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Abstract 

 

Wide use of datacentres and their high cooling demand has led to new ideas in reusing the 
excess heat coming from these facilities. An onsite heat pump and chiller system, by reusing 
and upgrading the excess heat subtracted from datacentres, can provide sufficient energy to 
warm up a number of buildings and cool down server rooms. Such onsite energy production 
system is already installed in the campus of Royal Institute of Technology – KTH in 
Stockholm, Sweden. This study is focused on evaluating the environmental performance of 
this system by concentrating on the important factors that influence the environmental 
impacts in terms of global warming potential. Additionally the onsite system is compared with 
the alternative of Stockholm’s district heating and cooling system based on their 
environmental performance for the same amount of delivered energy. The results show that 
electricity consumption during operation, embodied emissions and refrigerant leakage are 
the most important aspects that affect the environmental performance of the onsite system. 
The comparison with the district system showed that depending on the district heating and 
electricity impact factors, onsite system can have fewer impacts in the environment in terms 
of global warming potential.  

 

Keywords: life cycle perspective, embodied emissions, heat pump, chiller, refrigerant 
leakage, district heating, district cooling, datacentres energy reuse,  
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1 Introduction and background 

Efficient systems for heat production and supply with low environmental impacts have 

developed significantly in Sweden in the last 20 years. Growth of heat pumps installed in the 

building sector and extensive district heating network in the Swedish cities contribute to the 

abatement of energy consumption and environmental impact in terms of GWP (Gustafsson, 

Rönnelid, Trygg, & Karlsson, 2016). Over the last decade the amount of energy used for 

heating purposes in buildings was reduced from 89 TWh to 76 TWh (SEA, 2015a) thanks to 

renovation of existing and construction of new buildings with better thermal insulation 

properties (Brown, Olsson, & Malmqvist, 2014). In year 2013 the proportion of energy used 

for heating purposes in Sweden was up to 55% of the total consumed energy in buildings 

(SEA, 2015b). In the same year, 58% of the buildings were supplied with heat through district 

heating network while electricity use for heating purposes such as through heat pumps was 

up to 24% (SEA, 2015a). Since the 90s the number of installed heat pumps in existing, new 

buildings and especially houses increased steadily (Svenska Kyl & Värmepumpföreningen, 

2015). In 2013 almost one million heat pumps were already operating in houses which 

represent the portion of 52% of the total number of houses in Sweden (SEA, 2015b). 

Meanwhile, over the last 20 years cooling demand from companies and more specifically 

server operators has increased and as a result local district cooling companies have 

improved their network to cover this demand (SEA, 2015b). The use of internet and the 

demand for data storage during the last decade had led to an increased demand of 

datacentres facilities that store and handle all the data used by servers (Zhang, Wang, Wu, 

Shi, & Li, 2015). Apart from district cooling there are a variety of options to cover datacentre 

cooling demands (Capozzoli & Primiceri, 2015; Ebrahimi, Jones, & Fleischer, 2014; Van 

Geet, 2011). Most of the conventional solutions consume electricity in order to operate. It 

was estimated that by 2010, electricity use in data centres was 250 TWh or about 1.3 % of 

total worldwide electricity demand (Koomey, 2011).  It is estimated that 50% of the total 

electricity consumed by a datacentre is used for computing processes in the servers and 

eventually it is totally transformed into heat (Davies, Maidment, & Tozer, 2016). Another 40% 

of the total electricity is used for server cooling purposes while the rest 10% is electricity use 

mainly for lighting (Oró, Depoorter, Pflugradt, & Salom, 2015). The amount of heat produced 

in the server racks needs to be removed in order to assure functionality of servers under the 

proper temperature conditions. Recent studies investigated ways to cool server rooms and 

use it for heating purposes in buildings or through the local district heating network 

(Capozzoli & Primiceri, 2015; Ebrahimi et al., 2014). A common way of doing this is to use a 

two-step vapour compression chiller/heat pump system where the chiller extracts thermal 

energy at a low temperature rejecting it at an intermediate temperature. Thermal energy at 

the intermediate temperature is taken in by the heat pump that upgrades it to a high 

temperature at about 70oC. The installation reuses the extracted heat and upgrades from low 

grade heat into high grade heat available for air and water heating demand (Davies et al., 

2016; Intel Corporation, 2007). This method presents a very effective and efficient way of 

reducing the thermal energy consumption of the building by reusing excess waste heat and 

can contribute to achieving a green building certification (Intel Corporation, 2007; Van Geet, 

2011).  

Meanwhile, the building sector gives rise to environmental impacts not only during the 

operation of buildings but also during construction and production of subcomponents and 

materials. The latter are often termed embodied impacts. Recent studies have shown that in 
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a conventional building the embodied energy can constitute significant proportion of the total 

life cycle energy (Blengini & Di Carlo, 2010; Brown et al., 2014; Dixit, Fernández-Solís, Lavy, 

& Culp, 2012; Wallhagen, Glaumann, & Malmqvist, 2011). Newly constructed energy efficient 

buildings 

Additionally newly constructed buildings have  lower operational energy demand and 

therefore the proportion of the embodied environmental impact over a building’s lifetime 

increases in comparison with the impacts due to operational energy. An important influence 

factor in the environmental performance of buildings can be the regional heating and 

electricity production mix (Toller, Wadeskog, Finnveden, Malmqvist, & Carlsson, 2011). At 

KTH Royal Institute of Technology, Campus Valhallavägen in Stockholm, a chiller/heat pump 

system using just such a principle has recently been installed. Thermal energy extracted 

from the onsite data centre is upgraded by the system and fed into the campus-wide network 

for space heating and hot water. These heating and cooling demands were covered by 

Stockholm’s citywide district heating and cooling network. The new onsite system does not 

cover the campus’ entire heating and cooling demand and the campus is still therefore 

connected to the citywide district networks. 

Extensive research has been done on a variety of methods that focus on efficient cooling 

heat extraction from datacentre rooms. Also systems that reuse the extracted thermal energy 

have lately been applied and running. Nevertheless there is little knowledge on whether 

these systems might have effects the environment in term of GWP and if embodied GWP 

emissions have significant, or not, proportion of the system’s life cycle impact. Furthermore if 

there are other factors that can influence the environmental performance of such systems. 

The overall aim of this study is to investigate the lifetime GWP of the new Campus 

Valhallavägen chiller/heat pump system. In so doing we assess the hot spots over the 

lifetime and identify which are the important aspects with large GWP. The study also reveals 

whether embodied GWP emissions constitute a significant proportion of the total GWP due to 

the system, and whether it is an efficient environmental management strategy to establish 

procurement requirements for embodied GWP for the system. Additionally the study 

compares the lifetime GWP of the onsite heating and cooling system from the perspective of 

lifetime GWPwith the former system using only district heating and cooling from Stockholm’s 

citywide network.  

 

2 Methodology 

The comparative study is based on methodological framework of Life Cycle Assessment 

(LCA). LCA is described in the ISO standards 14040 and 14044 which helps to identify 

potential impacts that are associated with distinctive stages in the life cycle of a product or a 

service (ISO 14040, 2006). The life cycle usually consists of four stages: raw material 

acquisition, production, transport and use, and end-of-life disposal (ISO 14040, 2006). In the 

study presented here the identified impact category is global warming potential (GWP), in 

terms of CO2-eq emissions. The comparative study performed here is not an LCA study but 

rather an environmental assessment with a life cycle perspective.  

Since the assessment performed is related to the building sector the life cycle stages as 

described in the European standardization for building information assessment (EN 15978, 

2011) is followed. This standard sets out a methodology on how to calculate and how to 
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display the modular information for the different stages of building assessment. Table 1 

presents the modules of a building assessment. 

The assessment of the onsite system performed in this study considers the product stage 

(A1-3), transportation during construction (A4) and use phase with the sub categories of 

maintenance and replacement (B2, and B4) and operational energy use (B6) The rest of the 

processes are excluded in the assessment reported. 

 

Table 1: The stages of building information assessment as they are described in (EN 15978, 2011). 

Building Life Cycle Information 

A 1-3 A 4-5 B 1-7 C 1-4 

Product Construction Use End of life 

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C1 C2 C3 C4 
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B6 Operational energy use 

 

S = Scenario 

B7 Operational water use 

S = Scenario 

 

The onsite system, which from here will be stated as “OS”, was constructed from the 

beginning and therefore constitutes a complete installation. Processes related with material 

construction, production, transportation and operation are accounted for in the environmental 

assessment of the onsite system. The district system from here will be stated as DS, DH for 

district heating and DC for district cooling. Regarding the assessment of district system DS, 

only operational energy use (B6) is considered. This is because the DS already existed and 

was fully operational prior the installation of the OS. Had the DS been kept as original there 

would not have been any alteration in the infrastructure or operation. 

