work and the energy consumption are more on a year 

basis comparatively, but with the other energy conservation measures extra 

insulation will prove beneficiary which is shown in the advanced model. 

 

 

Figure 5.16 Monthly lost work with more insulation  
 

 

Figure 5.17 Monthly energy savings with more insulation 
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5.4 PROPOSED MODEL 

The combination of the mentioned energy saving measures yields significant 

energy savings with less lost work, which is drawn into conclusion after 

several simulations that can be revealed from the advancement in the model. 

The energy consumption is reduced around 65% to 75 %, while for most of 

the months lost work is reduced to 50%. 

 

 

Figure 5.18 Monthly energy savings with combined Energy Saving Measures 

 

 

Figure 5.19 Monthly Lost work with combined Energy Saving Measures  
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The proposed model is improved with less energy consumption and better 

thermal comfort also. The following picture shows the monthly energy 

consumption by utility for proposed model.   

 

 
Figure 5.20 Monthly energy consumption by Utility in Proposed Model 

 

The total amount of purchased energy is reduced. Primary energy share 

reduces from 62% to 55%. The share of electricity in the local zone increases 

to 71%, because HVAC and lighting consumption are reduced, office 

equipment keeps the same. In the primary energy, the heat delivery by room 

unit (radiator) share increases to 70%. 

 

 
Figure 5.21 Total breakdown of Energy in Proposed Model 
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Considering the energy use of the proposed model, energy for space heating 

is reduced from 62 % to 54 %; other components vary less without office 

equipments part which increases its share to 22%. 

 

 
 
Figure 5.22 Breakdown of Energy use in Proposed Model 
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6.0 RESULTS 

The individual energy saving measures are shown in following table. These 

measures will achieve the energy savings and/or more thermal comfort. 

 
Table 6.1 Included Energy Saving Measures  
 

Component Baseline model Proposed model 

Operational 
schedule 

Boiler , Chiller and 
AHU always open 

In winter -boiler always on, 
chiller from 08 to 17 weekdays, 
AHU is from 7.30 to 17 .00 weekdays 
In summer-boiler from 08 to 12 weekdays
chiller from 08 to 17 weekdays , 
AHU is from 7.30 to 17 weekdays 

Setpoint 
temperature 

Range- 21 to 25 Deg-C 
in summer and winter 
 

21 to 23 Deg-C in winter  
20 to 25 Deg-C in summer  
 

Air flow rate 
reduction 

35 or 40 l/s in office,  
220 l/s in corridor 1, 
340 l/s in corridor 2 
 

20 l/s in office room 
120 l/s in corridor 1, 
250 l/s in corridor 2 
 

External shading None 
 

Awning, with a width of 1.5 m 
 

Efficient Lighting 
system 

Incandescent 
100 w , 17.5 lm/w 
   

Compact fluorescent 
25 w, 60 lm/w 
 

supply air 
temperature  

Given schedule  
 

New schedule  
 

Glazing   
3-panes window     
U-value=2 W/ (m2K). 
 

Pilkington 4-15Ar-4-12Ar-4 (3-glass) 
with outer glass,  
U-value=1 W/ (m2K). 
 

Insulation 
thickness(meter) 

External wall 0.08 m 
Roof - 0.11 m 
 

External wall-0.35 m 
Roof-0.35 m   
 

 

The energy consumption of baseline model is 85538 KWh and  with each 

Measures, increased or reduced is the energy consumption as shown in 

following picture .With proper Operational strategies the energy consumption 

is reduced  but thermal comfort is hampered.All the described ESM   should 

be combined to the Baseline Model ,which yields better energy savings and 

thermal comfort also. 
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Figure 6.1  Annual Enery Savings with advancement to,Proposed Model  

 

Compared to the baseline model , a great potential for energy savings is 

found in proposed model.Energy consumption is reduced from 85538 KWh to 

25635.5 KWh . 

 

Figure 6.2 Comparison of Energy Consumption with Utility for Baseline and Proposed Model 
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The energy savings in percentage with respect to their individual utilities are 

mentioned  below- 

Heating By Room Water Radiators -60.9% 

Cooling By Air Handling Unit  -87% 

Heating By Air Handling Unit  -84.6% 

Fans And Pumps -76.9% 

Office equipment -0% 

Lighting  -76%       

 

In the case study no energy saving measures were applied to the office 

equipment,however some proposals for increased energy efficiency are 

mentioned in the conclusions part. 
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7.0 CONCLUSIONS  AND RECOMMENDATIONS 

7.1 CONCLUSIONS 

 
Based on the evaluation with aid of ICE3.0 simualtion program various energy 

saving measures together with thermal comofort considerations, the following 

conclusions and recommendations were drawn . 

