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Abstract  

During renovation Ljusåret 2 was converted to a modern office with an 

activity based work style (ABW) with a Demand Controlled Volume (DCV) 

ventilation system connected to a closed-loop duct. Cooling is provided 

through air handling units and active water based beams, the underfloor 

heating system was kept. 

Written instruction and specification have been studied for the two different 

control systems Schneider EcoStructure and Lindinspect. Both control 

systems have been analyzed according to time schedule, set-point and process 

value by using different functions in software.  

To be able to perform a energy audit and look at indoor climate for Ljusåret 2 

there have been studies according to underfloor heating, constructions of 

ventilation system, diversity factor for DCV, closed-loop-ducts, heat losses 

from ducts, cooling demand and energy certification.   

According to this audit, energy performance is calculated to 89.1 kWh/m2 

according to building energy, activity energy is not audited or calculated. 

During design phase, an energy calculation was made by an energy consultant 

with the result of 81.3 kWh/m2. The estimated performance is a 9.6 % 

increase. This building is designed for Miljöbyggnad certification of level silver 

and should be ≤ 109 kWh/m2,year. According to audit and calculation for 

energy performance this level is possible to keep.  

The estimated energy performance have been calculated with only 4 month of 

statistics from January until April 2019 because Ljusåret 2 have just been 

renovated. District heating has been estimated through the energy signature 

by data from energy meter. Electrical components for the building have been 

measured and energy usage calculated. Energy produced by compression 

chiller have been estimated with calculated performance from design phase 

and adding heat transfer between rooms and supply ducts. Energy between 

rooms and supply ducts were not included in energy calculation during the 

design phase. 
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According to the control system for the DCV system there have been some 

issues with high temperature in supply ducts even when they are supplied with 

15 C from air- handling unit. There have been measurement to the 

ventilation system 5701-5704 that is connected to a close-loop duct with a 

result of temperatures between 15.2 C up to 21.4 C and the velocity has 

varied between 0.05-2.1 m/s in different measurement spots. This is an 

increase of 6.4 C. 

A heat transfer calculation have been made in Paroc Calculus to estimate heat 

transfer between room and supply ducts. The results of this calculation 

indicates the same level of temperature increases as when the system was 

measured. With no thermal insulation cooling capacity is lost to half after less 

than 5 m with a velocity of 0.2 m/s, after 15 m with a velocity of 1 m/s  and 

30 m with a velocity of 2 m/s . This should be compared with supply duct 

with 20 mm of thermal insulation that has lost its cooling capacity after less 

than 13 m with a velocity of 0.2 m/s, after 63 m with a velocity of 1 m/s and 

is increase with 4 C after 100 m with a velocity of 2 m/s.   

Using closed-loop ducts with velocity below 2.0 m/s and without thermal 

insulation combined with under tempered supply air is not a good 

combination. Even short length with low velocity and lack of thermal 

insulation is devastating because of heat transfer according to logarithmical 

temperature difference between room and supply ducts.  

A closed-loop duct is often designed as a pressure chamber and recommended 

when using DCV and/or VAV ventilation to avoid problems with noise and to 

be able to reduce the need of dampers. Problems with temperature increasing 

according to velocity in ducts must be taken in consideration.  

For Ljusåret 2 this will affect district heating usage where ducts are placed 

because underfloor heating must compensate heat transfer. Chilled water 

must be provided an extra time for rooms with both DCV and chilled beams 

and rooms with  only DCV is less comfortable which they could been with a 

correct installation. 

 

Keywords: DCV, energy efficiency, Closed-loop duct, thermal insulation 

supply ducts, Air conditioning, underfloor heating, energy audit 

Keywords in Swedish: behovsstyrd ventilation, energieffektivitet, 

ringmatad ventilation, isolering av tilluftskanaler, komfortkyla, golvvärme, 

miljöbyggnad, energikartläggning   
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1 Introduction 

1.1 Background 

Buildings are using more than 40 % of the primary energy in the world according to 

a article in journal Applied Energy [1] have more than 30 % in potential energy savings 

when making improvements in facility systems. This could be realized through new 

techniques and an energy management system.  

Ljusåret 2 was built in 2002 and a large renovation was performed 2017-2018. 

Before renovation, this building had underfloor heating and underfloor cooling 

combined with a shut-off valve and using same pipes and control system. Ventilation 

system was a traditional CAV-system except for some conference room provided 

with a variable flow through a pressure button. The compression chiller was 

connected to air handling units.  

During renovation Ljusåret 2 was converted to modern office with an activity based 

works style (ABW) with a Demand Controlled Volume (DCV) ventilation system 

connected to a closed-loop duct. Cooling is provided through air handling units and 

active water based beams, the underfloor heating system was kept. One of the main 

goals of this renovation was to create a building according to Miljöbyggnad level 

silver. During design phase their have been an energy calculation that indicates on a 

energy performance at 81.3 kWh/m2. Construction was approved during 

November 2018 and staff moved back to the office in December 2018. 

1.2 Aim 

The aim has been in an early stage evaluate energy performance to see if calculated 

level in design phase is possible to reach and if there is any problem keeping it 

according to installation of heat ,ventilation and air-conditionings system (HVAC).   

Be able to use and analyze HVAC system using main control system in the building 

and control system for VAV/DCV system.  

Find out why temperature in supply ducts increases before there are entering the 

room  

Find out how underfloor heating with constant flow is affecting indoor climate in 

combination with a cooling system. 
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1.3 Method 

Through written instructions get the tools to understand and evaluate the two 

different control system. Perform an energy audit which includes analyze all 

component that is affecting building energy system and going through electrical 

components installed on each cable box. Analyzing data from electrical and district 

heater meters to be able collect enough information for the estimation of real energy 

usage during a whole year with only four months data. 

Performing measurement on ventilation system to get information how the system 

is performing during different conditions. 

Use software to calculate how temperature in ducts are changing with Paroc 

Calculus and calculate different indoor issues according to cooling with ESBO Light.  
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1.4 Terms and nomenclature 

In this report some words and abbreviation are used that is not explained but is 

prerequisite to know  

Terms Description 

Control system An automatic system that is controlling heating, 

ventilation and air conditioning system (HVAC) 

BBR Boverket´s mandatory provisions and general 

recommendations for constructions.  

Boverket Code of Statutes of the Swedish National Board of 

Housing, Building and Planning 

DVUT Winter external design temperature, depending on 

dimensioned outdoor temperature an time constant of 

the building, used to design a heating system 

SFP Specific fan power, electric input for an air handling unit 
divided with the greater of supply or exhaust air flow. 
kW/(m3/s) 

A-temp The floor area within a residential building enclosed by 
the inside of a buildings envelope, intended to be heated 

to more than 10 C 
Buildings energy 
use 

The energy for space heating, air conditioning, hot tap 
water and property energy 

Property energy The electricity that is related to buildings needs, for 
example pumps, fans, fixed lightning. Purchased 
electricity not included into property energy is 
household energy and/or activity energy 

Activity energy Electricity used by occupants of the building, for example 
process energy, not fixed lightning and computers 

Energy for air 
conditioning 

The amount of energy supplied to the building to reduce 
indoor temperature for human comfort. Free cooling it is 
not included, pump energy for free-cooling is included 
into property energy 

Standard year 
correction 

Correction of purchased energy dependent on climate to 
a standard years usage 

Workplace design Provisions of the Swedish work environment authority 
on workplace design and general recommendation on 
the implementation of the provision.  

P-band Proportional band of a controller is the required process 
value change for the output signal to the go from 
minimum to its maximum output. For example variable 
air volume set-point change from minimum to maximum 

if process value differs from set-point with 1 C if P-band 
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is 1  C. A small p-band will increase controllers gain and 
it is a risk it will unstable 

4th Generation 
District Heating 
(4GDH) 

In this rapport according to low temperature district 
heating. A possibility to use excess heat and distribute 
this to apartments and offices. 

 
 

Symbol 

 

Desciption 

 

Unit 

P Heat power, heat gain or cooling 

demand 

W 

U Heat-transfer coefficient W/m2,K 

Cp Specific heat (water 4180, air 1000) J/kg,K 

tm Logarithmical temperature 

difference 

K 

�̇� Volume flow m3/s 

𝝆 Density (water 1000, air 1.2) kg/m3 

ts-tr or tr-ts Temperature difference between 

supply temperature and room 

temperature or reverse 

K or as used C 

because of difference 

between two 

temperatures 

∆𝑷𝒕 Total pressure fan Pa 

∑∆𝑷𝒇 Pressure drop according to friction 

in ducts 

Pa 

∑∆𝑷  Pressure drops elbows and fittings  Pa 

∑∆𝑷𝒄𝒐𝒎𝒑 Pressure drops over components Pa 

∑∆𝑷𝒂𝒊𝒓 𝒅𝒊𝒇𝒇𝒖𝒔𝒆𝒓 Pressure drop for designed  air 

diffuser 

Pa 

K Sum of heat losses 

 

W/K 
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Ti-Te 

 

Difference between interior and 

exterior temperature 
K or as used C 

because of difference 

between two 

temperatures 

PH 

 

Power supplied to building W 

PG  

 

Internal gains W 

PDYN 

 

Heat power dynamically stored and 

released 

W 

PHRV  

 

Heat power recovered in HRX W 

Q Energy kWh 
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2 Theory 

2.1 Underfloor heating 

Underfloor heating is designed as an traditional radiator system where transmission, 

infiltration and ventilation will affect installed demand. With the difference of 

placing not isolated pipes in to the floor construction and using floor as a heated 

surface to distribute heat to the building. Because of the large area where heat is 

distributed it is possible to reduce supply temperate comparing to a traditional 

heating system. A normal supply temperature for a underfloor heating system is 30-

35 C at DVUT comparing to 50-55 C for a normal new radiator system. With a 

low supply temperature, underfloor heating is good for example to use excess heat 

with lower temperature as a part of contributing to the 4th Generation District 

Heating (4GDH) [2].  A better indoor climate is often one of the positive things why 

underfloor heating is installed. According to Lennart Örberg [3] heat transfer to a 

room with a floor temperature at maximum 26-27 C will have zero temperature 

difference between roof and floor. This should be compared to a radiator system 

with a supply temperature with 55-60 C that has a temperature difference between 

1-1,5 C/m. Örbergs statement should be compared to a journal of Bjarne W. Olsen 

[4] that is determine in a test space with 50 W/m2 of heating demand there is a 

vertical difference of approx. 0,3 C with a height of 2,5 with underfloor heating. 