The comparison of the environmental impact between the OS and the DS will have as 

functional unit the delivered amount of thermal energy (heating and cooling) from the OS 

during a 30 year period. This is the time span that the OS was designed to be in operation 

and also the same as that for the life cycle cost (LCC) calculation that was performed before 

making the decision to invest on this system. 

The software that was used for the environmental assessment was SimaPro v8.1 

(PRé_Consultants, 2016). Inventory data for materials and processes used in the 

assessment were taken from EcoInvent v3.2 database (Weidema et al., 2013). The impact 

assessment method was ReCiPe (Goedkoop et al., 2009) with midpoint characterisation 
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values for the impact category of Global Warming Potential (GWP) presented in kg of CO2-

eq. 

Materials included in the OS are of various types, i.e. different types of steel, or stainless 

steel. Therefore assumptions were taken so that the different material types to be linked with 

one generic process in EcoInvent. Appendix B presents a detailed table of material inventory 

linked with processes in the EcoInvent database.  

Three scenarios were taken into consideration depending on location that system units were 

produced. These were linked with processes in EcoInvent referring to global datasets (GLO), 

European datasets (EU) and datasets that refer to the Rest of the World (RoW) excluding 

Europe. The variation in impacts among these three locations is due to different electricity 

production mixes during material manufacture as well as different processes in material 

extraction. Transportation from production site to installation site is also included. 

 

3 System description and data inventory 

3.1 Onsite heating and cooling system 

The comparative study presented here is based on the OS installed at KTH Campus. Due to 

the unique composition of the OS, and for the purpose of researching and evaluating, a 

general case of onsite heating and cooling production system is introduced. One case is 

referring to the KTH Campus system and it is called “KTH case” and the other is referred to 

as the “Generic case” where the system is slightly different. The main difference of the two 

cases is in the unit composition and therefore in material inventory. Both cases are assumed 

to produce and consume the same amount of energy during operation. Figure 1 and Table 3 

presents the units that were installed for KTH case and the units that are required for a 

generic case. 
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Figure 1: Schematic of the onsite system units and network where blue colour defines units for KTH 

case and red colour for generic case. Purple shading indicates that the units in question are 

considered in both cases. For complete schematics see Appendix A. 
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In brief both KTH and generic OS have the following functioning. The set of chillers and heat 

pumps produces heat using thermal energy from the primary coolant loop. The low-grade 

heat generated from the chillers is transferred via the chiller coolant loop to the heat pumps 

which raises the temperature up to 70oC and is then circulated in the primary heating circuits. 

Operation data for 2015 is presented in the Table 2. Based in these values the system has 

an overall COP of 4.32. 

The KTH case includes units that were newly installed for this specific project and will not be 

taken into consideration for the environmental assessment of this specific case. As shown in 

Figure 1 with blue colour, four chiller coolant liquid - air heat exchangers are excluded from 

the KTH case since they were already installed for previous use. Also some of the piping that 

connects the existing air heat exchangers with the chillers is excluded from the material 

inventory. The piping that connects the municipal DH network with the heat plate exchangers 

was kept and reused in the current system and therefore it is not included in the assessment. 

The piping connecting the DC network with the cold plate exchangers is newly constructed 

and therefore included in the assessment. 

Each heat pump and chiller unit consists of one screw compressor with evaporator and 

condenser shell tube tanks; refrigerant used is R134a. The heat plate exchangers have a 

variety of sizes and volumes and consist mainly of a steel frame and stainless steel heat 

transferring plates. The air heat exchanger that is newly installed consists of steel frame, 

cooling coils of copper tubes and aluminium sheets, and electric fans. 

 

Table 2: Yearly bought and consumed energy prior and after the installation of the onsite system. 

GWh 

Before installation After installation (May 2015 – April 2016) 

Bought from 
district system 

Bought from 
district system 

Production & consumption 
by onsite system 

Heating 26.4 17.9 8.5 

Cooling 14.0 0.7 13.3 

Electricity N/a N/a 5.0 

Total 40.3 18.6 26.8 

 

In the generic case it is assumed that fully functioning DH and DC is already in place with 

plate heat and cold exchangers and therefore they are not included in the environmental 

assessment of materials. As it is seen in Figure 1 with red colour, the set of four cold plate 

exchangers and the set of four heat plate exchangers are not included in the generic case. 

The rest of the units are necessary for the system operation. 

The piping network is assumed to be the same as in KTH case, apart from the section 

connects the cold plate exchangers with the DC network.  
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Table 3: Units required for KTH and generic case. 

Unit Number KTH Case Generic case 

Heat Pump 2 New installation Required 

Chiller 2 New installation Required 

Heat recovery 4 New installation Required 

Heat plate exchanger 4 New installation Not required 

Cold plate exchanger 4 New installation Not required 

Air heat exchanger (1+4) 4 existing,1 installed Required 

Piping - New installation Required 

Pipes connected to the district cooling network - New installation Not required 

 

3.1.1 Inventory of materials 

Materials included in the system are divided into two groups. One group contains all the 

machinery and units (chillers, heat pumps, heat plate recovery, heat plate exchangers, air 

heat exchangers and cold plate exchangers) that are manufactured and assembled before 

arriving at the installation site. The other group is the piping network which includes pipes of 

various types, sizes and dimensions, valves, tanks, pumps, expansion vessels and insulation 

material. Table 4 and Table 5 present the above unit groups and the total amount for each 

type of material as it has been calculated for each case respectively. 

The amount of materials was based on manufacturers’ data sheets and specifications. In 

some cases manufacturers (Alfa Laval) included material inventory in their Environmental 

Product declaration (EDPs) reports. Materials in piping network were calculated based on the 

bill of materials provided from the HVAC consulting company Bengt Dahlgren AB that 

designed the system. The bill of materials includes information like dimensions and amount 

of all components such as pipes, bends, T-branches, valves, insulation etc. Components that 

were few in number and their total weight was less than 1% of the total piping network 

weight, were excluded from the assessment. Materials that had small proportion of the total 

mass of a component (less than 1%) were also excluded. 

 

Table 4: Inventory of materials included in the onsite system for KTH case. 

Materials/Processes 
(kg) 

Chillers 
Heat 

Pumps 

Recovery 
heat plate 

exchangers 

Heat Plate 
exchangers 

Air Heat 
exchanger 

Cold Plate 
exchangers 

Piping 
network 

Total 

Steel 9 168 3 578 1 892 4 696 588 2 736 42 370 65 028 

Stainless Steel     901 4 384   3 876 20 528 29 689 

Insulation (rock wool 
& cell rubber) 

            7 855 7 855 

Copper 2 666 1 780     289   157 4 892 

Cast Iron             3 298 3 298 

Brass 100 48         1 330 1 478 

Aluminium         731   309 1 040 

Refrigerant R134a 
Production 

480 250           730 

Rest materials (below 
0.2%of total mass) 

132 74 17 88 37   165 513 

Total 12 546 5 730 2 810 9 168 1 645 6 612 76 012 114 523 
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Table 5: Inventory of materials included in the onsite system for generic case. 

Materials/Processes 
(kg) 

Chillers 
Heat 

Pumps 

Recovery 
heat plate 

exchangers 

Heat Plate 
exchangers 

Air Heat 
exchanger 

Cold Plate 
exchangers 

Piping 
network 

Total 

Steel 9 168 3 578 1 892 - 3 528 - 17 350 35 516 

Stainless Steel     901 -   - 20 528 21 429 

Insulation (rock wool 
& cell rubber) 

          7 855 7 855 

Copper 2 666 1 780    1 733  157 6 336 

Cast Iron           3 298 3 298 

Brass 100 48       1 330 1 478 

Aluminium        4 391  309 4 700 

Refrigerant R134a 
Production 

480 250         730 

Rest materials (below 
0.2% of total mass) 

132 74 17 - 221  165 609 

Total 12 546 5 730 2 810 - 9 873 - 50 992 81 951 

 

The project contractor for the OS (personal communication, Björnbergs Rör AB, March, 

2016,) could not provide detailed information about the amount of waste material arising in 

the construction of the OS. Therefore a standard 10 % waste factor was assumed over the 

quantity required according to the bill of materials acquired above. 

Components like cables, electrical control systems like cabinets and switches were excluded 

from the material inventory. Construction work on the existing building required for the 

system was also excluded. 

 

3.1.2 Use phase materials and processes 

As it is mentioned in the methodology section the assessment of the use phase includes 

module B2 (maintenance), B4 (replacement) and operational energy use (B6). The inventory 

of materials and processes for these stages are the same for both KTH case and generic 

case.  

