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Abstract 

This thesis is to study the feasibility of using river water from Gavleån in the cooling system 

of University of Gävle. The project is proposed by the campus service manager Akademiska 

Hus AB which intended to replace the current cooling production system with the water cooling 

system to reduce the electricity cost in cooling production. The river by direct distance is 600 

meters from the university, the river water is to be extracted from the river via a pump house, 

flow through pipeline buried underground and delivered to the equipment house of Akademiska 

Hus.  

 

Most water source cooling prefer water body with decent depth which contain low temperature 

water to use as free cooling source, but the issue that limits the practice is, the decent depth is 

not a very common feature of most water body near or within urban area. Like Gavleån which 

has an average depth of not over five meters while the sufficient depth is over 50 meters for the 

least or 70 meters to 100 meters often. So study the potential of using rather high temperature 

water from shallow water body can be of high interest for most cooling consumers.  

 

The thesis progressed through the work in five parts. To introduce cooling in general starting 

with literature review, the concept, the mechanism, the device for end use and production, the 

demand of cooling and the reason behind it. Followed by case studies of water source cooling 

projects worldwide, which is mostly deep water source cooling, and another case of the local 

hospital cooling system that extract water from Gavleån, demonstrate the use of shallow water 

body in assisting cooling production, it gives some insights how the potential if similar system 

is to be implemented in the campus, which is mounted on the same river. Several tours to the 

hospital were taken to acquire data and understanding of the system. 

 

Then the water temperature measurement from Gavleån in 2014 summer is presented. The 

measurement was carried out at a small dock by the river side during July to September of 2014.  

The measurements show the temperature of river water has been increasing which limits free 

cooling throughout the year, additional refrigerator is required to produce chilled water. The 

river water, in the hot seasons is used as cooler for the refrigerator and in cold season can be 

used for free cooling directly. Simulation of IDA-ICE gives the cooling demand of modelled 

building blocks, the output of cooling production season (consistent with the hot seasons) 

matches the cooling consumption data from Akademiska Hus by an error of 1% (414743 kWh 

of simulated result to 415270 kWh in documentation of Akademiska Hus).  

 

To meet the demand of cooling and select more cost-effective refrigerator type, consumption 

and COP (COP: Coefficient of Performance) are calculated for compressor chiller and 

absorption chiller with basic cooling cycle for both. The results shown compressor chiller has 

much better performance but also higher consumption in electricity, while absorption chiller 

has rather low COP value in comparison but the need of energy input is much less given by its 

major consumption of energy is heat from hot water, already a purchased item by the university 

from district heating network. Cost-effectiveness wise speaking absorption chiller is a more 
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optional choice. Reasonable values of assumption are largely employed in the calculation to 

select the better candidate and bring certain errors, which is then exam in sensitivity analysis to 

weigh the alternative parameter and the outcome from it.  

 

The last part is to estimate the cost of chillers and pipeline, for the concern of minimizing errors 

due to uncertainty the operation cost, labor cost and future energy price are not included. As 

the calculation turns out the payback year of the new system can range from 7 to 12 years by 

different refrigerator setup and pipeline routine design, which is considered within the life time 

of the chiller and pipeline, also lower than the current cooling cost of the university and 

therefore concluded as promising investment.  

 

Discussion and conclusion exam and finalize the whole thesis work. For the uncertainties of 

the calculation, the lack of information and data, which are improvements, can be done in future 

work. Also the improvements in other perspectives noted in terms of better load management 

for the cooling production units so the cost of equipment can be reduced, changes in building 

attachment and cooling device to reduce the demand of cooling, etc. But mostly draw the 

conclusion that with proper system configuration shallow water body can be helpful in reducing 

cooling consumption, and be a promising option for cities that have access to such water body.  

 

Keywords: Building cooling, Gavleån, river water, water source cooling, refrigerator 
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Abbreviations and symbols 

WSC: Water Source Cooling                                   

DWSC: Deep Water Source Cooling                            

LSC: Lake Source Cooling                                    

CAV: Constant Air Volume system                              

VAV: Variable Air Volume system                               

HVAC: Heating Ventilation and Air-Conditioning                  

IHC: Internal Heat Characteristic                               

COP: Coefficient of Performance                               

CFC: chlorofluorocarbons                                    

HCFC: hydro-chlorofluorocarbons                                                           

CCHP: Combined Cooling, Heating and Power system             

SMHI: Swedish Meteorological and Hydrological Institution        

SLU: Swedish University of Agricultural and Science              

ACH: Air Change rate per Hour                               

CHP: Combined Heat and Power generation                     

SEK: Swedish Kronor                                      

 

P: Power                            

W: Work 

T: Temperature 

t: time/temperature 

k: thermal conductivity 

D: Depth 

L: Length 

r: radius 

h: enthalpy 

Q: Heat                               

S: shaped factor 

W: Walt 

kW: kilo Walt                               

MW: mega Walt                     

kWh: kilo Walt hour 

Pa: Pascal 
oC: Celsius degree 

𝜂: Efficiency 

�̇�: Mass flow rate 

ξ: Solution concentration 

𝜆: Circulation ratio 

𝜌: Density 

𝐶𝑝: Specific heat capacity 

H: Hg pressure height in mini meter 
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1. Introduction 

1.1 Background 

1.1.1 Indoor thermal comfort 

Building envelopes enclose an indoor environment that requires certain temperature, air flow 

rate and moisture content level to create a comfortable indoor environment. Indoor air 

temperature as one of the main factors, if reaches undesired level will cause unpleasant 

occupant perception. Neither too warm nor too cool is ideal as researches have shown that 21 

± 2 oC is the most desirable temperature for indoor environment and thus a more productive 

working condition. But, there are a few factors hinder the effort to achieve and maintain an 

ideal heat balance, one known factor is the excessive internal heat load.  

 

The excessive internal heat load come from different sources, other than radiators and electric 

heating devices, there are computers, TVs, stoves and lightings etc. all of these release 

considerable amount of heat, some less internal heat come from human metabolism. These 

internal heat sources increase indoor temperature in a way of being less noticed by occupants 

in daily life. However, the effect is significant enough to actually inspire some innovation in 

passive house designing such as self-heating house, which is solely heated by the internal heat 

sources mentioned above, equipped with better insulated envelopes and low U-value windows, 

the building will cost no extra consumption from district heating or heat pump.  

 

Yet, if some indoor area is poorly ventilated and badly handled in terms of heating balance, 

better insulation and heating will boost the indoor temperature to some uncomfortable degrees, 

causing difficulties in concentrating, skin and eyes irritation due to the dry air and anxiety, etc. 

A well-insulated and heated area must have co-operating heating balance system with cooling 

unit, bringing in constant fresh cool air from outdoor or through heat exchanger in ventilation 

system to maintain a comforting indoor temperature and moisture level. The cooling unit is to 

lower the supply temperature to cool down the indoor environment, if it is over heated, and dry 

up excessive moisture content to offer a sense of “fresh” air flow.   

 

There are external source responsible for the rise of indoor temperature as well, such as the 

increasing global temperature. Majority part of the world is facing a stronger and longer hot 

season through the year. Some over 20 oC have been experienced in certain areas by the time 

of snowing, while Nordic regions encountered one of the hottest summer 2014, air temperature 

raised above 35 oC. Indoor air temperature to rise over the comfort level since external walls, 

windows roofs are all taking more heat radiation from solar irradiance, outdoor air and 

reflection from other surfaces. The normal nature ventilation is not an option anymore during 

the hot season since the air flowed in is by itself, hot enough to be perceived as “uncomfortable”.  
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1.1.2 Cooling demand and energy consumption 

As the demand of housing, offices, public buildings and living & working standard are all 

growing quicker, and global warming, efficient indoor cooling is becoming more needed to 

maintaining indoor thermal comfort. According to BPIE (Buildings Performance Institute 

Europe), 40% of total energy was consumed by buildings (BPIE, 2011). In developing countries 

like China, the proportion is 31% in 2007 (IEA, 2007). With the growth of economy, 

urbanization and reasons mentioned above, the cooling consumption in developing countries is 

not far away to meet the 40% mark.  

 

Within the 40% of building energy consumption, thermal comfort cost most of it, around 30% 

to 70%, depends on the weather condition of particular climate zone. In the United State for 

instance, heating & cooling occupies 30% of the pie chart in commercial buildings and 43% in 

residential buildings, as shown in Figure 1. 

 

 
Figure 1 U.S commercial and residential building energy use 2010 (U.S EIA 2011; 2012) 

 

Cooling as shown in the chart is responsible for about 15% of building energy consumption in 

total. It is notably less than space heating especially in residential buildings, but mostly cooling 

is delivered by air-conditioners, which cost electricity, while heating has more suppliers. Waste 

heat from industry, fossil fuel based power plant, house hold fire place, local steam boiler, and 

district heating with CHP (Combined heat and power generation), etc., these options can offer 

heating with lower price than cooling since electricity is a more valuable energy type than heat. 

Figure 2 shows that the electricity cost of U.S households is approximately 39% among all fuel 

sources and much of it could be cost by air-conditioners during hot seasons. 
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Figure 2 Building energy use in selected countries in 2003 (WBCSD 2008) 

 

Providing cooling with the need of electricity means more cooling demand requires more 

electricity, and therefore more electricity generation, which may lead to more pollution from 

power plant. In 2004, CO2 emission produced by buildings was responsible for 1/3 of world 

energy-related carbon emission. 28% of it was direct energy-related carbon emission, and 53% 

of it was electricity-related indirect CO2 from power plant, which counted for 5.6 Gt. In another 

word, for the expense of building cooling, a quarter of global carbon emission was generated 

(Vorsatz, 2007). Reduce the electricity cost of cooling will contribute in weakening the global 

warming and offer cheaper cooling service.  

 

For providing less expensive and less environmental damaging cooling, researchers have been 

developing new cooling system from different approaches, making changes in cooling related 

ventilation system, higher efficiency in cooling unit or looking for alternative cooling source. 

The cooling source in most buildings is air/water-air cooled down by refrigerators or large fans 

driven by electricity. If the cooling source is independent, or less dependent on refrigeration 

system, then a lot electricity can be saved from the refrigerators and fans, while only demanded 

for driving pumps to deliver cooled air/water though pipe lines. Abandoning or reducing the 

involvement of refrigeration along with refrigerant will make the system less complicated, less 

dangerous to operate, less environmental harmful and more economic, the reduced electricity 

consumption will of course also reduce CO2 emission from power plant.  

 

 

1.1.3 Solution 

A promising solution is to extract cold water from water body not very far away from the 
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building, use it as cold reserve alone or as working fluid directly to cool down the indoor area, 

as it can be simply explained. It has been mostly practiced with water bodies like lakes and seas, 

less with rivers, since lake and sea often reach down to a very deep bottom, and lake in 

particularly has very steady flow condition. This technology known as Water Source Cooling 

has several different types of application depend on the demand of cooling and site geometric 

condition. 

 

WSC (Water Source Cooling) projects have been successful in terms of cooling service, energy 

saving and environment preserving, current running DWSC (Deep Water Source Cooling) 

system have cut 80% to 90% of electricity required for air-conditioners. The ideal depth for 

extracting cold water is between 50 m to 70 m, where water temperature can remain 3 to 6 OC 

constantly. When the system is built near some water body which does not reach very deep, 

such as river or smaller lakes normally have just about less than 10 meters deep, it is not as 

energy saving as DWSC, since the little depth cannot keep water cold enough from the solar 

radiation.  

 

For the simple mechanism of WSC and large electricity saving potential, it is becoming popular 

for building complexities such as office, university, shopping mall and hospital. WSC has its 

limitation of geometric reasons, access to deep water and perhaps city planning. The operating 

cases of WSC have been implemented around the world, details of WSC and case studies will 

be followed in later section. 

 

1.2 Motivation 

A Swedish college building service company, Akademiska Hus AB in Gävle, Sweden, has been 

looking to improve cooling unit energy efficiency with WSC as well. The basic plan is to extract 

cold water from the river of Gavleån, pump it to the equipment room with heat exchanger and 

cooling system at the campus site, cool down supply air for the campus buildings, and then 

circulate the water back to the river. The depth of Gavleån is not more than five meters in 

average, and as explained it will not likely to deliver as much cooling power as a deeper water 

body.  

 

But to look at the bigger picture, deep water source is not commonly available; accessibility of 

50 m to 100 m water body will limit large numbers of DWSC project in plan, while rivers like 

Gavleån are more common to come cross a city and available for providing cooling source. 

Therefore it is for a larger interest to investigate how much a shallow water body will be capable 

of delivering cooling power, and be effective in the effort of reducing electricity cost of building 

cooling demand.  
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Figure 3 Simple schematic of water source cooling planned by Akademiska Hus 

 

1.3 Aim 

This thesis work is to study the feasibility of this project, with auditing working regarding the 

cooling demand of the university, the temperature of the river water, the possible cost of cooling 

system that is cooperated with the cold water though pipelines, and the cost-benefit effect of it. 

Temperature measuring, computer simulation and some calculations will be involved 

throughout this thesis work. If the outcome suggests that the cooling cost can be reduced by 

utilizing WSC technology to provide enough cooling while also been environmental friendly, 

the project may take further steps to replace the existing fan power based cooling unit. 

 

Due to the depth of Gavleån, the water temperature might not be ideal, which will require an 

additional refrigerator to cool down river water first. That will cost electricity and it is uncertain 

whether the possible electricity consumption of the refrigerator will be acceptable to replace 

the current running fan unit, outcome of simulation and calculation will be presented evidence 

to judge. The extreme temperature in particular months may also limit the use of WSC if the 

water temperature is proved to be too close to air temperature, making it redundant to extract 

river water instead of direct use of outdoor air which has the same high temperature. 

Temperature measurement will be taken to add reference for simulation work to compare with 

statistic data. 

 

Based on the outcome of the research work, this paper would like to exam how different 

parameters can affect the performance of WSC technology when shallow water body is 

involved, and also to make suggestions to improve WSC efficiency in less ideal conditions.  
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2. Literature review 

This chapter is to study through literatures of cooling concept, cooling system, WSC system in 

details to present the basic knowledge of indoor cooling and the mechanism before it. To help 

establish the fundamental understanding of the theories, the review breaks down into several 

parts. Firstly the scientific reason of comfort cooling has been explained, so how much cooling 

is needed in an indoor environment will be laid out, followed by the variant types of cooling 

concepts introduced with the characteristic of each, with the equipment, in the final section it 

is going to lead to an insight of WSC system as the unique type of all cooling options.  

 

2.1 Indoor cooling demand 

Before attempting to design a cooling system, one must know how much cooling is needed in 

the specific indoor environment. Then it is possible to select the suitable cooling concept and 

cooling equipment. The theory built to quantify it is based on energy balance of the specific 

area and demonstrated by a certain diagram.  