 

1 Increasing the current Insulation thickness from (0.08m to 0.35m) or by 

435% for the external wall and (0.11m to 0.35m) or by 318% for the roof we 

achieved the energy sayings of 9.4% .It is commendable to increase the 

insultaion thickness to the optimum levels described above ,considering the 

cost of building retrofit .Moreover the other energy saving measures yield 

better result and are very affective with increasing insulation only. 

 

2  The following ESM are operaional and do not cost for  their implementaion  

• With the optimized operational schedules of the boiler,chiller and air-

handling unit a significant  48.9 % of annual energy savings is achieved. 

• Set-point temperature changes in summer and winter revealed   1.34%  of 

energy savings annualy. 

• Following the ASHRAE 62.1-20 01 Standards of 10 l/sec per person of air 

flow rates in the respective zones, annual energy savings of 17.4% is 

obtained. 

• The  supply-air temperature with respect to exhaust air temperature did not 

yield desired results ,so a new supply-air temperature profile  according to 

ambient temperature as in fig-5.1 was developed, which showed a 

significant energy savings of  8.1% annually. 

 

3 Cooling demands in the building are supplemented with the air-handling 

unit,  so by using the external shading device(Awning) in the summer  

reduced is the load  on the HVAC system.Working efficiency is increased 

by 9.6% annualy. 
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4 Introducing the energy efficient compact flourscent lamps for the existing  

incandescent , revealed  an annual energy savings of 4.6%.Replacing 

existing lamps now or later when they are worn out is to be decided by the 

firm.However such as in the office rooms with high lightiing energy 

consumption, ready implementation is advised. 

 

5 Using the effective glazing Pilkington Optifloat Clear with U-value of 1    

W/ (m2K) instead of existing window glazing with U-value of 2 W/ (m2K), 

annual energy savings of 1.5 % is achieved.  

 

However it should be noted that the energy savings obtained are by the 

implementation of individual ESM to the Baseline Model. So with 

individual measures ,there are energy savings and reduced working 

efficiency  or vice-versa. 

 

   The Proposed Model  which is with the combined Energy saving 

measures yields annual energy savings of 70% and also working 

efficiency is increased by 37% compared to the existing building’s 

Baseline model. 

 

Our  Case study was an attempt to the realisation of an ‘Efficient Office 

Building’ 
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7.2 RECOMMENDATIONS   

Based on the Conclusions from our thesis work, the following 

recommendations were made for the Existing building. 

 

• Zero-cost energy saving measures should be readily implemented which 

includes changing operational schedule of systems as well as the supply 

air temperature profiles that are inclusive to it . 

• It is recommended to use energy efficient office Equipment such as      

Energy Star certified39  which are according  to Environmental Protection 

Agency certified. 

• Keeping the adequate luminance levels in zones ,use of occupant sensors 

for  lighting and dimmer control devices for effective usage of day light ,are 

advised for reduction in electricity consumption. 

• Schedule of office Equipment and lighting should be ajusted to “ turned     

off”, particulary during unoccupied hours,such as lunch and  other break 

hours. 

• Air-conditioning systems consume a lot of energy in every buildings ,so the 

proper operation and maintainence of HVAC sytems is strictly 

recommended. 

• In spite of investments for Retrofittting in Building Envelope ,it is advised to 

implement the Energy Saving measures mentioned considering the overall 

Annual energy reduction and for increased working efficiency of 

occupants . The pay-back period is not evaluated however compared to 

energy costs it is appreciably low. 

 

 

 

 

 

 

 

                                                 
39 www.energystar.gov/  Efficient Office Equipment 
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8.0 FURTHER READING 

• A rigrous Cost analysis including Pay-back period for all proposed retrofits 

that yeilded  energy savings,prior to their effective implementation is 

desirable.  