An optimal floor temperature  according to percentage dissatisfied ± 10 % is 

according to ISO 7730 a floor temperature between 19 – 28 C as seen in figure 1. 
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FIGURE 1THERMAL COMFORT FLOOR TEMPERATURE WITHIN THE RANGE OF ±10 % 

2.1.1 Distribution 

Length of the pipes are affected by installed heat power demand to room, which 

temperature drop of water that is accepted and how the length of pipes create 

pressure drops. All this things should be taken in consideration when designing a 

underfloor heating system.  

In a room with a high heat power demand, one pipe is not enough, 2-3 pipes is 

normal in a large room. Design parameters for underfloor heating is according to LK 

[5] a temperature difference of 5-7 C with a maximum pressure drop of 20-25 kPa. 

 

 

FIGURE 2 D IFFERENT TYPES OF INSTALLATION OF UNDERFLOOR HEATING  
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Different pattern for installation of underfloor heating is serpentine, double 

serpentine and counter flow as shown in figure 2. Which pattern that is used is 

depending on which level on thermal comfort that is requested. 

A serpentine pattern is an easy installation but with negative effect that the floor 

temperature will be cooler at the end. Having a constant flow the temperature 

difference feel uncomfortable. 

A double serpentine is a similar pattern like serpentine pattern but with the 

advantages that there will be a combination of pipes with different temperatures. 

Theoretically this will provide the same surface temperature. 

Counter flow pattern will be same advantages as a double serpentine.  

 

2.1.2 Control system 

There is two types of control system for underfloor heating, constant flow and 

variable flow. Both of them is in major compensated according to outdoor 

temperature and therefore different supply temperature to adjust heating demand. 

This compensating is often supplying many different rooms in a building with 

different internal gains at different times. Adding a variable flow to each room with 

a thermostat it is possible to reduce heat depending on the internal gains when room 

temperature is increasing. It is also possible to have different set-point for different 

types of rooms. For buildings using a constant flow, this could be an energy usage 

disadvantage because of the problems with internal gain and an increased indoor 

temperature. According to Karlsson [6] room temperature increase is decreased with 

70% due to the self-regulation in the construction and pipes. A traditional radiator 

system without a thermostat will not be so effective according to self-regulation.  
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2.2 Ventilation 

Mechanical ventilation is necessary to supply clean air to a building where people 

work and live on a regularly basis to extract polluted air from the room. This to 

make sure not polluted air is distributed to area with need of clean air. In an office, 

air is usually supplied in an office room and extract from a hall, toilet or similarly 

secondary place. With a lower temperature in supply air to a room than in room 

there will also be a natural cooling effect, to be able to maintain this function during 

summer ventilation unit must have cooling system.   

It is important to be careful when constructing a ventilation system and it should be 

done carefully installed and maintained so it will not creating indoor climate 

problem and high energy usage. Some of the things that has to be taken in 

consideration is high velocity in ducts, dry air and noises. Ventilation has a great 

impact on energy costs in a building so it is important to make sure it is ventilation 

flow at correct time, an efficient heat recovery system, reduced ventilation flow 

after demand, low pressure drops and ventilation unit is efficient with low 

mechanical losses. Maintenances should be focusing on heat recovery and filtration. 

This will provide a ventilation unit with a low SFP and optimized life cycle costs and 

a good indoor climate. 

2.2.1 Different functions of a ventilation system 

A ventilation system is often defined as a Constant Air Volumes system (CAV), 

Variable Air Volumes system (VAV) or Demand Controlled Ventilation (DCV).  

A CAV system is running with same ventilation flow, often by a time schedule. This 

ventilation flow is designed to be able to reduce pollution and moisture when 

people are working. The problem with CAV is that it is ventilating spaces with same 

ventilations flow even when no one is using the room. Supply air temperature is in a 

mixing ventilation 2-3 C lower then room temperature and the possibility to chill 

is very limited. Often is set-point for supply temperature compensated according to 

outdoor temperature to minimize problem draught in winter, temperature 

difference between room and supply temperature will be reduced and affect 

efficiency of ventilation as well. This kind of system is easiest and at lowest cost to 

build. 
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A VAV system is running when it is needed in each room. It is controlled by sensors 

measuring room temperature, carbon dioxide (CO2) and/or presence detector. 

This sensors can be working by its own or is combined to be able to be more 

efficient. As an example, a room will have set-point for ventilation flow to a 

minimum air flow when no one is present, when presence detector indicates 

presence set-point changes and ventilation flow increases and start controlling with 

CO2-sensors affecting motorized dampers. When CO2-sensors indicates a change in 

process values more air is distributed to the room.  A VAV system is often used 

when there is a cooling demand in building and cooling demand is designed as 

maximum ventilation flow for different rooms. Studies shows it is possible to reduce 

cooling costs by 25% of cooling demand by using CO2 as an indicator for cooling 

demand according to N. Nassif [7] 

A DCV system are in it fundamental the same as a VAV system but with better and 

more varied control of supply temperature and flow. To be able to optimize a DCV 

system pressure is measured in ducts and controlled with zone dampers in the 

system. The analysed Lindinvent system in this thesis is a DCV system with a 

temperature and pressure control optimizing system depending on cooling demand 

in building and keeping correct pressure for zone controllers. 

 

2.2.2 Construction of a ventilations system 

It is possible to calculate what ventilation flow that is needed to maintain a good 

indoor climate, but often ventilation flow is defined by standard values in reference 

literature. As a minimum flow in according to BBR is 0.35 l/s,m2. According to 

work design by Arbetsmiljöverket an office room should be supplied with a 

ventilation flow of 0,35 l/s,m2+ 7 l/s,person.  In the reference book Minimikrav for 

luftväxling [8] guidelines with example of ventilation flow for all kind of buildings 

and rooms are presented.    

When defined a demand for each room and what type of system and needs, it is 

possible to construct supply unit, ducts and air handling units. In a Life Cycle Cost  

perspective (LCC), it is important to reduce and maintain pressure drops at a 

reasonable level.  

It is important during design and construction phase to take air infiltration for 

construction of building in consideration. With a high infiltration total ventilation 

flow could be very high and out of control as well. It will be depending according to 

temperature difference between indoor and outdoor during year.   
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There is lot of different methods to construct duct sizing but some guiding velocities 

that is used in different part of system is following velocities according to Warfinge 

[9] 

 Main trunk 6-9 m/s 

 Trunk duct 4-6 /m/s 

 Trunk branches 2-4 m/s  

 Supply branch 2 m/s 

 

2.2.2.1 Pressure looses in ventilations system 

Pressure loses in ventilation system is divided into 4 parts  

∆𝑃𝑡 = ∑∆𝑃𝑓 +  ∑∆𝑃 +  ∑∆𝑃𝑐𝑜𝑚𝑝 +  ∑∆𝑃𝑎𝑖𝑟 𝑑𝑖𝑓𝑓𝑢𝑠𝑒𝑟 [10]               Equation 1 

∆𝑃𝑡 = total pressure fan has to produce 

A Summarization of all different parts of pressure losses, this is the total pressure that 

ventilation unit together with design flow will be chosen. Additional to total pressure 

is air leakage from connection to ducts that is important to keep low when installing. 

Total pressure loose will have a direct impact on SFP.  

∑∆𝑃𝑓 = pressure drops in straight ducts 

This part is according to design of duct size, often in a technical sheet how knowing 

ventilation flow and velocity it is possible to determine R-value. R-value is pressure 

drop depending on length in Pa/m. Large ducts will reduce velocity and pressure 

losses also be reduced but it will be harder to fit ducts into the construction. Ducts 

are often large and it is often complicated to install even without oversizing. 

∑∆𝑃  = pressure drops in fittings, dimension changes, elbows and so on 

This pressure drop in fitting is a direct function of velocity pressure.  is found out in 

technical sheet and is used with dynamic pressure to calculate pressure drops. 

∑∆𝑃𝑐𝑜𝑚𝑝 = pressure drops in filters, dampers coils and so on 

This a summarization of all components that are installed, is often described directly 

in pressure drop Pa from technical sheet depending on ventilation flow 

∑∆𝑃𝑎𝑖𝑟 𝑑𝑖𝑓𝑓𝑢𝑠𝑒𝑟 = pressure drop for the dimensioning air diffuser 
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This is start up point from designed air diffuser and is often placed far away from air 

handling unit. A large pressure drop on this air diffusers will have a large impact on 

efficiency of air handling unit. 

  

2.2.3 Diversity factor for a VAV or DCV 

When a ventilations system is designed as a VAV or a DCV system it is import in 

design phase to be careful designing components. Designing for maximum 

ventilation flow capacity will create a lot of disadvantages for the system, it is 

important to estimate a diversity factor.  