2.1.1 Building energy balance 

A specific building area is an enclosed space where heat, like air or water can flow in and out, 

but not just that. Since heat flow has the tendency to be driven by temperature difference, so 

the difference of indoor and outdoor temperature creates a balance of heat, which decides either 

the area needs heating or cooling. While the outdoor temperature is determined by large number 

of reasons, the indoor temperature is roughly determined by: the heat loss through building 

envelopes, the heat storage capacity of the building, and the internal heat generation. The heat 

required to be supplied to/extracted from the building is formulated as:  

 

𝑄𝑟𝑜𝑜𝑚 = 𝑄𝑡𝑟 + 𝑄𝑉𝑜 + 𝑄𝑉𝑒𝑡 − 𝑄𝑖𝑛𝑡         [1] 

 

 Qroom: Heat needs to be supplied to/extracted from building 

 Qtr: Transmission heat loss through building envelopes 

 QVo: Air leakage caused heat loss through building envelopes 

 QVet: Mechanical ventilation extracted heat from building area 

 Qint: Internal heat generation 

 

Given by the equation of transmission heat loss and heat loss through air leakages:  

 

�̇�𝑡𝑟 = 𝑈 ∗ 𝐴 ∗ (𝑡𝑖 − 𝑡𝑒)   [2], U=thermal transmittance, A=building envelope area 

�̇�𝑉𝑜 = �̇�𝑜 ∗ 𝜌 ∗ 𝑐𝑝 ∗ (𝑡𝑖 − 𝑡𝑒)  [3], �̇�𝑜=air flow through leakages, 𝑐𝑝=air thermal capacity 

And ti=indoor temperature, te=outdoor temperature, 𝑈 ∗ 𝐴 =Ktr, �̇�𝑜 ∗ 𝜌 ∗ 𝑐𝑝=KVo  

So, for the heat flow that is driven by the indoor and outdoor temperature difference: 
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�̇�𝑡𝑟+�̇�𝑉𝑜= (Ktr + KVo) * (𝑡𝑖 − 𝑡𝑒) [4] 

 

To express the amount of heat that is governed by the temperature difference, this equation is 

further derived to:  

∆𝑇𝑖𝑛𝑡 =
�̇�𝑖𝑛𝑡

(𝐾𝑡𝑟 + 𝐾𝑉𝑜)
     [5] 

The term �̇�𝑖𝑛𝑡 is the amount of heat of surplus or deficit to reach thermal comfort of the 

building. A curve to describe the trajectory of ∆𝑇𝑖𝑛𝑡  variation is called “Internal Heat 

Characteristic (IHC).  

 

2.1.2 IHC curve duration diagram 

In a better way of showing the demand of cooling (and heating as well), IHC is combined with 

the annual outdoor temperature diagram. Buildings react to temperature changes rather slow, 

hours would be the duration for a building to react and reach thermal equilibrium. The diagram 

captures the monthly temperature variation over a year on an hour based scale, shown in Figure 

4. 

 

 

Figure 4 IHC curve duration diagram 

 

The distance between indoor temperature curve and IHC curve is ∆𝑇𝑖𝑛𝑡, given by the equation, 

when outdoor temperature increases, there is less heat loss through the building therefore 

∆𝑇𝑖𝑛𝑡  is larger. At some point with a certain set of building insulation and internal heat 

generated, when the outdoor temperature is high enough, only the heat generated indoor that 

makes the indoor temperature higher than outdoor temperature will be driven through building 

envelops. This particular temperature at such point is known as the Balance temperature of the 

building tb.  

 

𝑡𝑏 = 𝑡𝑖 − ∆𝑇𝑖𝑛𝑡  [6] 
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In the diagram it is the yellow point where IHC and outdoor temperature come across, one can 

see it is exactly where the difference of indoor and outdoor temperature as the difference of 

internal heat temperature and indoor temperature. Behind the balance temperature, the building 

is losing excessive amount of heat which cannot be compensated by the heat generated indoor 

so heating equipment must be on duty to keep the room warm enough. If beyond the balance 

temperature, the rather warm outdoor environment stops draining heat from the building, heat 

from the indoor environment, such as heat from TVs, stoves, lightings, start to make occupants 

feel it is over heated in the building, which must be cooled down with cooling system. Shown 

as heat deficit and heat surplus are orange and blue parts in the diagram. The area of the heat 

surplus part represents the cooling power demand.  

 

2.2 Cooling systems and equipment 

As the cooling power demand has been investigated, choice of cooling system and equipment 

shall be made to suit the demand. Cooling systems are mostly categorized as “All air system”, 

“All water system” and “Combined air water system” to fit for different cooling needs and 

ventilation system.  

2.2.1 Cooling systems 

All air system has two main types of configuration based on the air flow and temperature control 

method known as Constant air volume system (CAV) and Variable air volume system (VAV). 

Mostly all air system takes control of air temperature, while all water cooling system aims to 

provide good air quality, and combined air and water system offers services of both. Table 1 

lists all systems, Figure 5 demonstrates system schematics. 

 

Table 1 Types of cooling system characteristic 

Type of 

system 

Definition Working method 

 

CAV all 

air system 

Air flow supplied to the room 

is kept at constant rate, supply 

air temperature is controllable 

depending on ambient 

temperature change 

 

Fans in duct secure constant air flow rate, 

heating and cooling coil in duct govern air 

temperature to meet desired need 

 

 

VAV all 

air system 

 

Air flow supplied to the room 

is variable through ventilation 

control, supply air temperature 

is maintained at required level 

Heating and cooling coil maintain supply air 

temperature at designed level, damper 

maneuvers air flow rate depending on specific 

heating or cooling demand, more or less fresh 

air supplied to building will make indoor air 

temperature to change towards desired level.  
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All water 

system 

 

Cooled water provide cold air 

from indoor air conditioner 

duct 

Water is cooled down by central refrigerator or 

local unit, compressor delivers cold air though 

grille of air conditioner, independent from 

ventilation duct to avoid contamination 

therefore the supply air quality is better 

 

Combined 

air water 

system  

All air system and all water 

system emerged into one 

cooling network to provide 

specific cooling service to 

deliver sufficient cooling or 

specific air temperature & 

quality demand  

1. Incase all air system is unable to meet 

cooling demand alone, all water system is 

added to remove exceed surplus heat 

 

2. Air to water system, water flow though 

pipeline in ventilation panel or beam, cooled 

down supply air in duct 

 

 

 

Figure 5 Types of cooling systems-CAV, VAV, All water, Combined (Nilsson, 2001) 

2.2.2 Cooling equipment 

For different cooling needs and system of chosen, there are selections of cooling equipment to 

produce and supply cooled air into rooms. In general, cooling come from natural ventilation, 

compressor cooling, and evaporative cooling etc., buildings have supply devices like chilled 
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beams, cooling panels, fan coil units and induction units equipped in cooling system. Table 2 

layout brief descriptions of supply equipment with attached schematic of each for better 

understanding.   

 

Table 2 Cooling supply equipment (Nilsson, 2001) 

Types of equipment Brief description 

 

 

Chilled beams 

A supply air terminal consisted of fins and grid, pipeline filled with 

cold water circulating to 

cool down air flowing 

through terminal and thus 

supply cooling with cooled 

air 

 

 

 

Cooling panels 

Attached or hang at celling 

flat aluminum plate with 

cold water flow through, 

heat from indoor air is 

transferred with the cold 

surface to reduce indoor 

temperature 

 

 

 

 

Fan coil unit 

Inside the ventilation duct there is fan, heating coil and cooling coil 

which have hot and cold 

water circulated and 

controlled by central system. 

Supply air is driven by fan 

flowing through heating & 

cooling coils to reach 

desired temperature 

 

 

 

 

Induction unit 

Similar to fan coil unit, but fan is replaced by a nozzle shape duct 

to accelerate air 

velocity and drive it 

through heating & 

cooling coil and supply 

to indoor area 

 

Common cooling production unit have five options for different demand. Depends on the local 

climate condition, seasonal weather, building property and building regulations cooling 

production systems have different power consumption level, these systems are: 
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1. Free cooling: With the precondition of suitable climate, building can be cooled simply by 

using outdoor air. When outdoor air temperature is around 16 to 18 oC, ventilation system 

can directly take in outdoor air, filter pollutant, and deliver it to the building without the 

cost of electricity. If working with all-water cooling system, outdoor air will be led to cool 

down the circulating water first, and let the chilled water provide cooling power. In the 

easiest way, if draught and pollutant are not problematic, open up windows and let outdoor 

air flow in is the freest cooling. But the precondition of a proper outdoor air temperature 

can very much limit the operative time of free cooling as some parts of the world have 

very limited hours of suitable temperature over a year. 

 

2. Refrigeration cooling: So when free cooling is not available, cooling is produced by other 

system. The most conventional way of cooling production is by using the method of 

refrigeration, or in the reverse way of a heat pump.  

 

 

Figure 6  Working method of refrigeration cycle (Nilsson, 2001) 

 

As shown in Figure 6, refrigerant (working fluid such as sulfur dioxide, methyl 

chloride and ammonia) is pressurized in compressor as work put into the fluid, it is cooled down 

and liquefied in condenser which release heat to ambient, then depressurized through expansion 

valve, and become gas again in evaporator where it absorbs heat from surroundings, circulates 

to compressor again and repeat the cycle.  

 

The major downside of the refrigeration cycle is the cost of electricity for driving compressor, 

it is normally less than the cooling power a refrigeration cycle can provide, but with the risk of 

pollution in the electricity production. The coefficient of a refrigeration cycle is defined as: 

COPR = Annual cooling production/Annual input work, a normal COPR is about 3. (Nilsson, 

2001) 

 

3. Evaporative cooling: Air carries water content that through evaporation will become 

vapor and absorbs heat from ambient air, as long as air is not saturated with vapor (that air 
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is still capable of carrying more vapor), heat will transfer from warm air to a cold surface 

where evaporation occurs. And it is the method behind evaporative cooling. Supply air is 

humidified in the duct before entering indoor environment, carry water content with it.  

And when the “wet air” meets the warm room, the surplus heat is attracted to evaporate 

the water content of supply air, with continuous need of evaporation; heat surplus is 

constantly removed by the process.  

 

In another way, if wet supply air is not desired due to potential moisture damage to building 

materials and furniture, the exhaust air is humidified instead. Heat carried out with exhaust 

air is absorbed through evaporation, and the “cooling” is transferred to supply air through 

heat exchanger in between supply air and exhaust air duct, likely it is going to be less 

efficient than the previous method called Direct cooling, the reversed way is called Indirect 

cooling. (Nilsson, 2001) 

  

4. Desiccant cooling: In evaporation cooling system, the humidity level of outdoor air limits 

the capacity of water content that can be carried by supply air. To reach maximum cooling 

through evaporation process, supply air needs to carry as much water content as possible, 

so if it is dry before humidified, then the carrying capacity can reach maximum. To 

capitalize on the evaporation cooling system, a desiccant unit is installed ahead of 

humidifier, remove water content from outdoor air and make it as dry as possible, then off 

to be re-humidified to carry more water content and increase evaporation efficiency, 

ultimately increase cooling capacity of the system. (Nilsson, 2001) 

 

Desiccant unit has different designing, shaped as hive or wheel where desiccant fills up 

the volume, hive shaped unit mostly is located only in air inlet duct, while wheel shaped 

unit can be place in between inlet and outlet duct, using the heat transported by exhaust air 

to dry up moisturized desiccant and longer the life time of it. As a more economical unit, 

wheel shaped designing risks possible pollutant exchanger between exhaust air and supply 

air, therefore it is better have filter place in supply air duct after wheel desiccant unit to 

remove any pollutant.  

 

5. District cooling: To provide cooling for a community is relatively challenging for a single 

set of cooling system, adding more cooling system to meet the demands on the other hand 

might be proved as waste increasing as more units, more pipelines and more pumps most 

be installed to make sure all systems are operative. A more efficient way is to construct a 

cooling network with centralized large scale cooling system and deliver cooling power to 

each location of the community though insulated underground pipeline. The production of 

district cooling grid can include free cooling, refrigeration cooling or other systems 

combined hat give optima output with minimum electricity consumption and minimum 

waste.  
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2.3 WSC system 

Water source cooling is essentially a low-energy cooling technique that uses the coldness of 

natural water body as heat sink, carry out the heat in building with chilled water to achieve 

cooling purpose. The water body of chosen can be either river, lake, or sea, for which has the 

best local accessibility and decent depth for low enough water temperature. There are three 

basic components of the system, heat sink, chilled water production and HVAC system (Heating, 

Ventilation and Air-Conditioning) connected by the chilled water distribution system, the co-

relation is shown in Figure 7.  

 

 
Figure 7 WSC system basic components. (Xu, 2013) 

 

2.3.1 Heat sink 

Besides natural water bodies, cooling tower can work as heat sink, for in some cases suitable 

natural water body is not ideal in terms of depth and accessibility, or if the cost of drawing 

pipelines to connect water body and building is too high and the construction is affected by 

numbers of factors to abandon the pursuit of natural water body. A local cooling tower can be 

the alternative solution of providing cooling source, if the site is close to industrial area, most 

likely where cooling tower is placed, and has extra cooling capacity to meet the demand of 

commercial or residential buildings. Though it is not energy free overall like natural water body 

since cooling tower apply similar method as the chilled water production system, but in the 

commercial/residential area point of view, the cost is covered by the other end, the cooling 

power provided by cooling tower is only to optimize the use of its capacity, it is still considered 

“free cooling” power.  

 

As for rivers, the depth can be the determine factor since tributary river (more common in urban 

area) might not reserve the ideal depth of low temperature water, which is expected to be about 

50 meters to 70 meters deep or deeper. Most likely rivers across cities are no deeper than 20 

meters approximately. Therefore by depth alone, tributary may see difficulties in supplying low 

temperature water (6 to 10 oC) in full year. If it has come to a decision to building WSC system 

upon these tributaries, the downside of not having low enough water temperature will have to 

be compensated by investing in refrigeration system to cooling down river water to an 

acceptable degree. Like the cooling tower solution, extra cost of energy is inevitable, geometric 

condition of heat sink accessibility is probably the greatest limitation of WSC system. On the 

other hand, the flow condition of river can add in more uncertain factors, unlike lake or sea, the 

very deep bottom is known to be quiet and steady.  
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2.3.2 Chilled water production 

Last section noted that if supply water temperature is not low enough or not stable throughout 

the year, it will have to be cooled down in chilled water production system. The system is 

commonly to be either the conventional compressor cooling system or absorption cooling 

system.  

 

2.3.2.1 Compressor cooling system 

Compressor is the most common cooling system seeing in industry and building, as introduced 

in previous section, here it will be a more detailed walkthrough of the system. A compressor 

cooling system is based on input work driven refrigerant phase changing to reject heat from the 

cooled area. Simple compressor refrigeration consists of four components: the compressor, the 

condenser, an expansion valve and the evaporator.  

 

 

Figure 8 Components of refrigeration cycle (Nilsson, 2001) 

 

Compressor: increases the pressure of refrigerant by work input (mechanical or electrical), and 

the temperature of refrigerant is also increased. The vapour is compressed into high pressure 

vapour with high temperature and flow to condenser. The increased pressure also increased the 

boiling point of refrigerant, which keeps it in liquid form when it is cooled down in condenser, 

so evaporation will not happen so soon. The work input of compressor determines the cooling 

capacity of the system.  

 

Condenser: a heat exchanger that releases heat from the hot, pressurized vapour to ambient. 

The refrigerant vapour is cooled down and transformed into liquid form, therefore after the 

expansion valve; refrigerant can evaporate again and absorb heat to keep up the cycle running. 

Heat from the pressurized vapour is extracted in condenser by either air or water.  
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Expansion valve : reduces the pressure of liquefied refrigerant, return the boiling point to a 

lower temperature. Refrigerant such as ammonia, chlorofluorocarbons (CFC) and hydro-

chlorofluorocarbons (HCFC) have rather low boiling point, so at normal air temperature, 

refrigerant evaporation will absorb large amount of heat and hereby provide good cooling effect.  