• HVAC system analysis by the DOE-2,Energy Plus  simulation programs  

and study of   the lighting requirements with proper utilization of daylight by 

LUMENMICRO or by the other Building Energy Simulation Tools is to be 

achieved because about 68% of the total energy consumption is attributed 

to HVAC system alone in our case study. 

• The electricity consumption by the existing office equipment is around 22%, 

so study  with efficient  ‘Energy Star’ office equipment and ‘Equipment 

Schedules’ according to the Environmental Protection Agency 

standards ,with reducing the full-usage hours by operating in stand-by 

mode is desirable to visualize the energy savings. 

• Affect on energy consumption by  VAV system which are compelled with 

major retrofit changes for implementation,instead of existing CAV system 

is to be studied.  
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10.0 APPENDIX  

 
APPENDIX 1 
 

DEVELOPING THE MODEL ON IDA(3.0) 

 

 
 

Picture 1 General data of the basic model 

 

SITE AND BUILDING CONSTRUCTION 
 

Site of building is a very significant constituent in the ICE 3.0. It limits the 

whole area of the object building. In this case, the whole area is about 1000 

m2, with length 50 m and width 20 m respectively. The data was achieved 

from the architectural drawings provided. With these values, the basic floor 

plan is constructed. Building top is 2.6 m and bottom is 0 m and the building is 

not rectangular in shape. The entrance is located outside the periphery 

connected to the face 1. Submitting these values the floor plan for the building 

is developed as shown in picture 2. The individual zones are then developed 

for the multizone model.  
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Picture 2 Site of the office building  

 

GENERAL DATA 
 

Simulation data 

 

 
Picture 3 simulation data  
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On clicking the item of simulation data the dialog as shown in picture 3 

appears.  

 

Model fidelity: The Climate model represents detailed model, such as the 

calculations of the vertical temperature gradient in the zone however it can be 

applicable to the zones of rectangular geometry only.  

 

On the other hand Dynamic model can be applicable to any zones involving 

less time but with limited accuracy restricted to mean temperature gradient in 

the zone only, however model does not calculate daylight or directed 

operative temperature. 

 

The floor in the case study being non- rectangular the obvious choice, was for 

the energy model 

 

Mode of simulation: Periodic/ Dynamic. These two types represent the 

operation time .In Periodic, the system simulates several times for a particular 

day until it gets stabilized and then it no longer changes. 

In dynamic simulation, the simulation starts from a particular date and ends at 

another date.40 

 

Project data 

This item is represented with the customer name, responsible engineer, and 

the project description. 

 

Requested output  

Some selections are made to attain the reports and diagrams. In general AHU 

temperatures, AHU air flows, Main temperatures, heat balance, Fanger’s 

comfort indices, and Indoor air quality, purchased energy, used energy and 

lost work are selected to describe the performance of the model. 

 

 

                                                 
40  IDA Indoor climate and energy 3.0 
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Ground properties  

Ground layer outside basement’s walls: empty, in case study 

 

Ground layer under basement’s slab: 1 m default soil, U=0.8547 W/ (m2K) 

Temperature below the ground layer: 10 Deg-C 

 

IDA Resources 

It contains those objects from the database, which are/ or have been used in 

the current building. These can be opened to scrutinize and can also be 

changed and saved in the database with a new name. 

 

ROOM DATA 
 

Individual parameters are submitted in the profile for their evaluation to get the 

desired output 

 
Room Default Value 
 
After the input of general data, the room is constructed. The new zone 

appears by clicking the button and a document appears as follow: 

 
Picture 4 Room Default 
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There are four options in this document; General, Size, Loads, and 

Construction. We give the respective values for the room document in the 

following manner. 

 

At First, in the general part input values were as follows: 

• The room number: 128.  

• Model fidelity: Energy model 

• Controller setpoint: office normal control 

Secondly, in the size part 

• The size in x-direction :2.35 m 

• The size in y-direction: 4.25 m 

• Room height :2.6 m 

Finally, in the loads and constructions part it was a good choice to give value 

nothing because each room has their own conditions about loads and 

constructions which are completely different from others. Giving the values in 

the room default document and by clicking “Add zone”, the room 128 appears 

both in the general document and in floor plan. The room is positioned to the 

left on the floor plan for ease in developing the multizone model   

 

 
 

Picture 5 Room 128 on the floor plan 
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Room unit document 
 

After locating the position for Room 128 on the floor plan and by double 

clicking, the room unit document appears  

 

 
 

Picture 6 Room unit document of No 128 

 

Room Description  

Office room 128 is located on the left side which connects to factory, has one 

window and a door. It has light unit, a standard PC, one water radiator, with 

area 2 m2 for furniture and a working occupant. 