Not take in consideration diversity will oversize system . Some of the negative 

aspect when not take in diversity in consideration will be: 

 An oversized ventilation unit will be less effective when it is variable speed and 

working at normal condition. Normally minimum ventilations flow to handle is 20-

25% of maximum according to Mcquiston [11]. 

 An oversized ventilation unit will be larger and will be more expensive 

 An oversized ventilation unit will affect installed compression chiller with less 

efficiency with a lot of on and offs and more expensive installation. Heat production 

will be affected the same way 

 Oversized ducts will be much harder to fit and will be more expensive  

 Oversized coils and control valves with a low valve authority will create a bad 

control of set-points.  

One negative consequence of misjudgment of diversity could be that system do not 

have the correct capacity  

Figure 3 is an example of how diversity could be used. Each supply branch 

connected to air diffuser is designed for a maximum flow in this case 50 l/s per 

diffuser. Each trunk branches connected to supply branches is designed for a 

maximum flow in this case 400 l/s. Each of this trunk branches are supplying air in 

different direction west (väster) and east (öster) in this case 

Trunk duct connected to trunk branches is designed with a diversity of 85 % which 

will be 680 l/s instead of maximum capacity of 800 l/s adding both trunk branches 

design flow. Making an estimation that internal gain and solar energy impact will 

change during a normal day a therefore it is possible to reduce total airflow. 

At main duct making an estimation of total diversity factor is 75 % when all trunk 

ducts are connected to each other.  
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This example will create a air handling unit and supply equipment 25 % smaller 

according not take diversity in consideration. 

  

 

FIGURE 3 AN EXAMPLE OF DIVERSITY FROM LINDINVENT  

 

In Swedish standard diversity factor is not implemented, it is designers experience 

or building simulation that is affecting which diversity factor that is used. It is 

important to take diversity in to consideration. 

In a article [12] a reference to ASHRE is according to reducing change of outdoor air 

could be reduced up to 50% using capacity factor including DCV/VAV function. By 

using strategy 1 occupant diversity as described in article it is possible to on a design 

phase calculate a diversity factor and be able to calculate a new total flow rate. The 

other strategy’s is time averaging, real-time monitoring by CO2 and real-time 

monitoring by presence. Diversity factor is used for other kind of designs in both 

HVAC and electrical design to secure system is not oversized. Diversity factor is 

depending on internal gains and solar energy and is unique for every property and 

should be calculated and evaluated.   
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2.2.4 Closed-loop duct system 

A closed-loop duct or a ring-fed ventilation duct system is only usable in VAV and 

DCV system. A correct designed system will optimize air handling electricity usage 

because of low pressure drop and reduce need of dampers to control pressure levels 

in the system. Duct loop systems are shown to save up to 35% in fan power 

compared to conventional radial duct systems according to Khoo [13] 

A closed-loop duct system is a duct system with two main branches that is 

connected at the end and will make it possible for air to go the most efficient way 

because it becomes self-regulating depending on need for air, as seen in figure 4. To 

be able to take most advantages of closed-loop duct it should be used as a pressure 

chamber with reduced velocity and pressure looses. This will create possibility to 

have the same pressure level everywhere in the system. It is possible to create a 

pressure chamber without a closed-loop duct system.   

There will be places in duct system with zero flow because of closed-loop ducts, this 

places could be moving around according to demand.  

 

FIGURE 4 EXAMPLE OF A CLOSED –LOOP SYSTEM WITH ONE VENTILATION UNIT [13] 

 

A closed-loop duct could also be used when a system is more critical and add as a 

backup to another air handling unit installed parallel to the first one.  

The only difference with a closed-loop duct according to a traditional designed 

ventilations system is that ventilation flow can been supplied through two ways, it is 

designed the same way according to pressure drops. 
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2.2.5 Heat losses/gain from air ducts  

Heat transfer between air ducts placed in environment with a large difference in 

temperature between surroundings and supply air temperature and extract air 

temperature will have a large impact on temperature decreases or increases in duct. 

Even condensation on the inside or outside of ducts should be taken in consideration 

Heat gain will be affected by U-value, area and logarithmic temperature difference 

 𝑃 = 𝑈 ∗ 𝐴 ∗ ∆𝑡𝑚 Equation 2 

2.2.5.1 Calculation of heat losses 

To be able to estimate temperature losses because of heat transfer a calculation 

software for technical thermal insulation calculation has been used. This software is 

developed by Paroc and called Paroc Calculus and is calculating according to EN 

ISO 12241- Thermal insulation for building equipment and industrial installations. 

Result from calculation is presented in two different diagrams, one without thermal 

insulation and one with 20 mm PAROC HVAC Lamella Mat AluCoat. In each 

diagram it is presented with four different velocities 0.2 m/s, 1.0 m/s, 2.0 m/s and 

4.0 m/s and is divided into steps of 5 m up to 100 m. In diagram a straight line is 

included to present when half cooling capacity is lost in duct according to heat 

transfer into duct 

Following data is used, supply temperature 15 C, Room temperature 24 C and 

ducts with a diameter of 400 mm. In a normal duct volume flow and velocity will 

change with same duct size if there is some air diffusers on the way. But this 

calculation should be used in an informative way to understand heat losses in ducts.  

Figure 5 shows a duct without thermal insulation with a low velocity of 0.2 m/s 

cooling capacity is lost to half after less than 5 meters. Velocity of 1 m/s cooling 

capacity is lost to half after 15 m. Velocity of 2 m/s cooling capacity is lost to half 

after 30 m. Velocity of 4 m/s cooling capacity is lost to half after 55 m. 
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FIGURE 5 D IAGRAM OF HEAT LOSSES AND TEMPERATURE IN CREASES INTO DUCTS WITHOUT THERMAL INSULATION  

 

Figure 6 shows a duct with 20 mm thermal insulation with a low velocity of 0.2 m/s 

cooling capacity is lost to half after less than 13 meters. Velocity of 1 m/s cooling 

capacity is lost to half after 63 m. Velocity of 2 m/s temperature has increased with 

almost 4 C after 100 m. Velocity of 4 m/s temperature has increased 2 C after 

100 m. 

 

 

FIGURE 6 D IAGRAM OF HEAT LOSSES AND TEMPERATURE INCREASES INTO DUCTS WITH 20 MM THERMAL 

INSULATION  
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Ducts without thermal insulation placed in rooms that is not supposed to be chilled 

will create an extra demand of heating in to the room to avoid room with low 

indoor temperature. There is also a problem with draught according to big 

temperature difference between outside of ducts and room.    

In a report from Lars Jensen [14] about thermal insulation it is obvious that this has to 

be taken in consideration designing a duct system. An excerpt of result from that 

study is presented in table 1. This result is similar to the one calculated with Paroc 

Calculus and presented. Length in meters in table 1 is when cooling capacity is 

reduced to half according to heat transfer to duct. 

  
TABLE 1  DIFFERENT SCENARIOS PRESENTING AIR IN DUCT IS REDUCED TO HALF FROM LARS JENSEN,  MORE 

EXAMPLES IS FOUND IN STUDY.  [14] 

Case 1 2 3 

D (mm) 250  250 250 

V (m/s) 2.5 5 10 

No 

thermal 

insulation 

13 m 21 m 35 m 

30 mm 56 m 106 m 205 m 

50 mm 80 m 154 m 301 m 

75 mm 106 m 207 m 407 m 

2.3 Cooling    

Offices with lot of people and components producing a lot of internal gain, cooling 

is becoming more important and necessary to keep indoor climate at a reasonable 

level. Cooling could be provided with air and chilled beams for a large system, it is 

possible to install small air-conditioning unit locally as well. It is important to keep 

internal gain and solar energy low to be able to create a good indoor climate and not 

using unnecessary energy.  

2.3.1 Cooling with air 

There is limitations how cold air could be, that is depending on supply air device. 

Supplying different kind of temperature and volume flow through a air devices and 

not taking that in consideration the design how air will be distributed in to the room 

can affect indoor climate, unwanted draught and uncomfortable temperature when 

distributing under tempered air could be a result. 
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Often supply air temperature is limited to as low as 15 C to avoid draught and to 

minimize problem with condensation on ducts in summer with higher relative 

humidity. Because of these facts cooling capacity is very limited just using air. 

Figure 7 shows a direct estimation of cooling capacity to a room with different 

supply temperatures that varies from 15-23 C and also varied ventilation flow with 

a room temperature of 24 C. In this calculation the possibility to use buildings 

construction to store energy is not included. 

Figure 7 is based on following equation 3 and temperature difference in room is 

important variable flow as well. 

𝑃 = �̇� ∗ 𝜌 ∗ 𝐶𝑝 ∗ (𝑡𝑠 − 𝑡𝑟) Equation 3 

 

 

FIGURE 7 COOLING WITH UNDER TEMPERED SUPPLY AIR  

  

2.3.2 When cooling with air is not enough 

Cooling with just air is very limited and in modern office building not enough to 

keep indoor climate to reasonable level. Often there is many people with a lot of 

laptops, monitor and large windows with gain from solar energy that has to be taken 

in consideration when choosing what kind of cooling system is needed.  

To be able to explain in an easy and understandable way how operative temperature 

and mean temperature is affected of shading, ventilations flow and cooling system a 

calculation in ESBO light has been made. [15] 
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For each case same room has been used facing south with a floor area of 10.08 m2 

and a height of 2.6 m. A windows with the area of 1.2 m2 is placed centered, other 

walls is against inside of building 

One person in the room with an internal gain of 150 W equipment and 90 W of 

lightning. Internal gains is active Monday-Sunday 9-17. Air handling unit is active 

according to same time schedule. Screen shot from ESBO is presented in Appendix 

C. Set point for cooling in room is 24 C. Result from simulation in presented in 

table 2 

With only CAV in simulation 1 indicates on a very bad indoor climate, by adding 

shading there is large improvements as shown in simulation 2. Simulation 3 indicates 

that chilled air is not enough but when adding shading in simulation 4 it will be a 

very good performance of indoor climate.  