The LCC report from the design stage of the system (Bengt Dahlgren AB, personal 

communication, March, 2016) states that after 15 years of operation the compressors in the 

heat pumps and chillers need to be replaced. Heat pump and chiller units use R134a 

refrigerant which tends to leak during the operational phase. According to (Kindbom, 

Eugensson, & Persson, 2001), leakage rate is highly depended on machine manufacture as 

well as maintenance. Refrigerant circuits that were assembled in factory and were tested for 

their tightness tend to leak 1% per year or even less (personal email communication with 

Carrier AB, March, 2016). Units that were assembled on site usually have higher leakage 

rates especially when maintenance or technical faults take place.  

Table 6 presents the amount of materials needed in phases B2 and B4. Additionally the 

system will consume electricity as operating energy. Impact factors for electricity are 

described in section 3.3 “Energy inventory for DS and OS. ”. 
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Table 6: Inventory of materials included in the use phase.  

Use phase materials Unit Chiller Heat Pump Total 

Steel (B4) kg 4 350 2 176 6 526 

Copper (B4) kg 264 132 396 

Production of Refrigerant R134a (B2) kg 75 144 219 

Leakage of Refrigerant R134a (1% scenario) (B2) kg 75 144 219 

Total (B2 & B4) kg 4 760 2 600 7 360 

Electricity consumption for 30 years (B6) MWh - - 150 964 

 

3.2 District heating and cooling system 

The assessment of district network includes impacts coming from producing and delivering 

thermal energy to the recipient, as in module B6 of the building assessment methodology. 

Embodied impacts from infrastructure are avoided. The energy amount delivered to campus 

is the same that the onsite system will produce over 30 years of operation.  

 

3.3 Energy inventory for DS and OS.  

This section describes the different allocation principles that were used when assessing the 

emissions from operational energy use for the OS and DS. There is ongoing discussion 

about allocating environmental impacts for grid-based energy carriers such as electricity and 

district heating (Dotzauer, 2010; Finnveden et al., 2009; Gode et al., 2015; Kåberger & 

Karlsson, 1998; Malmborg & Forsberg, 2003). In light of this discussion, in this study different 

allocation methods are used based on principles of average production and marginality. 

 

3.3.1 GWP for operational energy assuming average yearly production mix 

Average impact factors have been calculated and provided from the district network 

operation company (Fortum Värme AB, 2015) and previous studies (Gode et al., 2011). They 

are based on average DH and DC production mix impact values for Stockholm network. 

Details about average impact factors can be found in Table 9. 

 

3.3.2 GWP for operational energy assuming marginal production 

Marginal impact factors are values that relate to production mix and are applied during the 

peak load of heating, cooling and electricity production. The district network operator is 

switching among the different ways of heat and cool production depending on thermal 

demand of the network which is influenced by the weather conditions, in particular outdoor 

temperature (Gode et al., 2015). Marginal electricity production units depend on the grid 

electricity demand. Two scenarios, present and future, were applied in the marginal impact 

factors. Details about marginal impact factors can also be found in Table 9. 

Table 7 presents the different heat production types as they are calculated based on a 

lifecycle perspective in (Gode et al., 2011) and are used for the central DH network of 
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Stockholm. It is assumed that the technology for each production type will remain the same 

and therefore the impact factors from Table 7 will remain stable and used for future marginal 

values. 

 

Table 7: Impact factors for each heat production type of Stockholm district heating network (Gode et 

al., 2011). HOB – Heat Only Boiler, CHP – Combined Heat and Power. Note that the GWP for waste 

incineration is based on the assumption that all the combustion-related GWP emissions are allocated 

the district heating though there are other methods of allocation that could be used (Gode et al., 2015)  

GWP of the different heat production types (gr CO2-eq /kWh) 

HOB Fossil 
Fuels 

HOB 
Biofuels 

CHP 
Biofuels 

Heat Pump 
CHP Fossil 

Fuels 
CHP Waste 
incineration 

301 37 37 32.4 301 101 

 

Figure 2 presents the fuel mix proportion for marginal heat production in relation to outdoor 

temperature. This diagram is originates from a study with the aim to model the heat 

production mix for a large DH network similar to Stockholm’s network (Gode et al., 2015).  

 

 

Figure 2: Proportion of the different fuel mix for district heating marginal production (Gode et al., 2015). 

HOB – Heat Only Boiler, CHP – Combined Heat and Power 

 

In Table 8 the column “Sum of cooling” is the amount of cooling energy produced by the OS 

during the operation period (May 2015 – April 2016). COP monthly values are empirically 

calculated and provided from Fortum Värme AB (personal communication, May, 2016). 

Based on the cool energy and COP values for each month, the consumed electricity for DC 

production is calculated. 
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Table 8: Amount of cooling energy produced by the onsite system translated into electricity with 

respect to the monthly COP values of district cooling system. 

Month 
Sum of cooling 

(MWh) 

Fortum Värme 

COP 
(personal communication, 
Fortum Värme AB, May, 

2016) 

Electricity 
(MWh) 

maj-15 1 225 21.0 58.0 

jun-15 1 322 15.0 88.0 

jul-15 1 386 6.4 215.0 

aug-15 1 403 5.7 246.0 

sep-15 1 276 5.9 216.0 

okt-15 1 235 3.3 374.0 

nov-15 1 040 1 000.0 1.0 

dec-15 942 1 000.0 1.0 

jan-16 689 1 000.0 0.7 

feb-16 745 1 000.0 0.7 

mar-16 972 1 000.0 1.0 

apr-16 1 027 38.0 27.0 

Total 13 261 
 

1 231.0 

 

 

Table 9: Electricity, district heating and cooling impact values for average and marginal cases. 

Scenarios Electricity mix District heating District cooling 

Present 
average 

(97.3 gr CO2-eq/kWhel) 
(Gode et al., 2011) 

(77.1 gr CO2-eq/kWhth) 
(Fortum Värme AB, 2015) 

COP=6.9 + el. Mix 
(Fortum Värme AB, 2015) 

Future average 
(ref. year 2030) 

(53.5 gr CO2-eq/kWhel)  
Nordic Carbon Neutral 
Scenario 
(CNS)(International Energy 
Agency, 2016) 

(37.0 gr CO2-eq/kWhth) 
(Levihn & Nuur, 2015) 

COP=11.4 + el. Mix 
(personal communication, 
Fortum Värme AB, May, 
2016) 

Present 
marginal 

(670.0 gr CO2-eq/kWhel) 
(Sköldberg & Unger, 2008) 

As calculated from Table 7 
and Figure 2 with reference to 
outdoor temperature 

As calculated from Table 8 
with reference to monthly 
COP 

Future 
marginal 

(400.0 gr CO2-eq/kWhel) 
(Levihn, 2014) 

Assumption that future heat 
production will come from 
CHP and HOB bio fuels, Heat 
pumps and waste incineration 
(personal communication, 
Fortum Värme AB, May, 2016) 

Assumption that COP is 
same as in present 
marginal (personal 
communication, Fortum 
Värme AB, May, 2016) 
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4 Results 

4.1 Embodied GHG in the onsite system 

The embodied GHG for OS are presented in Table 10 and Table 11. The colour scale 

identifies the highest (red) and lowest (green) amount of emissions. Figure 3 presents the 

distribution of embodied GHG impacts that each unit has. A comparison between the 

different unit production location and how this can affect the results can be seen in Table 12.  

It is observed from Table 10 that most of the embodied GHG come from the piping network 

which to some extent was expected since 66% of the total weight of installed materials 

originates from that category (see Table 4 and Table 5). Materials that have higher 

proportion of the impacts are stainless steel and steel. It is noticeable that the third higher 

impact comes for R134a refrigerant fluid. It should be mentioned that the above value 

includes impacts that come from the production processes.  

 

Table 10: Embodied GHG emissions in kg CO2-eq for KTH case based on Global (GLO) datasets. 

Materials/Processes 
(kg CO2-eq) 

Chillers 
Heat 

Pumps 

Recovery 
heat plate 

exchangers 

Heat Plate 
exchangers 

Air Heat 
exchangers 

Cold Plate 
exchangers 

Piping 
network 

Total 

Stainless Steel     6 452 31 392   27 755 146 994 212 593 

Steel 35 290 13 773 7 283 18 076 2 263 10 532 114 867 202 084 

Refrigerant R134a 41 950 21 849           63 799 

Copper 28 534 19 136     3 123   1 697 52 490 

Asphalt             26 198 26 198 

Aluminium         13 646   5 768 19 414 

Tube insulation             15 717 15 717 

Road transport 4 535 2 071 208 678 644 489 3 889 12 514 

Gravel             11 131 11 131 

Brass 630 302         8 381 9 314 

Plastics             7 762 7 762 

Rest materials 149 83 76 393 153   6 555 7 409 

Rest of processes 390 195     119   181 885 

Total 111 478 57 410 14 018 50 539 19 948 38 775 349 142 641 310 
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Table 11: Embodied GHG emissions in kg CO2-eq for Generic case based on Global (GLO) datasets. 