 

Window  

The office window’s U value is 2 W/ (m2K), which has three pane glazing and 

is never open. The window has internal shading blind between panes, 

controlled by light and working schedule, which is from 8 o’clock to 12 o’clock 

and from 13 o’clock to 17 o’clock. The entire building windows are located on 

the external wall and they have the same properties. Windows are 1.2 m*1.4 

m in measurement. 

 

Installing the window is done by selecting a new object on the external wall;   

water radiators, opening are some other significant objects to opt for. 
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Picture 7 New object document 

 

The window appears as follows and its location on the wall can be specified in 

the following manner. 

 

 
 

Picture 8 the wall properties document 
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Picture 9 the window properties document 

 

In this document the glass properties, type of glazing, window frame and 

shading methods together with their schedule is specified. The properties 

given were as follows – 

 

Window properties: 

• Glazing :3 pane glazing, clear, 4-12-4-12-4 with U-value of 2 W/ (m2K) 

• Opening schedule: never open 

• Frame fraction of the total window area :0.1 

• Frame U-value: 2 W/ (m2K) 

 

Internal window shading: 

• Device: Blind between panes, with U-value 0.872 W/ (m2K) 

• Control: Light +Schedule 

• Schedule: 08-12 13-17 weekdays 
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There is no external shading in this case. Properties of all the windows are 

the same. 

 

Door  

Door opening is an important factor with the regard of thermal comfort. Office 

rooms are connected to the corridors that are shown in the picture 3.15 and 

corridors do not have any radiators, if the office doors are not scheduled 

properly then there might be heat loss from the office to corridor which should 

be avoided. The schedule is given similar to that of internal shading 

. 

In IDA 3.0 only schedule of door can be given, it doesn’t permit the change of 

the material type and U-value of door. 

 

However, for all the offices and conference room situation is bit different. 

There are two openings for each office. One is a door; other is a small 

opening, which is open 24 hours. This small opening is like a ventilation leak 

0.05 m*0.05 m, which allows the air and heat movement from the office 

serving as natural exhaust, as there is no mechanical exhaust system in the 

offices.  

 

Installing door in the software is quite similar to that as the windows. In the 

wall properties document, a door of size 1.08 m*2.1 m is given and only 

schedule was input. The schedule is 8-12 13-17 in weekdays, 2 minute open 

for each working hour. 

  
Picture 10 Door properties document 
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The method to input the schedule: 

 

In the document, as shown in picture 3.15 we have opted one basic schedule 

8-12 13-17 weekdays as a basic resource. 

 

Secondly, in the door properties document after selecting advanced schedule, 

appears a form as shown in picture 3.16 

 

Profile is chosen and the profile document appears. The value is changed 

from 1 to 0.033. Value 1 means it is always open or working 100% in one hour. 

So the input 0.033 means 2 minutes open in each hour. By clicking the button 

Save As, a new resource name was given. 

 

 
 

Picture 11 Advanced schedule document  
 

 
 Picture 12 Profile document 
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Picture 13 Diagram of the schedule  

 

Air Handing Unit 

If we consider Room 128, supply air flow is 35 l/s and there is no mechanical 

exhaust system actually. However, the HVAC unit will not work at all in IDA 

without any value of exhaust air. Very small value of 0.01 l/s for the exhaust 

air is given and hence value of supply air / exhaust air accordingly to check 

the performance of building for the existing CAV system. 

 

The Similar method is applied for all the offices and other rooms with only 

supply air, the values of the supply air vary with rooms but the exhaust air is 

kept same. 

  

Input data:  

• The air handing unit: CAV control 

• Exhaust air for CAV: 0.01 l/s 

• Gradient calculation: Displacement.  

• Supply air / exhaust air ,Ratio: 3500 

• Leak area at 4 Pa, 1 m above floor is 0.001 . 