When doubling air flow for the CAV system it brings a good improvement and it is 

good when adding shading as in simulation 6. In CAV simulation with both cooling 

and shading it is getting almost to cold in room, this is because of no possibility to 

control cooling capacity individual. This could be a problem for a real office with 

different internal gains but similar air flow and supply temperature 

Adding VAV in simulation 7 and 8 to the room a almost perfect indoor climate is 

performed both and without shading. Room with shading will be the most energy 

efficient one. 

Adding cooling beams to CAV system in simulation 9-10 gives a good indoor 

climate evens when it is lack of shading in simulation 9 and no cooling to the air in 

simulation 10. 

Adding more internal gain to a room only cooling with air will not be enough. 
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Keeping internal gain from solar energy low is very important according to this 

calculation. 

  

TABLE 2 INDOOR CLIMATE SIMU LATION  

 CAV/VAV Set-
point 

air 

C 

Is air 
cooled 

Chilled 
beams 

Shading Max 
operative 

temperature 

C 

Max air 
temperature 

august C 

1 CAV 15l/s 15-20 No No No 35.1 28.3 
2 CAV 15 l/s 15-20 No No Yes 29.3 24.3 
3 CAV 15 l/s 15-20 Yes No No 30.8 26.0 
4 CAV 15 l/s 15-20 Yes No Yes 24.2 21.9 
5 CAV 30 l/s 15-20 Yes No No 26.1 22.2 
6 CAV 30 l/s 15-20 Yes No Yes 21.5 20.3 
7 VAV 3.5-

50 l/s 
15-20 Yes No No 25.3 23.8 

8 VAV 3.5-
50 l/s 

15-20 Yes No Yes 24.4 23.5 

9 CAV 15 l/s 15-20 Yes 500 W No 25.2 23.6 
10 CAV 15 l/s 15-20 No 500 W Yes 24.4 23.1 
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2.4 Miljöbyggnad  

In Sweden Miljöbyggnad is handled by SGBC (Sweden green building council). 

SGBC is also responsible for Breeam, LEED and Green building that is other energy 

environment certification that is focusing on energy and indoor climate. 

The process of Miljöbyggnad is divided into two different ways, construction of new 

building and renovation of old buildings. There is different indicators that should be 

achieved. Each indicator could be divided into bronze, silver or gold depending on 

which level that is possible or is the new target to reach. Each indicator is used 

together and gives a total level for the building. Levels in this thesis are presented 

with focus to renovation and laws and recommendation is according standard today. 

Bronze is a level to follow laws and recommendations. Documentation and routines 

to achieve this is a big effort and gives some guarantee to succeed. [16]  

Silver is a performance well above laws and recommendation, mostly property 

owner choose this level because it show a great commitment to energy and 

environmental. [16] 

Gold is a very high level of standard and it has to involve people working and living 

in the building. Some of the requirement could be impossible to achieve without 

rebuilt the whole building. [16]     

Indicators in the process is Heating power demand, Solar gain, Energy usage, 

Renewable energy, Noise, Radon, Ventilation, Moisture safety, Thermal climate 

winter, Thermal climate summer, Daylight, Legionella, Log book for building 

material, Phasing-out dangerous substance, Building framework and Foundation.  

Each indicator is very detailed with different approaches depending on what 

challenges there is in Miljöbyggnad 3.0, bedömningskriterier för befintliga byggnader [17]. 

This document is referring to BBR [18] with different levels of demand. 

Sustainable building are more attractive and stakeholders are looking for a 

certification system to be able develop their buildings  to be more attractive when 

they are going to sells them or attract new occupants. There is four big certification 

method in Sweden that is most common Miljöbyggnad, LEED, BREEAM and Green 

building. In a report according to certification [19] a SWOT analyze positive and 

negative aspects about Miljöbyggnad, figure 8 is a excerpt from SWOT analyzes 

performed. 
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FIGURE 8 A  PART OF A SWOT  ANALYSES FROM REPORT [19] 

 

2.5 Energy signature 

Energy signature is a method comparing energy usage to outdoor mean temperature 

during a defined time period, usually on a daily or hourly level. With this method it 

is possible to estimate sum of heat losses for a building. Adding a linear regression 

line for all collected data in a diagram it is possible  to predict which usage of district 

heat that is needed with different outdoor temperatures. In an energy signature it is 

also possible to determine the outdoor temperature where there is only need for 

district heating to hot tap water and not for heating. This is defined as the balance 

temperature for the building when internal gain is larger than heat deficit to still 

keep set-point for indoor temperature. 

In a article by Belussi [20] advantages using energy signature is described. Using 

energy signature it is possible to directly compare energy usage to outdoor 

temperature and determine the effect of a investment by comparing it with energy 

signature before changes were made instead waiting for result of monthly or yearly 

usage. 

 

 

Positive

•Designed to meet swedish standards and swedish demand according to climate. 
Therefore very strong in Sweden.

•Overall rating is based on lowest level in each area. Gold, Silver or Bronze. 

•Normal a low cost of deploymenet comparing to other certifications system.

•It is continously updated with input from user

•A fair compairing between different types of buildings

Negative

•Not so flexible, if one area is low overall rating will be affected to that level.

•Are only looking at the specific building.  Do not take in consideration 
indrastructure or other things around the buidling that other certification system is

•Other certification system could be more attractive because it could be easier to 
achive a higher level.
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3 Process and results 

3.1 Ljusåret 2 

During 2016-2018 Ljusåret 2 was renovated in order to adapt an activity-based 

work style (ABW). In a short description this means converting traditional 

workplaces with own rooms to open spaces with clean desk policy and no desk of 

your own. Ljusåret 2 is head office for Kraftringen Energi AB a local energy 

company who produces and distribute electricity, biogas, district heating and 

cooling. 

Ljusåret 2 is placed in Lund, Sweden and was built in 2008 and has a tempered area 

(A-temp) at 4497 m2. The tempered area is divided into two floor with offices, a 

basement with gym and dressing room and a garret were units for ventilations is 

placed. Figure 9 is a overview of the building. 

According to age of building focus at the renovation was workplaces and indoor 

interior. To be able to keep indoor climate and energy on a reasonable level, 

distributions system for ventilation was rebuilt to a demand control volume system 

(DCV) supplemented with chilled beams.    

There are 300-315 people using this office as their main office, there is a total of 184 

ergonomically workplaces, additionally 300 workplaces including meeting room, 

temporary seats and so on. Project management has estimated for a normal day 

approx. 240 person are working in this office.  

Before renovation their was 230 offices places but according to a pre-study done 

only 60 % of this seats were used during a normal day.  

.  

FIGURE 9 OUTDOOR EXTERIOR OF LJUSÅRET 2,  OPENING IN THE CENTER IS THE ATRIUM AND IS COVERED IN 

GLASS 
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3.2 Analyze of energy calculations during design phase 

There has been performed energy calculation in the design phase of the project to 

determine if chosen level in Miljöbyggnad is possible. This calculation has been 

made in Design Builder version 5.0.3 [21] which is a dynamic simulation program. 

All data and calculation presented in this chapter 3.2-3.2.1 is collected from 

material from energy consultant report. This data is presented to be able to compare 

with results in energy audit. Background data and details to energy calculation is 

presented in Appendix A.  

3.2.1 Result from calculation 

TABLE 3 SUMMARIZATION  FROM E NERGY CALCULATION  

Building energy kWh/year kWh/m2,year 

Total Building energy  345 776 76.9 

Energy from photovoltaics -13 514 -3.0 

Total 332 262 73.9 

   

Total with 10% extra 365 488 81.3 

 

In table 3 total building energy is presented and for Ljusåret 2 it is calculated to use 

81.3 kWh/m2,year including produced energy from photovoltaics. In calculation 

there is included safety marginal of 10%.  

Energy performance is the one indicator that will be analyses more detailed during 

Miljöbyggnad certification. The different levels for energy performance is divided 

into Gold ≤ 80 kWh/m2,year, Silver ≤ 109 kWh/m2,year and Bronze  ≤ 144 

kWh/m2,year for this type building. 

3.3 Description about HVAC system in building 

3.3.1 Energy systems in building 

As follow a short description of different systems in the building, each system is 

described with an analysis of technical specification and control system. 

Heating is provided with district heating and distributed with underfloor heating, a 

few radiators, heating for ventilation and in atrium heating is distributed with air to 

provide downdraft. 

Cooling is produced with two different systems and different compression chillers 

and for main office and one is for control room. Cooling is distributed to the office 

and control room with under tempered air for all rooms and chilled water for 

rooms with high internal gain and provided through beams.    
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Hot tap water is produced with district heating and electric boilers. District heating 

is dedicated to were there is large consumption of hot tap water like showers and 

dressing rooms and electric boiler is providing groups of toilets. Electricity boiler is 

installed to make it possible to reduce energy looses according to hot tap water 

circulation. 

Ventilation is divided into four different parts the office, control room, atrium and 

basement. Office spaces and control room is a DCV system provided by 

manufacture Lindinvent with control system Lindinspect. Basement ventilation is 

CAV and ventilation in Atrium is a VAV system.  

Main control system is Schneider EcoStructure that is controlling total building 

system except DCV system to the office and control room. Control system for DCV 

and main control system is communicating to each other according to on/off for 

ventilation unit outside ordinary workhours, optimization of pressure and 

temperature in ducts and supplied by air handling units.     