 

Evaporator: also a heat exchanger where depressurized liquid refrigerant evaporates and 

absorb heat. Depending on the cooling object being air or water, the evaporator can be either 

air coil or chiller of shell and tube. (Wulfinghoff, 1999) 

 

System efficiency 

 

 
Figure 9 Compressor refrigerate cycle (Pepper, 2006) 

 

Shown in Figure 9 is the T-S diagram of compressor refrigerate cycle, the efficiency of the cycle 

is determined by 

𝐶𝑂𝑃 =
𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟

𝑊𝑜𝑟𝑘 𝑖𝑛𝑝𝑢𝑡
=

ℎ5−ℎ1

ℎ2−ℎ1
    [7] 

 

A normal cycle can reach COP of 3, higher COP is ideal but losses in mechanical process, 

pipeline and valves cause some drop in performance. Compressor refrigerator is rather 

developed technology, it is stable and less expensive, and can be driven by mechanical energy 

while having decent Carnot cycle efficiency. But the downside of it is at large for the use of 

refrigerant, CFC and HCFC have been proved as the major cause of ozone depletion which lead 

to global warming, and are hazardous to human health. The use of electricity in driving 

compressor results in the cost of consumption, the need of regulating to avoid grid peak hours 

and more pollution for electricity generation. The main purpose of WSC is to minimize power 

consumption, thus compressor refrigerator in chilled water production somehow undermines 

the goal.  
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2.3.2.2 Absorption cooling system 

Absorption cooling system has one component changed which makes it much different from 

compressor cooling system. The work-driven compressor is replaced by a set of heat driven 

unit. A combined absorbing and heating effect of absorber and generator compress refrigerant 

to keep it flowing as in compressor cooling system with no major mechanical and electricity 

consumption.  

 

 

Figure 10 Absorption cooling schematic and system layout (McLeod, 2005), (Eecm.eu, 2011) 

 

Shown in Figure 10 is the basic schematic of absorption cooling, within the dash box is where 

a compressor replaced by a set of “Thermal Compressor”. In absorption cycle refrigerant is 

water or ammonia, flowing out of evaporator as vapour, it is absorbed by a solution of lithium 

bromide salt and water. As the absorption happens, the pressure of water/ammonia drops, then 

the solution is delivered to generator via pump and heated by either fuel combustion or even 

better the exhaust heat from condenser (solar heat as well). Heated water/ammonia evaporates 

from the solution. Solution with little amount of refrigerant called the “Weak Solution” returns 

to absorber though a valve to rejoin solution with large concentration of refrigerant absorbed 

called the “Strong Solution” and repeat the cycle. The pressure difference caused by the 

absorbing and evaporating effect had the refrigerant pressurized, like the unit suggested as 

thermal compressed which work as compressor in a conventional compressor cooling system.  

 

Absorption cooling system has a few perks make it better than compressor cooling system in 

certain conditions. The advantages of it, given by the heat-driven work cycle and 

water/ammonia as refrigerant, comes with the benefit of much less electricity dependency, less 

environmental hazardous, less noisy and foundation requirement, waste heat & solar radiation 

optional for system running to increase overall energy efficiency. And the maintenance cost is 

lower than compressor cycle. However, the initial cost is higher, the COP of absorption cooling 

system is significantly lower and so is the working pressure, the corrosive nature of lithium 

bromide requires extra caution and process in handling absorber and generator. 

(Ananthanarayanan, 2013) 
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Double & Triple-effect absorption cooling 

For lifting the low COP value of absorption cooling cycle, improvements were implemented in 

the cooling system which is normally called the “Single-Effect” system. “Single” suggests only 

one set of condenser and generator working in the cycle. If there is more than one set of 

equipment, can it make a difference in terms of system performance?  

 

“Double-Effect” system is designed to answer that and by the name it means double generators 

and condensers. The next improvement is “Triple-Effect” system that includes three generators 

and condensers. Single effect system limits generator and condenser working at low-grade 

temperature and pressure, double effect system increase the level to have one set of generator 

and condenser working at medium-grade temperature & pressure and triple effect system add 

in high-grade temperature & pressure. See comparison in Figure 11. 

 

 

 

 
Figure 11 Schematic of single, double and triple effect system (New Building Institution, 1998) 

 

In double and triple effect system, refrigerant in lower-grade generator is regenerated by the 

latent heat from higher-grade condenser. Low-grade heat is measured with temperature 

equal/below 200 OC, medium-grade heat ranges from 200 degree to 600 degree, and high-grade 

heat has temperature beyond 600 degree. (Neelameggham, 2011) For the cycle itself,  
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𝑄𝑖𝑛 = 𝑄𝑜𝑢𝑡 

Meaning: 𝑄𝑡𝑜 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 + 𝑄𝑡𝑜 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑜𝑟 = 𝑄𝑓𝑟𝑜𝑚 𝑐𝑜𝑛𝑑𝑒𝑛𝑠𝑒𝑟 + 𝑄𝑓𝑟𝑜𝑚 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟 

 

With the re-use of heat from higher-grade condenser to lower-grade generator, the heat gain to 

generator is increased in a sense, and given by: 

𝐶𝑂𝑃 =
𝑄𝑖𝑛

𝑄𝑜𝑢𝑡+𝑊𝑖𝑛
   [8] 

Heat re-use increases Qin for generator gives an increase in overall COP, as a normal single 

effect cycle has the COP of 0.6 to 0.7, (Rydstrand, 2004) double effect system has the COP of 

1.0 to 1.2 (Herold., et al, 1996) and triple effect system can reach a COP of 1.4 to 1.6. (New 

Building Institution, 1998) The increase in efficiency and modified system composition gives 

multi effect system more flexibility, higher COP system requires less cooling water flow in 

condenser, and smaller sized generator & heat exchanger, the expanded cooling capacity due to 

more refrigerant flow help double/triple effect system to handle large scaled cooling area. The 

cooling power requirement of absorber and condenser in double effect system is only 40% of 

single effect system. (APEP, 2009) Triple effect system can even match the thermal efficiency 

of electrical chiller. (New Building Institution, 1998) 

 

For the improvements comes the cost, double effect system and triple effect system are much 

more complicated in designing and equipment configuring. The initial cost is higher, the higher 

quality material cost is higher for better protection from increased corrosion and higher 

temperature/pressure, the cost for generator heating is higher for higher-grade temperature. 

Between the increase in efficiency and technical challenges, it is wise to make considered and 

calculated decision.  

 

Hybrid system 

Although the price of heat/steam is much lower than the price of electricity, the high efficiency 

of electricity driven system is still an attraction, and for cooling system that operating 24 hours 

in large industrial facilities, abducting the strategy of avoiding electricity peak hours will 

provide optimized energy efficiency with a hybrid system. A hybrid system has electrical driven 

compressor and the “thermal compressor” of absorption cooling system combined. The 

absorption cooling unit works as primary system, especially at electricity peak hours, the 

compressor cooling unit works during off-peak load hours where electricity price is lower. 

(New Building Institution, 1998) 

 

The capacity of compressor cooling unit and absorption cooling unit is determined by gas and 

electricity price accordingly. And also the power grid traffic condition since hybrid system 

operating is highly time schedule dependent. Large industrial area that hybrid system is best 

suited sometimes have large amount of waste heat exhaustion, which is a good supplementary 

for generators, save up some gas of steam consumption. The most ideal condition is that the 

system has connection to a local CHP power plant for district heating or industrial power & 

heat supplying, both electricity and heat will have optimized usage efficiency and form a very 

competitive CCHP grid (Combined Cooling, Heating and Power system).  
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3. Method 

 

 

First part of the work is a case study of worldwide WSC projects, and the relevant project that 

is built upon the very same river to extract cold water, provides cooling for a local hospital. The 

case study is to look into the performance of existing WSC system, the cooling capacity it is 

capable of, the system build up and so on. Therefore one can estimate the possible performance 

of similar system to be built for the university. Second, measurement was taken to acquire recent 

river water temperature for calculation; the data collected was during the hottest season of the 

year 2014, joined with statistics from the past to set boundaries for further processing. Third, 

the cooling power demand of the targeted buildings in the campus were simulated in the indoor 

climate and energy consumption simulation program IDA-ICE, for learning how much cooling 

is required monthly, also the outcome will be determining factors for providing advises in future 

WSC system setup of the university.  

 

Along the pipeline there will be temperature variation, since the pipe will be well insulated, the 

variation is expected to be little. The calculation is based on heat losses in hydronic piping study, 

the result shows the heat losses along the pipeline. With that, the supply water temperature will 

go through the governing equation  

 

𝑃 = 𝜌 ∗ 𝑐𝑝 ∗ �̇� ∗ (𝑡𝑓 − 𝑡𝑖)  [9] 

 

In which 𝑡𝑓 is the final temperature at the end of the pipeline, 𝑡𝑖 is the initial temperature at 

the water extraction site, �̇� is the pipeline flow rate, 𝜌 and 𝑐𝑝 are the density and specific 

heat capacity of water, 𝑃 is the heat loss calculated. At the equipment house 𝑡𝑓 = 𝑡𝑤 as the 

cooling water temperature, consider that the river water temperature can be too high for free 

cooling, the cooling water is used in a refrigerator to produce chilled water first. With the same 

equation only different parameters,  

 

𝑃𝑐𝑜𝑜𝑙𝑖𝑛𝑔 = 𝜌 ∗ 𝑐𝑝 ∗ �̇� ∗ (𝑡𝑟 − 𝑡𝑐 )  [10] 

 

In which 𝑡𝑟 as room temperature and 𝑡𝑐 as chilled water temperature, the potential power is 

calculated and 𝜌 is water density. Also the energy consumption for producing chilled water 

will be presented. 

1. Case study of 
existing Water Source 

Cooling projects. World 
wide and local.

2. Data of river water 
temperature 

measurement in 
summer 2014

3. Simulation result of 
cooling power demand 

from IDA-ICE

4. Calculated result of 
transported water 

temperature though 
pipeline

5. Calculation of 
possible cooling cost 

with cooling water from 
Gavleån

6. Estimation of cost-
efftiveness balance
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If additional refrigerator is necessary the capacity of it is then to be compared to the outcome 

from IDA-ICE, the simulated cooling power demand of the university, to calculate possible 

cooling production cost versus existing cooling system. The result will be exam through 

validation and sensitivity analysis. Checking through variant parameters to assess the capability 

of WSC system alone technically, and then combine with economic concerns, environmental 

concerns, long term issue, etc., in the discussion section and give the final judgment of the 

estimation work that whether it is going to be a good investment or not to introduce WSC 

system for replacing the current cooling system. Details of each process will be carried out in 

following sectors with brief introduction to IDA-ICE.  

 

3.1 Temperature measurement 

SMHI (Swedish Meteorological and Hydrological Institution) and SLU (Swedish University of 

Agricultural and Science) have statistic documented the average flow and temperature of 

Gavleån from 1961 to 1990 on monthly basis. The fact that summer of 2014 was rather hot as 

under the trend of a warmer climate globally, the temperature of Gavleån during the hot season 

needed to be measured exclusively to have reliable data. Measurement period was from July 

21st to October 1st on daily basis, twice a day at 8:00 AM and 1:00 PM so the reading will not 

be the peak temperature of the day but rather a mean value of the day time when the cooling 

system is most likely to be fully functioning. 

 

Measuring location was chosen at a deck by the river side, which extended about three meters 

further towards the river. And beneath it the water depth was about two meters, so the measured 

water temperature is less influenced by the air temperature, not very close to the surface 

temperature at least. The yellow dot shows the approximate measurement location, and photo 

next to it shows the measurement site. Distance between measurement location and cooling 

equipment house is about 600 meters, reading provided by Google Earth 2015.  

 

 

Figure 12 the measurement location on Google Earth, photo taken in July 21st, 2014 
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The measuring device is a digital thermometer, Prologue RS3010, provided by supervisor 

Roland Forsberg. The thermometer measures both air temperature and probe detected 

temperature, the probe is connected to the thermometer with a 150 cm long cable. During the 

measuring work, the probe was dropped into the river water to its full length, and thermometer 

laid on the deck for 10 minutes to get a stable temperature reading.  

 

 

Figure 13 Thermometer used in measuring work , Prologue RS3010 

 

Knowing that weather condition and air temperature could have effect on the water temperature 

reading, weather condition (sunny, rainy, cloudy) was recorded on daily basis and air 

temperature recorded at each measuring hour. And a mean value of water temperature each day 

was calculated as well as the monthly mean value, to present the temperature variation. The 

measured monthly temperature from July 21st to October 1st will be taken into calculation to 

replace the statistic average value from 1961 to 1990 by SLU to offer more recent and accurate 

input for the calculation processes. As the climate becomes warmer, cooling demand becomes 

greater.  

 

Flow rate wise of Gavleån will follow the statistic, for it is not the main concern of cooling 

power calculation, and except extreme condition where during particular month of a year, 

unusual amount of precipitation raises the flow rate to a very high level or vice versa, as it can 

bring some influence to the auxiliary requirement along the river water delivering line. But 

beyond the extreme conditions, flow rate change caused auxiliary power demand is neglected. 

 

3.2 IDA-ICE simulation 

IDA-ICE is the program used to simulate indoor climate, cooling & heating demand and energy 

consumption. It is a product of EQUA Simulation AB, a Swedish company dedicate to provide 

flexible and professional solution with simulation tools, mostly indoor environment. The 

program allows users to build the building model with a friendly framework, set up 

configurations with many options and come out with accurate, detailed, very much desired 

results.  
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IDA-ICE supports AutoCAD (Computer aided-design, Adobe modelling program) drawings. 

For project as this thesis work, the very first job is to map the building schematic with printed 

drawings (provided by Akademiska Hus AB) in AutoCAD. Then import it to IDA-ICE interface 

so one can define external/internal walls, different zones and building geometry.  

 

 

Figure 14 AutoCAD sketch, imported drawing in IDA-ICE interface 

 

In the modelling process, building body needs to be defined in the “Floor Plan” first, the total 

height of the building, ground level and building geometry. Afterwards, zones will stay within 

the building body and “stuff” the empty frame with numbers of rooms, corridors, staircases, etc. 

So it is important to model the building body correct and as accurate as possible. As shown in 

Figure 15, the library building of the university is a combination of multi-semicircle shaped 

structure, to be able to complete the model with windows inserting, the semicircle shape was 

approached with a few sides forming a polygon which followed the basic outline of the library 

 

 
Figure 15 Library building floor plan in IDA-ICE 

 

The same process applied to modelling the zones, as they attach to the shape of building body 

as zones share the height setting with building body as well, each floor needs to have height 

defined individually and accordingly. The IDA-ICE model created in this project were 

subjected to basically different types of zones: corridors, staircases, attic and lifts were defined 

as passive zone, where the area were not most saturated by human activities; classrooms, offices, 

reception and the major part of library/conference room were defined as active zone, where 

most human activities happen. The reason behind it is because the more saturated zones need 
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more ventilation, more cooling to remove the surplus heat from human metabolism, equipment 

heat emission and pollutants largely from human exhaustion. And therefore active zones will 

have high energy consumption rate compare with passive zones.  

 

 

Figure 16 Zone build up in 3D 

 

After the frame is “stuffed” with different zones, the next step is to setup all parameters and 

miscellaneous like windows, ventilation system, lightings, heater, cooler and infiltration 

coefficient, building orientation, ground property, thermal bridge, construction composition, etc. 

So energy wise, it is ready to go through the simulation program. Key information such as U-

value for wall, window, internal thermal mass, ventilation rate or so were offered by 

Akademiska Hus AB. Indoor and outdoor temperature were set with regular values, which were 

18 oC for winter indoor minimum, 25 oC for summer indoor maximum. The outdoor air 

temperature was bounded by a “Gävle normal year” climate file input to IDA-ICE provided by 

co-supervisor Mathias Cehlin.  

 

 

Figure 17 Zone settings 
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Figure 18 Wall construction and window configuration 

 

 

Figure 19 Air handling unit & thermal bridge 

 

With all settings finished, last step was to define the simulation parameters, the heating load, 

cooling load, the percentage of internal gains and most importantly, the simulation period. This 

project requires full year simulation on monthly basis, and take each hour as the time step from 

Jan 1st to Dec 31th as the climate file of “Gävle normal year” recorded average climate 

parameters from statistic. Some glitches might occur if simulation was ordered to run full year 

to Dec 31th, as past experience told. The simulation would cut off one or two days if had to, 

and only last to 29th or 28th to ensure the program runs correctly without potential simulation 

abort problem.  