• Air velocity is 0.01 m/s.  
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Loads 

 

There are different kinds of heat loads in the building, namely Light units, 

Occupant and Equipment and all these do exist in room 128. When we add a 

new zone these loads appear and we just add more upon requirement for the 

individual rooms. 

 

Light Units 

Lighting is a significant factor in IDA 3.0 as it depicts both the illumination 

levels and the heat content; however these values vary upon the type of light 

bulbs chosen.   

 

Light bulb in room 128 is of 100 W for an incandescent bulb, whose schedule 

is working time only. To input the values of the light units, the “light” button in 

the load part is double clicked. 

 

 
 

Picture 14 Light document 
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Input values 

 

• Number of unit: 1 

• Control of strategy: schedule 

• Schedule: 08-12 13-17 weekdays 

• Rated input per unit :100 W 

• Luminous efficacy: 17.5 lm/W 

• Convective fraction 0.45 

 

Equipment 

Different types of office equipment do exist in the rooms upon the requisite. 

Typical room 128 consists, standard PC (17 inch) of 125 W whose schedule is 

working time. The values of the power, heat emitted were according to the 

choice of PC as given in the IDA Resources; similar was the way to open the 

equipment document as for Lights  

 

 
 

Picture 15 Equipment document 
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Input values were- 

Number of units: 1 

Schedule: 08-12 13-17 weekdays 

Emitted heat per unit 125 W 

Long wave radiation fraction 0.1 

 

Occupant 

Occupancy was one in the room 128, with an Activity Level of 1.2 MET and 

Clothing is 1 CLO for heating season and 0.7 CLO for summer in most of 

rooms. 

 

  
 

Picture 16 Occupant document  

 

Furniture 

 

Furniture estimated were table, chair in the room 128. As an internal mass, 

furniture will affect the indoor climate by absorbing and delivering heat at 

different temperatures. The area of furniture is 2.0 m2, material is of default 

furniture from ICE (3.0) with U=4.05 W/ ( m2K) 
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Picture 17 Furniture document  

 

Walls 

 

The walls of room 128 are typical from other rooms. All four walls were 

different from each other which can be easily visualized from the drawings   

 

• Wall 1 is an external wall (red wall in picture 3.11); composition is brick, 

light insulation and gypsum with U-value 0.351 W/ (m2K). 

• Wall 2 the wall on the right side, is of two layers gypsum and insulation. U-

value is 0.6037 W/ m2K).  

• Wall 3 is almost the same with wall 2 without addition of 2 layers of air gap, 

whose U=0.602 W/ (m2K).  

• Wall 4 consists of L/W concrete and Render with U-value 0.5098 W/ (m2K) 

 

Construction and properties of wall 1, external wall 

By Double clicking wall 1, properties document is shown and then advanced 

option is chosen, form appears in the following manner  
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Picture 18 Advanced of the wall properties document 

 

• Thermal connection :connect to face 

• Construction: For the internal wall; resource default was the choice, which 

is empty 

• For the external wall; Brick/concrete wall and by creating a new resource  , 

appears the wall definition document 

 

 
 

Picture 19 Wall definition document 
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• The material Brick is chosen and inputting thickness 0.12 m for layer-1. 

The properties of other layers were given similarly. Likewise other walls 

are constructed. 

 

Radiator 

 

The installation of water radiator is same as that of windows and doors. By 

double clicking the radiator document the form appears as shown in Picture 

3.25. Input power was 500 W according to the source which is supplied with 

District Heating. 

 

 
 
Picture 20 Radiators properties document   
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APPENDIX 2  

 
SPECIFICATIONS  
 

Table 1 

Heat  Transfer Co-efficient of some components 

 

component 
U=W/ (m2K)

 
External wall            0.35
Internal wall            0.6
Ceiling            0.3
Floor            0.6
windows            2.0

 
 

Table 2 

Maximum power of radiators for each room 

 

Room number units  
total maximum power  
(in Watts) 

Office 122 1 795

Office B 1 2 1124

Office B 2 1 570

Office 118 2 1050

Office  B 3 2 1213

Office 123 1 660

Office 124 2 1124

Office 125 2 1050

Office 126 1 625

Office 127 1 607

Office 128 1 590

Entrance D 1 1 500

Reception 130 2 1200

Toilet T 1 1 250

Toilet T 2 1 250
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