3.3.2 Heating system 

Floor heating is produced in VVX1-VS1 and is divided into 6 systems 5605 SG1-6 

and separated from each other with its own 2-way control valve and with possibility 

to supply different water temperatures depending on outdoor temperature for each 

system. There is no other control valves in system according thermostat or similar 

that could affect water flow in each under floor heating loop, it is a system with 

constant flow. Each loop is balanced at each distributor and flow is measured for 

each distributor. 

Ventilation unit is connected to VVX1-VS2 and is divided into 9 systems. 5701-

5705, 5706-1, 5706-2, 5708 and 5709. 5708 is a ventilation unit but is only 

installed to control climate in atrium with cooling or heating. 

Radiators is mainly in the garret and connected to VVX1-VS2.  

3.3.3 Water based cooling system 

Waster based cooling system is divided into two separate distribution system with 

compression chillers KM-KMK1 and KM-KMK2. Both condensers with fan are 

placed outdoor to excess heat.    
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3.3.3.1 KM-KMK1 

KM-KMK1 is providing major parts of chilled air and chilled beams in the building. 

Chilled water is produced with compression chiller and has an free cooling system 

that is able use when demand is low. In the initial documents KM-KMK1 free-

cooling system is on when outdoor temperature is less than 6 C and compressor 

start when outdoor exceeds 6 C. The system is constructed so compression chiller 

and free-cooling system is parallel connected and not possible to use together. 

Figure 10 is a schematic layout of KM-KMK1, 5501-SV1 is the valve switching 

between compression chiller and free cooling mode. 

 

FIGURE 10COMPRESSION CHILLER KM-KMK1 

 

KM-KMK 1 has a set-point of 8 C and is connected to 5701-5704, 5706-1, 5706-

2, 5708 and 5705 and separated with control valve each unit. 5503 -Chilled beams 

to office are connected to provide water with a supply temperature of 15 C to 

reduce risk for condensation at valve, pipes and beams as well. Beams do not have 

drains connected and have to compensate according to humidity in the air.  
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3.3.3.2 KM-KMK2 

KM-KMK2 is providing control room with chilled air and chilled beams. It differs 

from KM-KMK1 because of smaller size and lack of possibility to use free cooling. . 

Figure 11 is a schematic layout of KM-KMK1 

 

FIGURE 11  KM-KMK2  COMPRESSION CHILLER FOR CONTROL ROOM  

 

KM-KMK2 has same set-points as KM-KMK1 and is connected to ventilation unit 

5709 and chilled beams 5503. 

 

3.3.4 Ventilation system 

Ventilation unit is divided into 9 different units described in table 4. 

TABLE 4 VENTILATIONS UNITS IN BUILDING  

 

 

 

 

Name Zone Type Distribution 
system 

5701 Office HRX VAV/DCV 

5702 Office HRX VAV/DCV 
5703 Office HRX VAV/DCV 
5704 Office HRX VAV/DCV 
5705 Basement HRX CAV 

5706:1 Atrium HRX VAV 
5706:2 Atrium HRX VAV 
5708 Atrium - Heating/Cooling 

5709 Control 
room 

HRX VAV/DCV 
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5701-5704 is connected to closed-loop duct system with two main branches at each 

floor connected at the end, there is also a connection between main branches for air 

to be distributed. 5701 -5704 are placed at same location as before renovation and 

with help of closed-loop duct system it was possible re-use parts of air handling 

system. 5701-5704 are working together by the control system and controlled by 

same signal according to temperature and pressure level. Control system for DCV 

system is controlling set-point for temperature depending if it is a cooling or heating 

demand, as well set-point for pressure according keep pressure drops as low as 

possible for air diffuser.   

5705 is CAV ventilation for basement and is controlled by constant flow and 

pressure 

5706:1 and 5706:1 is ventilation in atrium and is controlled by variable temperature 

set-point affected by room temperature in atrium and constant pressure. 

5708 is ventilation unit that keeping climate in atrium and is controlled by a 

constant set-point. 

5709 is connected to a small duct system for control room. Control system for DCV 

system is controlling set-point for temperature depending if it is a cooling or heating 

demand, as well set-point for pressure according keep pressure drops as low as 

possible for air diffuser.   

All ventilations unit is placed at garret and location is showed in figure 12.  



 

 
29 

 

 

FIGURE 12  SCHEMATIC ARRANGEMENT OF VENTILATION UNIT  PLACED IN GARRET  

 

5701-5704 connection to the close loop duct system is described in figure 13. Red 

lines are supply ducts and purple is extract ducts. Yellow and turquoise dots are 

describing were the loop is connected to each ventilation unit. Figure 13 describes 

level 1 but level 2 is designed in a similar way. According to how supply system is 

connected to each other air could take many different ways depending on demand. 

It is impossible without a simulation tool to estimate which way the air is distributed 

to each diffuser. 
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FIGURE 13  SCHEMATIC DRAWING TO BE ABLE TO UNDERSTAND HOW 5701-5704  IS CONNECTED THROUGH 

CLOSED-LOOP.  RED DUCTS ARE SUPPLY AND YELLOW IS WHERE IT IS CONNECTED TO VENTILATION UNIT.  PURPLE 

IS EXHAUST AND TURQUOISE IS WHERE IT IS CONNECTED TO SHAFT. 

 

3.3.5 Solar shading system 

During renovation exposed parts of building was installed automatic solar shading 

system. This was for roof in Atrium, façade facing South east and south west. This 

system is automatized with a separate control system. 

3.3.6 Solar photovoltaics 

As a part of energy calculation production from a small solar photovoltaics is 

calculated to reduce calculated energy demand. In calculation only the part that is 

directly used by the building as presented.   
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3.4 Energy audit 

3.4.1 Analyze of SCADA, Schneider Ecostruxture 

Schneider Ecostructure is the control system that is used for ventilation units, 

compression chiller unit, hot tap water production and floor heating system in the 

building. Schneider Ecostructure was already installed in the building before 

renovation and so some parts of the system was re-used. Control system in building 

is communicating true TCP/IP. Control system is communicating with compression 

chiller and DCV system that has it on control system.  

Every system has been analyzed according to Time schedule, set point and process 

value for temperature and pressures to be able to estimate function according to 

specification and to calculation in design phase. An overview of control system is 

presented in figure 14. 

 

FIGURE 14  OVERVIEW OF HVAC  SYSTEMS CONTROLLED BY SCHNEIDER ECOSTRUXTURE  
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3.4.2 Analyze of control system for ventilation  

DCV system in building is controlled by Lindinvent and their tool to visualize 

indoor climate and changing set-point are Lindinspect. By Lindinspect it is possible 

to visualize many parameters for example room temperature, output signal for air 

diffusers, output signal for cooling chilled beams. Figure 15 is presenting an 

overview of floor 2 visualizing room temperature 

 

 

FIGURE 15  IN THIS CASE VISUALIZING OF ROOM TEMPERATURE,  BELOW 21 C IS BLUE,  ABOVE 23  C IS RED AND 

BETWEEN IS  GREEN.   
 
  

There is many types of different rooms in the building but by looking at set up for 

ventilation and cooling there is 3 different types of rooms. Every room with a 

diffuser has a presence detector. 

1. Rooms with variable ventilations flow, depending on room temperature 

2. Rooms with variable ventilations flow and chilled beams, depending on room 

temperature 

3. Rooms with variable ventilations flow and chilled beams, depending on room 

temperature and Carbon dioxide CO2. 
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3.4.2.1 Room with variable ventilations flow, depending on room temperature 

Defined as small room with low internal gains were cooling demand is supplied by 

under tempered air through motorized mechanical air diffuser.  As an example 

room 2055, a work place to use when you have to work on your own and do not 

want to be disturbed. Actual data in table 5 from DCV is achieved 2019-04-18 

10:30. 

When data was collected supply temperature from 5701-5704 was 15 C which 

means temperature has been heated with 4,6 C before entering the room, this not 

causing any trouble right now. Because of proportional gain temperature in room 

will varies between 22 and 23 C during cooling mode. Adding integration as well 

in control system it would have been possible eliminate difference between set-

point and process value. In table 5 documented value is presented. 

 

TABLE 5 EXAMPLE OF SET-POINT ANT PRESENT VALUE S FOR SMALL ROOMS WITH LOW INTERNAL GAIN  

 

 

 

   

Process value room temperature 22.3 C  

Set point room temperature 22.0 C  

Actual temperature duct supplied 
air 

19.6 Measured in Lindinspect  

Set point, minimum not 
present/minimum 
present/maximum 

10/15/30  
l/s 

Minimum flow is when no one is 
present. 

Calculated set-point flow / 
present value 

19 / 18 l/s Calculated according to P-band and 
difference between set-point an 

process value 

Offset no one present 0 C Here it is possible to offset set point 
when no one is present 

P-band minimum flow  0 C Deviation om room temperature and 
actual temperature when ventilation 

is minimum 

P-band maximum flow 1 C Deviation om room temperature and 
actual temperature when ventilation 

is maximum 
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3.4.2.2 Room with variable ventilations flow and chilled beams, depending on room temperature 

and CO2 

Defined as a meeting room with high internal gains were cooling demand is supplied 

by under tempered air and chilled beams.  As an example room 2018, a meeting 

room with 8 chairs, data in table 6 is achieved 2019-04-18 10:30. In this room there 

is installed two chilled active beam and two control system connected to DCV. 

Control systems works as master/slave according to CO2 concentration. In table 6 

total flow of both beams are added together. 