 

Then the cooling power simulated result joined with the temperature measurements of Gavleån 

from 2014 which had its temperature gradient in the delivery pipeline calculated in the next 

part, could progress to the calculation process to make a fair estimation of either the cooling 

power extracted from the river water alone can be enough. Detailed tutorial of IDA-ICE 

modelling and simulation is laid out in Appendix A.  

 



 

37 

 

3.3 Calculation of water temperature through pipeline  

The direct distance between the water extraction site and the equipment house is 600 meters as 

mentioned, but the route will need to draw some bends, some extra length for construction 

demand, and it is expected to be no less than 800 meters instead. The pipe is assumed to be well 

insulated given the fact that normally pipeline is buried one to two meters underground and 

coated with rather thick insulation.  

 

To know the heat loss along the pipeline first step in the procedure is to calculate the Shape 

factor of the pipe with equation 

 

𝑆 =
2𝜋𝐿

ln(
𝐷

𝑟
)
  [11] 

 

And with the shape factor known the heat loss can be calculated with 

 

𝑞 = 𝑘 ∗ 𝑆 ∗ (𝑡𝑤 − 𝑡𝑒)  [12] 

 

Here 𝑘  is thermal conductivity of the pipe wall, 𝑡𝑤 is the pipe wall temperature, which 

roughly equals to the water temperature, and 𝑡𝑒 is the underground temperature that is being 

mostly consistent throughout a year. The amount of heat loss equals to the value of the result 

from equation [9] 

 

𝑃 = 𝜌 ∗ 𝑐𝑝 ∗ �̇� ∗ (𝑡𝑓 − 𝑡𝑖)  [9] 

 

Therefore the water temperature at the end of the pipeline is 

 

𝑡𝑓 =
𝑘∗𝑆∗(𝑡𝑤−𝑡𝑒)

𝜌∗𝑐𝑝∗�̇�
+ 𝑡𝑖  [13] 

3.4 Calculation and estimation of power balance 

After the water temperature calculated from last step the next is to calculate the power balance. 

First, throughout the year simulation outcome will point out the period of using free cooling 

and refrigerator assisted cooling, during hot season the river water will be used as cooler for 

refrigerator to produce chilled water. The options of refrigerators are compressor refrigerator 

and absorption refrigerator. Calculations will be carried out for both and with the outcome to 

judge which one is better choice to be installed according to the energy consumption and COP 

of both cooler types if the refrigerator assisted system is to fulfill the cooling demand of the 

university. There will be discussion to exam the advantages and disadvantages for the two types 

of refrigerators, in this particular case, one may be more suitable for the cooling system in the 

school than another.  
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Based on some typical refrigerator cooling capacity, the temperature of the chilled water will 

be estimated and calculated is the energy consumption of this production process with the 

equation of  

 

𝑃 = (ℎ0 − ℎ1) ∗ �̇�     [14] 

 

Where P is the refrigerator capacity, �̇� is the refrigerant or LiBr-water solution mass flow rate, 

and ℎ is the enthalpy of the solution corresponding to temperature checked from the LiBr-

water solution chart for the absorption refrigerator, when using compressor refrigerator the 

values are checked from the refrigerant steam table.  

 

 
Figure 20 LiBr-water solution chart (Singh and Kaushik, 2014) 

 

The mass flow rate of the refrigerant is to be calculated with equation [14]. As a determining 

factor, the capacity of refrigerator will be exam again with different parameters in the sensitivity 

analyze, as well as other factors such as pipeline flow rate, supply air temperature, etc.  

 

Cooling cost of compressor refrigerator and absorption refrigerator is then compared and select 

the more cost effective one, the power consumption of the WSC system is also compared with 

the power consumption of the existing cooling system. For the case of using a compressor 

refrigerator, the power consumption is from the compressor and pump; for the case of using 

absorption refrigerator, the consumption is only the pump, or if district heating cannot provide 

enough heat for the generator then additional heat is required for the refrigerator and it is 

included in the consumption calculation.  

 

To summarize, the interest of investing in a WSC system for the university is effected by the 

cost and performance of the system. The choice of refrigerator is determined with the same 

factors. Estimation of cost will not be detailed to minimize errors within the procedure due to 

the uncertainties. And seen from the change of climate, more environmental factors will be 

considered in a long term that relates to the life time performance of the cooling system, with 

environmental impact being an important issue as well.  
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4. Result and data process 

Results of this thesis work come with case study first, worldwide WSC project cases with 

different water source plus a local project case. And the cooling power demand of the University 

of Gävle comes second, covering monthly cooling load of the year 2014, for 7 buildings in the 

campus. Thirdly it is the calculation result for the water temperature at the equipment house 

end. With the water temperature variation judgement will come to the necessity of additional 

refrigerator and the estimated cooling power supply was derived. Lastly, the demand of cooling 

power and the supply of cooling power were balanced out for drawing the conclusion.  

4.1 Case study of water source cooling systems 

After introducing the basic theories and mechanisms, case studies are presented here to gain 

some understanding of how water source cooling system performs in existing projects. The first 

part of the case study is to briefly introduce some WSC projects around the world, suited for 

different situations, demands and limitations. The second half is a case study of a running WSC 

system installed at the local hospital, taking water from Gavleån as well, which gives a closer 

look of if a similar system is to be built in town sharing the same water source, what is to be 

expected. Also, the system performance of the campus site project will be estimated based on 

the hospital site project, the system efficiency parameters, the power balance, the additional 

refrigerator implemented in the hospital cooling system, etc.,.  

 

4.1.1 WSC projects world wide 

The brief presentation of worldwide WSC systems gathers a few project implemented in the 

recent 20 years or so. Most of them were built with sea water close by or large scale lakes, for 

the depth of these water bodies greatly satisfy the need of having chilled water below 10 degrees 

Celsius. The number of successful cases is not very large, yet almost every running system 

success in delivering pleasing amount of cooling power which helped to cool down buildings 

with very little power input needed.  

 

Lake Source cooling, Cornell University 

The source of this water cooling system comes from the lake of Cayuga at the depth of 76.1 m, 

near by the university. System start working in July, 2000, was set to replace the 40 years old 

central cooling system the school used to operate with, which connected 75 buildings at campus 

site though 16.1 km long pipelines. The ineffective old equipment and rising energy 

consumption brought the lake source cooling (LSC), as one type of WSC to provide renewable 

and highly effective cooling power. It was designed to reach 70400 kW of peak power carried 

by chill water flow of 2020 L/s at 4 oC. During 2000 and 2001, the system reached a peak of 

54600 kW and 56300 kW, and it had been producing cooling power which saved 2.2 * 107 kWh 

of electricity annually, which is 86% reduction in energy saving and large amount of pollution 
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from generating that much electricity. The plant is controlled with fully automatically system, 

and expected to operate over 75 to 100 years lifetime. (Peer and Joyce, 2002) 

 

 

Figure 21 Cornell University LSC project schematic and interior facility (Peer and Joyce, 2002) 

 

Seawater cooling, commercial building in Nagasaki, Japan 

A commercial complex in the city of Nagasaki, southern Japan implemented cooling system 

using seawater from local harbor. The commercial complex does not use seawater directly, 

extracted seawater flows through turbo chillers and delivered to the storage tank. The stored 

seawater is then transported to the several titanium plate heat exchangers, which produces 

cooling water for air conditioning in the commercial complex. The storage tank contains chilled 

water of 4500 m3 that works with the temperature difference of 5 oC to 12 oC, the average 

thermal efficiency of the storage tank is 88.5% and a peak value of 93.9 % in the year of 2000 

and 2001. The system is expected to cover 32% of the peak load cooling demand from the 

stored water. The designed parameters of the cooling system performance were required to have 

2326 kW cooling capacity from the heat exchangers at the flow rate of 286 m3/h. Auxiliary unit 

in this system are pumps for seawater and cooling water, at the consumption rate of 110 kW 

and 45kW, delivering 762 m3/h seawater and 476 m3/h respectively. Overall, the COP of this 

seawater cooling system reached 4.77 maximum. (Song, Akashi and Yee, 2007) 

 

 

Figure 22 Nagasaki city commercial complex seawater cooling system schematic (Song, Akashi and Yee, 2007) 
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Wastewater reuse for cooling 

Beside the natural water source, the recycle and reuse of wastewater have been put under the 

spotlight as water shortage has become a global issue. Rising industrial and residential need of 

freshwater put the supply in deficit while polluting soil or underground-river and lake with 

wastewater. In residential area, wastewater has gone through treatment and recycled for 

cleaning purposes. In industrial area, the main consumption of freshwater is for cooling 

thermoelectric power plant, cement production, mineral processing, steam production, etc. The 

wastewater from these production processes, with proper treatment can provide large cooling 

capacity instead of bringing more freshwater or producing dry air for the cooling. The main 

idea here, unlike building cooling system, is to save freshwater and reduce wastewater pollution, 

as wastewater treatment itself costs energy.   

 

Wastewater from production line outlet will go through a few treatment processes. Filtering the 

residues, chemical reaction to remove acid/alkali and toxic substance, cooled down by cooling 

tower or heat recovery system and eventually reused to cool down power plants. The cooling 

water in this case does not need to have very low temperature like what is required for cooling 

buildings. Water temperature coming out of cooling tower beyond 30 oC is acceptable. (Liu et 

al., 2012) Using treated wastewater effluent has been the choice of many thermoelectric power 

plants. Such as the Redhawk Power Plant in Arizona, U.S, 90% of plant cooling is covered by 

treated effluent water, which is accounted for about 24.5 ML/day. Much less freshwater bought 

and used only for cooling as the conventional method, less heat injection into natural water 

body which causes risk to the eco-environment, and less pollution from the wastewater. (Li et 

al., 2011)  

 

 

Figure 23 Wastewater treatment plant with power plant (Gude, 2015) 

 

4.1.2 WSC system at local hospital 

The local hospital of Gävle has been running the WSC system to provide cooling power. 

Gavleån river water is the source, and the distance between the hospital and the university is 

within walking range. The system running at the hospital is an excellent example to estimating 

possible performance of WSC system implemented at the university.  
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The hospital has about 300 physicians to cover an area of 150000 inhabitants. Cooling system 

runs all year around, during winter the river water is cold enough to provide free cooling for 

the system, in the hot seasons, river water is used as coolers for the refrigerators. Water intake 

location is shown as the red dot in the picture below.  

 

 
Figure 24 Gävle hospital and water intake location for cooling system (Google Map, 2015) 

 

Thanks to the introduction from Sture Johansson during two visits to the hospital and 

information from Niklas Lindmark at Gefle Energi AB, this paper can present data and picture 

for better understanding of the cooling system. The operating time of the refrigerator is 3680 

hours per year during which the river water is not cold enough. At the time of the visit, the 

device showed the river water pumped up from intake entering the condenser at 30 oC and left 

at 10 oC, the temperature of evaporator outlet was 6 oC and the average temperature of the 

chilled water supplied to buildings was at 8 oC. The refrigerator was fed on 198 m3/h river water. 

76 MW of power demand was recorded at the time and 2264.4 MWh consumed. Two 

refrigerators were set at site, one in operating status and another as backup, both with the 

capacity of 1.4 MW. The water intake was at half meter under the river surface, transported by 

a pump house of 37 kW. The hospital needed 2.5 MW during peak load and for the time being, 

the river water system used as a cooler for the refrigerator. The refrigerator has COP of 6, works 

with R134a as refrigerant. 

 

 

Figure 25 Schematic of cooling system at Gävle hospital (photo taken 11, 24, 2014) 
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4.2 Temperature measurement 

Statistic from SMHI and SLU shown that the average monthly water flow rate and water 

temperature of Gavleån from 1961 to 1990 in Table 3 and Table 4 below. However, the data is 

outdated due to climate change after 1990, water temperature is expected to rise with air 

temperature because of global warming, and the summer of year 2014 was perceived as one of 

the hottest summers in Sweden in decades. Therefore it was necessary to take measurement for 

the hot season of 2014 alone and calibrate with the statistic value.  

 

Table 3 Average flow rate of Gavleån 1961 to 1990, source: SMHI 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Flow 

rate m3/s 

18.2 18.1 18.8 31 44 13.8 10 12.1 15.8 18.5 22 19.2 

 

Table 4 Average water temperature of Gavleån 1961 to 1990, source: SLU 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Temperature 
.oC 

2 1 3 4.5 14 18.5 20 18 11 9 2 1 

 

As introduced in method, the measurement of Gavleån water temperature was taken on a deck 

beside the river. The period of measuring started from July 21th and ended by September 30th, 

twice a day at 8:00 and 13:00. In total of 144 measured temperature value of the river water, 

and broke down to several average values. Table 5 shows the average temperature of 

measurements taken at 8:00 and 13:00 of each month, also the average temperature of each 

month overall. Complete data sheet is included in Appendix B.  

 

Table 5 Average water temperature of Gavleån in 2014, 21th Jul to 30th Sep 

Average 

temperature, oC 

8:00 13:00 Overall 

July 21th to 30th 22.8 23.1 23 

August 1st to 31th 20 20.2 20.1 

September 1st to 30th 14.6 14.8 14.7 

 

Seen in Table 5, the temperature drop from August to September is significant, the last week of 

September the water temperature dropped to around 11 oC, which is fair close to the statistic 

value. But overall, compare the values of Table 5 and Table 4; it is clear that in the summer of 

2014, water temperature in the river was at least 2 degrees higher than statistic. The increased 

temperature means warmer water enters the pipeline, and likely more energy consumption to 

produce chilled water since the temperature required for building cooling is generally below 10 
oC. And starting from October the temperature if low enough, the system uses river water for 

free-cooling. 
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4.3 IDA-ICE simulation result 

 

Figure 26 Simulated buildings of the university (Hig.se, 2008) 

 

Buildings within the red box in Figure 26 were simulated for cooling power demand, though 

the system covers the entire campus, these buildings are the major energy consumers. 

Modelling and simulation were conducted and documented by IDA-ICE, this part of the result 

includes the input data of buildings, total cooling power demand (annually) and monthly 

cooling demand for the year of 2014. For clarifying, building 11, 12, 13 were drawn within one 

print and as these buildings are connected with corridors, all three buildings were modelled and 

simulated as one building block, named as building 111213. Same method applied for building 

2122 and building 313233, since building 111213 and building 313233 were built with very 

similar structure, these two building blocks were considered to have the same output and thus 

simulated with one model.  

 

There are some general settings in the simulation, which applied to all building models. 