Materials/Processes 
(kg CO2-eq) 

Chiller 
Heat 
Pump 

Recovery 
heat plate 

exchangers 

Heat Plate 
exchangers 

Air Heat 
exchangers 

Cold Plate 
exchangers 

Piping 
materials 

Total 

Stainless Steel     6 452 0   0 146 994 153 446 

Steel 35 290 13 773 7 283 0 13 580 0 66 785 136 711 

Aluminium        81 970  5 768 87 738 

Copper 28 534 19 136    18 729  1 697 68 095 

Refrigerant R134a 41 950 21 849         63 799 

Asphalt           26 198 26 198 

Tube insulation           15 717 15 717 

Road transport 4 535 2 071 208 0 644 0 3 889 11 347 

Gravel           11 131 11 131 

Brass 630 302       8 381 9 314 

Rest materials 149 83 76 0 1 625 0 6 555 8 489 

Plastics           7 762 7 762 

Rest processes 390 195    212 0 181 978 

Total 111 478 57 410 14 018 0 116 761 0 301 059 600 726 

 

Comparing KTH case with the Generic case it is observed that embodied GHG emissions 

are lower than the ones from KTH case. Nevertheless it appears that embodied GHG 

emissions from aluminium production have increased. This is due to the fact that the air heat 

exchangers have as main material aluminium which has significant impacts in GHG 

emissions. 

 

 

Figure 3: Proportion of the embodied GHG emissions for the different units of KTH and Generic case. 

 

It is observed that materials manufactured in the European region have lower embodied 

GHG emissions than those from other locations. Setting the KTH case and global database 

as a reference point it is observed that products that are manufactured outside the European 
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region have 3% higher embodied GHG impacts. On the other hand manufacturing processes 

in European region have 10% lower impacts than in the global dataset. 

 

Table 12: Embodied emissions for KTH and Generic case based on the material production location. 

Case Location Chiller 
Heat 
Pump 

Recovery 
heat plate 

exchangers 

Heat Plate 
exchangers 

Air Heat 
exchanger 

Cold Plate 
exchangers 

Piping 
materials 

Total 

K
T

H
 

GLO 111 478 57 410 14 018 50 539 19 948 38 775 349 142 641 310 

EU 100 112 51 368 12 398 45 442 12 152 35 144 320 918 577 533 

RoW 113 796 58 588 14 525 52 341 21 351 40 160 358 540 659 301 

G
e
n
e
ri
c
 GLO 111 478 57 410 14 018 

 
116 761 

 
301 059 600 726 

EU 100 112 51 368 12 398 
 

69 939 
 

276 722 510 538 

RoW 113 796 58 588 14 525 
 

125 185 
 

309 163 621 258 

 

4.2 Onsite System and District System comparative results 

The production and distribution of thermal energy delivered at KTH campus through the DS 

network is calculated based on the thermal energy that the OS produced during the one year 

period from May 2015 to April 2016. The accumulated GWP impact for the DH based on the 

present marginal scenario is presented in Figure 4. A detailed table can be found in 

Appendix C.  

In the same way like in marginal mix for DH, the marginal mix for DC is based on the type of 

cooling production. Table 13 presents the amount of cooling energy, the consumed electricity 

based on the COP value and finally the yearly GWP impact for these processes. It is 

considered that the calculated yearly impact remains stable for the future 30 years period of 

operation. 

 

Figure 4: Accumulated GWP impact for a whole year based on present marginal production mix values 

and outdoor temperature. 
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Table 13: Yearly amount of cooling energy produced by the onsite system and GWP impact of the 

district cooling system based on marginal present values for electricity production. 

Month 
Sum of cooling 

(MWh) 

Fortum Värme 

COP 
(personal communication, 
Fortum Värme AB, May, 

2016) 

Electricity 
(MWh) 

GWP impact 
(kg CO2-eq) 

maj-15 1 225 21.0 58.0 39 068 

jun-15 1 322 15.0 88.0 59 040 

jul-15 1 386 6.4 217.0 145 129 

aug-15 1 403 5.7 246.0 164 948 

sep-15 1 276 5.9 216.0 144 870 

okt-15 1 235 3.3 374.0 250 649 

nov-15 1 040 1 000.0 1.0 697 

dec-15 942 1 000.0 1.0 631 

jan-16 689 1 000.0 0.7 462 

feb-16 745 1 000.0 0.7 499 

mar-16 972 1 000.0 1.0 651 

apr-16 1 027 38.0 27.0 18 105 

Total 13 261 
 

1 231.0 824 749 

 

Based on average and marginal values with present and future estimations, a comparison of 

OS and DS is presented. Table 14 and Figure 5 present the GWP over 30 year period of 

operation. DC and DH are presented separately since they have different production fuels as 

well as different impact emissions per kWh of energy. Impacts coming from the different life 

cycle stages are also defined in the results based on the building assessment 

standardization. 
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Table 14: Comparative GWP results between onsite and district system for the different present and 

future scenarios. 

Global Warming 
Potential (GWP) ton 

CO2-eq. 

Present average Future average Present marginal Future marginal 

Onsite system 
District 
system 

Onsite 
system 

(KTH case) 

District 
system 

Onsite 
system 

(KTH case) 

District 
system 

Onsite 
system 

(KTH case) 

District 
system 

KTH 
 case 

Generic 
case 

Production (A1-4) 641 600 - 641 - 641 - 641 - 

  Chiller 111 111 - 111 - 111 - 111 - 

  Heat pump 57 57 - 57 - 57 - 57 - 

  
Heat plate 
recovery 

14 14 - 14 - 14 - 14 - 

  
Heat plate 
exchangers 

51 - - 51 - 51 - 51 - 

  
Air heat 
exchangers 

20 117 - 20 - 20 - 20 - 

  
Cold plate 
exchangers 

39 - - 39 - 39 - 39 - 

  
Piping 
materials 

349 301 - 349 - 349 - 349 - 

Use (B1-B6) 15 083 15 083 25 273 8 471 11 303 101 540 39 858 60 780 23 486 

 Maintenance (B2) 304 304 - 304 - 304 - 304 - 

  
Refrigerant 
leakage* 

285 285 - 285 - 285 - 285 - 

  
Refrigerant 
production 

19 19 - 19 - 19 - 19 - 

 Replacement (B4) 90 90 - 90 - 90 - 90 - 

  Compressors 90 90 - 90 - 90 - 90 - 

 
Operation energy 
use (B6) 

14 689 14 689 25 273 8 077 11 303 101 146 39 858 60 386 23 486 

  
Electricity 
consumption 

14 689 14 689 - 8 077 - 101 146 - 60 386 - 

  
Heating 
production 

- - 19 663 - 9 436 - 15 116 - 8 714 

  
Cooling 
production 

- - 5 610 - 1 867 - 24 742 - 14 772 

Total life cycle 
impact 

15 724 15 683 25 273 9 112 11 303 102 181 39 858 61 420 23 486 

 

An observation about the OS is that in every scenario the use phase is the main contributor 

to the total GWP. Based on the energy scenario the proportion due to the use phase is 

between 93% and 99% of the impact over the assumed lifetime. The GWP due to the use 

phase for the OS is highly depended on the electricity consumption of the heat pumps and 

chillers. Electricity impact factors have higher values in marginal than average scenarios and 

this mainly affects the environmental performance of the OS.  
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Figure 5: Comparative results between OS and DS for the different future energy scenarios. 

 

DS impacts in Figure 5 are presented as heating and cooling impacts. In the average energy 

scenarios, impacts from heating have greater proportion than impacts from cooling. In 

present average scenario heating is 78% of the DS while in future average scenario impacts 

from heating are 83% of the DS. In marginal scenarios it is shown that DC has higher impact 

than DH which is due to the fact that DC is running on electricity  

In marginal scenarios the OS has higher impacts than DS. This is due to the fact that 

marginal impact factors for electricity production are considerably higher than impact factors 

for district heating and cooling. Marginal impact factors present a fraction of time where the 

demand is high and the production is running on the marginal fuel mix. 

 

4.3 Sensitivity analysis 

The comparative assessment of the environmental impacts between OS and DS includes a 

number of simplifications which were made in order to cover the uncertainties that were 

found during this study. If has been found that there are specific parameters that can 

significantly affect the outcomes and lead to different conclusions. In this sensitivity analysis 

we evaluate the magnitude of changes that specific parameters can have to the final 

outcomes. Such parameters are; refrigerant leakage rate, future energy production and the 

location influence on impact factors. 

It has been found that refrigerants have significant impact on the environment in terms of 

CO2-eq emissions. Approximately 1300kg of CO2-eq are emitted in the atmosphere if 1kg of 

R134a refrigerant is leaked (Weidema et al., 2013). 
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Two leaking scenarios were applied so that we can assess the magnitude of the impact 

during the entire life time of the system. The amount of installed R134a refrigerant is 730kg. 