In this room supply temperature is not measured before entering the room. This is 

only measured in rooms with an air diffuser, the rooms with low internal gain. 

In this room set-point is exceeded with 2 C and there is detected presence in the 

room but CO2 level is low. This means with P-band 0-1 C output signal is 100 % 
for cooling and ventilation is at maximum because P-band is 1-2 C above set-point. 
 
There is other rooms often office spaces without CO2-meauring and only 
temperature and detected presence as activator but with same p-band set-points for 

control. This means room temperature must exceed 1 C before ventilation flow is 
changed from minimum with detected presence and people adding internal gain. In 
table 6 documented value is presented for room 2018 
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TABLE 6 MEETING ROOM WITH HIGH INTERNAL GAIN  

  

   

Actual room temperature 23.0 C  

Set point room temperature 21.0 C  

Actual CO2  463 ppm  
Set point CO2 600 ppm  

Actual temperature duct supplied 
air 

- Not measured  

Set point, minimum not 
present/minimum 
present/maximum 

10/25/65  
l/s 

Minimum flow is when no one is 
present. 

Calculated set-point flow / 
present value 

65 / 65 l/s Calculated according to P-band. 
Deviation is more than 2 C 

Offset no one present 1 C Here it is possible to offset set point 
when no one is present, in this case 

with 1 C 
P-band minimum flow  1 C Deviation om room temperature and 

actual temperature when ventilation 
is minimum 

P-band maximum flow 2 C Deviation om room temperature and 
actual temperature when ventilation 

is maximum 
P-band 0% output signal to valve 

for chilled beams 
0 C  

P-band 100% output signal to 
valve for chilled beams 

1 C  

Output signal cooling 100% According to deviation is more than 1 

C 
P-band CO2 minimum flow Set-point  
P-band CO2 minimum flow Set-point 

+200 ppm 
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3.4.3 Measuring indoor climate 

3.4.3.1 Cooling demand and  flow in ducts 

Because of the DCV system, temperature and flow is changing all the times and 

depending of set-points and real process value when using rooms. To be able to 

understand how indoor climate are changing during a normal day, screenshot is 

taken from Lindinspect system at 3 times 2019-04-12 at 9, 12:30 and 14:30 . Each 

diagram shows how many of measurement point that is registering different output 

signal to chilled beams and total flow in system at the specific time. There is in total 

198 measuring points for office and in total 222 for the whole building. Mean power 

of total electricity for the building during this period in figure 16.  

 

 

FIGURE 16  ELECTRIC MEAN POWER ON THE SPECIFIC DAY,  VALUE IN FIGURE AT  3 AM IS ENERGY USAGE BETWEEN 

2-3 AM 

 

3.4.3.2 Output signal to each chilled beam 

Analyze of output signal to each chilled beam during day. There is an obvious trend 

of set-point signal to be more open at the end of the day in figure 39-41. It is 

remarkable that 25 of chilled beams has an output signal between 90-100% already 

at 9:00. 
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FIGURE 17  DESCRIBE OUTPUT SIGNAL TO CHILLED BEAMS 09:00 

 
 

 

 

FIGURE 18  DESCRIBE  OUTPUT  SIGNAL  TO  CHILLED  BEAMS  12:30 
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FIGURE 19  DESCRIBE  OUTPUT  SIGNAL  TO  CHILLED  BEAMS  14:30 

 

3.4.3.3 Total flow in ventilation 

It is possible to make a good estimation and follow how total ventilation varies 

during the day. The DCV system is affected by how many people is working, what 

kind of activity and outdoor temperature and the documented figures is just at that 

moment they were documented. 

Comparing total flows in table 7 to electricity in figure 16 do not give any 

connections. That extra electricity for ventilation flow difference is negligible. SFP 

on ventilation unit is quite low. 

In the Lindinspect system total flow of all air devices is documented to 5685 l/s for 

office that is provided by 5701-5704 and this data is used to calculate diversity 

factor. Flow and diversity factors during day is summarized in table 7. The highest 

diversity factor during this day was 54.0 %. It is strange extract flow and supply 

differs so much. 

 

TABLE 7 TOTAL FLOW SUMMARIZED DIRECTLY FROM LINDINSPECT  

 

 

 

 Total extract flow 
(l/s) 

Total supply flow 
(l/s) 

Diversity of total 
capacity % 

9:00 2204 2826 49.7 
12:30 1922 2323 40.8 

14:30 2589 3068 54.0 
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3.4.3.4 Problems with high temperature in ducts 

There is a problem with an increase of temperature in supply ducts, there is no 

thermal insulation on supply ducts and the theory is that closed-loop ducts are 

creating this problem together with low velocity in ducts and lack of thermal 

insulation. This will affect cooling capacity  of under tempered air and will create 

unnecessary energy usage for cooling. Measurement has been made in 12 point into 

duct system. Supply temperature from ventilations unit is documented in table 8 

and measures in the systems is documented in table 9, the different measure spot is 

documented in figure 20.  

This measurement are indicating on very large internal heat gain especially in 

measure point 1, 2, 3, 7 and 11. Velocity measurement shows a quite a low velocity 

which is typical for a pressure chamber. Adding low velocity and no thermal 

insulation will create the obtained problem with high temperature in ducts. Looking 

at air flow for M3, M2 and M1 it is interesting to follow how the temperature 

increases and in M1 flow is almost zero. M1 could be considered as the balancing 

point in the system or at least close to the point. With this arrangement there is 

probably more than one balancing point.  

This measurement were done 2019-03-16 8.30-10.00 with a hotwire thermo-

anemometer 

TABLE 8 SUPPLY TEMPERATURE AC CORDING TO SCHNEIDER ECOSTRUCTURE  

 

 

 5701 5702 5703 5704 

Supply temperature C 15.0 15.1 14.8 14.9 
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TABLE 9 MEASUREMENT ON VENTILATION SYSTEM CONNECTED TO CLOSED-LOOP  

 

 

FIGURE 20  MEASURING POINTS FOR DUCTS ON FLOOR 1 
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M1 2049 400 0.05 6 21.4 20.6 20.4 - 
M2 2058 400 1.0 126 20.4 21.1 21.0 22.2 
M3 2062 400 1.6 201 19.8 21.7 21.6 22.5 
M4 2070 400 1.9 239 15.2 21.0 20.9 - 

M5 2070 400 2.0 251 15.2 21.0 20.9 - 

M6 2071 400 2.1 264 18.7 21.0 20.9 - 
M7 2077 200x500 0.3 30 20.3 20.8 20.8 - 
M8 2085 400 0.7 88 17.2 20.9 20.8 21.4 
M9 2087 400 0.4 50 18.4 20.3 20.2 21.1 

M9B 2087 400 0.8 100 15.8 20.1 20.0 21.1 
M10 2091 400 0.9 113 16.4 20.3 19.9 20.4 
M11 2092 200x500 0.7 70 19.5 20.3 20.2 20.3 
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3.4.3.5 Measuring of electrical components for property energy 

Measuring active power to each Cable box (CB) to property energy usage. There is 

7 cable boxes in the building for different components. Active power is registered at 

4 different times and a mean value is calculated based upon this measurements. Data 

is documented in table 10. 

 

TABLE 10 ACTIVE POWER FROM CABLE BOXES  

 

Both of compression chiller is out of work and is not able to be measured 

Elevator and electric heater at front door is not able to measure 

 

  

CB 11/4 10:15 
(kW) 

15/4 8:15 
(kW) 

16/4 8:30 
(kW) 

29/4 8:30 
(kW) 

Mean 
power 
(kW) 

1 (5701) 1.20 0.92 1.06 0.96 1.03  

2 (5702, 5708) 0.90 0.73 0.81 0.71 0.79  
3 (5703) 1.24 0.92 1.1 0.9 1.04  

4 (5704, 5706:2) 1.35 1.25 1.28 1.3 1.30  
5 (5705, 5706:1) 2.35 2.57 2.55 2.62 2.52  

6 (550X,560X,520X  3.30 3.20 4.20 3.37 3.52  
7 (Control room) 0.70 0.43 0.66 0.61 0.60  
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3.5 Energy calculation and evaluation 

3.5.1 Comparing calculation before renovation was started 

As a part of evaluation is to compare energy before renovation and after and there is 

remarkable change in energy usage for electric energy, figure 21. With measured 

energy to property energy it is assumed there is no reason to make any assumption it 

is depending on the systems for the building. Electricity usage is depending in 

activity energy and an increase of people, lightning and electric components, 

measured property energy is in a normal range. As seen in figure 22 there is a 

baseload of electricity of 35-40 kW. This represents approx. 26-29.7 MWh a month 

and almost all of that is activity energy except some small parts representing pumps 

and electric boilers. 

 

FIGURE 21  ELECTRICITY USAGE INCLUDING PROPERTY AND ACTIVITY ENERGY  
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FIGURE 22  ELECTRICITY FOR DIFFE RENT WEEKDAY DURING MARCH MONTH,  WITH A BASE LOAD OF 35-40 KW 

AND A PEAK BETWEEN 99 TILL 109 KW AT 9:00. 

 

District heating is analyzed at same way as electric usage but in this case all heating is 

related to the building. Monthly value for January is not complete because district 

heater meter was out of order during a period, as seen in figure 23. But energy for 

February-April  is almost the same comparing to historical value. Documented value 

is real usage and not corrected according to standard year. 

 

 

FIGURE 23  DISTRICT HEATING USAGE,  NOT STANDARD YEAR C OMPENSATED.  F IGURES FOR JANUARY 2019 IS 

MISSING BECAUSE COMMUNICATION TO THE METER WAS NOT OK. 
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3.5.2 Estimation of energy usage during a year 

A part of energy audit is to examine if real energy usage is similar the calculated for 

Miljöbyggnad. There have been some optimization during this period and some part 

of the building has not been used proper but this deviation will not affect this 

evaluation very much.  