 Climate and location: “Gävle normal year (2014)”, Gävle 

 Wind profile: Suburban (ASHRAE 1993) 

 Holidays: Public holiday in Sweden 

 Thermal bridge: typical 

 Cooling system: electric cooling COP = 4, according to Akademiska Hus AB 

 Infiltration: 0.5 ACH (Air Change rate per Hour) at 50 Pa pressure difference 

 Pressure coefficients: semi-exposed auto fill in IDA-ICE 

 Supply temperature: 19 oC to 25 oC depending on outdoor temperature according to 

Akademiska Hus AB, 22 oC taken as the average supply air temperature 

 Internal gain: 10 W/m2 for lighting, computer 120 W, server 463 W, occupant 1.0 MET 

 Simulation period: Jan 1st 2014 to Dec 29th 2014, maximum time step 1.5 hour 

 Heating and hot water: default settings in IDA-ICE, COP as 1 for both 
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4.3.1 Building 99 input data and result 

Input data 

Table 6 Building 99 input data 

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  2780.78  0.35  971.60  25.85  

Roof  1168.25  0.17  200.94  5.35  

External floor  1157.31  0.16  181.89  4.84  

Windows  1220.42  1.82 2221.16  59.1  

External doors  13.08  0.51  6.66  0.18  

Thermal bridges    175.68  4.67  

Wind driven infiltration airflow rate  3013.992 l/s at 50.000 Pa  

 

Internal gain 

Equipment, kW 17.6 

Lighting, kW 47.4 

Occupant, MET 311 

 

Energy consumption, kWh 

Table 7 Building 99, consumption 

Month  Zone heating  Zone cooling  AHU heating  AHU cooling  

   
    

1  72764.0  0.7  124831.0  0.0  

2  72582.0  13.0  131896.0  0.0  

3  34806.0  498.1  101329.0  0.0  

4  12981.0  8054.0  57625.0  2.0  

5  9165.0  13200.0  45243.0  80.3  

6  4747.0  24488.0  21084.0  2599.0  

7  2807.0  21822.0  12051.0  801.6  

8  4302.0  21067.0  18386.0  633.5  

9  8302.0  5660.0  39478.0  74.7  

10  20221.0  1206.0  70400.0  0.0  

11  38043.0  17.5  83835.0  0.0  

12  53735.0  0.0  95294.0  0.0  

Total  334455.0  96026.2  801452.0  4191.2  

 

Seeing from the result that in Building 99 due to the heat emission of servers, and large number 

of occupants in the classrooms, coolers in individual zones needs large capacity to meet the 

cooling demand for maintening the comfort temperature level. And as the coolers filling up 

most of the demands, cooling from central ventilation is a minor part of the whole system. The 

consumption in hot seasons is dramaticaly higher than it in the cold seasons, since there is free 

cooling in the cold seasons and instead of cooling, heating is the main concern when 

temperature drops below certain degree. The cooling done by zone coolers in cold seasons is 

expected for the computers and servers as air handeling unit operates only from Apr to Sep.  
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Figure 27 the monthly energy consumption, Building 99 

 

4.3.2 Building 51 input data and result 

Input data 

Table 8 Building 51 input data 

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  3536.83  0.53  1890.62  49.95  

Roof  1274.31  0.17  219.18  5.79  

External floor  1271.03  0.19  245.22  6.48  

Windows  661.92  1.90  1257.65  33.23  

External doors  12.96  0.51  6.60  0.17  

Thermal bridges    165.74  4.38  

Wind driven infiltration airflow rate  2439.534 l/s at 50.000 Pa 

 

Internal gain 

Equipment, kW 14.915 

Lighting, kW 41.36 

Occupant, MET 232 

 

Energy consumption, kWh  

Table 9 Building 51, consumption 

Month  Zone heating  Zone cooling  AHU heating  AHU cooling  Dom. hot water  

   
     

1  103546.0  0.3  73655.0  0.0  0.0  

2  102296.0  0.0  87141.0  0.0  0.0  

3  81485.0  0.0  51410.0  0.0  0.0  

4  47800.0  0.0  18427.0  1449.0  0.0  

5  37015.0  0.0  12326.0  2287.0  0.0  

6  21370.0  0.0  1329.0  16831.0  0.0  

7  20771.0  0.0  353.2  25478.0  0.0  

8  20710.0  0.0  1168.0  14319.0  0.0  
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9  36242.0  0.0  5053.0  2417.0  0.0  

10  58269.0  0.0  21641.0  0.0  0.0  

11  74144.0  0.0  32210.0  0.0  0.0  

12  85929.0  0.0  45302.0  0.0  0.0  

Total  689577.0  0.3  350015.2  62781.0  0.0  

 

Compare with Building 99, less computer heat emission occurs in Building 51, which results 

in a less zone cooler demand and the cooling is dominated by air handling unit. On the other 

hand free cooling of AHU (Air Handling Unit) drop the consumption to almost zero in the cold 

seasons without the need to cool down lot equipment. Another factor leads to a smaller cooling 

demand is the building orientation, Building 51 has the main façade faces west-east direction, 

either side would take less solar heat from morning to afternoon. 

 

 

Figure 28 the monthly energy consumption, Building 51 

 

4.3.3 Building block 111213/313233 input data and result 

Input data 

Table 10 Building block 111213/313233 input data 

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  5363.43  0.48  2566.18  48.92  

Roof  1832.48  0.17  315.19  6.01  

External floor  1832.53  0.22  409.53  7.81  

Windows  946.47  1.82  1722.58  32.84  

External doors  0.00  0.00  0.00  0.00  

Thermal bridges    231.98  4.42  

Wind driven infiltration airflow rate  4851.216 l/s at 50.000 Pa 

 

Internal gain 

Equipment, kW 37.3 

Lighting, kW 83.9 

Occupant, MET 415 
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Energy consumption, kWh 

Table 11 Building block 111213/313233 consumption 

Month  Zone heating  Zone cooling  AHU heating  AHU cooling  Dom. hot water  

   
     

1  64566.0  596.4  156744.0  0.0  0.0  

2  68077.0  483.4  166274.0  0.0  0.0  

3  36894.0  1806.0  129896.0  0.0  0.0  

4  8538.0  4044.0  80941.0  1.8  0.0  

5  1895.0  5584.0  68180.0  92.2  0.0  

6  -0.0  9260.0  33747.0  2822.0  0.0  

7  0.0  6770.0  21905.0  968.1  0.0  

8  0.0  11646.0  29832.0  690.3  0.0  

9  715.9  6771.0  54646.0  78.1  0.0  

10  11838.0  4078.0  91136.0  0.0  0.0  

11  28183.0  1628.0  105008.0  0.0  0.0  

12  45579.0  687.0  119226.0  0.0  0.0  

Total  266285.9  53353.8  1057535.0  4652.5  0.0  

 

Heavily equipment, lighting and occupants concentrated in Building block 111213/313233 

produce large amount of internal heat generation, seeing in the table is the zone cooler doing 

most of the task throughout the year. Normally free cooling in the cold season could cover 

majority of the need, however in this case, apart from the Apr-Sep cooling needed period, zone 

cooler still operating at a significant capacity level, notably in Oct the cooling done is non less 

than Apr and not much less than May. Although the total demand does not seem to be higher 

than the last two buildings shown, the seasonal demand demonstrates an obvious difference, 

without having servers as the largest heat emission unit placed in Building 99.  

 

 

Figure 29 the monthly energy consumption, Building block 111213/313233 
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4.3.4 Building block 2122 input data and result 

Input data 

Table 12 Building block 2122 input data 

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  2674.30  0.44  1173.00  24.00  

Roof  1898.31  0.17  326.51  6.68  

External floor  1888.41  0.22  419.79  8.59  

Windows  1499.40  1.84  2752.72  56.31  

External doors  35.28  0.51  17.95  0.37  

Thermal bridges    198.25  4.06  

Wind driven infiltration airflow rate  2584.479 l/s at 50.000 Pa 

 

Internal gain 

Equipment, kW 29 

Lighting, kW 64.1 

Occupant, MET 223 

 

Energy consumption, kWh 

Table 13 Building block 2122 consumption 

Month  Zone heating  Zone cooling  AHU heating  AHU cooling  Dom. hot water  

   
     

1  199604.0  0.3  73033.0  0.0  0.0  

2  194385.0  0.0  87733.0  0.0  0.0  

3  161989.0  0.0  49742.0  0.0  0.0  

4  100014.0  0.0  17820.0  1339.0  0.0  

5  82021.0  0.0  11711.0  2111.0  0.0  

6  41236.0  0.0  1218.0  15716.0  0.0  

7  30872.0  0.0  310.5  23564.0  0.0  

8  38048.0  0.0  1070.0  13239.0  0.0  

9  70036.0  0.0  4932.0  2225.0  0.0  

10  118532.0  0.0  20982.0  0.0  0.0  

11  145108.0  0.0  31302.0  0.0  0.0  

12  165684.0  0.0  44021.0  0.0  0.0  

Total  1347529.0  0.3  343874.5  58194.0  0.0  

 

Table 13 shows the cooling demand of Building block 2122 is large from the AHU, as a smaller 

building block two main reasons produced the consequence. First of all, there are 15 servers 

located in this building block, as the largest single heat emission source. Second, the envelops 

of this building block have a large portion of glass coverage, Building 22 alone is basically 

walled with glasses, solar heat transmits though the glass wall is much larger than buildings 

covered with less transparent envelope. However, the reason that the cooling demand did not 

end up higher is because the major part of the glass walls were built for the main corridor where 

the control temperature is from 18 oC to 25 oC, other than the 21 oC to 23 oC for office or 

classroom, and the larger tolerance of temperature demands less intensive cooling overall.  
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Figure 30 the monthly energy consumption, Building block 2122 

 

4.3.5 Building 41 input data and result 

Input data 

Table 14 Building 41 input data 

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  1744.56  0.31  534.78  43.69  

Roof  1232.13  0.17  211.93  17.31  

External floor  1232.13  0.21  261.12  21.33  

Windows  65.25  1.91  124.29  10.15  

External doors  15.00  0.51  7.63  0.62  

Thermal bridges    84.28  6.88  

Wind driven infiltration airflow rate  1608.924 l/s at 50.000 Pa 

 

Internal gain 

Equipment, kW 1.5 

Lighting, kW 19.7 

Occupant, MET 300 

 

Energy consumption, kWh 

Table 15 Building 41 consumption 

Month  Zone heating  Zone cooling  AHU heating  AHU cooling  Dom. hot water  

   
     

1  10209.0  0.0  142915.0  0.0  0.0  

2  12242.0  0.0  154470.0  0.0  0.0  

3  6939.0  0.0  114772.0  0.0  0.0  

4  1402.0  0.0  69306.0  2.2  0.0  

5  695.3  0.0  59509.0  85.6  0.0  

6  0.0  0.0  31230.0  2289.0  0.0  

7  0.0  0.0  20385.0  846.0  0.0  
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8  0.0  0.0  28480.0  562.2  0.0  

9  72.4  0.0  47217.0  73.9  0.0  

10  2107.0  0.0  78781.0  0.0  0.0  

11  4979.0  0.0  91233.0  0.0  0.0  

12  6828.0  0.0  105423.0  0.0  0.0  

Total  45473.7  0.0  943721.0  3859.0  0.0  

 

Building 41 has the least equipment concentration, also much less occupant activity on weekly 

basis as Building 41 being the conference hall, which results in limited internal heat gain and 

consequentially little cooling demand compare with other buildings. Besides, Building 41 has 

least windows coverage that receives relatively weak solar radiation.  

 

 

Figure 31 the monthly energy consumption, Building 41 

 

4.3.6 Building 23 input data and result 

Input data 

Table 16 Building 23 input data 

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

External walls  1913.45  0.26  492.33  14.53  

Roof  2313.52  0.17  397.92  11.74  

External floor  2313.73  0.14  323.05  9.54  

Windows  1049.73  1.84  1935.29  57.12  

External doors  15.60  0.51  7.94  0.23  

Thermal bridges    231.63  6.84  

Wind driven infiltration airflow rate  1608.924 l/s at 50.000 Pa 

 

Internal gain 

Equipment, kW 19.5 

Lighting, kW 52.7 

Occupant, MET 255 
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Energy consumption, kWh 

Table 17 Building 23 consumption 

Month  Zone heating  Zone cooling  AHU heating  AHU cooling  Dom. hot water  

   
     

1  43789.0  10.8  211836.0  0.0  0.0  

2  48243.0  63.4  227359.0  0.0  0.0  

3  25208.0  652.6  170167.0  0.0  0.0  

4  5945.0  4918.0  102440.0  3.6  0.0  

5  3552.0  7852.0  87461.0  110.3  0.0  

6  48.1  15736.0  46249.0  3124.0  0.0  

7  -0.0  17633.0  31092.0  1173.0  0.0  

8  -0.0  15955.0  42454.0  747.2  0.0  

9  789.0  6727.0  70074.0  102.9  0.0  

10  9459.0  2532.0  116943.0  0.0  0.0  

11  19674.0  386.7  135889.0  0.0  0.0  

12  29022.0  12.3  157321.0  0.0  0.0  

Total  185729.1  72478.7  1399285.0  5261.0  0.0  

 

Building 23 has one large façade facing south heated by solar radiation but the other façade 

very much shaded by Building block 2122. However, like Building block 2122, Building 23 

(the library) also has a large number of windows over the envelope. Solar heat and constant 

occupant activity contribute most of the heat gain, shown in the table, high demand of zone 

cooling as the outcome. External shadings over basically ever window reduced the solar heat 

somehow. Not modelled and simulated of the library is, the roof is coated with vegetation and 

the evaporation effect from the plants will take out some solar radiation at the roof. In validation 

sector the vegetation factor is taken into consideration, as well as a cooling reduction strategy 

debated in discussion.  

 

 

Figure 32 the monthly energy consumption, Building 23 
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4.3.7 Total cooling demand of all buildings and validation 

Table 18 Total cooling demand of simulated buildings 

Building 

cooling, 

kWh 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

99 0.7 13 498 8056 13280 27087 22623 21700 5734 1206 17 0 100207 

51 0.3 0 0 1449 2287 16831 25478 14319 2417 0 0 0 62781 

111213 596.4 483 1806 4046 5676 12082 7738 12336 6849 4078 1628 687 58006 

313233 596.4 483 1806 4046 5676 12082 7738 12336 6849 4078 1628 687 58006 

2122 0.3 0 0 1339 2111 15716 23564 13239 2225 0 0 0 58194.3 

41 0 0 0 2.2 85.6 2289 846 562.2 73.9 0 0 0 3858.9 

23 10.8 63.4 652.6 4922 7962 18860 18806 16702 6829 2532 386.7 12.3 77739 

Total 1205 1042 4763 23860 37078 104947 106793 91194 30977 11894 3660 1386 418792 

 

Sum up the demands of all simulated buildings Table 18 presents the final result is the total 

cooling demand counts for 418792 kWh. Validating the simulation result is comparing with the 

cooling consumption documented from Akademiska Hus AB is shown in Table 19 below.  

 

Table 19 Cooling consumption of University of Gävle, Akademiska Hus AB 2015 

Month Consumption, kWh 

Jan 15200 

Feb 18889 

Mar 23189 

Apr 34217 

May 52853 

Jun 58298 

Jul 86221 

Aug 73942 

Sep 60395 

Oct 49344 

Nov 29370 

Dec 18441 

Total 520309 

 

The results from simulation has an obvious difference from the Akademiska report, there are a 

few reasons behind it. First of all, the simulation as mentioned before, was built on seven 

buildings as the main consumers of the university, where as the report from Akademiska Hus 

covers the entire school apart from the laboratory building. Second, the simulation results report 
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cooling consumption of the AHU and zone coolers alone and not including the auxiliary unit 

consumption, while Akademiska documented all electricity cost of the entire cooling system, 

either it is the cooling production unit cost or the auxiliary electricity cost. Thirdly, there has 

been difficulties in accurately simulating the cooling consumption due to internal gain, the 

number of occupants, lightings, and equipment are approximate, likewise the exact heat 

emission load per object. Like being pointed out before, in the simulation free cooling basically 

take over the cold seasons demand, and therefore there are hardly presence of energy 

consumption in those months seeing from the results. But outside of the simulation in reality 

the strategy of cooling can be different. In Table 18, the significant readings are between April 

and October, counts for 414743 kWh, for the same period Akademiska recorded 415270 kWh 

which is fairly close to the simulation result, with only 1% of the margin. Therefore the 

simulation result is considered valid.  

 

4.4 Water temperature through pipeline 

The measured water temperature ranged from 23 oC maximum to 11 oC minimum, having 12 
oC in the gap. On the other hand the average value of each month, as mentioned before, being 

23 oC for the end of July, 20.1 oC for August, and 14.7 oC for September, noted with some 

significant drop when it came to September, so did the water temperature variation change with 

the season in pipe flow. The calculation of water temperature variation followed up the change 

during the season. 

 

Applying the method introduced, first of all, the input parameters are as follow: 

 Depth of pipe buried, D=150 cm, knowing from the hospital cooling system, the water 

intake by the river is half meter deep, burry the pipe deeper can help to release some 

pumping work requirement and reduce some electricity consumption. 