The two scenarios estimate yearly leakage rate of 1% and 7% which accumulates into 219kg 

and 1533kg of refrigerant leakage for each scenario respectively for 30 years. The calculated 

impact for the 1% scenario is 288tons of CO2-eq and for the 7% scenario 1993tons of CO2-

eq.  

Figure 6 presents the impact for the two leakage scenarios for the use phase of OS. In 1% 

scenario the leakage impact accounts for about 2% of the use phase impact. In 7% leakage 

scenario, the proportion of leakage impact towards use phase is about 12%. According to the 

results, use phase is more than 94% of the total life cycle so this leads to conclusions that 

refrigerant leakage can have significant proportion in the total life cycle.  

 

 

Figure 6: Emissions during use phase of 30 years based on the different leakage scenarios. 

 

Regarding future impact factors used in the assessment, they are based on literature, reports 

and assumptions about future energy production mixes. This means that it is uncertain if 

these values will follow the current trend or otherwise. For this reason an increase and 

decrease of 20% on the future impact factors was applied. Detailed results can be found in 

Figure 7. 

Regarding the OS, the electricity consumption is related with the efficiency of the system and 

therefore with its COP value. Assuming that the energy demand is stable, an improvement in 

the COP value has the opposite effect in the electricity consumption and furthermore in the 

GWP impacts of use phase. As an example a 20% increase in the COP value has similar 

level of reduction in electricity consumption and therefore equal reduction in the GWP 

impacts for the same impact factor. Taking this into consideration improving the COP value 

by 20% has the same effect as decreasing the electricity impact factor by the same 

proportion. Therefore in Figure 7 decrease or increase of electricity impact factors can also 

interpreted as increase or decrease of the COP value respectively. 
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Figure 7: Sensitivity analysis for the future estimated impacts of the OS and DS. 

 

The investigated OS is situated in Stockholm, Sweden and therefore impact factors are 

linked with the production type of Stockholm DS. Nordic electricity production mix applies for 

entire Sweden. Many cities and towns in Sweden have specific DH system, and sometimes 

DC system, which is supplied from a variety of production fuels different than the ones in 

Stockholm system. This means that the impact factors of DH and DC might change towards 

better or worse values depending on the location. 

The OS is running on electricity and the same applies for Stockholm DC. Assuming that, for 

a 30 years period and the same amount of delivered thermal energy, OS and DS have the 

same amount of GWP impacts, an equation is formed (eq. 1) with unknown parameters the 

DH average impact factor and electricity average impact factor. This equation can be 

presented in a graph as the green line in Figure 8. 

𝐻 ∗ 𝑓𝐻 = (
𝐻+𝐶

𝐶𝑂𝑃𝑜𝑛𝑠𝑖𝑡𝑒
−

𝐶

𝐶𝑂𝑃𝐹𝑜𝑟𝑡𝑢𝑚
) ∗ 𝑓𝑒𝑙 + 𝐸𝑚𝑏. [eq. 1] 

Where:  H = OS produced heat energy, 
C = OS produced cool energy 
fH = DH impact factor, 
fel = electricity impact factor 
Emb. = OS embodied GWP emissions 

COPonsite= COP for onsite system 

COPFortum= COP for district cooling 

 

The green line presents the borderline where lifecycle GWP impacts, in terms of CO2-eq. 

emissions, are equal between OS and DS for the KTH case. The combination of impact 

factors for electricity and DH gives a point in the diagram. Depending on the position of this 
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point the OS can have lower or higher GWP impacts in comparison with DS. In detail if the 

point is above the green line, then the OS has lower impacts than the DS. On the other hand 

if the point is below the green line then the OS has higher GWP impacts.  

Figure 8 presents points on grid which relate to present and future average impact factors 

and sensitivity analysis of the future impact factors. It is observed that these points are above 

the green line and therefore it can be assumed that the OS will have lower GWP impacts in 

comparison with the DS. 

 

Table 15: Produced thermal energy and consumed electricity for the OS.  

 

 

Figure 8: Impact factor values for the case when DS and OS have the same total impact.  

 

KTH OS produces 60% cooling energy and 40% heating energy out of the total produced 

thermal energy. Cases where this proportion might change create different curves in the 

diagram in Figure 8. A case where a system produces the same total amount of thermal 

energy like KTH OS but 90% of this is cooling energy is presented as the blue line. On the 

other hand if there is a system that produces 90% of its total thermal energy as heating 

energy, this is presented as the red line. It is observed that the blue line is positioned in a 

way that the point for present average impact factors is below this line. This means that if 
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KTH OS switches its proportion to 90% cooling and 10% heating production, the OS will 

have higher impacts than the DS. 

In conclusion the comparison of OS with DS is not only relying on the impact factors of 

electricity and DH but also on the proportion between heating and cooling produced by the 

onsite system. 

 

4.4 Discussion 

During production and installation of an onsite heating and cooling system part of the life 

cycle total impacts comes from the embodied emissions of materials that are included in the 

system. The origin of these materials is proved to have effects in the amount of embodied 

emissions. It is seen that materials and units that are manufactured outside the EU have 

higher impacts than the ones manufactured within EU. This is mainly due to less efficient 

production processes and different electricity and energy production units that have high 

impact factors in terms of CO2-eq emissions. It can be suggested that buyers put pressure on 

manufacturing companies towards “cleaner” materials in order to improve the environmental 

footprint of their products.  

Results from the study show that use phase has the largest proportion of the total impact of 

the onsite system which is due to the use phase energy demand. Manufacture and 

installation of more efficient units with high COP values that consume less electricity for the 

same amount of produced thermal energy can have improving results on the environmental 

performance of such systems. 

Use phase covered every possible aspect with present and future scenarios. The average 

scenarios present data on a more general basis while the marginal scenarios show the 

environmental impacts on peak times with high energy demand or as a consequence of a 

change in the energy production system. It is made clear that the onsite system since it is 

totally electricity driven it is highly affected by the electricity mix used. In our case the KTH 

onsite system is located in the Stockholm region and the average electricity mix is assumed 

to be Nordic mix. The same applies for the generic case of onsite system. Based on these 

facts, the results of average scenarios show that an onsite system has fewer impacts than 

the Stockholm district system.  

Another important aspect that can mitigate the environmental impacts of the system’s use 

phase is to assume that the electricity is purchased from a certified source of electricity. This 

possibility of referring to source-certification when deciding GWP due to electricity production 

is on the other hand a matter which is widely discussed (Dotzauer, 2010) and (Kåberger & 

Karlsson, 1998).  

Something that might affect the environmental impact results of this study is the fact that the 

calculated thermal energy produced by the onsite system has not been subjected into 

climate correction. Climate corrected values are those that have been changed depending on 

the yearly average outdoor temperature so that they can be compared with other thermal 

yearly data. As a result this can increase or decrease the amount of heat required and 

furthermore impacts coming from thermal energy production by the onsite system. In our 

case allocating the space heating energy is not possible due to lack of data from thermal 

metering devices in the KTH Campus-wide network. Altering the amount of produced energy 
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the proportion of embodied emissions over the life cycle changes and therefore this can lead 

to different conclusions. 

Another important aspect is the design and setting of the onsite system units. It has been 

shown that piping network corresponds to approximately 50% of the total embodied 

emissions for the Generic case. This means that if the design could be done in a more 

compact way so that the length of the piping network is halved this would reduce the total 

embodied impact with roughly 25%. 

Based on the outcomes from sensitivity analysis it is understood that the proportion of 

heating and cooling energy out of the total thermal energy amount can affect the GWP 

emissions of the onsite system. For the KTH onsite system, above a certain percentage of 

cooling production, the system generates more impacts in comparison with the district 

system and therefore a district system network can be a better environmental solution.  

District heating and cooling is also subjected into changes based on the system location. In 

our study the district network of Stockholm was taken into consideration together with its 

impact factors. Additionally the impact factors were based on methodologies that correspond 

to cut off and allocation procedures in order to calculate emissions during thermal energy 

production. Different calculation and assessment options are available such as system 

boundaries expansion in order to include more processes that are allocated or excluded from 

the energy production model grid and additionally provide different environmental impact 

results. District heating of Stockholm includes waste incineration as heat production which is 

always burning municipal waste and producing at its maximal capacity regardless of the 

energy demand. Therefore during the periods that the demand is low, waste incineration is 

on the margin and excess combustion heat beyond demand is dumped.  

The Stockholm network is planning to improve its production mix and for this reason future 

impact values of district network are based on assumptions and simplifications. For instance 

it is estimated that in future thermal energy will be produced only from biofuels instead of 

fossil fuels. Also in case of thermal energy production from waste incineration it is expected 

that with better sorting techniques in future, the impacts coming from that category can be 

lower. 