Compression chiller had have some issues and have not been running during this 

time, but free-cooling part has been able to reduce produced internal gains more 

than expected.  

3.5.2.1 Property electricity 

With measured active power on cable boxes and an estimation of were the power is 

used together with time schedule, an energy calculations is made as seen in table 11. 

Total property electric energy yearly from cable boxes is 54 053 kWh. There are 

some components to the DCV system that is using energy but is not measured in 

cable boxes. To include that usage an assumption is made that it is representing an 

additional 10 % of total property energy, in this case 5405 kWh.  

Heat for electric heater to door and elevator energy is estimated to same level as 

calculation in design phase 15 800 kWh. They are not separately measured. 

  

TABLE 11 CALCULATED PROPERTY ELECTRIC ENERGY  

 

  

CB Active power hours/year Energy yearly kWh 

1 (5701) 1.03 3250 3348 
2 (5702, 5708) 0.79 3250 2568 

3 (5703) 1.04 3250 3380 
4 (5704, 5706:2) 1.30 3250 4225 
5 (5705, 5706:1) (2.52) 

5705, 0.85 
5706, 1.67 

 
8760 
3250 

 
7446 
5428 

6 (550X,560X,520X)  (3.52) 
550X, 1.5 
560X 1.97 
520X 0.05 

 
6500 
6200  
8760 

 
9750 

12214 
438 

7 (Control room) 0.60 8760 5256 
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3.5.2.2 District heating energy   

With help from data from energy meters and outdoor temperature an energy 

signature has been made with linear energy signature that is going to be used to 

calculate a yearly need of energy, look at figure 24. The energy usage for district 

heating is calculated according to Nordström [22] and defined as equation 4 

K(Ti-Te)= PH + PG - PDYN + PHRV Equation 4 

PH         Power supplied to building 

PG          Internal gains 

PDYN     Heat power dynamically stored and released 

PHRV    Heat power recovered in HRX 

K       Sum of heat losses 

Ti-Te Difference between interior and exterior temperature 

In energy signature from district heating meter only PH  is presented. PG  PDYN and 

PHRV is included in PH. Hot tap water is included as well in PH.  

The linear signature is Y =-0.0869x+1.2939 according to statistic values. Using 

normal yearly outdoor temperature to 7.9 C [9] in Lund will give a mean daily 

usage to 0.60739 MWh. Calculate for a whole year with 365 days and the mean 

daily usage will give 221 697 kWh yearly including hot tap water. Data to energy 

signature is found in appendix  B 

 

 

FIGURE 24  ENERGY SIGNATURE DISTRICT HEATING FOR LJUSÅRET 2 
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3.5.2.3 Cooling energy 

Compression chiller has not been working properly during the evaluated period. So 

it is assumed in the summarization that calculated cooling energy from design phase 

is correct. So cooling energy is assumed 91 376 kWh/yearly 

The problems with no thermal insulation in ducts are probably not included in 

those. It is very difficult to make a proper calculation of this but an estimation is 

done for the extra energy that is needed for the gain, to be able to evaluate. 

Temperature increase from 15-20 C in mean with highest documented volume 

flow of 3068 l/s will give a mean power of lost cooling. With an estimation of how 

many hours it is over 6 C outdoors and we are using compression chiller. 

According to Meteorologi och klimatologi  [23]  it is 1395 h for an office building in 

Lund with a set-point of 15 C to supply temperature. Using equation 3 will give 

following result.     

𝑃 =(�̇� *ρ*cp*(tr-ts)) =3.068*1.2*1.0*(20-15))=18.41 kW 

This calculation will give mean power internal gain during this period. Adding time 

this system is on using equation 5. 

Q = P* h= 18.41*1395 = 25 682 kWh  Equation 5 

Extra cooling energy because of no thermal insulation is calculated to 25 682 kWh. 

 

3.5.3 Energy performance 

Energy audit shows an energy performance on 89.1 kWh/m2 instead of 81.3 

kWh/m2. This a 9.6 % higher building energy performance then calculated in 

design phase see table 12, this indicates that Miljöbyggnad silver according to 

indicator 3 energy usage is reasonable. Produced for photovoltaics is assumed at 

same level as calculated in design phase.  
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3.5.4 Suggestions for energy and indoor climate efficiency  

As follow a table in table 13 is suggestions to reduce energy in building and improve 

indoor climate.  

TABLE 13 INDOOR CLIMATE AN ENERGY EFFICIENCY SUGGESTIONS 

Suggestion Description Other 

Cut-off for circulation 

pump to underfloor 

heating 

Cut off at outdoor temperature 

above 14 C 

Missed in specification 

Variable supply 

temperature compression 

chiller and beams 

Variable supply temperature 

depending on outdoor temperature 

 

Installing free cooling to 

5502 

Same system as in 5501 Will be long operating 

hours 

Change free cooling set-

point for 5501  

Start compression chiller at a higher 

temperature than 6C 

 

Start an analyze of 

baseload for activity 

energy 

Activity energy is a large part of used 

electric. 

 

Change set-point from 

DCV to activate on/off 

for  ventilations unit out 

of working hours  

From 15 min up 60 min  

Further work on 

problems with high 

temperature in supply 

duct  

a) Change proportional band 
b) Increase volume flow 
c) Decrease size of ducts and isolate 

them.   

a-b are done first and if 

that is not enough c 

should be implemented 

 

TABLE 12 RESULT OF BUILDINGS ENERGY  

 Result (kWh) Design phase (kWh) 

District heating 221 697 178 629 

Property energy  54 053 59 971 
Property energy DCV 5 405 - 
Elevator and heat passage 15 800 15 800 
Cooling 91 376 91 376 
Cooling depending of 
thermal insulation 

25 682 - 

Building energy 414 013 345 776 
Photovoltaic -13 514 -13 514 

Extra 10 % design phase - 33 226 
Total energy building 
energy 

400 499 365 488 

Total energy per A-temp 89.1 81.3 
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4 Discussion 

Both installed control system Lindinspect for the DCV and Schneider EcoStruxture 

as the main control system is quite easy to use at a basic level. But to be able to use 

as optimization tool they are advanced and it is important to the user to have a very 

high competence about HVAC and how the systems are built.  

The installed energy meters is not connected to the control system, connecting 

those would be a good way to get a better amount of values. Because of help from 

property owner it was possible to get ahead of daily consumption for a longer period 

than during the months working on this report for district heating and total energy 

usage.   

Energy signature should be analyzed during end of each month to see how the 

buildings signature is changing during season. Probably will there be some 

difference during vacation time in summer that will affecting all building system to a 

lower value than calculated.   

Making estimation of how DCV system is working is hard, because it will be so 

differently result when there is a heating or cooling demand and depends how many 

people that is using the office. To get a better estimation there should be at least one 

analyze during winter, spring, summer and autumn to get a better view.     

The lack of thermal insulation on supply ducts has to be taken under investigation 

during summer to see how bad indoor climate will be in rooms that do not have any 

extra cooling. A follow up on energy usage as well for compression chiller is needed 

in that analyses.  
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5 Conclusions 

This conclusions is based on 4 months of usage and is presenting a result of both 

energy usage and indoor climate. There have been some problems with compression 

chillers that is affecting the energy performance calculation and evaluation but the 

final result is reasonable. Total energy in this studies indicates on a energy 

performance at 89.1 kWh/m2 compared to 81.3 kWh/m2 in design phase. In this 

evaluation result from district heating  and energy for building energy is measured 

and calculated, but energy for compression chiller is estimated to same level as in 

calculation for design phase. Extra usage of energy because of no thermal insulation 

on supply ducts is estimated and calculated. A 9.6 % higher energy performance 

than calculated is acceptable because Ljusåret is still in a optimization phase and 

there is good possibility to be able to reduce energy performance to design phase 

level in total. 

Just looking to district heating and compare historical values to design phase the 

difference indicates that calculated value has not been taken in consideration the 

extra energy underfloor heating need when there is no possibility to individually 

compensate internal gains in different rooms. Energy performance during February 

until April comparing to historical data is almost the same with some little varies. A 

better indoor climate in atrium is also increasing heat consumption.  

Initial problems with high internal supply temperature in ducts has been detected, 

measured and calculated. Low velocity depending on closed-loop duct in 

combination with lack of thermal insulation is creating high temperature increase in 

duct. According to temperature measurement it differs from 15 C in air handling 

up to 21.4 C and almost no volume flow in some part of ducts. Except for extra 

energy produced in compression chillers there are extra energy consumption for 

heat as well especially were large ducts in closed-loop are placed. The only way to 

solve this issue is to increase velocity in ducts and isolate them as well. 

It is very import to take diversity factor into consideration and calculate normal 

condition for at VAV/DCV system or the will be problem with oversized ducts, air 

handling units and compression chillers. 
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6 Future work 

There have to be more investigation according to problems with heat transfer 

between surroundings and ducts to be able establish a plan to solve this. At first 

some tests has to been made during summer to be able to see if it is any other 

problems that is obtained according to outdoor temperature. Keep up doing 

analyses from control systems and perform measurement to more measure spots 

into the supply ducts. During construction phase there was supposed to been made 

some leakage controls for the duct system, documentation from these has not been 

delivered to me. It will be a good idea to make some new more advanced leakage 

controls to be able detect leakage into the supply and extract ducts to be able 

determine correctly approach for changes.    