 Pipe radius in total, r=50cm, considering the thickness of insulation and the amount of 

water flow. 

 Pipeline length, L=800 m 

 Thermal conductivity of pipe, k=0.4 W/m2*k for a typical well insulated water pipe 

 Temperature of ground, Te=5 oC, as the typical Nordic ground temperature, temperature of 

pipe wall, Tw is to be defined in calculation 

 Working fluid properties, as water being the working fluid, density of water: 1000 kg/m3 , 

specific heat capacity of water: 4.2 kJ/kg*k 

 Water flow rate known from the hospital system is 198 m3/h, taken as 200 m3/h here 

Then employ the equations, the results are shown in Table 20 below. 

 

𝑆 =
2𝜋𝐿

ln(
𝐷

𝑟
)
  [11] 

 

𝑡𝑓 =
𝑘∗𝑆∗(𝑡𝑤−𝑡𝑒)

𝜌∗𝑐𝑝∗�̇�
+ 𝑡𝑖  [13] 
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Table 20 Temperature variation in pipe flow 

𝑡𝑤, 
oC 

23 22 21 20.1 19 18 17 16 15 14.7 13 12 11 

𝑡𝑓, 
oC 

23.14 22.13 21.12 20.22 19.11 18.1 17.09 16.09 15.08 14.78 13.06 12.05 11.05 

 

shows that the change in water temperature in the pipeline is at a certain low level, especially 

coming close to the end of September where the temperature dropped from 23 oC to 11 oC the 

difference is almost negligible, and it will have very little effect to the system overall, even 

though the pipeline can be approximately 800 meters long.  

 

 

Figure 33 Initial temperature and final temperature 

 

The average value of final temperature is therefore taken as: 23.14 oC, 20.22 oC and 14.78 oC, 

all above the acceptable level of not higher than 10 oC, meaning additional refrigerator is needed, 

either it be compressor refrigerator or absorption refrigerator, which will be judged in the 

following part. 

 

4.5 Cooling production cost 

The temperature of cooling water through pipeline has been calculated and shown the average 

value of July, August and September. Temperature of other months will be taken from statistic. 

As shown in last part the change of temperature though pipeline is negligible, therefore the 

cooling water temperature will be considered same as river water temperature. In this part, 

compressor cooler and absorption cooler will be studied with the cooling water as cooler for 

the condenser, compare the energy consumption of each type of cooler to select the more 

efficient one.  
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4.5.1 Compressor cooling method 

The potential output of cooling power from compressor cooler is studied here with a basic 

compressor cooling cycle, and as part of the estimation work, some values are taken with 

assumptions within common knowledge.  

 

 

Figure 34 Basic compressor cooling cycle 

 

The values of assumption:  

 Compressor outlet temperature T2 = 36 oC 

 Evaporator outlet temperature T1 = 4 oC 

 Condenser outlet temperature T3 = 20 oC 

 Cooling water outlet temperature is 1 oC higher than the inlet temperature, little 

temperature difference due to the large flow rate 

 Ideal state, no losses in the cycle, heat transfer efficiency at 100% for all components and 

working medium has no liquid-vapour mixture state 

 

The cooling production of the cycle: 

 

𝑃 = (ℎ1 − ℎ4) ∗ 𝑚𝑅134𝑎̇ , [14] 

 

The value of enthalpy is checked from R134a properties table from Fundamentals of 

Engineering Thermodynamics by Moran and Shapiro (Moran and Shapiro, 2005), included in 

Appendix B. The table requires knowing of the corresponding temperature of each state. T4 

equals to T3 given by the isothermal process within the valve. At the inlet of the condenser, T2 

= 36 oC with corresponding pressure of 9.1168 bar, and enthalpy of 266.40 kJ/kg, vapour state; 

at the outlet, T3 = 20 oC with corresponding pressure of 5.7160 bar, and enthalpy of 77.26 kJ/kg, 

liquid state (Moran and Shapiro, 2005).  
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If the system is to fulfill the cooling demand of the university which is 418792 kWh by the 

simulation result, then the equation is written as  

 

𝑚𝑅134𝑎̇ ∗ (ℎ1 − ℎ4) ∗ 𝑡 = 418792 𝑘𝑊ℎ 

 

Since T3 = T4, so h3 = h4. T1 = 4 oC with corresponding pressure of 3.3765 bar and enthalpy of 

249.53 kJ/kg, vapour state. The university cooling production operates from May to September 

in total of about 3600 hours. So for the least the mass flow rate of R134a 𝑚𝑅134𝑎= 0.68 kg/s, 

as the minimum work input of the compressor is: 

 

𝑊𝑖𝑛 = (ℎ2 − ℎ1) ∗ 𝑚𝑅134𝑎̇ ∗ 3600̇  ℎ𝑟 = 41297 kWh 

 

Therefore the COP of such refrigerator cycle is 418792 kWh/41297 kWh = 10.1. Now the COP 

of this cycle is somewhat beyond reasonable value and about triple of normal compressor 

refrigerator performance, which could mean in reality it is not possible to have a system 

working with such high performance constantly. But the calculation is carried out all at ideal 

state, no losses, no liquid-vapour mixture and all components operate at 100% efficiency, so in 

reality the COP of the cycle could be 4 or 5 instead of 10.1, which is still very decent 

performance.  

 

Sensitivity analysis for compressor cooling cycle 

Considering the variable of temperature of each state in the cycle, the sensitivity analysis is 

performed to exam if the assumed values were different, what could be the alternative outcome 

of the calculation. The temperature of compressor can rise dozens degrees higher than the 

assumed value and the temperature of other states rise with it, but given by the fact that here it 

is installed for cooling production other than acting as a heat pump or more, the temperature at 

compressor outlet is limited to not be over 50 oC. 

 

The alternative assumed value: 

 Compressor outlet temperature T2 = 42 oC as alternative A, or 48 oC as alternative B 

 Evaporator outlet temperature T1 = 5 oC as alternative A, or 6 oC as alternative B 

 Condenser outlet temperature T3 = 30oC as alternative A, or 36 oC as alternative B 

 Compressor and evaporator have the efficiency of 75% as alternative A or 80% as 

alternative B, the rest of the cycle is in ideal state. 

 No change in cooling water temperature difference 

 No change in other relevant parameter of the cycle 

 

Energy consumption calculation with efficiency with equation [15], 𝜂 is efficiency, apply the 

alternative parameters and the results are shown in Table 21: 

 

𝑃 = 𝜂 ∗ (ℎ1 − ℎ0) ∗ �̇� [15] 
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Table 21 Compressor cooling cycle sensitivity analysis  

 R134a mass 

flow, kg/s 

Work input, 

kWh 

COP 

Alternative A 0.98 89564.16 4.7 

Alternative B 0.97 94633.2 4.4 

 

The alternative output shows that if the system operates with higher temperature, the 

performance of cooling production is dropped significantly, in the case of Alternative B the 

working efficiency of compressor and evaporator is higher than the case of Alternative A, the 

COP of it came out lower as 4.4 to 4.7, due to the higher temperature Alternative B operates 

with. So to increase the system performance and minimize compressor work input it is best to 

operate the system at lower temperature overall. And it is also clear that with the introduction 

of working efficiency it is clear that the COP was largely affected as it would be in reality.   

4.5.2 Absorption cooling method 

 

Figure 35 Absorption cooler schematic (Singh and Kaushik, 2014) 

 

The second option is absorption cooler, like compressor cooler it is studied with a basic single -

effect absorption cooling cycle as well, with reasonable assumptions of some parameters. Heat 

source of the generator is considered to be hot water from district heating provided by Gefle 

Energi AB, the hot water temperature in the hot season is around 70 oC flowing in the pipeline 

24/7. The temperature of the hot water could be a limiting factor of utilizing different system 

setup. 

 

The values of assumption (Singh and Kaushik, 2014): 

 Temperature of the generator T7 = 60 oC 

 Temperature of condenser T8 = 30 oC 

 Temperature of absorber T1 = 20 oC 

 Temperature of evaporator T10 = 4 oC 

 Cycle works in ideal state, no losses, 100% efficiency for all components 

LiBr-water solution chart for enthalpy value with certain temperature is shown in Figure 36. 
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Figure 36 LiBr-water solution chart (Singh and Kaushik, 2014) 

 

If the system is to meet the cooling demand of the university 418792 kWh from May to 

September, or 116.33 kW in 3600 hours, then apply equation [14] and change the parameters 

 

𝑃𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑜𝑟 = (ℎ10 − ℎ9) ∗ 𝑚𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟̇  

 

𝑚𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟̇ ∗ (ℎ10 − ℎ9) = 116.33 𝑘𝑊 

 

Since T8 = T9 = 30 oC, hereby check the solution chart and h8 = h9 = 126 kJ/kg. After evaporator 

LiBr and water separate and it is saturated water vapour to join the solution again in the absorber, 

so when T10 = 4 oC, check table for Properties of Saturated Water (Liquid-Vapor) from 

Fundamentals of Engineering Thermodynamics (Moran and Shapiro, 2005), and the enthalpy 

h10 = 2508.7 kJ/kg. Results as 𝑚𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟̇  = 0.05 kg/s, for the LiBr-water solution, the mass 

balance is: 

 

𝑚𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟̇ = 𝑚𝑤𝑠̇ − 𝑚𝑠𝑠̇   [16] 

 

Here 𝑚𝑤𝑠̇  is the weak solution mass rate and 𝑚𝑠𝑠̇  is the strong solution mass flow rate, the 

circulation ratio 

 

𝜆 = 𝑚𝑠𝑠/𝑚𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟 [17] 
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Derive the equations 

 

 𝑚𝑤𝑠 = (1 + 𝜆) ∗ 𝑚𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟 

 

In addition, the concentration of weak solution is ξ𝑤𝑠 = 0.48, while for the strong solution ξ𝑠𝑠 

= 0.56, given the mass balance 

 

m𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟 + (1 + ξ𝑠𝑠) ∗ m𝑠𝑠 = (1 + ξ𝑤𝑠) ∗ m𝑤𝑠  

 

m𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟 + (1 + 0.48) ∗ m𝑠𝑠 = (1 + 0.56) ∗ m𝑤𝑠 

 

 

Combine the equation it is concluded as 

 

𝜆 =
ξ𝑤𝑠

ξ𝑠𝑠−ξ𝑤𝑠
= 6 [18] 

 

Therefore 𝑚𝑤𝑠̇  = 0.35 kg/s and 𝑚𝑠𝑠̇  = 0.3 kg/s. Put the values into generator calculation 

where T7 = 60 oC, the fluid is saturated water vapour, h7 = 2609.6 kJ/kg (Moran and Shapiro, 

2005). In the generator fluid goes through latent heat transfer, the process changes phase but 

not temperature, meaning T4 = T7 = 60 oC, as LiBr-water strong solution liquid state, h4 = -

112.46 kJ/kg. 

 

During the heat exchanger process between the strong solution and the weak solution,  

 

Pstrong solution = Pweak solution, meaning 

 

m𝑠𝑠 ∗ (ℎ3 − ℎ2) = m𝑤𝑠 ∗ (ℎ4 − ℎ5) 

 

As a latent heat transfer process T5 = T2, but in different state, working fluid enters the heat 

exchanger as weak solution, join the strong solution from the generator and becomes strong 

solution again, seeing the difference in enthalpy is at 20 oC, ℎ5 = -195 kJ/kg and ℎ2 = -180 

kJ/kg. Calculated with these parameters resulted in ℎ3 = -83.7 kJ/kg (Singh and Kaushik, 

2014).  

 

For the generator,  

 

𝑃𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 = ℎ7 ∗ 𝑚𝐿𝑖𝐵𝑟−𝑤𝑎𝑡𝑒𝑟̇ + ℎ4 ∗ m𝑠𝑠̇ − m𝑤𝑠̇ ∗ ℎ3 =126 kW 

 

As for the pump, since the working fluid mass flow rate is only 0.05 kg/s, compare to 0.68 kg/s 

of refrigerant mass flow rate of the compressor cooler it is going to cost much less electricity, 

at the pump inlet the fluid is under 6.1 mm Hg pressure and 32 mm Hg pressure at the outlet.  

Calculated with equation [19], 𝑔 is the acceleration of gravity, 𝑡=3600 hr and H is Hg pressure. 

 



 

61 

 

𝑊𝑝𝑢𝑚𝑝 = �̇�𝑤𝑠 ∗ 𝑔 ∗ ∆𝐻 ∗ 𝑡 = 320 𝑘𝑊ℎ [19] 

 

So the COP of this cycle is: 𝐶𝑂𝑃 =
𝑃𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑜𝑟

𝑃𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟+𝑊𝑝𝑢𝑚𝑝
= 0.92, the performance is considerably 

decent as single-effect absorption cooler but in reality the expected COP could drop to 0.6 to 

0.7. 

 

To provide enough heat for the generator, depending on the return temperature of the hot water 

from district heating, in the heat exchanger the hot water would have the mass flow rate by 

equation [9] with different parameters, where 𝑃 = 𝑃𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 = 126 𝑘𝑊,  𝑐𝑝 is the specific 

heat capacity of water, �̇� is the hot water mass flow rate, 𝑡𝑠𝑢𝑝𝑝𝑙𝑦  and 𝑡𝑟𝑒𝑡𝑢𝑟𝑛 are supply and 

return temperature of the hot water, 𝑡𝑠𝑢𝑝𝑝𝑙𝑦 = 70 oC. The results are shown in Table 22 below 

 

𝑃 = 𝑐𝑝 ∗ �̇� ∗ (𝑡𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑡𝑟𝑒𝑡𝑢𝑟𝑛)  [9] 

 

Table 22 Return temperature and mass flow rate of hot water 

Return water 

temperature, oC 

65 60 55 50 45 40 

Hot water mass 

flow rate, kg/s 

6 3 2 1.5 1.2 1 

 

The district heating is provided by Johannes CHP (Combined Heat and Power generation) plant 

that produces electricity and heat from biomass, heat is the priority product and electricity as 

the side-product. Although in the hot season heat production is much lower than it in the cold 

season, more heat consumption by the end user means more electricity produced by the 

condenser in the power plant, and that in the hot season is more depending on the hot water 

return temperature, the lower the return temperature, the higher the efficiency and by that more 

electricity production. So if the hot water return temperature is lower it does not only requires 

less water flow (that reduces the pump work input) but also increase the electricity production 

in Johannes, and create a mutual benefit situation.  

 

The COP of single-effect absorption cooler looks much less competitive to what of the 

compressor cooler; systems with higher COP like the double-effect or triple-effect absorption 

cooler are expected to offer better performance. But for the university in particularly, the current 

heat source available is from the district heating, which delivers hot water around 60 oC to 80 
oC, while the multi-effect system require high grade heat source, and the temperature level is 

far beyond what the district heating network is capable of. The option of direct-fire system or 

local boiler can reinforce the heat source magnitude, but installing extra heating system bring 

in extra cost when “free heat” is in the district heating, undermines the purpose of reducing 

energy consumption of cooling production with absorption cooler. Therefore single-effect 

absorption cooler, even has lower COP, is considered the better option.  

 

Sensitivity analysis for absorption cooling cycle 

Given by the alternative outcome of the sensitivity analysis for compressor cooling cycle 
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similar outcome should be expected for absorption cooling cycle, but because of the different 

working method of the absorption cooling cycle it is in fact the opposite. As mentioned if the 

system aims to have better performance as the double-effect or triple-effect system could offer, 

it is to be operated with higher temperature, stronger heat source in another word. The normal 

COP of single-effect cycle is 0.6 to 0.7 (Rydstrand, 2004), 1.0 to 1.2 for double-effect cycle 

(Herold., et al, 1996) and 1.4 to 1.6 for triple-effect cycle (New Building Institution, 1998. At 

the same time the higher COP of the system, the higher temperature it works with, as the double -

effect cycle needs over 100 oC and triple-effect cycle exceeds 200 oC.  