4.5 Conclusions 

An onsite heat and cool production system that reuses excess heat from datacentres can be 

associated with burdens in the environment in terms of GWP that come from system’s 

embodied emissions, energy consumption during operation and refrigerant leakage. These 

are the most important stages that can be improved and mitigate overall environmental 

performance of such systems’ life cycle.  

A comparative assessment of an onsite thermal production system with the alternative of 

district network supply is affected by parameters that have significant contribution in the 

outcomes. Altering the location of the onsite and district system may also alter the results of 

the above study. The onsite system might not be the one with the lower environmental 

impact and thus it would be better to connect to the district heating and cooling system. 

Factors of high importance are the local electricity and thermal heat energy production 

impact factors.   



 
25 

References 

Blengini, G. A., & Di Carlo, T. (2010). The changing role of life cycle phases, subsystems and materials in 
the LCA of low energy buildings. Energy and Buildings, 42(6), 869-880. doi: 
10.1016/j.enbuild.2009.12.009 

Brown, N. W. O., Olsson, S., & Malmqvist, T. (2014). Embodied greenhouse gas emissions from 
refurbishment of residential building stock to achieve a 50% operational energy reduction. Building 
and Environment, 79, 46-56. doi: 10.1016/j.buildenv.2014.04.018 

Capozzoli, A., & Primiceri, G. (2015). Cooling Systems in Data Centers: State of Art and Emerging 
Technologies. Energy Procedia, 83, 484-493. doi: 10.1016/j.egypro.2015.12.168 

Davies, G. F., Maidment, G. G., & Tozer, R. M. (2016). Using data centres for combined heating and 
cooling: An investigation for London. Applied Thermal Engineering, 94, 296-304. doi: 
10.1016/j.applthermaleng.2015.09.111 

Dixit, M. K., Fernández-Solís, J. L., Lavy, S., & Culp, C. H. (2012). Need for an embodied energy 
measurement protocol for buildings: A review paper. Renewable and Sustainable Energy Reviews, 
16(6), 3730-3743. doi: 10.1016/j.rser.2012.03.021 

Dotzauer, E. (2010). Greenhouse gas emissions from power generation and consumption in a nordic 
perspective. Energy Policy, 38(2), 701-704. doi: 10.1016/j.enpol.2009.10.066 

Ebrahimi, K., Jones, G. F., & Fleischer, A. S. (2014). A review of data center cooling technology, 
operating conditions and the corresponding low-grade waste heat recovery opportunities. 
Renewable and Sustainable Energy Reviews, 31, 622-638. doi: 10.1016/j.rser.2013.12.007 

EN 15978. (2011). Sustainability of construction works - Assessment of performance of buildings - Calculation method. 
Accessed.  

Finnveden, G., Hauschild, M. Z., Ekvall, T., Guinee, J., Heijungs, R., Hellweg, S., . . . Suh, S. (2009). 
Recent developments in Life Cycle Assessment. J Environ Manage, 91(1), 1-21. doi: 
10.1016/j.jenvman.2009.06.018 

Fortum Värme AB. (2015). Fortum Värmes miljövärden 2015.  
http://www.fortum.com/countries/se/SiteCollectionDocuments/Miljoredovisning_2015_web.p
df. 

Gode, J., Lätt, A., Ekvall, T., Martinsson, F., Adolfsson, I., & Lindblom, J. (2015). Miljövärdering av 
energilösningar i byggnader: Metod för konsekvensanalys (Report No. B 2240). Retrieved from IVL 
Svenska Miljöinstitutet:  www.ivl.se. 

Gode, J., Martinsson, F., Hagberg, L., Öman, A., Höglund, J., & Palm, D. (2011). Miljöfaktaboken 2011: 
Uppskattade emissionsfaktorer för bränslen, el, värme och transporter (Report No. A08-833, 1653-1248). 
Retrieved from VÄRMEFORSK Service AB. 

Goedkoop, M., Heijungs, R., Huijbregts, M., De Scryver, A., Sruijs, J., & Van Zelm, R. (2009). ReCiPe 
2008 - A life cycle impact assessment method which comprises harmonised category indicators at the midpoint and 
the endpoint level. Retrieved from Report I: Characterisation. 

Gustafsson, M., Rönnelid, M., Trygg, L., & Karlsson, B. (2016). CO2 emission evaluation of energy 
conserving measures in buildings connected to a district heating system – Case study of a multi-
dwelling building in Sweden. Energy, 111, 341-350 

Intel Corporation. (2007). Data center heat recovery helps Intel create green facility - White paper. Accessed. 
Retrieved from 
http://media10.connectedsocialmedia.com/intel/09/5601/Intel_IT_Green_IT_Sustainability_D
ata_Center_Heat_Recovery.pdf 

International Energy Agency. (2016). Nordic Energy Technology Perspectives 2016 - Cities, flexibility and pathways 
to carbon-neutrality: Norden - Nordic energy Research - Nordic council of Ministers. 

ISO 14040. (2006). Environmental management - life cycle assessment - principles and framework. Accessed.  
Kåberger, T., & Karlsson, R. (1998). Electricity from a competitive market inn life-cycle analysis. Journal of 

Cleaner Production, 6, 103-109 
Kindbom, K., Eugensson, M. H., & Persson, K. (2001). Kartläggning och beräkning av potentiella och faktiska 

utsläpp av HFC, FC och SF6 i Sverige. För Naturvårdsverket (Report No. B 1428). Retrieved from IVL 
Svenska Miljöinstitutet AB,. 

Koomey, J. (2011). Growth in data center electricity use 2005 to 2010. A report by Analytical Press, completed 
at the request of The New York Times, 9 

http://www.fortum.com/countries/se/SiteCollectionDocuments/Miljoredovisning_2015_web.pdf
http://www.fortum.com/countries/se/SiteCollectionDocuments/Miljoredovisning_2015_web.pdf
www.ivl.se
http://media10.connectedsocialmedia.com/intel/09/5601/Intel_IT_Green_IT_Sustainability_Data_Center_Heat_Recovery.pdf
http://media10.connectedsocialmedia.com/intel/09/5601/Intel_IT_Green_IT_Sustainability_Data_Center_Heat_Recovery.pdf


 
26 

Levihn, F. (2014). CO2 emissions accounting: Whether, how, and when different allocation methods 
should be used. Energy, 68, 811-818. doi: 10.1016/j.energy.2014.01.098 

Levihn, F., & Nuur, C. (2015). Co-benefits of primary energy conservation, reduced emissions and costs 
through biomass and waste incineration CHP in district heating. International Journal of Energy 
Production and Management, 1(1), 87-98. doi: 10.2495/eq-v1-n1-87-98 

Malmborg, F. B. v., & Forsberg, A. (2003). Choice of energy data in environmental assessment of the built 
environment. Journal of Environmental Assessment Policy and Management, 5, 83-97 

Oró, E., Depoorter, V., Pflugradt, N., & Salom, J. (2015). Overview of direct air free cooling and thermal 
energy storage potential energy savings in data centres. Applied Thermal Engineering, 85, 100-110. 
doi: 10.1016/j.applthermaleng.2015.03.001 

PRé_Consultants. (2016). SimaPro Life Cycle Analysis. The Netherlands: PRé Consultants. Retrieved 
from www.pre-sustainability.com 

SEA. (2015a). Energistatistik för småhus, flerbostadshus och lokaler 2014 (Report No. ES 2015:07 - ISSN 1654-
7543). Eskilstuna. Retrieved from Swedish Energy Agency. 

SEA. (2015b). Facts and figures - energy in Sweden (Report No. ET 2015:08). Eskilstuna. Retrieved from 
Swedish Energy Agency. 

Sköldberg, H., & Unger, T. (2008). Effekter av förändrad elanvändning/elproduktion - Modellberäkningar (Report 
No. 08:30). Energimyndiheten & Elforsk. 

Svenska Kyl & Värmepumpföreningen. (2015). Värmepumpsstatistik. Retrieved from 
http://skvp.se/aktuellt-o-opinion/statistik 

Toller, S., Wadeskog, A., Finnveden, G., Malmqvist, T., & Carlsson, A. (2011). Energy Use and 
Environmental Impacts of the Swedish Building and Real Estate Management Sector. Journal of 
Industrial Ecology, 15(3), 394-404. doi: 10.1111/j.1530-9290.2011.00340.x 

Van Geet, O. (2011). FEMP Best Practices Guide for Energy - Efficient Data Center Design (Report No. 
DOE/GO-102010-2956). U.S. Department of Energy, Office of Energy Efficiency and 
Renewable Energy. 