During rest of the year keep track on volume flow and compare this to design 

volume flow to analyze diversity factor during a year.  This to be able to get 

reference data for other similar buildings. Probably during summer, their well be a 

higher diversity factor than documented in this thesis because of an increase of 

cooling demand. 

When compression chiller now is working, start monitoring and follow up energy 

usage to be able to determine and make action to minimize usage. 

Collect data from district heating meter after every month at a daily level of usage to 

be able to keep the energy signature for Ljusåret 2 up to date. To be able to more 

detailed according to energy signature the result could be divided in to monthly 

value. According to this work it would have interesting to keep track according to 

indoor temperature and internal gain as well during different days and how it will be 

changing usage of district heating and total electrical usage as well. 

Establish a system to collect all data that is needed to keep energy and environment 

certificate Miljöbyggnad to level silver.  
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Appendix A 

Table 1-6 and figure 1 is background data that is used in energy calculation during 

design phase.   

TABLE 1 ASSUMPTION IN CALCULATION FROM ENERGY CALCULATION IN DESIGN PHASE  

Distribution looses 10% 

Indoor climate Minimum heating 22 C / 24 

Working hour Office weekdays 8-17 
Secured area and basement 24/7 

Activity energy Lightning 8 W/m2 working hours 
Other equipment 8.8 W/m2 working hours 

Internal personal gains  108 W/person working hours 47 weeks/year 

Other building energy Elevators 11 000 kWh/year, heating main door 4000 kWh/year  

Hot tap water and hot tap 
water circulation 

2+2 kWh/m2 

Circulation pumps heating 1240 W 

Circulation pump cooling 3031 W 

Circulation pump for hot tap 
water circulation 

56 W 

Temperature Supply temperature 18 (constant) 

COP compression chiller 2.5 

  

 
 
 
TABLE 2 DATA ACCORDING TO VENTILATION  

Name Zone Type Airflow (l/S) SFP (kW/(m3/s) Heat recovery (%) 

5701 Office FTX 2010 2.11 73.7 

5702 Office FTX 890 1.98 77.7 

5703 Office FTX 1930 2.04 74.3 

5704 Office FTX 1160 2.14 73.8 

5705 Basement FTX 650 2.05 77.4 

5706:1 Atrium FTX 1500 1.96 80.5 

5706:2 Atrium FTX 1500 1.96 80.5 

5708 Atrium Heating/cooling 1500 1.52 - 

5709 Secured 
area 

FTX 700 1.54 80.7 

 

TABLE 3 DATA ACCORDING TO C ONSTRUCTION  

Type Data  

U-value (wall office) 0.305 (W/m2,K) Including thermal bridges 

U-value (wall garret) 0.236 (W/m2,K) Including thermal bridges 

U-value (wall basement) 0.228 (W/m2,K) Including thermal bridges 

U-value (roof garret) 0.129 (W/m2,K) Including thermal bridges 

U-value (windows) 1.25 (W/m2,K)  

Infiltration 0.8 l/s,m2 At a pressure of ±50 pa 

Sunscreen g-value 0,1 S, SW and SE façade marquis on 
outside of window 
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FIGURE 1 CALCULATED ENERGY FOR A NORMAL YEAR.  BLUE HEATING,  RED HOT TAP WATER,  GREEN COOLING 

FOR COMFORT AND PURPLE ELECTRICITY FOR PROPERTY.  THIS IS A SCREENSHOT  FROM CALCULATION MADE IN 

DESIGN PHASE. 

 

TABLE 4 HEATING AND HOT TAP WATER ENERGY  

Heat kWh/year kWh/m2,year 

Heating floor heating, to 
ventilation and radiators  

160 641 35.7 

Hot tap water 8 994 2.0 

Hot tap water circulation 8 994 2.0 

   

Total 178 629 39.7 
 

  

TABLE 5 ELECTRICITY PROPERTY ENERGY  

Electricity kWh/year kWh/m2,year 

Fans 37 221 8.3 

Circulation pump for heat 
and hot water circulation 

22 750 5.1 

Other electricity according 
to property 

15 800 3.5 

Total 75 770 16.9 
 
 
TABLE 6 ENERGY FOR COMPRESSION CHILLER 

Chiller kWh/year kWh/m2,year 

Compression chiller  
electricity 

30 458 6.77   

Calculated cooling f=3 91 376 20.3 

F= 3 according to BBR [18]  

  

Calculated energy usage for a standard year (kWh/year) 

kW
h/

ye
ar

 

Heating Hot tap water Air 

conditioning 

Property energy 
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Appendix B 

TABLE 1 DATA FROM DISTRICT HE ATING METER  

Date 
Mean temperature daily 

C Daily heat usage MWh Energy signature line MWh 

    

2019-02-03 0.49 1.340 1.250825 

2019-02-22 0.52 2.010 1.24877556 

2019-03-11 0.88 1.650 1.217316996 

2019-02-04 1.03 1.510 1.204261889 

2019-02-01 1.15 1.260 1.193818323 

2019-02-02 1.63 0.900 1.152043585 

2019-04-13 1.98 1.050 1.121837595 

2019-04-10 1.99 0.560 1.120903496 

2019-02-23 2.02 1.150 1.11827558 

2019-03-01 2.03 1.480 1.117640416 

2019-02-12 2.05 1.600 1.115458265 

2019-04-12 2.18 1.100 1.103931895 

2019-03-02 2.27 1.020 1.096147425 

2019-03-19 2.62 0.710 1.065786929 

2019-02-06 2.71 1.240 1.058197569 

2019-02-11 2.76 1.460 1.053971205 

2019-04-11 2.77 0.850 1.052895469 

2019-03-12 2.93 0.720 1.038574572 

2019-04-09 2.99 0.720 1.033732105 

2019-03-10 3.1 1.060 1.024644409 

2019-04-01 3.31 0.720 1.005727945 

2019-03-05 3.37 1.090 1.000408038 

2019-02-07 3.71 1.170 0.970869075 

2019-02-05 3.74 0.960 0.96826286 

2019-02-24 4.1 0.810 0.93740164 

2019-02-15 4.14 1.050 0.933403192 

2019-04-15 4.33 0.820 0.917116024 

2019-04-14 4.34 0.830 0.916727482 

2019-02-25 4.44 0.710 0.907798173 

2019-03-06 4.46 0.880 0.905757612 

2019-03-18 4.53 0.720 0.899998908 

2019-03-26 4.54 0.720 0.899085153 

2019-02-10 4.64 1.000 0.890086193 

2019-02-28 4.68 0.900 0.886788774 

2019-03-25 4.73 0.710 0.882110818 

2019-03-15 4.74 0.720 0.881194123 

2019-03-09 4.82 0.890 0.874478967 

2019-03-20 4.85 0.720 0.871695339 

2019-03-13 4.9 0.710 0.867338351 

2019-03-14 4.95 0.720 0.862961912 

2019-03-16 4.98 0.710 0.860322706 

2019-03-31 5.1 0.710 0.850362917 

2019-04-16 5.1 0.760 0.85010096 

2019-02-08 5.24 0.940 0.838447447 

2019-02-19 5.27 0.930 0.835598816 
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2019-03-24 5.28 0.720 0.834970644 

2019-02-27 5.42 0.930 0.822822526 

2019-02-14 5.45 0.720 0.820170726 

2019-02-26 5.53 0.680 0.813054555 

2019-03-08 5.6 0.890 0.807086772 

2019-02-18 5.61 0.880 0.805676038 

2019-02-20 5.73 0.750 0.795227093 

2019-02-13 5.75 0.750 0.793602487 

2019-02-21 5.78 0.750 0.791243435 

2019-02-09 5.8 0.750 0.789740529 

2019-02-16 5.94 1.120 0.776975227 

2019-02-17 6.09 0.550 0.764001236 

2019-04-02 6.11 0.720 0.7626328 

2019-03-27 6.35 0.720 0.741787731 

2019-03-03 6.38 0.470 0.739436287 

2019-03-04 6.77 0.620 0.704816965 

2019-03-17 6.81 0.720 0.701936489 

2019-04-08 6.81 0.710 0.701509918 

2019-03-07 7.08 0.680 0.678558408 

2019-03-22 7.17 0.710 0.670447069 

2019-03-23 7.34 0.720 0.655459116 

2019-03-28 7.55 0.710 0.637088584 

2019-03-21 7.63 0.720 0.630051121 

2019-03-29 8.42 0.720 0.561878639 

2019-03-30 8.66 0.720 0.541005761 

2019-04-17 9.27 0.510 0.48765293 

2019-04-20 9.5 0.340 0.467643342 

2019-04-03 9.55 0.710 0.463358772 

2019-04-19 9.88 0.380 0.434943788 

2019-04-07 9.91 0.720 0.432372849 

2019-04-04 10.1 0.720 0.414808582 

2019-04-27 10.3 0.040 0.397418562 

2019-04-28 10.3 0.150 0.396843371 

2019-04-05 10.4 0.710 0.382633159 

2019-04-18 10.7 0.340 0.360052391 

2019-04-22 11 0.160 0.336086843 

2019-04-21 11 0.260 0.331815044 

2019-04-06 11.2 0.720 0.318138918 

2019-04-29 11.7 0.000 0.272525751 

2019-04-23 13.1 0.160 0.147679452 

2019-04-24 14.2 0.100 0.057637792 

2019-04-25 15.1 0.060 -0.020492543 

2019-04-26 15.5 0.070 -0.055380865 
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Appendix C 

 

FIGURE 1 DESCRIPTION OF ROOM IN ESBO LIGHT  

 

 

FIGURE 2 DESCRIPTION ABOUT AIR HANDLING UNIT.  HEATING SYSTEM AND COOLING SYSTEM  
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