 

As for the working efficiency of each components would surely affect the output of the system, 

the higher the efficiency the more optimum performance is processed by the system. The heat 

source on the other hand, since the need of heat is increased, if the system is still supplied by 

hot water from district heating, the flow rate of hot water is expected to increase for larger heat 

flux. Also due to the expansion of the system as the generator and condenser would have double 

or triple numbered in double-effect or triple-effect system, the mass flow of LiBr-water solution 

will increase as well, which requires some pump work input, but does not impact the system 

performance overall.  

 

4.6 System cost estimation and balance 

If choosing compressor cooler, in ideal situation the system costs 41297 kWh in cooling 

production, while in reality the consumption is about twice of the ideal state value, over 80000 

kWh. If choosing absorption cooler, the only non-free cost from pump is about 45 kWh being 

in the ideal state, which can be about 500~700 kWh in reality and complete the same task of 

producing cooling even with much lower COP. The heat consumption for the generator is 

supplied by hot water from district heating which the university already includes in heating 

budget and is considered free for cooling production purpose. Compare the systems cost wise 

it is clear that absorption cooler is more cost effective. 

 

 

Figure 37 cooling effect peak load documented by Akademiska Hus AB in 2013 

 

According to Akademiska Hus AB, statistic shows in 2013 the university had the peak load of 
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4525 kW cooling demand for the simulated building blocks, the value is believed to be 

significantly higher than 4525 kW for the fact that the climate is getting warmer. In the study 

carried out by Zabala (Zabala, E. S., 2009), a Carrier-Sanyo 16TJ53 single-effect absorption 

chiller has a capacity of 2461 kW, to meet the demand of the university it is safe to consider 

install two 16TJ53 chiller, or three if one is needed for backup in case system break down 

happens in either of the operating chillers.  

 

A Carrier-Sanyo 16TJ53 absorption chiller costs 2700000 SEK (Swedish Kronor), for the cost 

of two chillers to meet the demand the cost of chillers is 5400000 SEK, if a backup chiller is 

needed the cost is 8100000 SEK, or like the study of Zabala considered a YRTBTBT0550C 

(YORK) compressor chiller which cost 600000 SEK and a total cost of 6000000 SEK.  

 

 
Figure 38 Residential and services sector energy price 1996-2012 (Swedish Energy Agency, 2014) 

 

The Swedish Energy Agency reported statistic of electricity price trend from 1996-2012 for 

residential and services sector, shown in Figure 38. The simulated cooling demand for the hot 

seasons was 418792 kWh, by the price of 2012 (180 öre = 1.8 SEK) the cooling cost is 753825 

SEK if all covered by electricity cooling, which means in the most desirable situation where 

the cooling demand does not increase over the years and neither does the electricity price, when 

the backup chiller is a YRTBTBT0550C (YORK) compressor chiller the payback year of the 

chillers alone is  

 

6000000 𝑆𝐸𝐾

418792 𝑘𝑊ℎ∗1.8 𝑆𝐸𝐾/𝑘𝑊ℎ
= 8 𝑦𝑒𝑎𝑟𝑠  [20] 

 

If the backup chiller is Carrier-Sanyo 16TJ53, the payback year is  

 

8100000 𝑆𝐸𝐾

418792 𝑘𝑊ℎ∗1.8 𝑆𝐸𝐾/𝑘𝑊ℎ
= 11 𝑦𝑒𝑎𝑟𝑠  
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So in the optimum situation, the investment for chillers will see a payback time of 8 years, with 

different system composition it is 11 years. However, the cooling demand is likely to increase, 

proved by the river water temperature measurement which in 2014 had at least 2 degrees higher 

than statistic as an example, and the electricity price trend will be even harder to predict, as it 

is affected by the global fuel market, regional energy market, carbon trade market, stock and 

government regulations, etc. For the concern of certainty in the estimation work, it is expected 

that at least cooling demand will be on the rise due to global warming, hence the increase in 

electricity cost for producing more cooling power, the payback year might see shortened to 6 

to 7 years, or 9 to 10 years with three absorption chillers. Compare to the life time of the chiller 

which is normally over 20 years, installing absorption chiller for cooling production can be a 

good investment.   

 

Zabala also studied on the pipeline cost in a planned central district cooling project, the cost 

estimation for pipeline buried underground was about 2700 SEK per meter and 2500 SEK per 

meter for marine pipe (Zabala, E. S., 2009). The assumed pipe distance from Gavleån to the 

equipment house of Akademiska Hus was at least 800 meters or up to 1000 meters if the routine 

takes more bending to avoid difficulties in pipeline construction due to traffic along the street, 

for the buried length, the marine part could be three meters to have decent water flow without 

drawing vegetation residue or garbage from river bank. And therefore in total the cost of 

pipeline is 2167500 SEK to 2707500 SEK. The total payback year for the project including 

pipeline and refrigerator is then 10 to 14 years in ideal state, or about 8 to 12 years with the 

increase of electricity price and cooling demand.  
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5. Discussion 

The thesis covered several aspects in the feasibility study, from site measuring, building 

simulation, to consumption calculation and ended with the cost estimation, apart from the 

literature review and case studies. For the major part of this work, due to limited data, 

information and tools, the results from the simulation, calculation and estimation contain 

uncertainties, and thus the output is not very accurate.  

 

The pipeline temperature variation calculation, to start with, was not a continuously time 

dependent study as it would better be, instead it was calculated as average values on monthly 

basis. Some previous studies showed that buried pipe with large flow rate and well insulated 

pipe would have little changes in the flow temperature along the pipeline, which could support 

the result, see Calance, 2014.  

 

In IDA-ICE simulation, the internal gains were more based on the normal condition of the 

building blocks; heat emission from human activity in particular could see much flexing values 

throughout the year, which also influence the emission from computers, printers and so on. To 

have the exact input value of internal gain is a difficult task that would require large amount of 

data measuring, collecting and processing. To deliver a reasonable and reliable output of the 

simulation some thumb rules were applied to the internal gain values, such as the 10 kW/m2 

lighting in office and classroom area, and common human clothing condition, were being 

helpful to simplify the task and generate the stable output, which as validated, had only 1% of 

error from the data documented by Akademiska Hus. 

 

The refrigerator calculation had sets of assumed values, which in a sense pre-dominated the 

results. The assumptions were based on actual works done by other studies, from text books or 

experience from seasoned experts that created boundaries to limit the calculation process in a 

way of producing less unreliable predictions. The sensitivity analysis of latter was then exam 

other possibilities if the system parameters had some difference, and extended the 

understanding of how the results could be presented differently. Worth explaining of the 

sensitivity analysis for the absorption cooling cycle is, due to lack of reliable data involving 

enthalpy, LiBr-water solution concentration and pressure at different temperature, the 

sensitivity analysis was only focusing on theoretical aspects, carrying out the calculation with 

a large number of uncertainties would not present reliable results for analyzing, but only risk 

of leading the understanding into wrong direction. Therefore the sensitivity analysis remained 

less comprehensive but only for being more reliable.  

 

In the cost estimation part, the decision making of chillers composition is one of the key factors 

of determining the payback year of the cost-effeteness of investing in additional chillers for the 

cooling system. Having a backup chiller is necessary, but though load management, the number 

of chillers could be reduced and so is the cost. As mentioned, the university has a peak load of 

cooling demand at 4.5 MW that must be covered by two Carrier-Sanyo 16TJ53 absorption 

chillers operating simultaneously, then another chiller as backup at the same time. But the peak 
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duration is not long term, but rather in a couple of hours. Meaning the time that two chillers are 

operating together is temporary, and the operating schedule can be organized being only two 

chillers in total, the backup chiller starts to warm up pre peak hour, and join the operating chiller 

to sustain the peak load together, then post peak hour one chiller remain operating while the 

other shuts down. So in total of two chillers could be enough for the task without investing for 

the third chiller. Take an average cost of the pipeline as 2437500 SEK, the payback year, in 

ideal situation would then be: 

 

5400000 𝑆𝐸𝐾+2436500 𝑆𝐸𝐾

418792  𝑘𝑊ℎ∗1.8 𝑆𝐸𝐾/𝑘𝑊ℎ
= 10 𝑦𝑒𝑎𝑟𝑠, or 7 to 9 years in reality 

 

For the concern of life time performance, two chillers should take turns in which operates full 

time while the other being backup and only join the production at peak hour. The second day 

or week, the backup chiller act as the main unit that operates for full time so the chiller that 

worked full time before could have a break, for maintenance, and less system fatigue. In such 

rotation two chillers would last longer life time and experience less performance drop in long 

term.  

 

There have been some discussions about the refrigerant used in absorption chillers. LiBr-water 

solution is commonly used, but the solution itself has flaws, corrosive damage being the 

primary concern, then comes along the crystallization and limited low temperature difference 

but performing with higher COP value. The other commonly used refrigerant is ammonia-water 

solution, is more complicated than LiBr-water solution based chiller, due to the highly volatile 

nature of both water and ammonia, the solution must be carefully handled in terms of 

temperature and solution concentration or otherwise explosion could happen, the solution is 

driven under high pressure and high temperature difference, adding more potential danger 

factors. However, ammonia-water solution faces less risk of freezing when cooling under 0 oC 

is needed, mostly in industrial applications, LiBr-water would have limitation of being easily 

crystallized being at low temperature. For the university, on the other hand, under zero degree 

cooling is not needed, safety and high efficiency are more encouraged, therefore LiBr-water 

solution used in the absorption chiller is more suitable.  
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6. Conclusion 

The aim of this thesis was to study the feasibility of using river water from Gavleån in assisting 

the cooling system of University of Gävle, the outcome of the study suggest there is a potential 

of this project in plan could deliver promising outcome. Limited as the depth and water 

temperature of the river, with additional refrigerator to help producing chilled water the cooling 

system will be able to meet the cooling demand of the campus within reasonable budget. The 

study suggests that despite the low COP value, absorption chiller is better option over 

compressor chiller in cooling production for the university, as it utilize hot water from the 

district heating network as main driving energy source and much less consumption of electricity 

to better suit the goal of reducing cooling consumption overall with the use of river water.  

 

As being noted by the beginning of this work, water body with decent depth and happen to be 

around a major cooling consumer is not very common worldwide, shallow water body comes 

across cities more often and is more accessible as the source of cooling water, although the 

temperature of it is not likely to be low enough for free cooling usage, it is possible to be used 

as cooler for cooling system, specifically the refrigerators. The WSC system of Gävle local 

hospital is a standing example of success and this study shows the possibility for another 

successful case to implementing it for the university, which both projects extract cooling water 

from the same river.  

 

There is room for improvements in this thesis work, the lack of data or information, the lack of 

accuracy, and being more detailed, more comprehensive, future work can extend and expand 

the content to solve these problems. By the meantime, consider the cooling system as a whole 

in the university, the production, the distribution, the end use, and improve the whole system 

with integrated renovation plan. Produce cooling with less consumption is one thing, reduce 

consumption of buildings is another major issue, plus minimizing losses in the distribution 

system. Of all the simulated building blocks, windows and external walls are responsible for 

most of the heat gain from solar radiation, granted is replacing windows and external walls with 

more energy efficient materials could cost substantially, but installing more and better external 

shading for windows and like the handling of the library roof which is covered by green plants , 

could reduce the cooling demand while be less expensive. Re-exam the cooling system at end 

use and develop higher efficiency cooling device for less waste use of cooling and better 

thermal comfort. Also as discussed, better load management for chiller operating schedule and 

strategy would reduce the electricity consumption.  

 

Cooling water from river as cooler combined with hot water from district heating as heat source 

is a good cooperation to provide cost-effective cooling as much as this thesis studied. Free 

cooling in cold season is even more attractive for all of the alternative measures reduce cooling 

consumption, by which reduce pollution from power plant, emission of CO2, while at the same 

time offer comfort, fresh and healthy indoor climate as intended.  
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Appendix A 

1. IDA-ICE modelling and simulation tutorial 

This is a step by step tutorial to demonstrate the modelling and simulation process of IDA-ICE 

involved in this thesis work. There were seven buildings in total modelled and simulated for 

the cooling power demand, this tutorial is going to take Building 51 (Hus 51) as an example, 

every step is included therefore for any who like to replicate the processes and verify the 

modelling and simulation, will have a clear idea of how it was done and whether it was 

following the proper method.  

 

1.1 Convert building drawing from PDF print to AutoCAD file 

The building prints provided by Akademiska Hus AB were received in PDF file, which IDA-

ICE would not read, but is vital to modelling the buildings. So the first step is to convert PDF 

prints to AutoCAD file.  

 

1. Open up AutoCAD and the PDF print document. Drag the wanted PDF file to the 

AutoCAD interface. Here the chosen one is Hus 51_plan 2.pdf, it means Building 51, floor 

2. Try selecting a print that shares most the structural characteristics with other floor and 

process it first, then take the floors which are notably different than others and process 

those individually.  

 

 
Figure A 1 AutoCAD print input 

 

2. Upon doing step 1, AutoCAD will immediately requiring the number of page, which is 

one, the scaling factor, which in this case was about 3, given that the scale of the PDF print 

was 1:300. But do note that sometimes it scales more than the given ratio, and that is 

calibrated in the next step. Then AutoCAD will also require the desired rotating angle, 

check the orientation of the building and input the correct value in AutoCAD, this print 

was rotated for 270o counter clock wise.  



 

74 

 

 

3. After having the print settled down in AutoCAD work plane, choose one side of the 

building where it is easy to take measurement, select “Line” and create a straight line 

follows this side of the wall. Measure the length of using the “Measure” command, record 

the measured distance. Here it was measured to have about 6.5 meters.  

 

    

Figure A 2 Line and Measure command 

 

Then save the file with “Save as”, do remember to save it as AutoCAD 2004 version file, 

otherwise IDA-ICE will not read it and it cannot be imported. Or use AutoCAD file version 

converter and convert the file saved with current version to 2004 version.  

 

4. Now start IDA-ICE program, a new basic building model is automatically created by the 

program itself and ready for modelling.  

 

 

Figure A 3 IDA-ICE interface 

 

Go to “Floor plan”, and select “Import”. In the sub-menu select “CAD and vector graphic” 

 

 

Figure A 4 IDA-ICE floor plan 
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Import the saved file that was just created, close AutoCAD before that or IDA-ICE cannot 

import the file that is current still being used by AutoCAD. Here a red line was created to 

help for the understanding. Seeing the line is imported to IDA-ICE floor plan. Check the 

scaling in IDA-ICE, count the number of those little squares that the scale bar come across, 

divide the shown length of the scale bar by the number of the little squares, which gives 

the length of each square. Then count the number of squares the red line comes across. 

Here the scale bar ranges five squares, in total of 3 meters, which means each square has 

the length of 0.6 meters. The red line covers about some little less than 11 squares, 

therefore it has the length of about 6.5 meters. Consistent to the value measured in 

AutoCAD and that means the print dropped in AutoCAD was scaling correctly, and from 

here the building that is going to be modelled in IDA-ICE will have correct geometry value. 

The scaling verification is completed here. Or, if the two measured length are inconsistent, 

calculate the ratio between them, and scale the print in CAD again with the calibrated 

factor.   