Wallhagen, M., Glaumann, M., & Malmqvist, T. (2011). Basic building life cycle calculations to decrease 
contribution to climate change – Case study on an office building in Sweden. Building and 
Environment, 46(10), 1863-1871. doi: 10.1016/j.buildenv.2011.02.003 

Weidema, B. P., Bauer, C., Hischier, R., Mutel, C., Nemecek, T., Reinhard, J., . . . Wernet, G. (2013). The 
ecoinvent database: Overview and methodology, Data quality guideline for the ecoinvent database 
version 3. In E. Centre (Ed.). 

Zhang, P., Wang, B., Wu, W., Shi, W., & Li, X. (2015). Heat recovery from Internet data centers for space 
heating based on an integrated air conditioner with thermosyphon. Renewable Energy, 80, 396-406. 
doi: 10.1016/j.renene.2015.02.032 

 

  

www.pre-sustainability.com
http://skvp.se/aktuellt-o-opinion/statistik


 
27 

Appendix A 

 
Figure 9: Schematic of the system for the KTH specific case, dotted lines are components that are 

excluded from the case. 
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Figure 10: Schematic of the system for a generic case, dotted lines are components that are excluded 

from the case.  
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Appendix B 

The following tables include detailed inventory of materials for each unit in the heat pump / chiller system. 

The materials are also linked with the respective process from SimaPro (SP) and EcoInvent 3 database. 

 

 

Name 

Impact factor 

kg CO2-eq 

/kg

Name

Impact factor 

kg CO2-eq 

/kg

Casting, Screws, rest Carbon Steel 1087.50 2 2 175
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Motor winding Copper 66.00 2 132
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Shell, tube sheets, cover Carbon Steel 1117.00 1 1 117
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Exchange tubes Copper 538.00 1 538
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Shell, tube sheets, cover Carbon Steel 1292.00 1 1 292
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Exchange tubes Copper 608.00 1 608
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Economiser 0

Electrical cupboard
Cables, electrical 

components
Copper 55.00 1 55

Copper {GLO}| market for | Alloc 

Def, U
6.617

Wire drawing, copper {GLO}| market for | Alloc 

Def, U
0.679

Rest metals Brass 50.00 1 50
Brass {GLO}| market for | Alloc Def, 

U
6.238 Casting, brass {GLO}| market for | Alloc Def, U 0.064

Plastics 2.00 1 2
Polyvinylchloride, bulk polymerised 

{GLO}| market for | Alloc Def, U
2.139

Oil 64.00 1 64
Lubricating oil {GLO}| market for | 

Alloc Def, U
1.098

Refrigerant R134A 240.00 1 240
Refrigerant R134a {GLO}| market for | 

Alloc Def, U
87.396

6 273

Casting, Screws, rest Carbon Steel 1087.50 1 1 088
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Motor winding Copper 66.00 1 66
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Shell, tube sheets, cover Carbon Steel 333.00 1 333
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Exchange tubes Copper 362.00 1 362
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Shell, tube sheets, cover Carbon Steel 368.00 1 368
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Exchange tubes Copper 442.00 1 442
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Economiser 0

Electrical cupboard
Cables, electrical 

components
Copper 20.00 1 20

Copper {GLO}| market for | Alloc 

Def, U
6.617

Wire drawing, copper {GLO}| market for | Alloc 

Def, U
0.679

Rest metals Brass 24.00 1 24
Brass {GLO}| market for | Alloc Def, 

U
6.238 Casting, brass {GLO}| market for | Alloc Def, U 0.064

Plastics 1.00 1 1
Polyvinylchloride, bulk polymerised 

{GLO}| market for | Alloc Def, U
2.139

Oil 36.00 1 36
Lubricating oil {GLO}| market for | 

Alloc Def, U
1.098

Refrigerant R134A 125.00 1 125
Refrigerant R134a {GLO}| market for | 

Alloc Def, U
87.396

2 865

Plates (322 in total)
Stainless steel 

EN-1.4301
1 969

Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Casing Carbon steel 1 684
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

1 653

Plates (181 in total)
Stainless steel 

EN-1.4401
1 247

Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Casing Carbon steel 1 473
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Insulation
Polyurethane 

foam
1 4

Polyurethane, rigid foam {GLO}| 

market for | Alloc Def, U
4.462

725

Plates (139 in total)
Stainless steel 

EN-1.4401
1 160

Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Casing Carbon steel 1 473
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Insulation
Polyurethane 

foam
1 5

Polyurethane, rigid foam {GLO}| 

market for | Alloc Def, U
4.462

639

Cold plate exchangers 

(4 in total)

KP101-VX01-VX04 

(GCD-054P)

Total weight

Heat recovery plate 

exchangers                                 

(4 in total)

VÅ101-VX02-VX04 

(GXD-042P)                          

(3 items)

Total weight

VÅ101-VX01       

(GXD-042P)

Total weight

Total weight

Heat pump                              

(30XWH-0802-

0021PE) (2 in total)

Compressor

Evaporator

Condenser

Rest materials

Total weight

Chiller                                   

(30XW-P1012-0093PE) 

( 2 in total)

Compressor

Evaporator

Condenser

Rest materials

Process in SP

Assembly in SP Part Material
Amount 

(kg)

N. of 

units

Total weight 

(kg)
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Name Impact factor Name Impact factor

Plates (unknown 

number)

Stainless steel 

EN-1.4401
1 838

Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Casing Carbon steel 1 1 174
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Insulation
Polyurethane 

foam
1 22

Polyurethane, rigid foam {GLO}| 

market for | Alloc Def, U
4.462

2 034

Plates (unknown 

number)

Stainless steel 

EN-1.4401
1 1 182

Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Casing Carbon steel 1 1 174
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Insulation
Polyurethane 

foam
1 22

Polyurethane, rigid foam {GLO}| 

market for | Alloc Def, U
4.462

2 378

Plates (unknown 

number)

Stainless steel 

EN-1.4401
1 1 182

Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Casing Carbon steel 1 1 174
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Insulation
Polyurethane 

foam
1 22

Polyurethane, rigid foam {GLO}| 

market for | Alloc Def, U
4.462

2 378

Plates (unknown 

number)

Stainless steel 

EN-1.4401
1 1 182

Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Casing Carbon steel 1 1 174
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Insulation
Polyurethane 

foam
1 22

Polyurethane, rigid foam {GLO}| 

market for | Alloc Def, U
4.462

2 378

Casing Aluminium 1 241
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Support frame Steel 1 320
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Fins Aluminium 1 163
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Tubes Copper 1 272
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Fan core Aluminium 1 270
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Fan blade Aluminium 1 57
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Fan grid Steel 1 96
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Fan Cowling Steel 1 172
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Packing Wood 1 137
Particle board, for outdoor use {GLO}| 

market for | Alloc Def, U
0.867

Electrical components 

PVC
PVC 1 17

Polyvinylchloride, bulk polymerised 

{GLO}| market for | Alloc Def, U
2.139

Electrical components 

Copper
Copper 1 17

Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Paint Polyester 1 20
Polyester resin, unsaturated {GLO}| 

market for | Alloc Def, U
5.809

1 783

Casing Aluminium 1 301
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Support frame Steel 1 400
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Fins Aluminium 1 204
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Tubes Copper 1 340
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Fan core Aluminium 1 338
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Fan blade Aluminium 1 72
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Fan grid Steel 1 120
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Fan Cowling Steel 1 215
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Packing Wood 1 171
Particle board, for outdoor use {GLO}| 

market for | Alloc Def, U
0.867

Electrical components 

PVC
PVC 1 21

Polyvinylchloride, bulk polymerised 

{GLO}| market for | Alloc Def, U
2.139

Electrical components 

Copper
Copper 1 21

Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Paint Polyester 1 25
Polyester resin, unsaturated {GLO}| 

market for | Alloc Def, U
5.809

2 229

Fincoil                             

FCG 7-10-M4                           

KF101-KF104                                        

(5 fan pairs)                        

(4 existing units in 

total) 

Total weight

Heat plate exchangers 

for district heating               

(4 in total)

VP001 - VVX01-02 

(GXD-091PR)

Total weight

VP002 - VVX01-02 

(GXD-091PR)

Total weight

VP003 - VVX01-02 

(GXD-091PR)

Total weight

VP004 - VVX01-02 

(GXD-091PR)

Total weight

Air heat exchangers                                    

(1+4 units)

Alfa Laval                          

VDDLE1004CD74 

SWBEC                               

KF105                          

(4 fan pairs)

Total weight

N. of 

units

Total weight 

(kg)

Process in SP
Assembly in SP Part Material

Amount 

(kg)
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Name Impact factor Name Impact factor

Aluminium (ISO 3522) 3.34 -

Aluminium (plåt) 290.82 -

Mässing 1044.85 -

Mässing (2 % Pb) 233.89 -

Mässing (2,5-3,5 % Pb) 51.48 -

Brons Bronze 28.66 - 29
Bronze {GLO}| market for | Alloc 

Def, U
7.514 Casting, bronze {GLO}| market for | Alloc Def, U 0.065

Gjutjärn (SS0125) 396.73 -

Gråjärn 2197.90 -

Segjärn 394.17 -

Koppar Copper 101.98 - 102
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Armaflex AF - 

Cellgummi
1390.93 -

EPDM-gummi 12.36 -

Mineralull Mineral wool 6445.00 - 6 445
Rock wool, packed {GLO}| market for 

| Alloc Def, U
1.405

Nitrilgummi Nitrile rubber 96.71 - 97

Acrylonitrile-butadiene-styrene 

copolymer {GLO}| market for | Alloc 

Def, U

4.521

Polyoximetyl (POM)
Polyoxymethy

lene
15.21 - 15

Polycarbonate {GLO}| market for | 

Alloc Def, U
7.861

Plast (PTFE) 15.09 -

Polytetraflouretylen 

(PTFE)
8.58 -

Rostfritt (SS2333) Stainless steel 20077.74 - 20 078
Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Stål 393.24 -

Stål (SIS 1430) 404.12 -

Stålrör, Tuber, 

Handelskvalité
14363.71 -

Steel 434.00 - 434
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Cast Iron 240.00 - 240
Cast iron {GLO}| market for | Alloc 

Def, U
1.752

Aluminium 12.00 - 12
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Copper 43.20 - 43
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

Steel 125.60 - 126
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Cast Iron 69.00 - 69
Cast iron {GLO}| market for | Alloc 

Def, U
1.752

Aluminium 3.45 - 3
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U
18.71

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U
4.807

Copper 12.42 - 12
Copper {GLO}| market for | Alloc 

Def, U
6.617

Metal working, average for copper product 

manufacturing {GLO}| market for | Alloc Def, U
2.993

VM 6-150-2 Steel 40.50 - 41
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

VM 15-287-4 Steel 293.00 - 293
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

VM 12-180-4 Steel 111.00 - 111
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

VM 12-210-4 Steel 146.00 - 146
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

VM 12-220-4 Steel 146.00 - 146
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

EG 1500M Steel 350.00 - 350
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

EG 500M Steel 95.00 - 95
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

AT 8300 C200 Steet 44.00 - 44
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U
1.898

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U
1.922

Laga Rostfritt AB 5000L Stainless steel 450.00 - 450
Steel, chromium steel 18/8, hot rolled 

{GLO}| market for | Alloc Def, U
4.513

Metal working, average for chromium steel product 

manufacturing {GLO}| market for | Alloc Def, U
2.574

Armaflex AF - 

Cellgummi
EPDM 6.50 - 7

Tube insulation, elastomere {GLO}| 

market for | Alloc Def, U
4.723

Total weight 50 588

1.922

323.413

4.807

0.0646.238

1.752

Pipping system

Tanks

15 161
Steel, low-alloyed, hot rolled {GLO}| 

market for | Alloc Def, U

Metal working, average for steel product 

manufacturing {GLO}| market for | Alloc Def, U

Pumps

ETN 200-150-315 

ETN 100-080-160

2 989
Cast iron {GLO}| market for | Alloc 

Def, U

EPDM 1 403
Tube insulation, elastomere {GLO}| 

market for | Alloc Def, U

18.71

4.723

1.898

Plastics 24
Tetrafluoroethylene {GLO}| market for 

| Alloc Def, U

294
Aluminium, wrought alloy {GLO}| 

market for | Alloc Def, U

Metal working, average for aluminium product 

manufacturing {GLO}| market for | Alloc Def, U

Brass 1 330
Brass {GLO}| market for | Alloc Def, 

U
Casting, brass {GLO}| market for | Alloc Def, U

Pipes, Bends, Seals, 

Valves, Insulation,

Aluminium

Cast iron

Steel

Assembly in SP Part Material
Amount 

(kg)

N. of 

units

Total weight 

(kg)

Process in SP
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Appendix C 

The table below presents the amount of heating and cooling that the onsite system produces over a period of 12 months. The 

amount of heat and cool is related to the outdoor temperature. Based on the heat production mix, the table includes also the GWP 

impact for delivering the same amount of energy from the district heating network of Stockholm. 

Outdoor 
tempe-

rature oC 

Sum of 
heating kWh 
not climate 
corrected 

Sum of 
cooling kWh 
not climate 
corrected 

Sum of 
electricity kWh 

not climate 
corrected 

HOB 
Fossil 
fuels  

gr CO2-eq. 
/kWh 

HOB 
Bio fuels 
gr CO2-

eq. 
/kWh 

CHP 
Bio fuels 
gr CO2-

eq. 
/kWh 

Heat 
pump 

gr CO2-
eq. 

/kWh 

CHP 
Fossil 
fuels 

gr CO2-eq. 
/kWh 

CHP  
Waste 

incineration 
gr CO2-eq. 

/kWh 

Impact  
kg CO2-eq 

301 37 37 32.4 301 101*  

-16 2 381.60 1 781.70 -1 136.20 95   5       685.42 

-15 9 600.10 7 518.40 -4 652.10 67 33         2 053.27 

-14 12 863.30 10 526.60 -6 015.70 90 8 2       3 532.26 

-13 28 281.60 21 845.00 -12 900.30 76 22 2       6 720.84 

-12 51 055.10 36 755.10 -23 287.60 60 40         9 976.17 

-11 48 418.40 28 499.70 -21 671.50 65 35         10 100.08 

-10 45 818.40 25 491.80 -20 266.70 50 50         7 743.31 

-9 54 281.40 35 353.10 -23 896.90 40 60         7 740.53 

-8 81 118.40 55 773.20 -36 532.60 25 75         8 355.20 

-7 95 113.60 59 797.90 -41 670.60 28 72         10 550.00 

-6 155 804.80 98 391.90 -67 688.00 22 78         14 813.92 

-5 105 063.20 67 565.30 -45 250.20 12 88         7 215.74 

-4 166 292.00 105 098.20 -71 756.70 3 89 8       7 469.84 

-3 208 333.40 142 838.60 -90 718.60   90 10       7 708.34 

-2 325 574.20 223 285.90 -142 911.50   82 18       12 046.25 

-1 392 228.30 270 555.30 -168 579.40   70 25 5     14 422.23 

0 538 841.10 370 774.70 -229 060.40   45 40 15     19 565.32 

1 616 570.00 443 665.50 -260 254.30   27 41 32     21 905.50 

2 611 759.30 446 893.10 -254 720.50   7 37 56     21 059.20 

3 646 785.90 510 810.70 -272 969.60   3 31 66     21 967.44 

4 718 447.70 561 691.10 -303 145.20     15 85     23 773.43 

5 660 150.35 576 628.65 -289 760.05     4 96     21 510.34 

6 671 204.10 634 518.60 -302 717.40     2 98     21 808.76 

7 666 894.00 717 854.80 -315 391.20       98 2   25 189.92 

8 572 336.30 673 094.80 -278 661.00       91 9   32 379.35 

9 480 796.00 675 198.60 -257 980.80       65 35   60 777.42 

10 262 045.80 606 395.40 -191 193.90     3 44 53   45 830.76 

11 181 272.80 629 829.30 -175 481.90     10 22 68   39 065.74 

12 64 898.50 576 813.50 -133 375.90     23 9 66 2 13 765.36 

13 16 046.00 715 918.10 -146 614.60     38 2 50 10 2 812.99 

14 7 117.30 832 148.40 -165 738.30     44   32 24 973.93 

15 805.00 770 260.70 -156 262.50     38   17 45 89.10 

16 2 860.00 600 027.20 -128 142.90     33   5 62 257.06 

17 115.00 463 489.90 -102 722.10     25   3 72 10.47 

18 5.00 346 609.80 -78 766.50     16   2 82 0.47 

19 0.00 288 695.50 -65 715.20     10     90 0.00 

20 0.00 228 094.50 -51 478.00     7.00     93 0.00 

21 0.00 146 100.60 -33 058.40     5.00     95 0.00 

22 0.00 122 225.00 -28 582.30           100 0.00 

23 0.00 63 515.00 -14 921.70           100 0.00 

24 0.00 29 715.00 -7 074.10           100 0.00 

25 0.00 13 495.00 -3 011.80           100 0.00 

26 0.00 14 400.00 -3 496.10           100 0.00 

27 0.00 3 705.00 -943.20           100 0.00 

28 0.00 3 800.00 -972.60           100 0.00 

29 0.00 3 800.00 -986.40           100 0.00 

Total 
(kWh) 

8 501 177.95 13 261 246.15 -5 032 133.45             503 875.96 

 

                                                

* Note that the GWP for waste incineration is based on the assumption that all the combustion-related GWP emissions are allocated the district 

heating though there are other methods of allocation that could be used. 