 

 

Figure A 5 Example for validation 

 

 
Figure A 6 Scaling in floor plan 

 

 

Figure A 7 Sample line 

 

5. Now that the building print in CAD has correct scale, orientation, the sketching is started. 

Define specific color for external wall, opening of the building, windows, and different 

zone. As explained in “Method’ part of the thesis, the building was defined into two 

different types of zone: the active zone and passive zone, for where occupants are more 

likely to saturate and where are less saturated. Mostly, classrooms, offices, library, hall 

which a lot people stay to chat, stay to work, stay to have lunch, etc., are defined as active 

zone. Corridors with people stay stalled less often, elevator, staircases, and bathroom are 



 

76 

 

defined as passive zone. Active zone and passive zone are separated with yellow line in 

this modelling work, whereas external walls are shown as red, windows shown as blue and 

openings shown as green. Follow the print carefully and precisely to sketch the building 

geometry, and make different parts of it clear, the windows and openings are better to be 

sketched by a larger thickness or the building body and zone polygon lines in IDA-ICE 

will overlap the drawings, make it impossible to see where the windows, doors, openings 

are located. After done the sketching, also save as AutoCAD version 2004, and close it.  

 

 

Figure A 8 Verified AutoCAD sketch 

 

1.2 IDA-ICE general settings 

1. Open IDA-ICE, first thing to do is to complete settings in the “General” plane. There are 

a few important parts of the setting need to be attended in order to model and building 

correctly and will save lot troubles going through afterwards. These are the foundation of 

the building.  

 

 

Figure A 9 IDA-ICE, general settings 

 

“Location”, the program needs to know where the building is located, not very precise, just the 

coordinates of the town is enough, the longitude & latitude, elevation, and time zone. The 
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“Designed days” however, should be as precise as possible, especially the “Dry bulb”, “Wet 

bulb” temperature value. These values will take part in calculating the heating and cooling 

demand of the building. The “Climate” plane will require a climate file of the town, which 

includes the climate data of a normal year climate according to statistic. It is very important 

parameter regarding the outdoor temperature, humidity, and solar irradiance, which determine 

the external solar heat gain, transmission loss, indoor humidity level, etc.,.  

 

 

Figure A 10 Location and climate interface 

 

“Wind profile” gives an idea of how strong the wind force is and how much infiltration it would 

effect, it depends on the local environment, whether it is very building concentrated, building 

loosely placed or it is a rural area where buildings are more scattered. The intensity of buildings 

affect how much wind pressure applies to building envelops. In the case of Building 51, it is set 

to be a suburban environment based on ASHARE 1993.  

 

“Holidays” setting organize schedule of occupants in the building, the time when occupants are 

likely to travel, work and stay in the building, the presence and absence of occupants make a 

significant difference of the internal heat gain therefore it is important to have the schedule set 

up here. The program came with the “Public holidays in Sweden (from Wikipedia)”, which suits 

the building well since it is built in a Swedish town.  

 

2. Move a bit right to some other general settings. These are the default parameters that apply 

to majority part of the building. It is more convenient to have these all set up instead of 

make changes to each wall, floor, and window individually.  

 

 

Figure A 11 Default setting, construction 
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In “Default” gives the materials of different building part, the external wall, internal wall, 

floor, doors, windows, etc. These materials can either be loaded from the library the 

program provides, or configured manually. For instance, one can decide the composition 

of the external wall by adding layers of different materials and thickness according to the 

building information at hand, so to have the correct U-value for each building part.  

 

 

Figure A 12 External wall composition 

 

Down below is the “Generator efficiencies”, IDA needs to know how heating, cooling and 

hot water in the building are provided and how efficient are the work done. There are three 

common selections of energy carriers, “Fuel”, “Electricity” and “District heating”, with 

certain COP. For Building 51, heating and hot water are provided by the district heating 

network like most Swedish public buildings, cooling is generated by electricity, the COP 

of these services is 4.  

 

 
Figure A 13 Generator efficiencies 

 

3. “Thermal bridges” are set to the typical value for the whole building since there was not 

enough evidence to tell which part of the building has weak thermal bridge, therefore it is 

for the certainty to have typical thermal bridges for all, and it is the same setting used for 

every building modelled in this thesis work.  

 

4. “Ground properties” and “Infiltration” followed the default setting as for most 

conventional buildings to have. “Pressure coefficient” was set to “Semi-exposed” and the 

programs will auto-fill the coefficient for all facades of the building.  

 



 

79 

 

 

Figure A 14 Pressure coefficient 

 

5. Further to the right is the “HVAC system”. It controls the air handling unit for the building 

and the plant that provides energy source for the building. Here one can go in to customize 

the entire air handling system, the supply temperature, supply method, change components 

in the system or change the efficiency for different units. Similar options for the plant are 

available too.  

 

 

Figure A 15 Air handling unit 

 

“Site shading and orientation” is better to be checked after defining the building body in the 

next part, since the change in building body geometry will effect position of shading in relation 

to building placement.  

 

1.3 IDA-ICE building modelling and simulation 

1. In the “Floor plan”, import the saved building sketch from AutoCAD. Once it is present 

in floor plan interface, move the building body on top of the drawing. Zoom in (in View 

submenu) and carefully form building body according to the drawing. Start the process by 

right clicking at the building body and select “Edit”, points will appear at every corner of 

the building body, left click at anywhere along a line will create a new point which seen as 

the starting point in cooperate with another point for a new line. Drag the line and follow 

the drawing, make sure it overlaps lines of the drawing precisely. If two points conflict, 

right click and remove one to avoid creating extra facade. Click “Done” when finished.  
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Figure A 16 Building body drawing 

 

2. On the left hand side is the properties of the building body. The building body defines the 

space and structural geometry, like a framework that covers the maximum outline of the 

entire building. Everything of the modelled building is placed within the building body. 

The properties plan defines the floor level and roof level of the building, with all corners 

of the building available for changing coordinates. Upon defining all properties, the 

building body would look like the figure shows below in 3D.  

 

 

Figure A 17 Building body in 3D 

 

3. Now that the building body has been shaped, “Site shading and orientation” should be 

defined. The building body can be rotated in this function to face the correct angle, and 

depending on the surroundings, shading objects can be inserted to the site (right click on 

shading object). And simulate the shading effect regarding solar gain of the building.  
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Figure A 18 Building orientation 

 

 
Figure A 19 Shading object 

 

4. After defining the building body it comes to inserting zones. Same as drawing building 

body, zones are created with editing lines and points. But before perfectly modelling all 

the zones, it is for time saving consideration to setup some default parameters for different 

zones. In “Floor plan”, check “Ordinary zone” and in the submenu “Show/Edit zones 

template…”  

 

 

Figure A 20 Zone template 

 

This zone template setting allow user to create “sample models” for different type of zones, 

with different zone height, room units, ventilation system, zone internal gains, internal mass, 

occupants/lighting/equipment schedule, zone construction and controller set-points. Check 

every option available for the building and input related parameters accordingly, then save the 

edited templates for types of zones. So when inserting all zones into the building body, there is 

little need to check each of the zones again, go into details and configure every parameters in 

every single zone, which is known to be very time consuming and error accumulating.  
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Figure A 21 Zone settings, temperature and air flow 

 

 
Figure A 22 Zone settings, internal gain 

 

5. Choose the floor that shares most common features with other floors. For Building 51, 

floor 2, 3 and 5 are almost consistent in terms of structure and room organizing. The 

basement and top floor are different due to the difference in utilities. Select the wanted 

type of zone template and load the correct controller set-points created in the previous step, 

start inserting zones at the second floor, do not let any zone have any part placed outside 

the building body or the program will report error and ignore that part of the zone. Edit the 

zone according to the imported CAD file, IDA will automatically adjust zone shape 

relating to building body geometry and neighboring zone geometry.  

 

 

Figure A 23 Zone build up 
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It is recommended to go into each zone inserted and check all the walls, external walls 

more specifically and look for any wall that has extra part appears like a thin layer which 

the wall does not feature in construction. This is possibly due to some adjacent conflict 

between two walls or at the conjunction part of two zones. It will come to be a problem 

when inserting windows, if the wall has undesired extra part and then a window is placed, 

the window will have undesired part, some string like layer “pulled” by the extra wall layer, 

and it will over shadow other windows placed nearby.   

 

6. Select the facades of each zone, look into “Advanced” menu, and check “Connect to face”, 

see in floor plan and choose the correct face for each wall respectively. It is related to the 

building orientation and therefore affected by solar irradiance and wind pressure. For 

basement, define floor and all façade as “Connect to ground”, for the top floor, define the 

ceiling as “Connect to roof”.  

 

 

Figure A 24 Facade connection 

 

7. After defined all the façade, the program will allow inserting windows. Get measurement 

of windows from the building drawing, in “Pallette” right click at “Windows” and insert. 

Like inserting zones, start with the most common windows installed for the building, 

define its geometry in window “Property”, then double click it to open up the window 

detail, make sure it has the correct U-value window pane numbers and binding settings. In 

the case of external shading device attached to windows, load the database for the basic 

device model and shape it to the correct geometry. Duplicate the common window model 

and place it carefully following the CAD drawing. Model and insert the less common 

windows individually. The windows have the U-value of 1.8.  

 

 

Figure A 25 Window property 
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8. Place openings using same method of inserting windows, now the second floor, also known 

as the most common structured floor is occupied with zones defined, select all the zones 

in this floor holding Shift and “Copy”. Then go to the “Level:0.0 m” menu at the lower 

right corner, click and change the floor level of 0.0 m to the level of the third/5th floor 

according to the floor height, the interface will turn to the new floor plan with no zones 

yet been placed. Here “Paste” all the zones copied and the third/5th floor will be modelled 

just like the second floor. This method helps to keep up the consistency for the building. 

The floors of less common features need to be modelled individually, using the modelled 

common floor and edit the zones can make it easier.  

 

 

Figure A 26 Building model in floor plan and 3D 

 

9. As all the floors modelling finished, the building will appear like the real one in 3D and it 

is ready to progress to the simulation process. Select the “Simulation” pane, within it check 

the “Custom-Simulation data”, setup the target simulation period here. As mentioned in 

Method, the simulation period is set to start from Jan 1st 2014 to Dec 29th 2014, avoid the 

possible breakdown of the simulation process due to some unknown issue within the 

climate file from the date of Dec 30th 2014 to Dec 31st 2014. Then click “Run” and the 

final process starts. The “Maximum numbers of periods” is set to be 1, since the simulation 

is not concerned with period, and the least number of period can minimize the simulation 

time.  

  

 
Figure A 27 Simulation setup 
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10. Wait until the simulation complete, after that IDA will give the results covering energy 

balance, heat loss, temperature variation, monthly heating/cooling consumption, thermal 

comfort level, etc., for the entire building and every zone inside it. Make report and exam 

in Microsoft Word and extract the cooling demand for Building 51. Here the IDA-ICE 

modelling and simulation part of the thesis work is ended.  

 

 

Figure A 28 Simulation results 
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Appendix B 

1. Water temperature measurement of Gavleån 

 

Table B 1 Water temperature measurement of Gavleån and air temperature in summer 2014 

  Water Air Water Air Water 

  8:00  13:00  Mean 

21, Jul  sunny 22.2 22 22.5 27 22.35 

22, Jul  sunny 22.5 23 22.7 28 22.6 

23, Jul sunny 22.3 24 23 30 22.65 

24, Jul  cloudy 22.7 24 22.8 27 22.75 

25, Jul  sunny 22.6 22 22.8 29 22.7 

26, Jul  sunny 22.5 23 22.9 32 22.7 

27, Jul  sunny 23.1 21 23.2 27 23.15 

28, Jul  cloudy 23.2 21 23.6 27 23.4 

29, Jul  sunny 23.2 24 23.5 27 23.35 

30, Jul sunny 23.4 22 23.9 25 23.65 

31, Jul  sunny 23.2 21 23.6 24 23.4 

1, Aug  sunny 22.7 21 23.2 24 22.95 

2, Aug  sunny 22.4 22 22.6 26 22.5 

3, Aug  cloudy 22.6 22 22.8 24 22.7 

4, Aug  sunny 23 26 23.3 34 23.15 

5, Aug  cloudy 23.2 26 23.1 28 23.15 

6, Aug  cloudy 23.1 23 23 26 23.05 

7, Aug  cloudy 22.8 22 22.9 22 22.85 

8, Aug  sunny 22.3 23 22.9 25 22.6 

9, Aug sunny 22.3 22 22.5 27 22.4 

10, Aug  sunny 22.5 21 22.7 24 22.6 

11, Aug  rain 22.1 21 21.9 19 22 

12, Aug  sunny 21.6 18 21.8 20 21.7 

13, Aug  sunny  21.3 16 21.6 19 21.45 

14, Aug sunny 21.2 18 21.3 21 21.25 

15, Aug cloudy  20.8 20 20.9 21 20.85 

16, Aug  sunny  20.2 19 20.4 20 20.3 

17, Aug  cloudy  19.5 16 19.8 19 19.65 

18, Aug  sunny 19.4 14 19.8 16 19.6 

19, Aug  cloudy  19.2 15 19.5 17 19.35 

20, Aug  rain 18.5 14 18.9 18 18.7 

21, Aug  rain 18.4 13 18.7 17 18.55 

22, Aug  sunny 18.3 12 18.8 18 18.55 
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23, Aug cloudy 18 12 18.2 17 18.1 

24, Aug  sunny 17.5 11 17.8 15 17.65 

25, Aug  sunny  17.2 13 17.5 18 17.35 

26, Aug  cloudy 16.9 13 17.2 15 17.05 

27, Aug  sunny  16.6 14 16.9 19 16.75 

28, Aug sunny 16.6 14 16.8 19 16.7 

29, Aug  sunny 16.7 12 16.9 18 16.8 

30, Aug  sunny 16.1 11 16.4 16 16.25 

31, Aug  cloudy  15.9 12 16.2 15 16.05 

1, Sep cloudy 15.6 12 15.9 18 15.75 

2, Sep  sunny 16 14 16.2 20 16.1 

3, Sep  sunny 15.9 14 16 22 15.95 

4, Sep  sunny 16.3 14 16.7 23 16.5 

5, Sep  sunny 16.1 14 16.4 22 16.25 

6, Sep  sunny 16 13 16.3 21 16.15 

7, Sep  sunny 15.9 14 16.2 20 16.05 

8, Sep  cloudy 15.8 15 16.1 18 15.95 

9, Sep  cloudy 16.2 12 16.4 20 16.3 

10, Sep  sunny 16.3 11 16.6 18 16.45 

11, Sep sunny 16.1 11 16.4 22 16.25 

12, Sep  cloudy  16.2 10 16.5 19 16.35 

13, Sep  sunny 16 9 16.3 20 16.15 

14, Sep  sunny 15.9 9 16.2 20 16.05 

15, Sep  sunny 15.6 9 15.9 21 15.75 

16, Sep sunny 15.5 10 15.7 23 15.6 

17, Sep  sunny 15.2 8 15.5 19 15.35 

18, Sep sunny 15.1 9 15.4 19 15.25 

19, Sep sunny 14.8 8 15 18 14.9 

20, Sep sunny 14.7 8 14.9 17 14.8 

21, Sep rain 14.3 6 14.6 14 14.45 

22, Sep rain 13.4 5 13.7 11 13.55 

23, Sep sunny 12.9 4 13.2 9 13.05 

24, Sep cloudy 12 6 12.2 8 12.1 

25, Sep sunny 11.8 7 12.1 13 11.95 

26, Sep rain 11.5 8 11.8 12 11.65 

27, Sep sunny 11.7 11 11.9 14 11.8 

28, Sep rain 11.5 9 11.8 11 11.65 

29, Sep cloudy  11.5 8 11.7 12 11.6 

30, Sep sunny 11.2 7 11.4 12 11.3 
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2. Cooling demand report, Akademiska Hus AB, 2013-2014 

 

Figure B 1 Cooling consumption of University of Gävle, 2013 to 2014, Akademiska Hus AB 
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3. Fluid thermodynamics property tables 

Table B 2 Water thermodynamics property table (Moran, 2005) 
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Table B 3 Water thermodynamics property table continued (Moran, 2005) 
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Table B 4 R134a thermodynamics property table (Moran, 2005) 

 


